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FAILLA LECTURE
(AL01) Evolving understanding of tumour and normal tissue
radiation response. Richard P. Hill, Ontario Cancer Institute/
Princess Margaret Hospital, Toronto, ON, Canada

MICHAEL FRY LECTURE
(AL02) Understanding microRNAs in the response to cytotoxic therapy. Joanne B. Weidhaas, Yale University, New Haven,
CT
Background: C. elegans is a well-defined genetic model,
allowing the dissection of cell pathways critical in growth and
development, as well as cell death. We have developed a model of
non-apoptotic cell death, or reproductive cell death, post-irradiation
in C. elegans. Using this model, referred to as ‘‘Radelegans’’, we
have begun to genetically define the processes responsible for cell
survival in somatic tissues post-irradiation. We have studied the role
of the DNA damage response pathway, the RAS-MAPK pathway,
as well as microRNAs in cell survival. MicroRNAs (miRNAs) are
recently discovered non-translated RNA global genetic regulators
that bind to the 3’UTRs (untranslated regions) of their target
messenger RNAs (mRNAs). MiRNAs are known to be misregulated
in all cancer types, regulate important human oncogenes, such as
RAS, and are suspected to be important biomarkers of response to
treatment as well as disease risk. Methods: We have studied
individual miRNA genes that are conserved in C. elegans and have
been shown to be abnormal in human cancers, such as let-7 and mir-

34. We have determined their role in the response to radiation using
Radelegans, as well as the potential of their manipulation in altering
mammalian cell survival post-irradiation. We have further studied
the role of miRNA-binding disrupting single nucleotide polymorphisms (SNPs) as biomarkers of disease risk as well as biomarkers
to response to cytotoxic therapy. We have identified important
SNPs through sequencing of miRNA binding sites in human
oncogenes from cancer patients. We determine the expected allele
frequency by typing the polymorphisms in 2433 non-cancerous
people (representing 46 human populations). Results: We have
shown a role of several miRNAs in the radiation response that are
conserved between mammalians and C. elegans. We have
discovered SNPs that are biomarkers of cancer risk. These findings
will be discussed

Award Lectures

Optimal radiation therapy requires considerations of both
tumour and normal tissue response. In the context of tumour
response the microenvironment has long been recognised to play an
important role; from the early demonstration of the effects of
hypoxia on cellular radiation sensitivity to recent findings on
mechanisms of microenvironmental promotion of tumour aggressiveness and current suggestions of its possible role in the
maintenance of a cancer stem cell niche. The microenvironment
of a tumour cell is complex and involves at least two major
components; those associated with pathophysiological conditions
largely driven by the vascular and lymphatic components and those
involving interactions between the tumour cells, the stromal cells
and the extracellular matrix. Our understanding of the dynamic
features of these two components is growing but our knowledge of
how they may interact and evolve during tumour growth and
treatment is still quite rudimentary. Various aspects of the tumour
microenvironment as it relates to tumour progression will be
discussed in the lecture.Knowledge of normal tissue responses has
also evolved as we have moved from a concept that killing of
parenchymal cells and vascular damage play the major roles to a
model of multiple interactions involving chronic inflammation and
cytokine changes, endothelial cell damage, cell killing and stem cell
renewal, genetic aspects and modified cellular function as key
components. Differential roles of these multiple interactions
introduce complexities in the detailed understanding of the
responses of different normal tissues but they also provide potential
opportunities for intervention at different stages during the
development of radiation reactions particularly the development of
late damage. In the lecture I will focus on lung as an example of a
tissue in which multiple components of damage are observable and
may be modifiable
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MARIE CURIE LECTURE
(AL03) Novel role of the translationally controlled tumor
protein in DNA repair and the protective effects of low dose cRays. Jie Zhang1,2, Sonia M. de Toledo1, Guozheng Guo2, Edouard
Azzam1, 1Department of Radiology,University of Medicine and
Dentistry of New Jersey, Newark, NJ, 2Department of Radiation
Medicine, Fourth Military Medical University, Xi’an, China
We have previously shown that exposure to low dose c-rays
induces significant adaptive responses in normal human and rodent
cells. Exposure to doses in the range of 0.1 to 10 cGy delivered at
low dose rates reduced micronucleus frequency to levels similar or
lower than occurs spontaneously in human fibroblasts, and reduced
the frequency of neoplastic transformation by 3- to 4-fold from the
spontaneous level in mouse embryo fibroblasts. To gain deeper
insight into the mechanisms underlying low dose radiation effects,
we used amine-specific isobaric tags for relative and absolute
quantitation (iTRAQ)-based approach to identify induced proteolytic events. The Translationally Controlled Tumor Protein (TCTP)
was significantly up-regulated after 10cGy exposure, but not after
400 cGy in human fibroblast strains maintained in 3D architecture
and in mouse tissues. TCTP is highly conserved and abundantly
expressed in many eukaryotes. Whereas low dose 137Cs c-rays or
proton (1GeV/n) radiation stabilized TCTP, high doses enhanced its
degradation. TCTP levels were increased by 2-fold in cells exposed
to doses as low as 1cGy. Cell fractionation studies showed that in
nuclei of irradiated cells, TCTP is increased by ;9-folds. Strikingly,
knockdown of TCTP expression by siRNA approach abolished the
low dose c-ray-induced adaptive response against chromosomal
damage, and highlighted a role for TCTP in DNA repair.
Knockdown of TCTP expression did not alter DNA repair in high
dose-irradiated cells. In low dose-exposed siTCTP cells, reduced
TCTP was associated with significant decrease in p53. In contrast,
in high dose-irradiated cells, down-regulation of TCTP did not
interfere with p53 expression, but attenuated the radiation-induced
G1 checkpoint. We show that regulation of TCTP by low dose crays is dependent on ATM and other members of the PI3K family,
but p53 and HDM2-independent. Collectively, our studies reveal
the complexity of low dose radiation effects. They indicate that
carcinogenic effects at low doses cannot be extrapolated from
effects observed at high doses as currently adopted in radiation
protection protocols. TCTP may be an excellent biomarker of
radiation exposure. Supported by Grant DE-FG02-07ER64344 from
the U.S. Department of Energy, Low Dose Radiation Research
Program and by Grant NNJ06HD91G from NASA
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CLUSTERED DNA DAMAGE
(TR001) Clustered DNA damage: relevance to mutagenesis
and carcinogenesis. Evelyne Sage1, Stanislav Kozmin1, Gregory
Eot-Houllier1, Yuliya Sedletska1, Anne Reynaud-Angelin1, Didier
Gasparutto2, 1Institut Curie, Orsay, France, 2CEA, Grenoble, France

PROTON AND ION THERAPY
(TR002) Proton and heavy ion radiotherapy. Gisela TaucherScholz, GSI Helmholtzzentrum fuer Schwerionenforschung, Darmstadt, Germany
The use of protons and heavier ions in radiation therapy has
moved mainstream in recent years due to the excellent clinical
outcome. This presentation will give an overview on the state of the
art of charged particle radiotherapy and give an outlook of future
developments. The emphasis will be on ion radiobiology from a
therapy perspective, discussing both physical and biological features
underlying the application of protons and carbon ions for the
treatment of tumors. The main physical advantage of both proton and
heavier charged particles in therapy is their inverse dose deposition
profile when penetrating the patient, which may be utilized to reduce
the integral dose to healthy tissues and to produce highly conformal
dose distributions in the tumor. Contrary to photons that are absorbed
in the tissue leading to an exponential decay of the dose at greater
depth, charged particles deposit little energy at the entrance, where
normal tissue is located, and most at the end of their range inside the
tumor within the Bragg peak. An additional biological benefit of
heavier ions such as carbon is given by the increased biological
effectiveness (RBE) of the ions towards the end of the particle range,
thus potentiating the cell killing effect specifically in the tumor
region. The understanding of the processes involved in biological
effects of particle radiation has greatly increased in recent years. At
the molecular level, the enhanced effectiveness is attributed to the
localized production of complex DNA double-strand breaks (DSBs)
that are difficult to repair. Relevant experimental data on DSB repair
and the damage response to ion irradiation will be discussed.

RADIOGENOMICS AND PREDICTION OF NORMAL
TISSUE RESPONSE
(TR003) Radiogenomics and prediction of normal tissue
response. Jan Alsner, Aarhus University Hospital, Aarhus, Denmark

During the last decade, a number of studies have supported the
hypothesis that there is an important genetic component to the
observed interpatient variability in normal tissue toxicity after
radiotherapy. Genetic markers with sufficient predictive power to be
used at an individual level have not been identified yet. Although it
is still an open question whether such markers can be identified,
some progress has been made recently, particularly, for predicting
late toxicity. Some of the more promising predictive assays are
based on lymphocytes or fibroblasts. Commonly following in vitro
irradiation, gene expression profiles are measured or functional
assays are recorded and used to identify individuals with low or
high risk of normal tissue toxicity. Although the technical set-up for
these assays makes it unlikely that they will enter any routine
clinical settings, they have allowed the identification of genes that
are involved in the development of radiation induced morbidity.
These genes, or the pathways in which they are functioning, could
be relevant targets for intervention and might also lead to the
identification of candidate genes for single nucleotide polymorphism (SNP) association studies. So far, most of the SNP
association studies reported have been limited by the inclusion of
low numbers of patients with different kinds of normal tissue
toxicity. Future genetic association studies will be equally impeded
by the difficulties in characterising well-defined clinical and
biological phenotypes and handling of the many confounding
factors. International collaborations to assemble appropriate cohorts
and technological developments (like the ESTRO GENEPI project)
will hopefully lead to the identification and validation of genetic
markers through the use of candidate gene approaches and whole
genome association studies.
Topical Reviews

Clustered DNA lesions -two or more abasic sites, oxidized
bases or strand breaks on opposing strands within one or two helix
turns- are a hallmark of ionizing radiation. They are potentially
highly mutagenic and lethal DNA alteration. It has been postulated
that damage clustering might hamper base excision repair (BER)
process, the main pathway for the removal of radiation-induced base
damage, or enhance double strand breaks (DSB) formed as repair
intermediates and possibly lead to lethal events. To challenge these
assumptions, several groups, including our, have utilized model
clustered lesions that consist of two opposed lesions or contain up to
five lesions. The processing of these synthetic clustered DNA
damage has been investigated using a biochemical approach with
purified DNA repair enzyme and cell-free extract. Mutagenesis has
been studied in bacteria and yeast. The formation of DSB has been
explored in yeast and mammalian cells. It has been observed that the
level of repair inhibition largely depends on the spacing and the
positioning of the lesions. We have established that a hierarchy in the
excision of base damage exists within clustered DNA damage and
depends on the nature and the distribution of the modified bases, as
well as on the competition between the DNA N-glycosylases
involved in the excision of the modified bases. In fact, the repair
inhibition that occurs at oxidative clustered DNA damage protects
against DSB formation, but does enhance mutation frequency. In
contrast, it has been shown that clustered damage composed of two
abasic sites are rapidly incised and readily converted in DSB in yeast
and mammalian cells as well, potentially leading to loss of genetic
material. Notably, a persistence of oxidative clustered DNA lesions
for several weeks in tissues of animal exposed to radiation has been
recently reported. Subtantial evidence now underscores the biological relevance of radiation-induced clustered DNA damage and its
role in mutagenesis and genetic instability.
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SMART DRUGS AND RADIATION: SIGNAL
TRANSDUCTION PATHWAYS
(TR004) Modulating radiosensitivity by molecular targeting
of signal transduction pathways. Eric J. Bernhard, National
Cancer Institute Division of Cancer Treatment & Diagnosis,
Bethesda, MD
The application of molecular targeting of signaling pathways
to radiation treatment is an area of intense investigation in radiation
research, as well as in other cancer treatment research fields. The
approaches and the methods employed to promote either tumor cell
killing or normal tissue survival after irradiation vary considerably.
Targets include the Erb B receptors, Toll-like receptors and
integrins at the cell surface, as well as components of the cell
membrane. Cytoplasmic proteins such as RAS, ERK, PI3 kinase,
AKT and NFjB have also been targeted. Modulating nuclear DNA
damage signaling and the mechanisms for DNA damage repair are
also strategies being tested. Although targeting of signal transduction for therapeutic gain has entered the clinic, many questions
remain as to the selectivity of these approaches for cancer cells, the
effects on normal tissue radiosensitivity and the potential for
interactions with other treatment modalities in the context of
chemoradiotherapy. In addition signaling inhibition may have
effects on the tumor microenvironment that could either promote
or hinder radiation efficacy. This presentation will review the
pathways being targeted, as well as the approaches used to achieve
changes in signaling. Particular examples will be discussed to
illustrate both the advances in this area, as well as the potential
problems that combining molecular targeting and radiation may
encounter.

BRANCHING OUT: RADIATION AND MEDICAL
PHYSICS FOR BIOLOGISTS AND CHEMISTS
(TR005) Branching out: Radiation and medical physics for
biologists and chemists. Jay Burmeister, Karmanos Cancer
Center / Wayne State University School of Medicine, Detroit, MI
This presentation will cover a wide variety of clinical
applications of physics in medicine, with a primary focus on the
physical principles involved in radiation oncology. We will begin
5
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with an overview of basic principles of radiation physics and
progress through the discussion of treatment devices and techniques, imaging, treatment planning and other important clinical
topics. The application of physics through the progression of the
field of radiation oncology will be reviewed, starting from
traditional techniques to newer cutting edge modalities and
treatment techniques. Finally, several translational topics will be
discussed which emphasize the connection between the physics and
biology involved in radiation therapy.

HEALTH EFFECTS IN IRRADIATED POPULATIONS
(TR006) Late health effects in irradiated populations. Amy
Berrington, National Cancer Institute, Bethesda, MD

Topical Reviews

Epidemiological studies are the primary source of information
on the late health effects of radiation exposure in humans. A large
number of irradiated populations have been studied over many
decades including the Japanese atomic bomb survivors, medically
exposed populations, occupational cohorts and those exposed to
fallout from nuclear testing. These studies have established that
radiation exposure can cause cancer in most organs. They also show
that in general risks are higher for younger ages at exposure and
persist throughout lifetime. More recent analyses of mortality in the
atomic bomb survivors found statistically significant increases for a
number of non-cancer outcomes including heart disease, stroke,
digestive diseases, and respiratory diseases. There is increasing
evidence also from medically exposed populations, in particular
women treated with radiotherapy for left-sided breast cancer, of
cardiovascular disease after high doses of radiation exposure. In
contrast, radiation-associated respiratory and digestive diseases have
not generally been seen in other studies. This presentation will
summarize the evidence from the key epidemiological studies for
the late health effects of ionizing radiation exposure. The strengths
and limitations of the available evidence will also be discussed.

TUMOR PROFILING AND RADIATION RESPONSE
(TR007) Tumor profiling and radiation response. Catharine M.
West, The University of Manchester, Manchester, United Kingdom
The expansion of knowledge through sequencing the human
genome has been accompanied by the development of high
throughput technologies for genome-wide analyses. These developments increase the possibility of future personalised radiotherapy
based on molecular profiling. During the 1990s, predictive assay
work was dominated by cellular-based assays and involved
measuring radiobiologically-relevant tumor phenotypes: hypoxia,
radiosensitivity and proliferation. Research in this area has now
evolved to investigate high throughput assays, which can be carried
out at the DNA, RNA or protein level. There is a belief that the
ability to assess many to all genes and develop profiles will increase
the probability of predicting response to radiotherapy. To date, the
best developed approach for tumor profiling involves RNA
expression microarrays. These have been used to generate
hypoxia-associated gene expression profiles that are prognostic for
cancer treatment outcome in clinical datasets. Different approaches
have been used, e.g., genes induced under hypoxia in cell lines in
vitro; genes expressed in human tumors in vivo that correlated
highly with that of well-known hypoxia-associated genes. In terms
of radiosensitivity, profiles have been developed by identifying
differentially expressed genes in clinically radioresponsive vs
unresponsive tumors and genes that correlated with the radiosensitivity of cell lines in vitro. The lack of overlap between profiles
and transferability of signatures highlights the need to develop
robust meta-signatures. There is a need for collaboration and
cooperation to validate and qualify signatures that predict radiation
response and are suitable for clinical application.

REDOX REGULATION OF THE CELL CYCLE
(TR008) Redox control of the cell cycle in health and disease.
Prabhat C. Goswami, University of Iowa, Iowa City, IA
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Cellular oxidation and reduction (redox) environment is
influenced by the production of reactive oxygen species (ROS)
and their removal by antioxidant enzymes and small molecular
weight antioxidants. In recent years, several reports support the
hypothesis that cellular ROS-levels could function as ‘‘second
messengers’’ regulating numerous cellular processes including
proliferation. Fluctuation in cellular redox environment (redox
cycle) is believed to regulate cell cycle progression from quiescence
(G0) to the proliferative (G1, S, G2, and M) cycle and back to the
quiescent growth state. A loss in such a redox control of the cell
cycle could lead to aberrant proliferation, which is a hallmark of
various human patho-physiological conditions. This topical review
presentation will discuss literature reports which support the
concept of a redox cycle controlling the mammalian cell cycle
followed by a discussion of the hypothesis that perturbations in the
redox control of the cell cycle could lead to proliferative disorders
e.g. development, aging and cancer, wound healing, fibrosis,
cardiovascular diseases, diabetes, and neurodegenerative diseases.
It is hypothesized that re-establishing the redox control of the cell
cycle by manipulating the cellular redox environment could assuage
many aspects of the proliferative disorders.

TRACK STRUCTURE FOR THE 21ST CENTURY
(TR009) Track structure for the 21st century. Michael
Dingfelder, East Carolina University, Greenville, NC
Monte Carlo (MC) simulations of charged particle tracks
provide detailed information on highly inhomogeneous spatial
distributions of energy depositions, interaction types, and radical
species produced. This information is used in Radiation Biology to
explore and estimate the effects of radiation quantity and quality on
the biological response and to provide detailed information on the
initial patterns of radiation damage. Traditionally, MC track
structure simulations follow the primary, as well as all (produced)
secondary particles, event-by-event, from starting or ejection energy
to total stopping. This requires reliable cross sections for elastic and
inelastic scattering events of the incident charged particles with the
atoms and molecules of the material under consideration. Liquid
water is of special interest since it serves as a substitute for soft
tissue. In this topical review we explore traditional MC track
structure simulation techniques and applications leading to initial
patterns of radiation damage. Charged particles of special interest
include heavy charged and highly relativistic (HZE) particles found
in space radiation and low-energy electrons. We will also discuss
newer developments in the field of track structure simulations and
cross section calculations. Since track structure is often used as a
synonym for modeling we will also look into the challenges of
modeling the more complex time dependent response of the
biological system including inter- and intra-track effects, early
stages of repair, and the bystander effect.

ROS AND THERAPEUTIC RESPONSES IN CANCER
(TR010) Superoxide and Hydrogen Peroxide-Mediated Metabolic Oxidative Stress: Implications for Cancer Therapy.
Douglas R. Spitz, University of Iowa, Iowa City, IA
Cancer cells (relative to normal cells) exhibit increased
glycolysis and pentose cycle activity, while demonstrating only
slightly reduced rates of respiration. These metabolic alterations
were thought to arise from damage to the respiratory mechanism
and cancer cells were thought to compensate for this defect by
increasing glycolysis (Science 132:309). In addition to its role in
ATP production, glucose metabolism results in the formation of
pyruvate and NADPH which both play an integral role in peroxide
detoxification (reviewed in Ann. NY Acad. Sci. 899:349). Recently,
our group and others have found that cancer cells show enhanced
susceptibility to glucose deprivation-induced oxidative stress,
relative to normal cells, that is mediated by reactive oxygen species
(ROS; Free Radic. Biol. Med. 26:419; J. Biol. Chem. 280:4254;
Biochem.J. 418:29–37). These results support the hypothesis that
cancer cells may have a defect in mitochondrial respiration leading
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to increased steady-state levels of ROS (i.e., superoxide and
hydrogen peroxide) and glucose metabolism may be increased to
provide reducing equivalents to compensate for this defect. The
application of these findings to developing new combined modality
cancer therapy protocols using inhibitors of glucose metabolism
(i.e., 2-deoxyglucose) combined with inhibitors of hydroperoxide
metabolism to induce radio- and chemo-sensitization will be
discussed (Cancer Res. 63:3413; Cancer Res. 66:1605; Cancer
Res. 67:3364; Int J Radiat Oncol Biol Phys. 69:1222; Free Radic
Biol Med. 44:322; Free Radic Biol Med. 44:826; Free Radic. Biol.
Med. 46:232) as well as the clinical implications for using FDGPET imaging to predict tumor responses to therapy. (supported by
NIH R01CA100045, R01CA133114, R21CA139182, and
P30CA086862).
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microenvironment and patient outcome following treatment with
radiotherapy, focusing on head and neck, cervix and prostate
cancers; 2. Identify promising imaging and tissue-based approaches
for evaluating the human tumor microenvironment; 3. Illustrate the
importance of serial assessment of the tumor microenvironment
over time and during treatment in individual patients; and 4.
Highlight future translational research opportunities.

BRANCHING OUT: RADIATION CHEMISTRY FOR
BIOLOGISTS AND PHYSICIANS
(TR013) Branching out: Radiation chemistry in a biological
environment for biologists and physicians. Amanda BryantFriedrich, University of Toledo, Toledo, OH

RADIATION-INDUCED CARDIOMYOPATHY
(TR011) Radiation-induced Heart Disease. Marjan Boerma,
University of Arkansas for Medical Sciences, Little Rock, AR

Topical Reviews

Radiation-induced heart disease (RIHD) is a potentially lifethreatening side effect of radiotherapy of thoracic and chest wall
tumors whenever all or part of the heart is included in the radiation
field. Chronic manifestations of RIHD become apparent about ten
years after radiotherapy and include accelerated atherosclerosis,
myocardial fibrosis and valve abnormalities. Especially in patients
treated before the 1980 0 s, 2- to 6-fold increases in relative risk of
death from heart disease have been reported after radiotherapy for
breast cancer or for Hodgkin’s disease. Studies on more recently
treated patients suggest that cardiac radiation toxicity remains a key
consideration in thoracic radiotherapy. Nevertheless, there is no
method to prevent or reverse RIHD. Therefore, research is needed to
unravel biological mechanisms of this disease. Experimental models
have helped elucidate some of the mechanisms of cardiac injury
after localized heart irradiation and have been used to test potential
intervention strategies. The aim of this presentation is to give an
overview of recent clinical and experimental data on RIHD.

The complexity of the chemical reactions initiated by the
interaction of ionizing radiation with the constituents of the cell is as
complicated as these biological molecules themselves. These
transformations alter carbohydrates, lipids, proteins and nucleic
acids leading to biological effects that impact human health. The
chemical effects of ionizing irradiation primarily arise from radical
reactions that result from the direct ionization of occupants of the
cell as well as the water that surrounds them. This review will
highlight the chemistry of radiation, its affects on various biological
molecules and how these changes can translate into altered signaling
pathways and gene expression. Differences in the chemistry
observed when high doses of ionizing irradiation interact with
cellular constituents will be compared and contrasted with that
found with low level radiation. The understanding of these
mechanisms will be placed in the context of the etiology and
treatment of human disease.

STEM CELLS AND GENOMIC INSTABILITY
(TR014) Stem cells and genomic instability. Eric Wright,
University of Dundee, Dundee, United Kingdom

RADIOTHERAPY, THE TUMOR
MICROENVIRONMENT AND PATIENT PROGNOSIS
(TR012) The human tumor microenvironment and clinical
response to radiotherapy: Current knowledge and future
opportunities. Michael Milosevic, Princess Margaret Hospital,
Toronto, ON, Canada
Radiotherapy is an effective and commonly used treatment for
cancer. Approximately 50% of cancer patients will require
radiotherapy at some point in the course of their illness. Much is
known at a preclinical level about factors that influence radiotherapy response. However, translating these results to the clinic has
been hampered by patient-to-patient variability, spatial and temporal
heterogeneity in tumors and the complexities of measuring relevant
biomarkers in large cohorts of patients treated in a uniform manner.
There is substantial evidence to indicate that the microenvironment
of many human tumors is abnormal, characterized by irregular
vascular morphology and blood flow, high interstitial fluid pressure
(IFP), hypoxia and acidosis. Many of these abnormalities have been
associated with tumor progression and metastasis development,
leading to poor patient outcome. However, for many clinical sites, it
remains less clear to what extent microenvironmental factors impact
radiation response and control of the primary tumor. For example,
hypoxia, while known to be an important determinate of radiation
effectiveness in experimental systems, has not been demonstrated to
have the same influence in many human tumors. The relative
clinical importance of hypoxia as a modulator of primary disease
control vs. metastatic progression may be tumor-site specific and
depend on a variety of factors, including reoxygenation and DNA
repair dynamics, radiation treatment volume and fractionation, the
use of concurrent chemotherapy and the time course over which
recurrences develop. The objectives of this review will be: 1.
Discuss the current state of knowledge about the human tumor

In some organs, such as the gastrointestinal tract, skin and
bone marrow, cells have relatively short lifespans and are
continuously produced by the proliferation and differentiation of
precursor cells. These precursor cells are all derived from a small,
self-maintaining population of multipotential stem cells that is
established during embryogenesis and functions for the lifetime of
the individual. In organs, where cells are not continuously produced,
stem cells only divide after significant damage to the tissue.
Historically, the haemopoietic system has provided a valuable
model for studying the biology of stem cells and recent progress in
the study of stem cells in other tissues has, to a large extent been
developed on these foundations. Deleterious effects of toxic insults
such as ionizing radiation may be due to stem cell death with
consequent loss of mature functional cells or to effects on stem cells
leading to aberrant responses to regulatory mechanisms. Effects on
stromal cells may also result in defective control of stem cell
proliferation and/or differentiation. The well-established risk of
haemopoietic malignancy associated with certain inherited chromosomal instability syndromes has contributed significantly to
understanding the various mechanisms that maintain the integrity
of the genome. However, although the phenomenon of radiationinduced genomic instability is superficially similar to the cellular
phenotypes in some of these diseases it cannot be explained by
conventional mutagenic effects of direct DNA damage; although the
expression of the phenotype is influenced by genetic factors.
Experimental investigations indicate that the induced instability
phenotype may not necessarily be a reflection of genomically
unstable cells but a reflection of responses to ongoing production of
damaging signals from the microenvironment. The signals are a
consequence of cell interactions in the irradiated tissue and have the
characteristics of inflammatory-type processes. These indirect and
delayed effects of ionizing radiation have implications for
investigating mechanisms underlying the health consequences of
radiation exposures and it will be important to extend the studies to
other stem cell systems.
7
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QUANTEC GUIDELINES FOR NORMAL TISSUE
TOLERANCE
(TR015) QUANTEC guidelines for estimating normal tissue
outcomes. Lawrence B. Marks1, John P. Kirkpatrick2, 1University
of North Carolina Hospitals, Chapel Hill, NC, 2Duke University
Medical Center, Durham, NC
0

Topical Reviews

In the late 1980 s, 3D imaging and treatment planning began
to provide improved quantification of dose/volume/outcome
relationships for normal tissues damage from therapeutic radiation.
Guidelines for normal tissue tolerance as function of dose/volume
were developed, leading to the classic ‘‘Emami paper’’ (IJROBP
1991). ASTRO & AAPM have sponsored QUANTEC (Quantitative Analysis of Normal Tissue Effects in the Clinic) to update the
quantitative estimates of organ-specific normal tissue complications as a function of 3D dose/volume data. Clinical/treatment
variables that may impact the application of the data for specific
organs are discussed and organ-specific quantitative models of
normal tissue complications in human patients are presented.
Opportunities for research and suggestions on toxicity scoring are
also provided. The QUANTEC review is not ideal; data are largely
incomplete. There are inherent limitations in extracting/pooling
literature data. While the QUANTEC papers present quantitative
models based on the best available evidence, extreme care should
be taken when such models are applied clinically, especially when
clinical dose/volume parameters are beyond the range used to
generate the model. Models that rely on DVH data discard all
spatial information (essentially assuming all organ regions are
functionally-equivalent), and often do not consider variations in
fraction size. This is particularly a concern in hypo-fractionated
regimens utilizing large doses per fraction, such as those
encountered in radiosurgery. Similarly, the increasing use of RT
with concurrent chemotherapy, questions the validity of historic
data to modern times. For most patients with potentially curable
cancers, the adverse consequence of a marginal miss is more
serious than normal tissue injury. Care must be taken to balance
‘‘adequate target coverage’’ against ‘‘normal tissue risks’’.
Furthermore, palliation of incurable disease with limited expected
survival, often requires one to exceed ‘‘tolerances,’’ as concern for
late effects is less applicable. An overview of QUANTEC and a
summary of some organ-specific findings will be presented. Grant
support provided by ASTRO, AAPM and NIH (CA 69579).
QUANTEC Steering Committee: LB Marks, JO Deasy, SM
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Bentzen, ED Yorke, A Jackson, RK Ten Haken, LS Constine, A
Eisbruch.

SMART DRUGS AND RADIATION: DNA REPAIR
PATHWAYS AND PARP INHIBITORS
(TR016) Smart drugs and radiation: DNA repair pathways
and PARP inhibitors. Anthony J. Chalmers, Brighton and Sussex
Medical School, Brighton, United Kingdom
Radiation therapy is a vital component of cancer therapy and
is potentially curative. In many cases, however, radiosensitive
normal tissues adjacent to the tumour prevent the delivery of a
curative dose. To overcome this problem, clinicians have combined
radiation therapy with drugs that increase radiosensitivity. Unfortunately, these approaches have generally increased the sensitivity
of normal tissues as well as tumours, with no overall benefit. A truly
‘smart’ drug would preferentially enhance tumour radiosensitivity
and thus improve the therapeutic ratio. Radiation kills tumour cells
primarily by damaging DNA. Enormous progress has been made
identifying the proteins and pathways that protect cells by
recognising, signalling and repairing this damage. This knowledge
has revealed potential targets for radiosensitising drugs, and various
inhibitors of DNA repair are now available. This review will briefly
cover the repair pathways involved and look at the potential for
chemical inhibitors of these pathways to improve clinical outcomes.
Poly(ADP-ribose) polymerase (PARP) is a DNA damage sensing
protein that plays an important role in the base excision repair
(BER) pathway. Highly potent and specific inhibitors of PARP have
been available for some years and a number have entered clinical
trials. PARP inhibitors exert a modest radiosensitising effect but are
of particular interest in the clinical setting because this effect is
observed only in cells that are actively dividing. Because tumours
are characterised by rapid proliferation rates, in contrast to a number
of critical normal tissues such as brain and spinal cord, PARP
inhibitors may act as ‘smart’ radiosensitisers in the treatment of
selected tumours. The DNA repair mechanisms underlying the
interactions between radiation and PARP inhibitors will be
presented, along with the clinical applications. The issue of whether
alternative DNA repair inhibitors are likely to be ‘smart’ or ‘dumb’
radiosensitising drugs will also be discussed.

W O R K S H O P S

WS1 INFLUENCE OF PROTEINS ON DNA DAMAGE
The DNA damage produced by ionizing radiation involves
electron transfer and radical reactions. The types and yields of
damage can be modified by the presence of other solutes which may
be present. One well known example would be the chemical repair
of DNA damage by thiol compounds. In cellular chromatin, the
radiation chemistry is expected to be affected by the presence of
nearby amino acid residues in DNA binding proteins, particularly in
tightly bound regions where even small diffusible species might
have poor access to the DNA. The introductory contributor will
review the chemical reactivity of radicals that result from ionizing
irradiation. Many of the reactions involve electron transfers as the
initial sites of ionization migrate to more stable locations. These
reactions can frequently be characterized quantitatively in thermodynamic terms and this theoretical framework provides a powerful
tool to understand the distribution of products that is formed from
DNA and how it might be modified by the presence of other species
in close proximity to the DNA, such as proteins. Two subsequent
presentations will examine the interaction between electron
deficient DNA species and small peptide ligands containing amino
acid residues expected to act on the one hand as nucleophiles
(lysine, serine) or on the other hand as reducing agents or electron
donors (tyrosine, cysteine). The products of these two reactivites are
respectively DNA protein crosslinking or repair of DNA damage.
The speakers will describe the intermediates and products as well as
the reaction mechanisms. Results of this sort help us to understand
what reactivity might be expected under physiological conditions
between the amino acid residues in histone proteins and DNA in a
complex structure such as the nucleosome. The nucleosomal
structure of chromatin is also amenable to examination with
biophysical modeling systems. The final speaker will describe the
understanding of DNA damage and repair using this approach. The
interaction with a DNA binding protein will be examined using one
particular DNA repair protein (Ku70) which has been well
characterized by other methods. These speakers have made
important contributions in the field and will provide representative
examples of how our understanding of DNA radiation chemistry has
progressed to include the modifying effects of proteins.

DNA damage by the direct effect of ionizing radiation
involves electron removal from the DNA itself. It is possible that
this route to DNA damage may be modified or even reversed by the
presence near the DNA of mild reducing agents. For regions of the
genome closely associated with binding proteins it is likely that
small diffusible reducing agents such as glutathione or ascorbate
have poor access. Redox active amino acid residues in the binding
proteins probably represent the best reducing agents available. The
combination of reduction potential and occurrence suggests that
tyrosine is the most important amino acid in this reaction. Results
with simple derivatives of amino acids support this expectation and
imply that tyrosine is able to donate an electron to DNA to fill the
vacancy created by ionization. We have used cationic oligolysine
and oligoarginine ligands to place tyrosine in close proximity to a
plasmid DNA target. Under conditions where the DNA is
condensed by the ligand there is an extensive protection against
the indirect effect. We have characterized these condensates using
standard physical methods including static and dynamic light
scattering, circular dichroism, and atomic force microscopy. The
additional presence of tyrosine in the ligand also provides
protection against the direct effect. Thus we are able to study the
formation and repair of DNA damage by the direct effect in dilute
room temperature aqueous solution, something not previously
possible. We have used this model system to compare the behavior
of tyrosine with its 3-nitro analog, a poorer reducing agent, when
located in close proximity to the DNA. The relationship between
the kinetics and thermodynamics of the reaction are consistent with
previous observations we had made with a series of substituted
phenols. Supported by PHS grant award CA46295.

Redox chemistry is at the heart of all life. The energy captured
and products formed as electrons are shuttled in the tightly coupled
circuits of the cell provide the needed structures, functions, and
energy for cells to contribute to the life of an organism. Aberrant
movement of electrons, i.e. outside the coupled circuits of
metabolism, can disrupt the life-giving circuits of the cell. The
aberrant movement of electrons can result in modified components
of the normal circuits of the cell, e.g., proteins and DNA. Radiation,
oxidants such as hydrogen peroxide, redox active metals, and redox
active xenobiotics can initiate and facilitate the aberrant movement
of electrons resulting in damaging oxidative processes, for example
undesirable reactions of proteins and DNA. The redox chemistry of
these damaging reactions can in general be divided into one-electron
and two-electron reactions. This presentation will provide an
overview of this redox chemistry within the backdrop of the
thermodynamics and kinetics of these processes. Examples of how
this chemistry may be operative in detrimental oxidative reactions
of DNA with proteins will be provided.

(WS103) Computational study on full-length human Ku70 with
double stranded DNA: dynamics, interactions and functional
implications. Shaowen Hu1, Huichen Wang2, Janice M. Pluth3,
Francis A. Cucinotta4, 1USRA, Houston, TX, 2Department of
Radiation Oncology, Emory University School of Medicine, Atlanta,
GA, 3Lawrence Berkeley National Laboratory, Berkeley, CA,
4
NASA, Lyndon B. Johnson Space Center, Houston, TX
Ku70/80 heterodimer is important in the initial binding of
double-strand break (DSB) ends following DNA damage, and is a
component of nonhomologous end joining repair, the primary
pathway for DSB repair in mammalian cells. In this study we
construct a full-length human Ku70 structure based on its crystal
structure, and perform 20 ns conventional molecular dynamic
(CMD) simulations on this protein and several other complexes with
different double stranded DNA molecules. The trajectories of these
simulations indicate that, without the topological support of Ku80,
the residues in the bridge and C-terminal arm of Ku70 are more
flexible than other experimentally identified domains. The other two
loops that are missing in the crystal structure are also very flexible.
Nevertheless, simulations reveal that they make a large contribution
to Ku70 0 s interaction with DNA. Dislocation of the previously
studied SAP domain is observed in several systems, implying its
role in DNA binding. Targeted molecular dynamic (TMD)
simulations are also performed for several systems with faraway
DNA duplexes. These TMD trajectories disclose functions similar
to those identified by CMD for the domains of Ku70 and reveal a
possible conformational transition for a DSB end when encountering Ku70 in solution. Compared to experimentally based analysis,
this study identifies more detailed interactions between the DNA
and Ku70. Free energy analysis indicates Ku70 alone is able to bind
DNA with relatively high affinity, with consistent contributions
from various domains of Ku70 in different systems. The functional
implications of these domains in the processes of Ku heterodimerization and DNA damage recognition and repair can be
characterized in detail based upon this analysis.

Workshops

(WS101) Application of Condensed DNA to Examine the
Effects of Amino Acids on Direct Type DNA Damage. Joe
Aguilera, Mandi Tsoi, Trinh Do, Jamie Milligan, Department of
Radiology, University of California at San Diego, La Jolla, CA

(WS102) Redox chemistry in the free radical and oxidative
interactions of proteins and DNA, an introduction. Garry R.
Buettner, The University of Iowa, Iowa City, IA

(WS104) Influence of protein binding on DNA backbone
damage produced by the direct effect. Anita R. Peoples,
University of Rochester, Rochester, NY
Histone and other proteins bind to mammalian DNA forming
a complex through ionic interaction. These DNA-binding polycations confer protection to DNA against radiation damage. Until
recently, this protection was assumed to be entirely against the
indirect effect. This talk will first review recent work that suggests
that strong binding by polycations confers significant radioprotection to DNA against the direct effect and then present current work
directed at understanding how polycations modify direct-type DNA
damage.Our approach is to quantify direct-type damage by
9
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measuring the yield of radicals trapped by DNA, X-irradiated at 4
K. These radicals constitute the earliest trappable intermediates in
damage formation. Upon warming the DNA samples and dissolving
them in water, reactions stemming from the unstable radicals result
in stable end products. Of the major end products, our work is
currently focused on measuring the yields of free unaltered bases.
Working under the assumption that there is a close correlation
between free base release and strand breaks, this makes it possible
to link strand break formation with free radical precursors. The
degree to which protein binding modifies these two end points, free
radical trapping and free base release, provides insight into how

10

protein binding influences direct-type damage in DNA and what the
magnitude of that influence is.New data will be presented on the
yields of trapped free radicals and free base release in films prepared
from oligodeoxynucleotides, e.g., d(CGCGAATTCGCG)2, bound
to pentapeptides, e.g., KKKKY. EPR is used to measure free radical
yields at 4 K and HPLC is used to measure free base release after
the DNA:peptide films are dissolved in water. These data provide
new insights into the mechanisms by which polycation/protein
binding influences direct-type DNA damage.Supported by PHS
Grant 2-R01-CA32546 of the NCI.
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S1 COMPLEX DNA DAMAGE: FROM THEORY TO
BIOLOGICAL CONSEQUENCES

(S103) Induction and processing of DNA damage clusters in
human cells and tissues. Alexandros G. Georgakilas, East
Carolina University, Greenville, NC

Ionizing radiation generates a wide variety of DNA damage
and is more lethal to cells than chemicals that produce similar types
of oxidative damage. In 1988, John Ward proposed the existence of
radiation-induced locally multiple damaged sites or clustered
lesions, which are refractory to repair and consist of  2 damages
within a 20 bp region. This symposium will examine the use of
biophysical models to predict the induction of clustered lesions, and
data on their measurement in cells and tissues will be presented.
Mutagenesis and abortive base excision repair of clustered lesions
will be discussed, as well as the influence of the chromatin structure
on clustered lesion repair. This set of presentations will reveal the
advances that have been made in understanding this complex type
of damage and the potential biological relevance of these lesions to
human cells following irradiation.

Complex DNA damage, i.e., the signature of high-LET
radiations comprises by closely spaced DNA lesions forming a
cluster of DNA damage. The two basic groups of complex DNA
damage are double strand breaks (DSBs) and non-DSB oxidativelyinduced clustered DNA lesions (OCDLs). Theoretical analysis and
experimental evidence suggest there is increased complexity and
severity of complex DNA damage with increasing LET (linear
energy transfer) and a high mutagenic or carcinogenic potential. The
chemical nature and cellular repair mechanisms of complex DNA
damage in human cells and tissues have been much less
characterized than those of isolated DNA lesions like an oxidized
base or a single strand break. In this presentation, I will discuss an
overview of the current techniques used by our group in the
measurement of OCDLs in human cells or mammalian tissues and
mechanistic insights on the possible role of DNA repair proteins like
BRCA1 and DNA-PKcs. In addition, recent data will be presented
on the possible use of OCDLs as unique oxidative stress biomarkers
in pathophysiological conditions like tumor development in an
organism.

(S101) Induction of Clustered DNA Lesions by Ionizing
Radiation - Insights from Biophysical Modeling. Robert D.
Stewart, Purdue University, West Lafayette, IN
Biophysical models for the induction of clustered DNA
lesions by ionizing radiation are a useful adjunct to experiments
because they provide nucleotide-level maps of the spatial
configuration of lesions within a cluster. The number and spatial
configuration of lesions forming a cluster have profound implications for the subsequent repair and ultimate cellular consequences of
exposure to ionizing radiation. Biophysical modeling suggests that
the total number of damaged nucleotides (individual lesions), per
unit DNA content and per unit dose, is about the same for all types
of radiation. However, the dense, localized patterns of ionization
produced near the DNA by a particles and other types of high linear
energy transfer (LET) radiation tend to produce smaller numbers of
clusters of greater complexity whereas photons produce larger
numbers of clusters of lower complexity. Mechanisms and trends in
the production of clustered DNA lesions by ionizing radiation will
be briefly reviewed. Monte Carlo predicted cluster yields for
commonly used laboratory sources and for radiations of widely
varying radiation quality will be presented. Some potentially useful
measures of cluster complexity, such as the ratio of single- to
double-stranded breaks and the number of lesions per cluster, will
be discussed in relation to the relative biological effectiveness
(RBE) of ionizing radiation for selected repair outcomes, including
chromosomal aberrations.

Clustered lesions consist of two or more damage sites within
two helical turns of DNA. These complex lesions are typically
formed by ionizing radiation due to the generation of multiple
reactive species in the vicinity of the biopolymer by the radiation
track. Numerous investigations have revealed that the juxtaposition
of the individual lesions affects the repair and mutagenicity of
clustered lesions. Subsets of clustered lesions, tandem lesions, are
comprised of two contiguously damaged nucleotides. Unlike other
clustered lesions, tandem lesions can be produced from a single
reactive species, followed by transfer of damage from one
nucleotide to another via radical reactions.Recently, we showed
that tandem lesions are produced in high yield under aerobic
conditions from the reaction of a pyrimidine nucleobase radical, a
member of the major family of reactive species produced by
ionizing radiation. Subsequent investigation of the effects of one of
these tandem lesions (LTg) on DNA repair and mutagenicity has
revealed that the tandem lesion requires alternative repair pathways
than those employed to excise the individual lesions. In addition, the
presence of 2-deoxyribonolactone has a significant effect on the
bypass of thymidine glycol in E. coli.

Clustered lesions are defined as  2 lesions within ;15 base
pairs and can contain oxidative base damage, abasic (AP) sites and
single strand breaks (SSBs) when generated in DNA by ionizing
radiation. We have developed an assay to determine whether
synthetic clustered lesions are converted to double strand breaks
(DSBs) in mammalian cells. The clustered lesion is positioned
within the luciferase coding region of a reporter plasmid, the DNA
is transferred into cells and luciferase activity measured following
DNA repair in the absence of DNA replication. DSB formation
dramatically reduces activity. Since clustered lesions containing 2–5
lesions can be introduced by ionizing radiation, we have studied
synthetic clusters containing tetrahydrofuran (furan), which is a
stable AP site analog, and 8-oxo-7,8 dihydroguanine (8-oxoG) in
tandem and in opposing strands. Clusters consisting of 2–4 damages
have been studied. We have determined that Apex1 in mouse cells
can cleave two closely opposed tetrahydrofurans resulting in
reduction of luciferase activity and plasmid survival. Some
inaccurate repair of the plasmid was found to occur via a Kudependent mechanism, implicating NHEJ in the repair of the DSBs
generated from abortive base excision repair of clustered lesions.
Apex1 was also able to convert two closely opposed furans to a
DSB in cells when an 8-oxoG or a third furan was situated in the
clustered lesion. The amount of breakage was reduced by the
addition of the third furan, and when an 8-oxoG was positioned
immediately 5’ and in tandem with one of the furans. In vitro
studies indicate this was due to inhibition of the AP endonuclease.
Work with nuclear extracts and pure enzymes indicate that the
formation of the DSB occurs by cleavage of the furans prior to
removal of the 8-oxoG. These studies therefore suggest that
complex clustered lesions containing opposing and tandem
oxidative base damage and AP sites can be converted to DSBs
with near-by oxidative damage at physiological expression levels of
the major class II AP endonuclease in cells. (Funded by NCI
#CA85693)
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(S102) The mutagenicity and repair of a tandem lesion is
distinct from its individual components. Marc M. Greenberg,
Johns Hopkins University, Baltimore, MD

(S104) Complex clustered lesions can be converted to double
strand breaks in cells. Lynn Harrison, LSU Health Sciences
Center, Shreveport, LA

(S105) Investigating the repair of clustered DNA damage in
reconstituted mononucleosomes. Laura J. Eccles, University of
Oxford, Oxford, United Kingdom
Clustered DNA damage is a unique characteristic of ionising
radiation and is defined as two or more lesions within one or two
helical turns of the DNA double helix, induced by a single radiation
track. Base excision repair is predominantly responsible for
processing lesions within clusters, with the exception of double
strand breaks (DSBs). Previous studies using two lesions, either
11
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bistranded or in tandem, have shown that the efficiency of the base
excision repair pathway can be greatly retarded when processing
clustered damage sites and as a consequence can lead to enhanced
mutability or enzymatically induced DSBs. The majority of
published studies to date have focussed on lesion processing within
short oligonucleotide sequences. Within the cell DNA is packaged
into chromatin, therefore, we have extended our studies by
reconstituting mononucleosomes with lesion-containing DNA.
The repair of such lesions using purified enzymes or cell extracts
has been compared to that when lesions are situated within ‘naked’
DNA to determine the influence of chromatin on damage repair.
Initial findings have indicated that the efficiency of incision of a
single AP site incorporated into nucleosome-bound DNA, compared
to naked DNA, is significantly reduced when using purified AP
endonuclease. In contrast, after incubation with CHO nuclear
extract, the repair of a single AP site within nucleosome-bound
DNA is similar to that of naked DNA. It was verified that the
nucleosome structure remains intact in the presence of nuclear
extract. We will further complement these studies by incorporating
bistranded clusters containing AP sites into the nucleosome-bound
DNA at various interlesion separations. Previous studies with 40
base pair oligonucleotides have shown that bistranded clusters
containing AP sites will form DSBs from enzymatic processing.
The efficiency of DSB formation is dependent upon the interlesion
separation and orientation. We are presently investigating how
clusters containing bistranded AP sites are processed when
introduced into reconstituted DNA and with what efficiency. The
findings for these studies when clustered damage sites are in a
nucleosome context address their potential biological significance.

S2 HEADLINES OR GOSSIP: COMMUNICATION
BETWEEN TISSUES AND IMMUNE CELLS

Symposia

Following exposure to radiation, molecular responses are
elicited in the injured tissues that are the direct result of the injury
caused by radiation or the indirect result of the activation of repair
and defense systems of the body. There is evidence that some of
these responses induce acute and/or chronic changes in normal as
well as neoplastic cells that can affect their interactions with
immune cells. The latter are key components in re-establishing the
tissue homeostasis, and their radiation-induced dysregulation can
sometimes fuel a perpetual process of injury and repair resulting in
chronic, unresolved inflammation and/or late tissue remodeling. The
mediators of the cross-talk between irradiated tissues and cells of
the innate and adaptive immune system are soluble factors,
including chemokines, cytokines, and damage-associated molecular
pattern (DAMP) molecules, but which of the many potential signals
are generated and subsequently dominate the site of injury depends
on the dose and type of radiation, the tissue context, and the genetic
background of the host. Importantly, evidence is now accumulating
that the nature of the radiation-induced signals and the subsequent
cross-talk is critical in determining clinical outcome. The four
speakers in this symposium will provide examples of tissue
responses to radiation that result in beneficial (e.g., tumor
regression) or detrimental (e.g., normal lung fibrosis) effects for
the host, but share the common characteristics of being the results of
a ‘‘constructive’’ or ‘‘destructive’’ communication between the
immune system and the tissues.

controversy, concepts will presented as follows: (1) loss of epithelial
cells, endothelial cells, and basement membrane integrity in usual
interstitial pneumonia associated with idiopathic pulmonary fibrosis
leads to destroyed lung architecture and perpetual fibrosis; (2) loss
of basement membrane integrity is critical in determining the ‘‘point
of no return’’, and contributes to the inability of the lung to
reestablish normal lung architecture leading to promotion of
fibrosis; (3) transforming growth factor-beta is necessary, but not
entirely sufficient, to promote sustained fibrosis; (4) persistent
injury/antigen/irritant is critical for the propagation of fibrosis; (5)
idiopathic pulmonary fibrosis is an example of a process related to
the persistence of an ‘‘antigen(s)’’, chronic inflammation, and
fibrosis; and (6) unique cells are critical cellular players in the
promotion of fibrosis. It is hoped that more questions will be raised
than answered in this presentation in order to support the need for
more research in this area to address these important concepts.

(S202) Depletion of skin dendritic cells as a measure of
radiation exposure. Edith M. Lord, University of Rochester
Medical Center, Rochester, NY
Migratory Cutaneous Dendritic Cells and Radiation Exposure
Detection. Concerns over bioterrorism events involving radiation
have prompted the need for methods to discern individuals that may
have been exposed to radiation. We hypothesized that ionizing
radiation (IR) would cause a depletion of cutaneous dendritic cells
(DC) which potentially could be used to diagnose varying degrees
of radiation exposure. We have examined two unique subsets of
immune dendritic cells, which are found in the dermal and
epidermal layers of skin known as interstitial dendritic cells (iDC)
and Langerhans cells (LC) respectively. These cells are known to be
highly radio-resistant and migrate out of the skin in response to
antigenic stimulation or exposure to ultraviolet radiation. Using skin
from the ear of BALB/c mice as a model and irradiation from a
Cesium-137 source, we quantified the densities of iDC and LC by
staining with FITC-conjugated anti-mouse major histocompatibility
complex class II and PE-conjugated anti-langerin Abs respectively
and visualized using fluorescence microscopy. We examined mice
2–14 days after exposure to doses ranging from 1–25 Gy, and found
that ionizing radiation triggered the migration of both the MHC II þ
iDC as well as the Langerin þ LC in a dose and time dependent
manner. In addition, the assay was further expanded in an in vivo
model by injecting fluorescently conjugated antibodies intradermally into the ear of a live, anesthetized mouse and the cells within
the ear skin visualized using confocal microscopy. This technique
permits multiple viewings of the populations of interest from a
single live mouse over a time course following irradiation.
Interestingly, the DC migration appeared to be limited by local
administration of recombinant IL-12, an immunostimulatory
cytokine reported to reduce cutaneous DC migration as a result of
ultraviolet radiation (UVR) induced DNA damage. This has
important implications for limiting the loss of immune reactivity
following radiation exposure. Current experiments are underway to
determine the mechanisms responsible for the migration inhibition
by IL-12.

(S203) A matter of degree: Defining mechanisms by which
thermal therapy affects immune cell function. Elizabeth
Repasky, Roswell Park Cancer Institute, Buffalo, NY
(S201) What Differentiates Normal Lung Repair and Fibrosis.
Robert M. Strieter, University of Virginia School of Medicine,
Charlottesville, VA
There has been ongoing controversy related to what
differentiates normal lung repair and fibrosis. For example, the
current prevailing concept has been that idiopathic forms of
pulmonary fibrosis are due only to epithelial injury in response to
some unknown cause that results in persistent evolving fibrosis
without preceding inflammation. This concept would suggest that
the lung responds to injury in a different manner than other organs,
such as the liver, kidney, and heart. However, that would seem to
contradict known established pathological concepts. To address this
12

We have been exploring the role of body temperature and
thermoregulation on immune cell activity. We have found that
exposure to fever-range temperatures can reduce the need for costimulation for activation of CD4 þ T lymphocytes (as measured by
IL-2 production) and this appears to be related to temperaturedependent effects on plasma membrane lipid rafts (M. Yuan and M.
Grimm et al., manuscript submitted). Lipid rafts selectively
associate with certain membrane proteins and thus play a critical
role in activation, signaling and interaction with antigen presenting
cells. We have observed that several proteins which play key roles
in T cell activation, such as LAT, Lck, CD3-zeta, ZAP70 and CD28
are more abundant in lipid rafts isolated from cells maintained for
several hours under mild thermal stress when compared to rafts
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from normothermic cells. Since co-stimulation through CD28 helps
to cluster signaling molecules in the lipid raft, we hypothesize that
mild thermal stress may itself provide co-stimulation. In support of
this notion, we observed enhanced IL-2 production when heated
CD4 þ T cells were given suboptimal activation signals in
comparison to cells kept at normothermia. Further, we observed
IL-2 production when CD4þ T cells isolated from CD28 knock-out
mice were preheated prior to TCR stimulation whereas none is
produced without preheating.In other research, we have begun to
define the role of ambient temperature on immune function- that
which results in the mild, chronic cold stress experienced by mice
housed under standard conditions (approx. 21–22 8C) compared
with an ambient temperature which results in ‘‘thermoneutrality,’’
(approx.28–29 8C; see abstract by M. Capitano et al., this meeting,
for additional information on this research). These data reveal that
increasing the energy needed to maintain body temperature (which
occurs at cooler ambient temperatures) can significantly limit the T
cell response to tumors and the tumor growth rate.Collectively,
these data provide evidence that the immune response is highly
sensitive to small shifts that occur not only in core temperature, but
also to the stress of mildly cool ambient temperature which can
trigger thermoregulatory metabolic changes. Supported by the NIH
(P01 CA94045, RO1 CA71599 and R01CA135368).

(S204) Irradiated tumors call out to the immune system.
Sandra Demaria, New York University School of Medicine, New
York, NY

S3 RADIATION RISK ASSESSMENT AND
EPIDEMIOLOGY
Radiation epidemiology today cuts across many disciplines as
we examine human populations to understand the risks of radiation
and its interaction with other factors, such as genetics, environmental exposures, and cancer chemotherapy. Important modifying
factors are age, gender, co-morbidities, and life style. Risk estimates
and dose-response models derived from these studies allow us to
balance risk and benefit of radiation as well as predict and manage
long-term results of radiation exposure. The four speakers in this
symposium will review the use of radiation epidemiology in studies
of cancer survivors who received radiation therapy, workers who
received occupational exposures, A-bomb survivors, and astronauts
irradiated in space.

Estimating and mitigation the risk of cancer and degenerative
diseases is a major challenge for space exploration by human
beings. There are no human data for the protons and high charge
and energy (HZE) ions that comprise the galactic cosmic rays
(GCR) therefore models are used to estimate risks and the
effectiveness of countermeasure approaches. A goal at NASA is
to develop event-based systems biology models of space radiation
risks that would replace dose-based empirical models used today.
Complex and varied biochemical signaling processes transmit the
initial DNA and oxidative damage from space radiation into cellular
and tissue responses. Mis-repaired damage or aberrant signals can
lead to genomic instability, persistent oxidative stress or inflammation, which contribute to health risks. Protective signaling through
adaptive responses or cell repopulation and differentiation is also
possible. We describe approaches to model GCR risks based on
biological events rather than average quantities such as dose,
fluence, or dose equivalent. To investigate possible deviations from
the current assumptions of linearity and additivity of GCR
components, we studied several biological response pathway
models of varying induction and relaxation times including the
ATM, TGFb-Smad, and WNT signaling pathways. We then
considered small volumes of interacting cells and the timedependent biophysical events that the GCR would produce within
these tissue volumes to estimate how GCR event rates mapped to
biological signaling induction and relaxation times. We consider
several hypotheses related to signaling and cancer risk, and perform
computer simulations for conditions where aberrant or adaptive
signals would occur on long-duration space missions. We discuss
how event-based systems biology models, which focus on
biological signaling as the mechanism to propagate damage or
adaptation, can be further developed to estimate space radiation
risks and experiments needed to support the development of models.

(S302) The changing face of radiation risk assessment? Julian
Preston, US Environmental Protection Agency, Research Triangle
Park, NC
Risk assessments for cancer and non-cancer outcomes
following radiation exposure have, for many years, relied almost
exclusively on the available human data, both from atomic bomb
survivors and from medical and occupational exposures. The
advantages are that these are human data and they are available for
a broad range of doses, including relatively low doses that are of
particular interest for establishing radiation exposure limits. Equally,
reliance on these particular data sets has a disadvantage in that rather
little direct application in the risk assessment process has been made
of the vast amounts of experimental data for radiation and chemical
exposures and of our understanding of disease processes. For
example, mechanistic data are taking on a whole different purview
given some new and exciting molecular and cellular approaches for
better understanding of overall responses to radiation. There remains
a critical need to determine how informatic and modeling approaches
can be used to inform human cancer, non-cancer and genetic
outcomes at low exposure levels. This simple statement hides a
wealth of complexity in terms of viable approaches, but given the
extensive advances in the information learned form gene expression
analysis, whole genome analysis (including ultra-high throughput
sequencing), epigenetic alterations , computational analysis of
complex systems, it would appear that the time is right for
combining epidemiological data and mechanistic molecular and
cellular in vivo and in vitro data into some form of biologically-based
dose-response model. Examples will be presented of the new data
that are available for this type of approach. In particular, phenotypic
anchoring of molecular data to key events in the cancer or noncancer disease process will be discussed.This abstract does not
necessarily represent U.S. EPA policy.
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Ionizing radiation is applied to tumors in doses and schedules
that aim to achieve optimal cancer cell kill. However, the design of
optimal treatment regimens is limited by lack of understanding of
the molecular determinants of the radiation response in vivo. An
important question that still awaits more answers is what is the
relative contribution of the host responses elicited by radiation to the
overall tumor inhibition achieved. Gene expression profiles have
shown that the molecular response of tumors to radiation is highly
dependent on the microenvironment, raising the possibility that
changes in tumor-host interactions are main determinants of the
therapeutic effects of radiotherapy. In support of this hypothesis, we
and others have identified cell surface receptor and soluble factors
that are modulated by radiation and enhance the recruitment and
recognition of cancer cells by anti-tumor T cells. However,
radiation-induced changes in the tumor microenvironment do not
necessarily favor immune-mediated tumor rejection, even when
combined with immunotherapy, as exemplified by recent data that I
will briefly discuss. It is likely that the innate immune system,
which integrates damage and danger signals to determine the
response to a given stressor, plays a key role in this process. Thus,
like any tissue hit by radiation, tumors ‘‘call out’’ for help, but the
interpretation by the immune system of the nature of the damage
will determine whether a repair, non-immunogenic, or a defense,
pro-immunogenic, response will be promoted. Understanding the
molecular cross-talk between the cancer cells and the innate and
adaptive immune system will be essential for the design of optimal
treatment strategies combining local radiation with immunotherapy
to achieve complete tumor regression, and cure.

(S301) Models of Space Radiation Risks. Francis Cucinotta,
NASA Lyndon B. Johnson Space Center, Houston, TX

(S303) Radiation exposure, genetic susceptibility and bilateral
breast cancer: results from the WECARE Study. Jonine
Bernstein, Memorial Sloan Kettering Cancer Center, New York,
NY
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Background: Deficiencies in cellular responses to DNA
damage can predispose to cancer. Ionizing radiation induces double
strand breaks (DSB). Upon activation by DSB-inducing agents,
ATM (for ataxia-telangiectasia (A-T) mutated) phosphorylates a
large number of downstream targets, including the products of
several known breast cancer susceptibility genes (e.g., BRCA1,
BRCA2, Chek2, p53). In this study, we examine whether defects in
these breast cancer susceptibility factors are associated with
radiation-induced breast cancers. Methods: The WECARE Study
is a case-control study, nested within 5 population-based cancer
registries in the US and in Denmark. The 708 cases were women
with asynchronous bilateral breast cancer (CBC) and the 1399
controls were women with unilateral breast cancer (UBC)
individually matched to cases on year of birth, race, geographic
region, and date of diagnosis (interval). All participants were
interviewed, medical records were comprehensively reviewed, and
full genetic screening was conducted. For women who received
radiation therapy (RT), absorbed radiation doses to quadrants of the
(CB) were estimated using dosimetry reconstruction. Rate ratios
(RR) and 95% confidence intervals were calculated using
multivariable-adjusted conditional logistic regression models.
Results: The mean dose to the specific quadrant of the CB tumor
was 1.1 Gy. Women ,40 years of age who received .1.0Gy and
with .5 year follow-up had a 3-fold increased risk of CBC (95%
CI-1.1–1.8). The RR of CBC associated with carrying a BRCA1/2
mutation was 4.2 (95% CI¼2.8–6.1); however among carriers,
radiation was not associated with risk. Among women carrying rare
ATM missense mutations, the risk of developing CBC was slightly
increased, but was significantly elevated among women treated with
RT, and strongest for mutations selected on their likelihood to
disrupt structure. Conclusions: Risk of radiation-associated CBC
was inversely related to age at exposure and dose dependent. A
subgroup of rare mutations may increase risk of CBC among
women with early onset breast cancer treated with RT. However, the
fraction of CBC attributed to this is quite small suggesting that
radiation contributes little to the already high risk of CBC associated
with carrying these breast cancer susceptibility factors.

(S304) Glaucoma study in atomic bomb survivors. Kazuo

Neriishi1, Eiji Nakashima1, Saeko Fujiwara1, Ayumi Hida1,
Masazumi Akahoshi1, Tomoko Yokoyama2, Michiya Takamatsu2,
Yoshiaki Kiuchi2, Eiko Tsuiki3, Masafumi Uematsu3, Takeshi
Kumagami3, 1Radiation Effects Research Foudation, Hiroshima,
Japan, 2Department of Ophthalmology, Hiroshima University
School of Medicine, Hiroshima, Japan, 3Department of Ophthalmology, Nagasaki University School of Medicine, Nagasaki, Japan
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Purpose: To investigate a relationship between glaucoma
prevalence and A-bomb radiation. Subjects: The AHS participants
who had screening examinations, including visual field and retinal
images, during 2006 - 2008. Methods: Possible cases were reviewed
by all ophthalmologists every three months and classified into
subgroups of glaucoma. Logistic regression analysis was conducted
using GEE method after adjusting for sex, age, city, cataract surgery
and diabetes mellitus. Results: We detected 287 (18.0%) cases of
overall glaucoma and 215 (13.4%) cases of normal tension
glaucoma among 1598 radiation dose known subjects (ranging 61
to 97 of age). The odds ratio (OR) per Gy in overall glaucoma was
1.17 (95%CI: 1.00, 1.38) and OR per Gy in normal tension
glaucoma was 1.31 (1.11, 1.55). Conclusion: There was a
significant increase in prevalence of overall glaucoma. Main
component of the increase was normal tension glaucoma.

S4 REAL-TIME BIOCHEMISTRY IN THE CELL
Recently, significant advances have been made in the study of
DNA damage induced by ionising radiation with different LET
values. These studies have concentrated on the spatial distribution
of damage induced in mammalian cells and the dynamics involved
in the orchestrated recruitment of repair/ signalling related proteins
to the sites of cellular DNA damage in real time or using antibodies.
The symposium will present new evidence on the LET effects on
the induction and recruitment of proteins to DNA double strand
14

breaks (DSB) and other damage types, the complexity of DSB
revealed during repair by non-homologous end joining and the role
of heterochromatin in DSB damage response in mammalian cells.

(S401) Live cell imaging approach to directly monitor
induction and repair of DNA damages generated by low- and
high-linear energy transfer irradiation. Aroumougame Asaithamby, UT Southwestern Medical Center, Dallas, TX
Induction and repair of multiple types of DNA damages
generated by ionizing radiation (IR) have widely been studied in
fixed cells using antibodies that recognize different types of DNA
damages. Although this approach has yielded fundamental information regarding the DNA repair, however, this method has some
limitations. In this study, we directly monitored induction and repair
of single-, double-strand breaks and base damages generated by
low- and high-LET IR, and quantitatively studied the dynamics of
DNA repair proteins at damage sites in living cells, using XRCC1,
53BP1 and OGG1 fused to fluorescent proteins as SSB, DSB and
base damage surrogate markers, respectively. Using YFP-53BP1,
we noticed that the number of DSBs formed, as measured by the
number of YFP-53BP1 foci formed, was linear with dose from 5
mGy to 1 Gy of low-LET IR. The DSBs induced by very low
radiation doses (5 mGy) were repaired with efficiency similar to
repair of DSBs induced at higher doses (.100 mGy). The YFP53BP1 foci are dynamic structures: 53BP1 rapidly and reversibly
interacted at these DSB sites. The time frame of recruitment and
affinity of 53BP1 for DSB sites were indistinguishable between
low- and high-doses, providing mechanistic evidence for the similar
DSB repair after low and high-dose IR. In addition, we also
examined in live cells that both 53BP1 and XRCC1 formed clear
tracks as early as three minutes after exposure of cells to iron (Fe),
silicon (Si) and oxygen (O) particles. Further, using OGG1
antibody, we found that OGG1 co-localized with 53BP1 and
XRCC1 along the trajectory of the dense Fe, Si and O particles. The
number of cells harboring these clustered DNA damages decreased
with increasing post-irradiation time. Interestingly, not all the DNA
damages induced by HZE particles are clustered. With our new
approach, one could identify only the IR-induced DNA damages
and follow their repair kinetics in real time, by comparing the live
cell images obtained before and after IR, the foci that were
generated by IR could be distinguished from background foci. Use
of our newly developed system to directly follow the induction and
repair of different types of DNA damages in individual cells opens
up new experimental approaches to study low- and high-LET IRinduced DNA damages in three dimensional cell cultures as well as
in mice.

(S402) Low and high LET elicit distinct yield and kinetic of
radiation-induced foci. Teresa Neumaier1, James Chen2, Brain
Yang2, Stefan Thalhammer1, Mary Helen Barcellos-Hoff3, Sylvain
Costes2, 1German Research Center for Environmental Health,
Neuherberg, Germany, 2Lawrence Berkeley National Laboratory,
Berkeley, CA, 3New York University Langone School of Medicine,
New York, NY
Quantifying radiation induced foci (RIF) as a function of time
post-irradiation is attractive as it provides a window into the
biochemical responses within an individual cell following induction
of DNA double strand breaks (DSB) at physiologically relevant
doses. In this work, we analyze the influence of radiation quality on
RIF formation. We first review a large set of data from our high
content image analysis characterizing RIF (phosphorylated variant
histone H2AX - cH2AX and p53 binding protein 1 - 53BP1), as a
function of time and dose following exposure to X-rays or high Z
energy ions (HZE). The low-LET data show a lack of linearity
between RIF frequency and doses between 10 cGy and 200 cGy.
Live cell imaging of 53BP1-GFP exposed to HZE confirms various
kinetic properties observed in the high-content analysis on fixed
specimen. One original aspect of this work is the ability to separate,
within the same cell, RIF induced by high-LET (RIF along HZE
track) and by low-LET (RIF off the tracks due to delta-rays). Doing
so, we could unambiguously show that RIF formation is faster for
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high-LET but that their resolution is slower. High-LET RIF are also
larger and brighter than low-LET RIF, indicating stronger kinase
activity or DSB clustering. Finally, we observe no dependence
between LET and foci frequencies, as increasing the amount of
energy deposited along track from 200 to 1000 keV/lm does not
change 53BP1 RIF frequency which remains constant at about 0.85
foci/lm. This lack of LET dependence is in agreement with the poor
linear dose dependence observed for low-LET suggesting that not
every DSB elicits a focus response.

(S403) Real-time dynamics of repair proteins recruited to
radiation induced DSBs: Evidence of sub-classes for DSBs.
Jennifer Anderson, University of Oxford, Oxford, United Kingdom
When cellular lesions are induced by radiation into DNA,
numerous proteins are involved in sensing and repairing the
damage. We have used an ultrasoft x-ray (USX) irradiation (IR) setup using shielding grids which allow us to irradiate an area of 1lm
thereby producing on average one distinct stripe of DNA damage,
including double strand breaks (DSBs), per cell nucleus. Having
previously shown that the repair characteristics of DSBs induced
following USX irradiation are similar to that for DSBs induced by
low LET c-radiation, we investigated the effect of USX IR on the
recruitment and persistence of the non-homologous end joining
protein (NHEJ) Ku80 in real time. From the kinetics we aim to gain
insight into DSB complexity induced by radiation.Ku80-EGFP
tagged CHO cells (donated by D. van Gent) were irradiated at 48C,
subsequently incubated at 378C and analysed in real time using
confocal microscopy. Findings were compared with near-infrared
(NIR) laser IR carried out at 378C. Changes in fluorescence
intensity of Ku80 with time were followed as a marker of radiation
induced DSBs. We observed recruitment of Ku80 to areas of DNA
damage within 3 min of 10 Gy USX to the radiation area (compared
with 1 min following laser IR). Subsequently the fluorescence
intensity within the stripes decreases with biphasic kinetics with 65–
70% of the intensity lost by 40 mins (fast repair kinetics) and with
;35% persisting for longer times (slow repair kinetics). With NIR
laser we observed both a fast and slow component of DSB repair.
The contribution of the slow component is greater in laser induced
damage than following USX IR, consistent with at least two
subclasses of DSB. Using a specific inhibitor to the NHEJ protein
DNA-PKcs we noted no difference for loss of fluorescence by fast
repair kinetics between control and inhibitor treated cells, however
when ATM was inhibited we observed slower fluorescence decay
than in control treated cells for the initial decay.The findings will be
discussed in terms of simple and complex DSBs recruiting different
components of the NHEJ pathway. ATM and the Ku70/80
heterodimer are involved in the repair of simple DSBs independently of DNA-PKcs. Although DNA-PKcs may facilitate the repair
of simple DSBs, DNA-PKcs, along with Ku70/80, is only necessary
for the repair of complex DSBs repaired with slower repair kinetics.

Response. Aaron A. Goodarzi, Genome Damage and Stability
Centre, University of Sussex, East Sussex, United Kingdom
Eukaryotic chromatin is segregated into highly condensed
heterochromatin and comparably relaxed euchromatin. Although
heterochromatic gene expression is either transiently or permanently
impeded, the integrity of heterochromatic DNA is critical for cell
survival as it contributes to the regulation of nuclear architecture,
gene expression, ribosome biogenesis, chromosome stability and
mitosis. Structurally complex heterochromatin is generally inaccessible to DNA processing enzymes, including those repair factors
required to rejoin DNA double strand breaks (DSBs). To be
repaired, heterochromatic lesions require the Ataxia Telangiectasia
Mutated (ATM) pathway to transiently modify heterochromatic
factors surrounding the DSB, relaxing its structure and thereby
allowing DNA non-homologous end-joining (NHEJ) to function.Cells deficient for ATM signalling repair euchromatic DSBs
normally but are unable to resolve lesions within heterochromatin.
Depletion of key heterochromatic proteins, including the KAP-1
transcriptional co-repressor, relieves the requirement for ATM

S5 RADIATION CYTOGENETICS: THEN AND NOW
The majority of radiation-induced mutations in somatic
mammalian cells associated with cancer are large chromosome
level changes. These chromosome aberrations, and the positions of
breakpoints involved in their formation, reveal not only genes and
controlling elements whose alterations drive the initiation of cancer,
but also how structural and functional features of chromatin can
affect processes involved in repair or mis-repair of initial DNA
damage. Cytogenetics can provide information that is not readily
available from molecular studies requiring disruption of chromatin
organization as it exists in the cell and its tissue context, and where
assays usually measure effects averaged over the entire genome.
One example is the fact that the preponderance of translocation
breakpoints, indicating mis-repair, occur in regions of transcriptionally active or potentially active chromatin. Another is that very
few so-called ‘clastogenic’ agents, aside from ionizing radiation,
produce chromosome-type aberrations in the first mitosis after
irradiation of cells in the pre-replication G0 or G1 cell cycle phase.
Cytogenetic studies have led to the recognition that processing of
DNA ends, either from breaks within chromosomes or at the ends or
telomeres, share interesting similarities and differences. Further,
direct observation of chromatin in cells during interphase can speak
directly to early stages of aberration formation where processes
occur within the context of intact cells, and to the role (or lack
thereof) of cell cycle checkpoint responses that often accompany
DNA damage. The superior resolution of many of the current
molecular cytogenetics approaches, combined with immunocytochemical detection of proteins involved in DNA damage processing,
and the availability of repair deficient mutants or knockdown
strategies such as RNA interference, continue to show that
cytogenetics still provides useful information and sets certain
restrictions important for interpretation of basic molecular studies of
DNA repair and associated protein interactions that can only be
carried out in vitro. Some previous contributions will be briefly
reviewed, and the presentations in this symposium exemplify
further and ongoing contributions of cytogenetics toward better
understanding biological effects of radiations.
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(S404) The Heterochromatic DNA Double Strand Break

signalling in DSB repair. Importantly, KAP-1 is a highly dose
dependent, transient and specific substrate of ATM and the
manipulation of KAP-1 phosphorylation regulates heterochromatic
DSB repair. We have proposed that KAP-1 undergoes specific
modifications to promote DSB repair in a manner that allows
localised and transient chromatin relaxation but precludes widespread dismantling of the heterochromatic superstructure.We now
show that the DSB response mediator protein hierarchy, including
MDC1, RNF8, RNF168 and 53BP1, are also required for
heterochromatic DSB repair. While KAP-1 phosphorylation
(pKAP-1) is critical for 53BP1-mediated repair, overall pKAP-1
levels are, surprisingly, mostly unaffected by 53BP1 loss.
Significantly, although pKAP-1 initially forms in a pan-nuclear
manner, the slow component of DSB repair corresponds with
intense foci of pKAP-1, representing locally modified heterochromatin. Cells lacking functional 53BP1, including human RIDDLE
syndrome cells, are unable to maintain pKAP-1 within the DSB
vicinity and fail to repair lesions with heterochromatin. We propose
that 53BP1 spatially concentrates ATM activity to promote
localized chromatin alterations in regions otherwise inhibitory to
repair.

(S501) Early and Ongoing Contributions of Cytogenetics to
Radiation Biology. Joel S. Bedford, Colorado State University,
Fort Collins, CO
The majority of radiation-induced mutations in somatic
mammalian cells associated with cancer are large chromosome
level changes. These chromosome aberrations, and the positions of
breakpoints involved in their formation, reveal not only genes and
controlling elements whose alterations drive the initiation of cancer,
but also how structural and functional features of chromatin can
affect processes involved in repair or mis-repair of initial DNA
damage.Cytogenetics can provide information that is not readily
15
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available from molecular studies requiring disruption of chromatin
organization as it exists in the cell and its tissue context, and where
assays usually measure effects averaged over the entire genome.
One example is the fact that the preponderance of translocation
breakpoints, indicating mis-repair, occur in regions of transcriptionally active or potentially active chromatin. Another is that very
few so-called ‘clastogenic’ agents, aside from ionizing radiation,
produce chromosome-type aberrations in the first mitosis after
irradiation of cells in the pre-replication G0 or G1 cell cycle
phase.Cytogenetic studies have led to the recognition that
processing of DNA ends, either from breaks within chromosomes
or at the ends or telomeres, share interesting similarities and
differences. Further, direct observation of chromatin in cells during
interphase can speak directly to early stages of aberration formation
where processes occur within the context of intact cells, and to the
role (or lack thereof) of cell cycle checkpoint responses that often
accompany DNA damage.The superior resolution of many of the
current molecular cytogenetics approaches, combined with immunocytochemical detection of proteins involved in DNA damage
processing, and the availability of repair deficient mutants or
knockdown strategies such as RNA interference, continue to show
that cytogenetics still provides useful information and sets certain
restrictions important for interpretation of basic molecular studies of
DNA repair and associated protein interactions that can only be
carried out in vitro.Some previous contributions will be briefly
reviewed, and the presentations in this symposium exemplify
further and ongoing contributions of cytogenetics toward better
understanding biological effects of radiations.

(S502) Chromatin organization as a possible factor in the
control of susceptibility to radiation-induced aml in mice. David
G. Maranon, Colorado State University, Fort Collins, CO
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Considerable evidence points to the involvement of chromatin
structure and the architecture of the interphase nucleus in the control
of radiosensitivity. A dynamic functionality is added when the
changes in nuclear organization accompanying tissue-specific
differentiation process are considered. Thus, it is quite possible,
and some evidence shows, that distinct spatial organization of
genomes in normal tissues may actually predispose cells in a
particular tissue to experience ‘‘tissue-specific’’ chromosome
rearrangements. In other words, the rearrangement that leads to a
specific kind of cancer may occur at a ‘‘higher than average
frequency’’ depending on the specific organization of the chromatin
in that specific tissue.Some mouse strains, such as CBA/CaJ are
susceptible, while others such as C57BL/6 are very resistant to
radiation induced AML. Chromosome 2 deletions containing the
Spfi-1 gene (PU.1 in humans) are necessary, but not sufficient, for
AML development, and the breakpoints surrounding the deletions
are clustered in two regions, one proximal and one distal relative to
the centromere. This led to the hypothesis that the architectural
features of the interphase chromosome 2 domains from mouse bone
marrow cells show a unique chromatin organization that could favor
formation of the necessary deletions in AML-susceptible mice.
Using labeled BAC probes that hybridize at different locations
along chromosome 2 and a 3D-FISH image analysis approach; we
measured some structural features of the chromosome 2 domains in
the unirradiated bone marrow cells of CBA and C57 mice. While no
striking strain-dependent differences were seen, surprisingly we
found that the chromosome 2 domains within each cell were
considerably different; one domain being more and the other less
compact. Preliminary studies on radiation induced AML cells have
suggested that the loss of the Spfi-1 gene occurs in the less compact
domain. These and other results involving the tracking of male- or
female-derived imprinted chromosome 2 from Tirano mice bearing
a Robersonian translocation involving chromosomes 2 and 8 will be
described to determine whether imprinting may underlie some of the
observed differences in chromosome 2 domains and whether this
may influence the preferential deletion of either the maternal or
paternal copy of PU.1.

(S503) Influence of DNA DSB repair pathways on chromosomal aberration induction by low LET IR throughout the cell
cycle in CHO cells. Paul F. Wilson1, John M. Hinz2, Salustra S.
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Urbin1, Peter B. Nham1, Larry H. Thompson1, 1Lawrence Livermore National Laboratory, Livermore, CA, 2Washington State
University, Pullman, WA
The induction of chromosomal aberrations (CA) following
ionizing radiation (IR) exposure is primarily mediated through the
misrepair or lack of repair of DNA double-strand breaks (DSB). The
levels and types of IR-induced DSBs and CAs determine the
proliferative and carcinogenic potential of the majority of irradiated
cell types to a great extent. In mammalian cells, three genetically
distinct molecular pathways exist to repair IR-induced DSBs in a
cell cycle-dependent manner: non-homologous end joining (NHEJ),
homologous recombinational repair (HRR), and single-strand
annealing (SSA). NHEJ operates throughout the cell cycle to repair
the majority of IR-induced DSBs while HRR and SSA operate in
the S and G2-phases when sister chromatids become available. DSB
repair pathway choice also depends on the type and quality
(complexity) of breaks, the local chromatin microenvironment, and
the initial congregation of various DSB signaling and repair factors.
Types of IR-induced DSBs include ‘‘two-sided’’ DSBs generated
throughout the cell cycle and ‘‘one-sided’’ DSBs generated in Sphase cells at sites of replication fork collapse by single-stranded
lesions that inhibit replicative polymerase progression. Single- and
double-stranded DNA damage left unrepaired after G1-phase
irradiation can lead to delayed CA induction in the following Sphase; likewise residual DSBs and CAs induced by S or G2-phase
irradiation may be transmitted to progeny cells if their levels are
insufficient to engage checkpoint-mediated cell cycle arrest. Insights
into the relative contributions of these DSB repair pathways have
been made using CHO mutants defective in NHEJ, HRR, and SSA,
all of which show enhanced CA induction and reduced cell survival
post-irradiation to varying degrees when compared to wild-type and
gene-complemented derivatives. The cell cycle-dependent and
lesion-dependent aspects of DSB repair pathway choice and the
consequences of mutations in these repair pathways for survival and
CA induction in CHO cells irradiated with X or c-rays throughout
the cell cycle will be discussed. This work was performed under the
auspices of the U.S. DOE by Lawrence Livermore National
Laboratory under contract DE-AC52-07NA27344 and supported
by the U.S. DHHS NCI and the U.S. DOE Low Dose Radiation
Research Program (UCRL-PRES-228180).

(S504) Influence of track directions on the biological
consequences in cells irradiated with high LET heavy ions.
Takamitsu A. Kato, Akira Fujimori, Ryuichi Okayasu, National
Institute of Radiological Sciences, Chiba, Japan
We investigated the biological effects influenced by the track
directions using high LET heavy charged particles; the end points
studied include cell survival by colony formation and chromosome
aberrations in the first post-irradiation metaphase cells. Attached
synchronized CHO cells in G1 phase were irradiated either from
horizontal or vertical directions to the flasks. High LET iron-ions
accelerated by HIMAC (Initial energy: 500MeV/n and LET:
200keV/lm) delivered the same dose to cells by irradiating from
either directions. The track number analyzed by gamma-H2AX foci
by horizontal irradiation was about 10 times lower than that by
vertical irradiation. However, the number of DSBs produced by a
single heavy particle track is much higher for horizontal irradiation
than for vertical irradiation. The colony formation assay revealed
that horizontal irradiation is less effective in cell killing than vertical
irradiation, and the lower number of chromosome aberrations was
observed after horizontal irradiation than after vertical irradiation.
Detailed chromosome aberration analysis revealed that the number
of dicentrics and ring formations was identical for samples
irradiated from either directions, but slightly but significantly more
interstitial and terminal deletions were observed by vertical
irradiation than by horizontal irradiation. Suspension cells were
also irradiated by the same iron ions and their cell survival level was
intermediate between the level with horizontal and vertical
irradiation of attached cells. These results seem to indicate that
the directions of heavy ion beams have an important role in DNA
repair and cell survival. We hypothesize that vertical irradiation
gives slightly higher biological effects because vertical irradiation
induces more DNA damages in certain chromosome domains when
compared with horizontal irradiation. Our results suggest that the
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most common studies with heavy charged particles carried out by
vertical irradiation to monolayer cell cultures may overestimate the
biological responses in 3D tissues in human bodies.

(S505) Next generation approaches to the analysis of
structural chromosome aberrations produced by ionizing
radiation: emphasis on translocations and deletions. Michael
Cornforth, University of Texas Medical Branch, Galveston, TX
Structural chromosome changes figure prominently as the
underlying cause of many untoward biological effects caused by
exposure to ionizing radiations (IR).The use of whole chromosome
painting by FISH permits adequate detection of many large-scale
chromosomal rearrangements that occur between different chromosomes, such as translocations. More recent advancements in FISH
technology, such combinatorial painting approaches, have increased
substantially the sophistication and power of whole chromosome
painting. Results from such studies continue to amaze and perplex
investigators in terms of the complexity of IR-induced interchromosomal rearrangements.Existing technologies can be fairly robust
for the genome-wide detection of large-scale asymmetrical
interchanges and intrachanges. Unfortunately, the same cannot be
said for rearrangements whose breakpoints involve less than a few
megabases of DNA, for example, small acentric rings. The precise
size-frequency distribution of such intra-arm deletions is not known,
but it is likely that the majority are submicroscopic in size, falling
below the detection capabilities of light microscopy. Anecdotal
evidence suggests an inverse relationship between the size of
acentric rings (including interstitial deletions and so-called doubleminutes) and their relative frequency across a wide range of IR
doses. If that is the case, then newer quasi-cytogenetic methods, like
array CGH, may well be implemented to fine-map these radiogenic
lesions, define dose-response relationships over very low dose
ranges, and interrogate their effects on gene function.The
symmetrical counterpart to intrachromosomal deletions includes
inversions, whose size-frequency distribution is expected to mirror
that for rings and interstitial deletions, and whose consequences are
probably similar in nature to that for submicroscopic deletions.
Methods exist that allow fine-mapping of inversions, but none that
are yet amenable for genome-wide analysis.

(S506) Next generation approaches to the analyses of
structural chromosome aberrations: emphasis on inversions.
Susan M. Bailey, Colorado State University, Ft. Collins, CO

S6 STM-RRS JOINT SYMPOSIUM: TEMPERATURE
MATTERS! NEW RESEARCH DIRECTIONS FROM
THE SOCIETY FOR THERMAL MEDICINE
Recent clinical trials continue to validate the ability of
hyperthermia to improve long-term survival by radio or chemotherapy for cancer treatment. While most research in the field of
thermal medicine has led to the optimization of heat delivery to
tumors and measurement of the resultant temperature, there has also
been progress in other areas. These include study of: heat sensitive
liposomes, vascular modulation, hypoxia, immune stimulation,
thermal ablation and identification of molecules affecting the
threshold of temperature needed for radiosensitivity.

(S601) Design and Testing of Novel Thermally Sensitive
Liposomal Formulations for Treatment of Local Tumors: A
New Paradigm for Drug Delivery. David Needham, Duke
University, Durham, NC
Invented in 1996, the temperature-sensitive liposome (TSL), is
now in phase I/II and Phase III human clinical trials. This
presentation will present new data utilizing a novel use of
hyperthermia where patients are treated with heat in combination
with the TSL showing unexpected mechanistic features that make
this nanoscale triggered release system an emerging new paradigm
for drug delivery technology. Drug release from the 100nm
diameter ‘‘nano-soccerball’’ liposomes occurs via grain boundary
permeabilization when it is heated at its phase transition
temperature, Tm, of 41C. This rate of release of an encapsulated
drug like doxorubicin is enhanced 10X over that of the pure DPPC
bilayer by the inclusion of 10mol% lysolipid. The lysolipid appears
to stabilize long lasting 5nm nanopores pores (when held at or close
to Tm) through which small molecules and drugs can freely diffuse.
This is the basis for the temperature-triggered nanotechnology for
drug release, –drug comers out within 2 seconds of it being heated
to Tm. A series of preclinical studies in window chamber and flank
tumors have established that the mechanism of action is one of
vascular shut down as well as drug action in the nuclei of tumor and
stromal cells of the neoplasm because of the unique ability of
Hyperthermia (HT) to so rapidly release Doxorubicin from the
liposomes intravascularly as they pass through the blood vessels of
the mildly heated tumor. Thus, a new target for Doxorubicin
delivered in this unique way appears now to be vascular endothelia,
in addition to its cytotoxicity for cancer cells (due in part to 50% of
drug delivered to the tumor being bound to DNA in the first hr after
administration). It is this recognition that now motivates additional
studies to explore further the anti-vascular effects, to guide
appropriate HT/dosing schedules, and to develop other drugs as
TSLs to optimize, not only drug delivery but also drug action on
vasculature, neovasculature, and tumor cells, targeting microregions of tumors where the drugs act most effectively.
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Of all possible types of structural chromosomal anomalies,
inversions - a reversal of orientation of material within a
chromosome - are the most difficult to detect. This is especially
true of small inversions, most of which are invisible to all current
cytogenetic techniques. Because they are small, however, does not
mean they are any less harmful. Inversions form through the same
mechanism as translocations - the misrepair of DNA DSBs - and
should have similar genetic effects, such as disrupting regulatory
sequences that control gene expression, or creating genetic chimeras
like the BCR-ABL gene fusion. It is also likely that small inversions
are among the most transmissible (nonlethal) form of chromosomal
damage, so they persist, a feature which lends credence to the idea
that many cytogenetically invisible rearrangements of this type
could contribute significantly to a variety of disease states, including
carcinogenesis.Various chromosome-banding techniques (e.g., Q-,
G-, and R-banding) were the first to detect inversions. This is still
the most routinely used approach, although it suffers from poor
resolution and requires considerable time and expertise to interpret.
The linear order of various colored probes and Fiber-FISH have also
been used to detect inverted sequences, but these approaches are not
useful for genome-wide screening of random or unknown
inversions. Even today’s sophisticated mBAND technology, which
requires computer-assisted imaging and analyses, remains restricted
to analysis of one chromosome at a time and limited to the
resolution of banding patterns.Modern whole chromosome paint
(WCP) and mFISH/SKY (multi-color) technologies have revealed
the previously unimaginable complexity of chromosomal rearrangements. There is every reason to believe that, just as for complex

chromosome aberration formation between different chromosomes,
improved resolution for detecting rearrangements occurring within a
chromosome will open our eyes to their frequency and complexity.
Here, we present results of our recent work confirming the practical
feasibility of a novel and innovative approach based on the strandspecific technique of Chromosome Orientation FISH (CO-FISH), to
further explore this new frontier of molecular cytogenetics - high
resolution inversion detection.

(S602) MRI based non-invasive thermometry in clinical
thermal therapy. Zeljko Vujaskovic, Duke University Medical
Center, Durham, NC
A major hindrance to effective application of thermal therapy
in clinical practice is the limitation of invasive thermometry
techniques to characterize intra-tumoral temperature distribution.
This leads to imprecise knowledge of the thermal dose-response
17
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relationship. The key to improved thermal dosimetry is the ability to
non-invasively and accurately characterize in three dimensions
intra-tumoral temperature distributions and to control these in realtime. Construction of thermal isodose contours throughout the
tumor in a fashion analogous to radiotherapy dose distributions
would be a major advance. The long-term goal of our research at
Duke is to implement magnetic resonance thermal imaging (MRTI)
to spatially monitor thermal dose distribution during hyperthermia
treatment in patients with cancers that are not effectively treated
with the best conventional therapies. Our experience in achieving
this objective in patients with extremity soft tissue sarcoma will be
presented. Further development and optimization of this method
will revolutionize our knowledge of temperatures during heating as
well as allow, for the first time, implementation of intensity
modulated thermal therapy (IMTT) based on the real-time control
over 3-D temperature distributions. The realization of non-invasive
thermometry will have additional benefits, including the ability to
measure temperature distribution in sites not readily accessible to
invasive catheter placement. Additionally, the hazards and discomfort of invasive catheter placement are avoided, patient compliance
will improve, and physician time will be conserved. All these
factors should lead to increasing acceptance of hyperthermia.

imaging guidance, and the tumor is destroyed in tissue regions
where temperature exceeds ;50 8C for a few min with maximum
tissue temperatures up to ;100 8C.This presentation will discuss
current state of the art, and research directions on new device
developments and effects of thermal and electrical tissue properties.
In particular, blood perfusion has considerable impact on tissue
heating and zone of tissue necrosis. The effects of varying perfusion
and in particular perfusion changes due to heating are examined via
computer simulations.Recent measurements on human tumors have
shown a marked difference in electrical properties between tumor
and normal tissue, which potentially can be employed to
preferentially heat tumors. Thermal computer simulations show
proof of this concept, and are validated by in-vitro tissue
studies.Combination therapies of thermal ablation and local drug
delivery via temperature-sensitive liposomes has recently received
attention. The relationship between perfusion, release rate and local
drug concentration during heating is examined mathematically to
optimize treatment parameters for maximum tumor drug concentration.In summary, computer simulations allow quantification of
the interdependent relationship between blood perfusion, tissue
temperature and local drug concentration to optimize thermal
therapies.

(S603) Physiological factors in hyperthermia: a continuing and
critical role in thermal therapy success and development.
Robert J. Griffin, University of Arkansas for Medical Sciences,
Little Rock, AR

(S605) Optimizing the use of hyperthermia as an adjuvant to
radiotherapy: Understanding and exploiting mechanisms of
heat-radiosensitization. Joseph Dynlacht, Indiana Univ School of
Medicine, Indianapolis, IN

Heat as a complementary cancer treatment continues to prove
itself as a clinically viable and successful modality as evidenced by
the steadily increasing number of positive clinical trials with
radiation therapy. Overall, as we and others have demonstrated,
tissue oxygenation is seen to significantly increase when the supply
of blood is increased and/or when oxygen demand is reduced due to
cell death and metabolic suppression after heating. In total,
hyperthermia is perhaps the best hypoxic radiosensitizer available
because of the dynamic changes in oxygenation that occur. An
extension of this is the phenomenon of vascular thermotolerance.
We have been studying the gene and protein expression related to a
synergistic increase in tumor blood flow after multiple heat
exposures. Our results suggest that thermotolerance in vivo is
linked to changes in endothelial HSP 70 and 90 expression which
contribute to a normalization of the tumor vasculature. In addition,
heat induced nitric oxide synthase expression and NO production
synergistically increase; another link to dramatic blood flow and
oxygenation improvement in tumors after multiple heat exposures.Thermal ablation is a clinically effective strategy for palliative
treatment of nonresectable tumors. Yet, the local inflammatory
response generated provides a favorable environment for repopulation by surviving tumor cells. These observations have raised
interest in the physiological changes that occur in the sublethal
region proximal to the coagulation zone. Indeed, we have observed
dynamic changes in oxygenation in the non-ablated zone and are
elucidating how to best exploit this reaction to improve radiation
response. An overlooked opportunity is that changes in perfusion or
oxygenation could positively or negatively affect antigen presentation as well as be exploited using active T cell-based immunotherapy. We are studying whether the quality and/or quantity of
physiological and immunological reactions to ablation are influenced by differing spatial thermal gradients associated with various
ablation approaches (i.e., RF, conductance heating, laser or focused
ultrasound). These variations will influence local oxygenation/
perfusion, the extent of tumor destruction and ultimately the
radiation sensitivity and strength of the immune reaction.

The use of heat as an adjuvant to radiotherapy has been
validated in several clinical trials. Heat sensitizes mammalian cells
to ionizing radiation, but the molecular mechanisms of heatradiosensitization are incompletely understood. Thermal radiosensitization is believed to be caused by an inhibition of repair of
radiation-induced double strand breaks (DSB) by heat, or alterations
that affect how DSBs are recognized or processed. To optimize the
use of hyperthermia as an adjuvant to radiotherapy, it is necessary to
identify the molecular target(s) in DSB repair that are altered in
heated, irradiated cells and which contribute to inhibition of DSB
repair and heat-radiosensitization. Knowledge of the targets for heat
effects is critical for the development of compounds or strategies
that lead to further enhancement of heat-radiosensitization, or of
heat-mimetic compounds that result in radiosensitization in the
absence of heat treatment. The Mre11 complex is known to be
involved in DSB repair in mammalian cells, and the complexes
form foci at the sites of DSBs in irradiated cells. Proteins of the
Mre11 complex (Mre11, Rad50 and Nbs1) translocate from the
nucleus to the cytoplasm of heated or heated, irradiated cells. This
led us to speculate that the complex is sensitive to hyperthermia, and
that one or more of the proteins could be a target for heatradiosensitization. We found that heat (41.58-42.58 C) inhibited
formation of foci and resulted in a decrease in co-localization of the
three proteins in irradiated cells, suggesting that Mre11 complexes
in the nucleus disassemble in heated cells. The lack of maintenance
of complexes is indicative of decreased interaction between the
proteins. Using various cell lines deficient in different proteins of
the Mre11 complex, we accumulated data which suggest that the
Mre11 protein itself is involved in heat-radiosensitization. Furthermore, we found Mre11 to be a heat-sensitive protein that loses
exonuclease activity rapidly after heating. Implications of the
identification of Mre11 and other proteins, by us and others, as
potential targets of heat-radiosensitization will be discussed in the
context of the development of agents that enhance heat-radiosensitization or mimic the effects of heat in bringing about the
sensitization of tumor cells to ionizing radiation.

(S604) New developments in thermal ablation. Dieter Haem-

S7 LOW ENERGY ELECTRONS: FROM THEORY
TO EXPERIMENT

merich, Medical Univ. of South Carolina, Charleston, SC
In recent years localized high-temperature thermal therapies
(termed ’thermal tumor ablation’) have seen rapid clinical
acceptance for certain types of cancer where traditional approaches
are not feasible, including liver, lung, kidney and bone cancer.
During tumor ablation, a catheter is introduced into the tumor under
18

Although aqueous or solvated electrons are ineffective in
causing DNA strand breaks, electrons with residual kinetic energy,
defined as low energy electrons (LEE) have been shown to directly
result in strand breaks. The first direct evidence for formation of
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LEE DNA induced strand breaks came in a ground-breaking paper
in 2000 by Sanche and coworkers. Later work has confirmed and
expanded this original finding. In this symposium experimental
results on LEE effects in the gas phase, solid state, and in DNA will
be discussed with attention to the conceptual understandings of
these processes.

(S701) Low energy electrons: from theory to experiments
controlling the damage induced by secondary low energy
electrons: application to Radiotherapy. Leon Sanche, University
of Sherbrooke, Sherbrooke, QC, Canada
Considerable experimental and theoretical information has
now been accumulated on the interaction of low energy electrons
(LEE) with biomolecules [1,2]. It has become increasingly
recognized that such knowledge may be of the utmost importance
to understand and control chemical reactions occurring in biological
cells during radiotherapy [2]. The reactions triggered by secondary
LEE can be amplified at the nanoscopic level by binding to large
biomolecules such as DNA smaller ones which modify LEE-induced
damage or by increasing the number of LEE. Binding gold
nanoparticles to DNA considerably increases DNA damage induced
by high energy radiation by increasing near DNA the amount of
LEE. On the other hand, the chemotherapeutic agent cisplatin
renders DNA extremely vulnerable to secondary LEE. This
sensitivity is due to a large increase in the magnitude of the electron
capture cross section causing transient anion formation, which leads
to local rupture of single and double DNA strands. For 60 keV
irradiation, this translates into an increase of SSB and DSB by factors
of 2.0 and 1.3, respectively, with only 6.25 3 104 cisplatin
molecules per base pair (mol./b.p.) covalently bound to DNA. In
chemotherapy, the cisplatin concentration can reach values of 4 3
104 cisplatin mol./b.p. in DNA assuming a uniform distribution of
the drug in cancer tissues [3]. The experiments which led to these
findings will be described at the conference and the results discussed
in terms of our present knowledge of LEE-biomolecule interactions.
It will be shown that understanding such basic mechanisms of the
direct effects of radiation in radio- and chemo-sensitized DNA may
have implications in the design of new chemotherapeutic and
radiosensitizing drugs as well as in the development of more efficient
protocols in cancer therapy.1/ L. Sanche, Eur. Phys. J. D - Atom.,
Mol. Opt. Phys., 35, 367 (2005)./2/ See L. Sanche, Chapt. 19, A.
Kumar and M.D. Sevilla, Chapt. 20 and J. Rak et al., Chapt. 21 in
‘‘Radiation Induced Molecular Phenomena in Nucleic Acids", M.
Shukla and J. Leszczynski, Springer (2008)./3/ T. Boulikas et al.,
Anticancer Res. 25, 3031 (2005).

(S702) Low-energy electron induced damage of hydrated

(S703) Low energy electron interactions with biomolecules
from gas phase to solvated molecules. Paul Scheier, University of
Innsbruck, Innsbruck, Austria
Free electron attachment is studied to isolated molecules of
DNA bases and amino acids as well as to these biomolecules
embedded in superfluid He droplets. In the latter case, pickup of
more than one molecule leads to the formation of clusters inside the
He droplets. Even complexes of water solvated biomolecules can be
formed by this technique which provides a possibility to study the
effects of micro solvation. In contrast to gas phase attachment of
electrons to single biomolecules or clusters embedded in He
droplets leads to the formation of the corresponding parent anions at
a narrow resonance at 1.5 eV and a broader feature starting at about
21 eV. The high energy attachment channel can be assigned to
electronic excitation of He where the projectile electron looses about
20 eV and thus has afterwards the appropriate energy of 1.5 eV for
associative attachment. The only significant dissociative attachment
channel is formation of a dehydrogenated anion with a resonance at
2 eV and a relatively intense broad band at higher energies. The
occurrence of only one dissociative attachment channel as well as
the observed variation in the yield of the concomitant anions differs
dramatically from experiments with isolated molecules at 400 K
where many different anionic products are formed by dissociative
attachment at distinct electron energy resonances in the same energy
range. These differences are attributed to a change in the electron
energy distribution of the electrons that encounter the extremely
cold molecules embedded in the helium droplets and the quenching
of the internal energy of anion intermediates by energy transfer to
the superfluid helium. A similar stabilization effect can be expected
for other solvents such as water and thus results obtained for
isolated molecules may be of limited relevance for living cells or
organisms.

(S704) Electrophilic Properties of Isolated Biological Molecules: Anion Photoelectron Spectroscopic Studies. Kit Bowen,
John Hopkins University, Baltimore, MD
We will present results from our negative ion photoelectron
spectroscopic studies of gas phase biomolecular anions. By studying
the parent anions of these systems, we gain information about the
electrophilic properties of their intact neutral counterparts. Species
to be discussed include the parent anions of nucleobases (canonical
and rare), nucleosides, nucleotides, nucleobase pairs, hydrated
nucleobases, hydrated nucleosides, nucleobase-nuceloside pairs,
nucleobase-nucleotide pairs, and nuceloside-nucleotide pairs. We
will also discuss our results pertaining to the parent anions of
selected peptides and drugs. Our theoretical collaborators in these
studies include Maciej Gutowski, Janusz Rak, Jerzy Leszczynski,
Jean Pierre Schermann, and Charles Desfrancois.

DNA: The role of resonance scattering and diffraction. Thomas
M. Orlando, Georgia Institute of Technology, Atlanta, GA
Symposia

Low-energy (1 - 50 eV) electrons can cause lethal damage to
DNA and thus understanding the details of electron interactions
with complex biologically relevant collision partners has recently
received wide-spread attention. We have investigated the role of
transient negative ion resonances in electron-induced damage of
nanoscale films of water and hydrated DNA using surface science
techniques, laser resonance enhanced multiphoton ionization and
single photon ionization time-of-flight mass spectrometry. The
measured DNA fragment yields as a function of incident electron
energy are then correlated with single strand and double strand
break probabilities using post-irradiation gel electrophoresis. We
have also modified our multiple scattering ‘‘path approach’’ used to
describe diffraction effects in stimulated desorption to calculate the
diffraction and incident electron intensity at particular sites within a
DNA double-strand. This approach assumes electron scattering
paths inside the target and calculates the interference of all
elastically scattered components with the initial incoming wave.
Constructive interference at sites localized within the DNA may
locally enhance the dissociation probability. The experimental and
theoretical results indicate that facile bond breakage occurs at the
phosphate and sugar linkages. The results also imply that the waters
of hydration must play a critical role and initial excitations likely
involve the base pairs.

S8 NON-TARGETED EFFECTS: FROM ANIMALS
TO THE CLINIC
Radiation-induced bystander effects represent a paradigm shift
in our understanding of the relevant targets in modulating the
radiobiological effect of ionizing radiation. This symposium will
begin with an overview of the bystander phenomenon and the latest
findings of the mechanisms involved in the process. Two in vivo
studies using state of the art models will be introduced to highlight
the non-targeted response. The symposium will conclude with an indepth discussion on the possible role of bystander effects in clinical
radiotherapy.

(S801) Ionizing radiation-induced bystander effects: mediating
mechanisms and impact on health risks. Edouard Azzam, New
Jersey Medical School Cancer Center, Newark, NJ
It had been traditionally accepted that the important biological
effects of ionizing radiation in mammalian cells were a direct
19
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consequence of unrepaired or misrepaired DNA damage in
irradiated cells. It was presumed that no effect would be expected
in cells that are not directly irradiated. However, recent in vitro and
in vivo evidence indicates that cells that do not have energy
deposited in them can also exhibit significant biological responses
to radiation exposure. Genetic and epigenetic alterations, changes in
gene expression and in oxidative metabolism were shown to occur
in a greater number of cells than expected when only a small
number of cells in a population are irradiated. Likewise, bystander
effects have also been noted in co-cultures of irradiated and
unirradiated cells, and in cell populations that are recipient of
growth medium harvested from irradiated cell cultures. Significantly, it has been shown that bystander effects occur in vivo and are
associated with carcinogenic potential. With particular significance
to risk assessment, stressful effects (DNA damage, oxidative stress)
were observed in the progeny of affected bystander cells.Our current
knowledge of the biophysical, biochemical and molecular events
mediating the expression of non-targeted effects of ionizing
radiation will be reviewed. The relevance of bystander effects to
the assessment of health risks of exposure to low dose/low fluence
ionizing radiation, and the significance of bystander effects in
radiation-based therapies will be reviewed.

indicative of DNA double-strand breaks (DSBs) which can be used
to monitor induced genomic instability. Hypothesizing that RIBE
may be a specific instance of a broader communication pathway
between damaged and undamaged cells, we asked if targeting cells
with non-ionizing radiation or other stresses could induce c-H2AX
in bystander cells. We found that targeted cells did induce bystander
effects. In addition, they released a similar spectrum of cytokines,
including TGF-b, whether exposed to ionizing or non-ionizing
radiation. When added to unstressed cell cultures, TGF-b was found
to induce levels of c-H2AX similar to those found in bystander
cells. Interestingly, media conditioned on unirradiated malignant
and senescent cells also contained a similar spectrum of cytokines
and also induced DSBs in normal primary cultures. Thus bystander
effects can be generated in vitro by a variety of stresses. We next
asked whether tumors implanted in mice could induce DNA damage
in other tissues. In experiments with three tumor lines and two
mouse strains, we found elevated levels of c-H2AX foci in the
gastrointestinal tract tissues, skin, and hair follicles of the tumorbearing mice over controls. In addition, elevated levels of
oxidatively-induced non-DSB DNA lesions were found. These
findings suggest that stressed cells release a spectrum of factors
largely independent of the type of stress and that these factors
induce elevated levels of DNA damage in otherwise unstressed cells
and tissues. These results indicate that indirect effects of cellular
damage should be considered both in vitro and in vivo.

(S802) Radiation induced bystander mutagenesis in the gpt
delta transgenic mouse model. Yunfei Chai, Columbia University,
Department of Environmental Health Sciences, New York, NY

Symposia

Although radiation-induced bystander effects have been
defined in a variety of in vitro models using a range of endpoints,
the mechanism(s) as well as the presence of such an effect in vivo
are not well described. In this study, our aims are to examine
radiation-induced bystander mutagenesis in vivo and to determine
the mechanism involved using the gpt delta transgenic mouse
system. We hypothesize that TGF-b initiates mutagenesis via the
induction of cyclooxygenase 2 (COX-2) in bystander, nonirradiated tissues. We irradiated a 1cm X 1cm unshielded area in
the lower region of the abdomen of the mice using 5 Gy X-ray. Our
results showed that COX-2 was induced in the lung of the gpt mice
that were not directly irradiated. Interestingly, induction of COX-2
was detected within 1 hour after partial, out of field, irradiation
whereas liver showed no induction of COX-2 at all. Immunohistochemistry staining showed that COX-2 was highly expressed in
bronchial epithelial cells of non-targeted lung tissues relative to
other stromal cells of the region. Furthermore, the bystander lung
tissues show a 3–4 fold increase in Spi mutations 24 hours after
partial body irradiation relative to non-irradiated controls. Lower
abdomen irradiation also induced inflammation in bystander lung
tissues including neutrophile infiltration, increase in TGF b and
TGF b receptor I and activation of MAP kinases (ERK and JNK),
NFKB and AKT pathway. Finally, the 8oxdG expression levels in
the bystander lung tissues was higher than in the non treatment
group and the observation was coupled with a decrease in
mitochondrial DNA copy numbers in bystander lung tissues. These
data suggest that out of field irradiation induces bystander effect in
lung tissues especially the bronchial epithelial cells and COX-2 may
involve in the mutagenesis in the bystander tissues. As such, the
data imply that the relevant target for radiation mutagenesis is larger
than an individual cell and suggest a need to reconsider the validity
of the linear extrapolation in making risk estimate for low dose
radiation exposure.

(S803) Communication between damaged and undamaged
cells. Bill Bonner, National Institutes of Health, Bethesda, MD
When cells, tissues or organisms are exposed to ionizing
radiation, various types of damage are induced including genomic
instability which in turn may lead to increased mortality or cancer.
However, in addition to the targeted cells, cells not exposed to
ionizing radiation but which have come in contact with the targeted
cells or media conditioned by them also exhibit signs of genomic
instability including increased mortality. This non-targeted effect is
named the radiation-induced bystander effect (RIBE) and the cells,
bystander cells. Bystander cells exhibit elevated levels of c-H2AX,
20

(S804) Bystander/Non-targeted effects- what they mean to the
practicing radiation oncologist. Norm Coleman, National Cancer
Institute, Bethesda, MD
The issue of the bystander/non-target effects cannot be entirely
separable from the cause of this effect, which is some form of
ionizing radiation. The non-target effects occur in tissue that borders
a cell that is directly ‘‘hit’’ such that the biological impact is within a
larger volume than the so-called ‘‘irradiated’’ volume. So, this
presentation will broaden the discussion to include tissues that have
received ; 0.5 Gy as cells nearby are those that might undergo the
bystander effect. To complicate matters further, humoral factors are
released by tissue radiation so that a biological impact on an
organism may occur well beyond the target tissue (abscopal effect)
and might be broadly included into non-targeted effects. The
released factors include molecules in the media in laboratory
experiments and potentially cytokines and other stress response
factors. The mechanisms and biological processes involved in these
effects include1: changes in gene expression, genomic instability,
chromosomal aberrations and cell death. At these low doses, there is
also an adaptive response. The major factors of concern, for which
there is significant debate, is whether or not the low radiation doses
and the non-targeted effects will enhance the carcinogenicity of
radiation therapy2. That newer technologies of treatment delivery
may irradiate additional tissue to low dose compared to the less
complex techniques used previously has fueled the debate. Given
the large volumes of tissue irradiated to doses well above those that
produce the non-targeted effects, it is likely that the targeted effects
of radiation will dominate. However, understanding the mechanisms
of the adaptive response might produce interventions3 such that
might reduce any potential deleterious impact of the tissue the
undergoes non-targeted effects and possibly even reduce the
carcinogenic risk of radiation. 1West CW et al. Brit J Radiol
(2009) 82:353–62. 2Tubiana. Radio and Oncology 91(2009):4–15.
3
Coleman CN et al. J Radiol Prot (2009):A149–59.

S9 SNM-RRS JOINT SYMPOSIUM: IMAGING
VASCULATURE, BLOOD FLOW AND
ANGIOGENESIS
This symposium, the second in a series designed to examine
topics of broad relevance to the membership of both the RRS and
SNM, will focus on imaging the tumor vasculature, blood flow and
angiogenesis. Dr. Linda Methany-Barlow will begin by presenting
an overview of the tumor vasculature/angiogenesis, introducing
concepts such as the nature of tumor blood vessels including the
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‘angiogenic switch’ and the therapeutic use of anti-angiogenic and
vascular disrupting agents. She will also discuss non-invasive, in
vivo monitoring of the tumor response to such agents based on
integrin avb3, and VEGF. Dr. Mark Rosen will discuss Dynamic
Contrast Enhanced (DCE-) MRI for the functional assessment of
tumor microcirculation and neovasculature in humans. DCE-MRI
may be very useful for the stratification of tumor vascular
phenotypes and the identification of early effects of vascular
targeted therapies (e.g., VEGF inhibition) and radiation therapy.
Recent improvements in DCE-MRI image acquisition/analysis that
will further drive this field will be considered. The final two talks
will focus on the use of positron emission tomography (PET) for
imaging tumor vasculature/angiogenesis. Dr. Buck Rogers will
describe the current status of pre-clinical studies for imaging
integrin avb3 using targeted radiopharmaceuticals. He will discuss
the potential value of Cu-64 radiopharmaceuticals for imaging
angiogenesis, including peptides that incorporate the arginineglycine-aspartic acid (RGD) sequence as well as novel peptideconjugated nanoparticles that bind strongly to avb3 integrin. Dr.
Morand Piert will continue this theme by discussing the status of
PET imaging of human angiogenesis. Although specific PET
radiotracers targeting VEGF or VEGF-R have not yet been tried in
patients, RGD-peptide radiotracers such as 18F-galacto-RGD have
been successfully used to image avb3 in human tumors.
Applications of these methodologies in lung, breast, head and neck
cancer, melanoma and glioblastoma patients will be discussed.

With the successful introduction of anti-angiogenic therapies
in clinical oncology, and the continually expanding interest in
defining the tumor microenvironment to predict responsiveness of
tumors to radiotherapy, there is increasing demand for non-invasive
methods that will allow for serial assessment of tumor microcirculation and neovasculature in humans. Dynamic contrast enhanced
(DCE-) MRI, has emerged as an imaging based method that can
perform such tumor characterization. The ubiquitous availability of
MRI scanning, its high sensitivity to gadolinium-based contrast
agents, and its flexibility to image in any anatomic region or plane,
makes MRI an attractive modality for such functional tumor studies.
The usefulness of DCE-MRI to stratify tumor vascular phenotypes,
and to identify the early effects of vascular targeted therapies (e.g.
VEGF inhibition). DCE-MRI has also demonstrated value in
identifying tumor response to radiation treatment. However, broader
application of this technique as a means to monitor treatment
success or failure has not yet moved beyond the proof-of-principle
stage. DCE-MRI evaluation of smaller tumors and those in
anatomically mobile compartments remains a challenge. Furthermore, test-retest validation experiments have demonstrated a broad
range of reproducibility in DCE-MRI tumor metrics. Improvements
in image acquisition and analysis are underway that should pave the
way for expanded studies of DCE-MRI in established and
experimental therapies. As these methodologic issues are addressed,
larger-scale clinical studies will be undertaken to assess the ability
of DCE-MRI to monitor or predict tumor response to both targeted
and cytotoxic therapies.

(S901) Tumor Vasculature and Angiogenesis: An Overview.

(S903) Pre-clinical PET imaging of tumor angiogenesis with
peptide and nanoparticle-based agents. Carolyn J. Anderson,
Buck E. Rogers, Washington University, St. Louis, MO

Linda Methany-Barlow, Wake Forest University Health Sciences,
Winston Salem, NC

(S902) Non-invasive assessment of tumor neo-vasculature by
DCE-MRI. Mark Rosen, Hospital of the University of Pennsylvania, Philadelphia, PA

The process of cancer metastasis requires tumor angiogenesis,
which is the proliferation of a network of blood vessels that
penetrates into cancerous growths, supplying nutrients and oxygen
and removing waste products (definition by National Cancer
Institute). One of the biomarkers for angiogenesis is the integrin
alpha v beta 3, where integrins are transmembrane receptors
consisting of an alpha and a beta subunit that mediate attachment
between a cell and the tissues surrounding it, which may be other
cells or the extracellular matrix (ECM). The targeting of integrin
alpha v beta 3 is widely accepted as a biomarker for angiogenesis,
and radiopharmaceuticals that target this integrin have been
investigated in humans. The state-of-the-art in imaging angiogenesis
includes agents that are peptide-based, which incorporate the
sequence arginine-glycine-aspartic acid (RGD), as well as the
evaluation of multimeric RGD structures and nanoparticles that
contain many copies of this peptide sequence. Copper-64 (T1/2 ¼
12.7 h; 17.8% positron emission) is a non-standard radionuclide for
positron emission tomography (PET) imaging and has an advantage
of a longer half-life, which allows imaging with slower clearing
radiopharmaceuticals, as well as the convenience for shipping the
radionuclide and/or radiopharmaceuticals throughout a continent.
This presentation will discuss Cu-64 radiopharmaceuticals that have
been evaluated for imaging angiogenesis, including peptides, such
as c(RGDyK) and novel peptide-conjugated nanoparticles that have
higher binding affinities to the alpha v beta 3 integrin, and longer
blood circulation to improve targeting.

Symposia

Tumor growth is highly dependent on the ability to stimulate a
blood supply. Conversion of a tumor from an avascular state to a
vascular state is known as the ‘angiogenic switch’ and occurs by
local alteration of the balance of pro-angiogenic factors and the
inhibitor molecules that maintain quiescence of the vasculature.
Unlike normal vessels, tumor blood vessels are highly disorganized,
leaky, and exhibit a chaotic blood flow. While endothelial cells in
normal vessels associate tightly with supporting mural cells
(pericytes and smooth muscle cells) and have an intact basement
membrane, the blood vessels in tumors demonstrate decreased
mural cell association and an abnormal basement membrane. These
structural alterations allow the vessels to be proliferative but cause
them to be unstable and inefficient. Plasma leakage and hypoxia in
the tumor resulting from the dysfunctional vasculature contribute to
the continuous drive to stimulate additional angiogenesis. The
requirement for sustained angiogenesis for tumor progression
prompted Folkman’s hypothesis that targeting angiogenesis may
be an effective means to curtail tumor growth. Two main strategies
to target the tumor vasculature have been translated to the clinic: the
use of anti-angiogenic agents, which interrupt the processes required
for formation of new vessels; and vascular disrupting agents, which
target the destruction of neovessels in the tumor. Interestingly,
recent work suggests that anti-angiogenic agents may work and
synergize with conventional therapeutic agents, in part, via a
‘normalization’ of the tumor vasculature. These anti-vascular
strategies tend to exploit the abnormalities of the tumor endothelium, such as high proliferation rate, increased expression of cell
surface markers such as integrin avb3, and dependence on tumorderived growth factors such as VEGF. In order to monitor the
efficacy of anti-vascular agents in vivo, non-invasive imaging
modalities, including those using molecularly targeted contrast
agents, can be employed to visualize changes in the density, flow,
and permeability of tumor vessels. Ongoing work to identify new
vascular targets or biomarkers will both enhance our ability to target
tumor vessels and provide mechanistic insight to the pathophysiological consequences of anti-vascular therapies.

(S904) Human angiogenesis imaging using PET. Morand Piert,
University of Michigan, Ann Arbor, MI
Angiogenesis is an essential requirement for both physiological development and many pathological processes such as cancer
and chronic inflammation. While significant progress has been
made in the development and preclinical application of PET
radiopharmaceuticals for angiogenesis imaging, the translation of
these novel radiotracers into human subjects has been more
protracted. Radiotracers targeting tumor metabolism such as 18FFMT or 18F-FDG have been applied as surrogate markers of
angiogenic activity with some success indicating that glucose
consumption and the upregulation of amino acid transporters can be
linked with immunohistochemical markers of angiogenesis. How21
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ever, while metabolic PET radiotracer uptake may be modulated by
angiogenesis-related genes, metabolic imaging may lack the
necessary specificity needed for clinical decision making regarding
antiangiogenic treatments. Specific PET radiotracers targeting
angiogenesis via upregulation of VEGF have yet not been
introduced into humans. However, RGD-peptide based PET
radiotracers have been applied successfully in humans. Since the
avb3 integrin expressed on activated endothelial cells as well as
some tumor cells plays an important role in angiogenesis and tumor
spread, it has been evaluated as surrogate parameter of angiogenic
activity. Applications have been proposed to facilitate response
evaluation of antiangiogenic drugs (e. g. bevacizumab) or to select
and monitor patients receiving humanized monoclonal antibody
therapies directed against avb3.18F-galacto-RGD was the first
substance applied in patients for imaging of the avb3 expression in
human tumors. Due to the rapid renal excretion and stability of this
radiotracer, excellent tumor-to-background contrast has been
achieved in several malignancies. The observed high inter- and
intra-individual variance of tracer accumulation suggests great
diversity of avb3 expression, emphasizing the potential value of
18F-galacto-RGD PET imaging for appropriate selection of patients
entering clinical trials with avb3-targeted therapies. This presentation will focus on applications in lung, breast, head and neck cancer,
melanoma and glioblastoma patients.

S10 INSIGHTS INTO THE MECHANISMS OF
MOLECULAR PRODUCT FORMATION
Emphasis is placed in the symposium on the delineation of
radiation-induced degradation pathways of model compounds
(nucleosides, oligonucleotides, sugar compounds) as the result of
indirect and direct effects. Some of the latter hydroxyl radical and
one-electron oxidation reactions have been shown to occur in
cellular DNA.

(S1001) Relative contributions of the C1‘, C4‘ and C5‘
pathways to radiation-induced damage to DNA based on end
product analysis: direct vs. indirect effect. Yuriy Razskazovskiy,
East Tennessee State University, Johnson City, TN

Symposia

Radiation-induced damage to cellular DNA can originate both
from direct ionization of the DNA including its nearest environment
(direct effect) and free radical damage inflicted by reactive
intermediates from the bulk (indirect effect). Both pathways are
expected to generate the same types of DNA radicals, but in
different proportions. In particular, the initial populations of sugar
radicals generated through direct and indirect effects are expected to
be different, and so are the relative yields of end products derived
from them. This study analyzes the yields of stable sugar lesions
originating from the C1‘, C4‘, and C5‘ pathways under the
conditions favoring either direct or indirect effect. The end products
assayed are 2-deoxyribonolactones (2-dL, the C1‘-pathway), 5‘aldehydes (5‘-Ald, the C5‘-pathway), malondialdehyde (MDA), and
C4‘-oxidized abasic sites (oxAB), both originating from the C4‘pathway. The yields of these products are compared to the yields of
free base release (FBR), measured in the same systems and assumed
to be equivalent to the total damage inflicted to the sugar-phosphate
backbone. The results show that most of the sugar oxidations in
aerated phosphate-buffered solutions of ds DNA originate from the
C4‘-chemistry (65% of FBR) with the C1‘ (20%) and C5‘ (10%)
mechanisms in the second and third places. In ss DNA these
proportions change to 50% C4‘:43% C1‘:5% C5‘ oxidations. For
both ds and ss DNA these three pathways altogether closely
correlate with the yields of unaltered base release (95% and 98% of
FBR, respectively). The production of MDA and 5‘-Ald is
completely suppressed under anoxic conditions while 2-dL and
oxAB are still formed in the 23% : 9% ratio, leaving 68% of FBR
unaccounted for. In dry DNA films (2.5 waters/nucleotide)
irradiated under air the product ratio is 27% C4‘: 21% C1‘: 10%
C5‘ (58% of FBR in total). Significant protection of DNA from
radiation-induced damage is observed in its complexes with salmine
(a small histone-like protein), accompanied by a substantial increase
22

in the relative contribution of the C1‘-chemistry (55% of FBR). The
involvement of peroxyl radical chemistry, radical-hole recombination, and free valence transfer in radiation-induced oxidation of the
deoxyribose moiety is discussed.

(S1002) Elucidation of radiation-induced processes using DFT
calculations. Ewald Pauwels, Center for Molecular Modeling,
Ghent University, Gent, Belgium
A complete understanding of the radiation chemistry of
biomolecules is only possible when detailed information is available
on the radicals that are generated as a result of ionizing radiation.
On a molecular level, precise knowledge of the radical structure and
formation mechanism is often lacking, especially for large
biomolecules such as DNA or proteins. Electron Paramagnetic
Resonance (EPR) spectroscopy can be used to probe the induced
structural changes but has its limitations. Analysis and interpretation
can be daunting and often the spectra do not contain sufficient detail
to allow complete structural resolution or to discriminate between
different radical species.In this respect, molecular modeling
methods can provide a useful additional tool. Detailed structural
information can be calculated and cross-referenced with available
experimental data. Ab-initio methods based on density functional
theory (DFT) allow the prediction of EPR properties, which can
then be compared with measurements. This can ultimately allow the
validation or rejection of proposed radical models. But also the
energetic properties of a radical can be examined with DFT, making
it possible to study the transformation processes associated with
radiation chemistry. I will present in this talk the results of DFT
calculations on two biomolecular systems, illustrating the potential
of molecular modeling methods as a complementary tool to examine
radiation chemistry.(1) The alanine single crystal has since long
served as model system to study the effect of irradiation. Several
studies have concentrated on the nature and formation mechanism
of the induced radicals in this crystal using EPR spectroscopy [1].
Although there is a general consensus of which species are formed,
details with regard to the precise mechanism are still lacking. DFT is
used here to follow the reaction profile of radiation damage in the
solid-state on a step-by-step basis. Possible routes are explored and
their probability is assessed on the basis of energetic considerations,
corroborating as we go, the identity of each stable radical or
intermediate with available EPR data.(2) The deoxyribose sugar
radicals in irradiated DNA have proven particularly difficult to
characterize with the aid of EPR spectroscopy. Spectra are
notoriously crowded, making it difficult to distinguish between
the radical possibilities [2]. Several works rely on DFT to elucidate
spectra [3], but often the entire DNA molecular system is reduced to
just one nucleotide. In this work in progress, the EPR properties of
various deoxyribose radicals are calculated, but the DNA helix
structure is explicitly taken into account. To this end, a QM/MM
partitioning of the system is performed, combined with molecular
dynamics simulations to sample the conformational space. 1.
Sagstuen, E.; Sanderud, A.; Hole, E. O. Radiat. Res. 2004, 162,
112. 2. Debije, M. G.; Bernhard, W. A. Radiat. Res. 2001, 155, 687.
3. Adhikary, A.; Khanduri, D.; Kumar, A.; Sevilla, M. D. J. Phys.
Chem. B 2008, 112, 15844.

(S1003) Bulky DNA lesions induced by ionizing radiation and
endogenous sources: formation, measurement, and biological
implications. Yinsheng Wang, University of California Riverside,
Riverside, CA
The integrity of human genome is frequently challenged by
endogenous and exogenous agents, and reactive oxygen species
(ROS) constitute the major sources of DNA damage induced by
ionizing radiation or by endogenous aerobic metabolism. Single
nucleobase lesions induced by ROS have been extensively
investigated; however, the formation and biological consequences
of bulky DNA lesions emanating from ROS exposure remain underexplored. The combination of synthetic organic chemistry and
bioanalytical chemistry have led to the discovery of a group of
bulky oxidatively generated DNA lesions and offered important
insights into the formation of these lesions. In this presentation, we
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will discuss the recent developments in the investigation of the
structure elucidation, quantification, and biological implications
(particularly about how these lesions perturb DNA replication and
how they are repaired) of these lesions.

(S1004) Radiation-induced decomposition pathways of DNA:
from model compounds to the cells. Jean Cadet, CEA/Grenoble,
Grenoble, France
Major progress has been achieved during the last decade in the
elucidation of oxidative degradation pathways of pyrimidine and
purine bases mediated by both the direct (ionization) and indirect

( OH) effects of ionizing radiation. Emphasis is placed in this
presentation on recent aspects of oxidation reactions that have been
shown to occur in cellular DNA after having been characterized in

model compounds. This is the case of several OH-mediated
degradation pathways of thymine, guanine and adenine whose
identification was achieved on the basis of accurate and quantitative
determination of the final oxidation products of the latter reactions
using a sensitive HPLC-electrospray ionization tandem mass

spectrometry analytical assay. Addition of OH to C5 and to a
lesser extent C6 of the thymine ring leads to the formation of 4 cis
and trans diastereomers of 5,6-dihydroxy-5,6-dihydrothymidine
whereas competitive hydrogen abstraction from the methyl group
gives rise to 5-(hydroxymethyl)-2 0 -deoxyuridne and 5-formyl-2 0 
deoxyuridine. OH addition to C8 of guanine followed by oxidation
and reduction of the resulting 8-hydroxy-7,8-dihydroguanyl radical
leads to 8-oxo-7,8-dihydro-2 0 -deoxyguanosine and the more
abundant 2,6-diamino-4-hydroxy-5-formamidopyrimidine respectively. Similar reactions were also shown to take place with
adenine, however in about 10-fold lower yield. Evidence for
efficient charge migration in cellular DNA was indirectly provided
by the measurement of 8-oxodGuo as the main degradation product
upon exposure of cellular DNA to high intensity UVC laser pulses
although ionization of the four bases occurs with a similar
efficiency. Other relevant examples of radiation-induced damage
to cellular DNA involve tandem lesions that are generated by one


OH hit to the sugar moiety. Thus OH-mediated-hydrogen atom
abstraction from C4’ of the 2-deoxyribose of cellular DNA leads to
the release of reactive aldehyde and subsequent formation of
addition products to cytosine and purine bases. It was also shown
that hydrogen abstraction from C5’ of the sugar moiety of isolated
DNA gives rise through intramolecular cyclization to C8 of purine
bases to both 5’R and 5’S diastereomers of 5’,8-cyclonucleosides.
However this appears to be a rare event in cellular DNA due to a
likely competitive reaction of the 5’-yl radical with O2, thus
preventing the cyclization reaction to occur.

S11 RADIATION RESPONSE OF CANCER STEM
CELLS

(S1101) Cancer stem cells and tumour radioresistance: known
unknowns and unknown unknowns. Richard Hill, Ontario Cancer
Institute/Princess Margaret Hospital, Toronto, ON, Canada
The application of cell sorting techniques has allowed the
isolation of subpopulations of cells from human tumours expressing
specific surface markers. These subpopulations have been found to
have the ability to regrow the tumours on transplantation into
immune deprived mice from lower cell numbers than needed from
the unsorted population, suggesting that the subpopulations are

(S1102) Characterization of radiation resistant stem cell
phenotypes in human breast cancer. Wendy Woodward, MD
Anderson Cancer Center, Houston, TX
Serial passage of three-dimensional mammosphere culture has
been described as a means of promoting stem and progenitor cells in
culture through self-renewal. Breast cancer cell lines passaged in
mammosphere culture are more resistant to radiation than primary
mammospheres or monolayer cultures of the same cells. Stem cell
survival signaling pathways such as Notch and Wnt/b-catenin have
been reported to regulate radiation resistance of stem/progenitor
cells. Targeting of survival pathways is an attractive therapeutic
option if these cells are truly radioresistant, and if a meaningful
therapeutic window between normal and cancer stem cells exists. In
clonogenic mammosphere vs. clonogenic monolayer assays, inhibition of notch signaling or the Wnt/b-catenin downstream effector
survivin yields disparate results depending on culture conditions
suggesting classic clonogenic assays may not fully demonstrate
target inhibition efficacy in the small population of cells capable of
forming self-renewing spheres in mammosphere culture. Relevance
to human breast cancer subtypes will be discussed.

(S1103) Bone-marrow derived stem cells are important for
tumor response to radiation. Martin Brown, Mitomu Kioi, G-one
Ahn, Stanford University, Stanford, CA

Symposia

A rapidly developing field is the potential influence of cancer
stem cells on therapeutic response to radiotherapy. Several groups
have reported that cancer stem cells may be radioresistant and
therefore play a major role in treatment failure. This symposium will
cover some of the key work in this area giving a state-of-the art
update on progress alongside covering some of the challenging issues
of delineating the key role of cancer stem cells and their underlying
radiation biology. The potentially novel role of stem cells from the
bone marrow influencing tumour response will also be covered.

enriched for cancer stem cells (CSCs). However, recent studies have
raised questions concerning the specificity of these results in the
context of the degree of immune deprivation present in the animals
used in the studies. Furthermore the stability of the particular
cellular phenotypes involved remains uncertain and it is unknown
whether changing conditions in the tumour during its growth and
treatment, or interactions with stromal elements, can stimulate (or
inhibit) expression of CSC properties in individual tumour cells.
Despite these concerns, radiobiological research over the past
decades, using unselected tumour cell populations, supports the
concept of a subpopulation of CSCs in tumours and has provided
evidence that cancer stem cell content may vary between tumours. It
has further suggested differences in the intrinsic radiosensitivity of
CSC in different tumours thereby potentially affecting tumour
radiocurability. The recent work using cells from tumours
expressing specific surface markers has also reported increased
resistance of putative CSCs to radiation treatment, possibly as a
result of reduced sensitivity to apoptosis, increased DNA repair
capacity or increased ability to resist oxidative stress. Unfortunately
few of these studies have directly linked the demonstration of
increased radiation resistance with the ability of the cells to form
tumours on transplantation (currently the best available test of CSC
properties) raising concerns about the relevance of the results
obtained. It remains uncertain how well in vitro colony assays truly
measure the radiosensitivity of CSCs. A further concern is that
relevance to tumour radiocurability ultimately depends on the
ability of the cells to survive and regrow in the tumour environment
not that of a pristine injection site. This condition has yet to be
tested in any of the recent studies of CSC radiosensitivity.

For tumors to recur following radiation doses similar to those
used clinically they have to be able to grow a vasculature. The
normal process by which this happens in untreated tumors is by
angiogenesis, or the sprouting of normal vessels adjacent to the
tumor. Because the high local doses of irradiation given in
radiotherapy will sterilize most, if not all, the endothelial cells in
the tumor and immediately surrounding normal tissue the growth of
tumor blood vessels to support any surviving tumor cells must come
from circulating cells, a phenomenon known as vasculogenesis.
This alternative pathway involves the recruitment of proangiogenic
circulating cells many of which are CD11b þ myelomonocytes
derived from the bone marrow. We have recently proposed that
inhibiting this pathway should prevent tumor recurrence following
irradiaition . This vasculogenesis pathway is stimulated by the
transcription factor HIF-1 and is mediated in part by the interaction
of CXCR4 on the monocytes with its ligand stomal derived factor-1
(SDF-1) upregulated by HIF-1 in the tumor. To investigate this
hypothesis, we used the subcutaneously implanted FaDu human
head and neck tumor and an orthotopic brain tumor using human
U251 GBM cells that were retrovirally transduced with the
23
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luciferase gene in order to monitor tumor growth in real-time. We
have demonstrated that three different methods of inhibiting the
vasculogesis pathway following tumor irradiation: neutralizing
antibodies against CD11b cells, the HIF-1 inhibitor NSC-134754,
and AMD3100 which inhibits the interaction of CXCR4 with SDF1, both inhibit the influx of CD11b þ cells into the tumors following
irradiation and prevent the recurrence of the tumors. These data
suggest that tumors can be controlled by radiation at doses that do
not kill all the tumor cells provided the vasculogenesis pathway is
inhibited following irradiation.

(S1104) The Impact of Cancer Stem Cells on the 4Rs of
Radiation Therapy. William H. McBride, Erina Vlashi, Lorenza
Della Donna, Chann Lagadec, Tiffany Phillips, Frank Pajonk,
UCLA, Los Angeles, CA
There is compelling evidence that many solid cancers
hierarchically organized and contain an insidious subpopulation of
highly tumorigenic cancer stem cells (CSCs). The existence of
CSCs in solid tumours has been hotly debated but data are
accumulating to show that this population differs from most cells
within the tumors in terms of their response to radiation therapy, and
perhaps other cancer treatments. If this is the case, this putative
subpopulation could impact on the outcome of cancer therapy. In
this presentation we will relate recent our findings on CSCs to the 4
basic phenomena that provide a radiobiological rationale for
standard dose fractionation in clinical radiotherapy: repair of
DNA damage, redistribution of cells in the cell cycle, repopulation,
and reoxygenation of hypoxic tumor areas.

S12 ABSCOPAL EFFECTS

Symposia

In 1953, R. H. Mole (Br. J. Radiol. 1953;26(305):234–241)
proposed the word ‘‘abscopal’’ to define ionizing radiation effects
away from ‘‘ab’’ the actual target of the radiation ‘‘scopus’’. In the
intervening 56 years such effects have received little attention until
recently with the upswing of interest in ‘‘bystander’’ effect
mechanisms. A PubMed search on the word abscopal yielded less
than 100 references during that period probably due to the anecdotal
nature of the reports particularly in reference to the human
experience. The traditional thinking relating to bystander effects
suggests that these responses occur, perhaps through gap junctions,
at distances of 1 to several cell diameters (10–200 micrometers).
The effects to be discussed in this symposium all occur at much
greater distances, millimeters to centimeters in mice and perhaps
meters in humans. Yet, for the most part these effects are commonly
referred to as bystander effects as well. Some have differentiated the
effects by using the term ‘‘distant bystander effect’’. This seems
inappropriate since the mechanisms are almost certainly wildly
different. In this symposium a wide variety of in vivo radiation
effects on one part of the body caused by the irradiation of another:
carcinogenic potential in the CNS (Saran), anti-cancer effects on
tumors (Formenti), epigenetic effects in the spleen by irradiation of
the brain (Kovalchuk) and unirradiated skeletal and bone marrow
suppression by abdominal irradiation (Corry). Most of these
observations probably do not arise from the usual mechanisms
attributed to the bystander effect and demonstrate previously
unappreciated effects of radiation. This is a poorly understood and
under-researched area of the radiation sciences and, until the actual
mechanisms are better understood, it would seem instructive to
differentiate between abscopal and bystander processes.

(S1201) Non-targeted radiation effects and cancer: new
insights from mouse models. Anna Saran, M. Mancuso, ENEA,
Ente per le Nuove Tecnologie, l’Energia e l’Ambiente, Rome, Italy
Radiation-associated bystander responses in cellular and tissue
systems are now well characterized. However, evidence that
radiation-associated bystander responses are effectual in vivo has
been limited, and only recently there has been proof of concept that
such responses may contribute to carcinogenesis in bystander
tissues. In Patched (Ptch1) mutant mice, developed by targeting one
24

Ptch1 allele in the germline, partial-body irradiation with 3 Gy of X
rays promotes tumorigenesis in CNS through a bystander
mechanism. This finding may have substantial impact on radiation
risk assessment, and further research is obviously needed in this key
human policy area of radiation risk. This presentation will focus on
recent results we obtained in mouse models and will address:
whether oncogenic bystander effects are observed at lower radiation
doses; the role of gap-junction intercellular communication in invivo transmission of bystander signals; the spatial and temporal
dependence of bystander responses in vivo; and the importance of
deficiencies in the pathways of DNA repair in transmission of shortterm genetic damage and in tumorigenesis.Supported in part by the
European Commission, Contract FI6R-CT-2003-508842 RISCRAD.

(S1202) Clinical translation of combining radiotherapy and
immunotherapy. Silvia C. Formenti, Sylvia Adams, Kent Friedman, Sandra Demaria, New York University School of Medicine,
New York, NY
Purpose: Cancer cell death induced by radiotherapy results in
releasing antigens to dendritic cells for cross-presentation to T-cells,
a potential opportunity for induction of an immune response to the
tumor. Once a tumor is established, however, many barriers inhibit
this course. We have explored pre-clinically strategies to overcome
them, with promising results. For instance, in a murine model of
syngeneic mammary carcinoma radiotherapy to an established
tumor nodule when combined a DC growth factor induced a T cellmediated anti-tumor immune response inhibiting tumor growth
outside of the field of radiation (IJROBP. 58:862–70, 2004), an
effect originally described as ‘‘abscopal’’, from the latin ‘‘ab
scopus’’, away from the target.A clinical trial was derived, aiming
at detecting a response outside the radiation field after a DC growth
factor in metastatic cancer patients. Methods: Eligible to this IRBapproved prospective trial were patients with metastatic cancer with
at least 3 measurable lesions, who had no change or progression
during systemic chemotherapy. The protocol required that the same
systemic therapy be maintained but radiation therapy to be added to
one lesion, 3.5 Gy X 10, over 2 weeks with GM-CSF, 125
micrograms/kg, given s.c., daily for 14 days. Abscopal response
was defined as a measurable response (RECIST) in any of the
lesions outside the radiation field. Results: 16 patients accrued to
this trial. Tumor histology was: lung cancer (10), breast cancer (4),
bladder (1), eccrine (1). A total of 30 cycles of therapy were
administered during chemotherapy. Most common toxicity consisted of grade 1–2 fatigue in ten cases. Five of sixteen patients
achieved an abscopal response (31%), i.e. a partial response of at
least one lesion outside the treatment field. In five patients at PET
scan a decrease in SUV of non-irradiated lesions was observed,
preceded by a ‘‘flare’’ in three. Conclusions: The combination of
radiation therapy and GM-CSF resulted in a systemic effect outside
the radiation field, in 31% of patients. This trial confirms in the
clinic the preclinical feasibility and efficacy of harnessing the local
radiotherapy effects to synergize with immune therapy. A novel
application for radiotherapy as an adjuvant strategy to cancer
immunotherapy is introduced.

(S1203) Epigenetic mechanisms of abscopal/bystander effects
in an animal model. Olga Kovalchuk, University of Lethbridge,
Lethbridge, AB, Canada
Ionizing radiation (IR) effects can be observed in neighboring
and distant naı̈ve cells and organs. This phenomenon is termed a
‘bystander effect’. The high frequency of induction and persistence
of the bystander responses suggested their epigenetic background.
Epigenetic changes are stable alterations in gene expression that
include DNA methylation, histone modification, and RNAassociated silencing. To study the role of epigenetic changes in
bystander effects in vivo, we developed a rodent model whereby a
part of animal body was exposed to IR and the other part was
protected by a medical grade shield.We explored the possibility of
involving epigenetic mechanisms in the generation and/or maintenance of IR-induced bystander effect in cutaneous tissue. We have
shown that IR exposure to one half of the body led to elevated DNA
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damage and altered levels of key proteins that modulate methylation
patterns in bystander half of the body at least 0.7 cm from the
irradiated tissue. Epigenetic changes in bystander tissue were not
due to IR scattering (1). We have further confirmed the existence of
IR-induced epigenetically-mediated bystander effects in mouse
spleen (2). To investigate the ability of localized X-ray-irradiation to
induce persistent epigenetically modulated bystander effects in
distant tissue, we monitored occurrence of epigenetic changes in rat
spleen tissue 7 months after localized head irradiation. Analysis
revealed that localized head IR exposure lead to decreased levels of
global DNA methylation and contributed to reactivation of LINE1
retrotransposon in bystander rat spleen, located at least 16 cm from
the irradiation site. We also discovered an important role of
microRNAs in bystander effects (3–5).Our data demonstrate that
bystander effects occur in vivo in distant tissue, persist over a long
period of time, and are epigenetically regulated through changes in
DNA methylation and microRNAome in a sex- and tissue-specific
manner (4–6).The model of the sex-specific epigenetic regulation of
bystander effects will be presented. Supported by the CIHR and
ACB. 1.Koturbash, Oncogene 2006; 25:4267. 2.Koturbash, IJROBP 2008;70:554. 3.Koturbash, Carcinogenesis 2007; 28:1831.
4.Koturbash,Cell Cycle 2008;7: 1658. 5.Koturbash, Mutat Res.
2008; 642: 28. 6.Ilnytskyy, Environ Mol Mutagen. 2009; 50:105.

(S1204) Abscopal Suppression of Skeletal Function with
Abdominal Irradiation. Peter M. Corry, Nathan Koonce, Jessica
S. Webber, Robert J. Griffin, Dan Jia, University of Arkansas for
Medical Sciences, Department of Radiation Oncology, Little
Rock, AR

S13 WATER RADIOLYSIS WITH HEAVY IONS
Understanding the effects of radiation on water and aqueous
systems is central to many of the current challenges of human
health, the environment and nuclear power technology. This
symposium will address the latest experimental and modelling
studies of the physical and chemical consequences of heavy ion
irradiation on water, ranging from physics of ion-medium
interactions to the production of reactive radicals such as OH and
the formation of potentially explosive products like hydrogen.

(S1301) Electron transport in Amorphous Solid Water. Larry
Toburen, East Carolina University, Greenville, NC

(S1302) OH radical yields and DNA damage. Jay LaVerne,
University of Notre Dame, Notre Dame, IN
The OH radical is the main oxidizing species of biological
importance in the radiolytic decomposition of water and aqueous
solutions. Radical yields are very sensitive to the type of radiation
because of the local spatial distribution of energy deposition and
thereby the concentrations of water decomposition products.
Generally, radical yields decrease in time following the initial
passage of the ionizing radiation due to reactions with its siblings
formed by water decomposition. The temporal variation of OH
radical yields will be shown for a variety of types of radiation and
reasons given for the observations. Variations in the yields of
products due to OH radical reactions, such as hydrogen peroxide,
will also be discussed. A comparison of the OH radical yields will
be made with strand break formation in aqueous solutions of
plasmid DNA. A physico-chemical description of the observations
will be given.

(S1303) Radiolysis of water with heavy ion beams for therapy.
Yosuke Katsumura, University of Tokyo, Tokyo, Japan

Symposia

The skeleton and bone marrow have been seldom studied to
determine if irradiation to other parts of the body affect it in any
deleterious manner. To this end we have developed a mouse model
incorporating abdominal irradiation and subsequent determinations
of bone mineral content (BMC), bone density (BMD), bone strength
and a variety of bone marrow functions. In addition the mitigating
effects of a free radical scavenger, n-acetyl-cysteine (NAC) was also
investigated. Ten-week-old male C57BL/6 mice were given a single
dose (0, 15 or 20 Gy) of abdominal x-ray irradiation at dose rate of 1
Gy/min using a laboratory irradiation system (Faxitron X-Ray
Corporation). In excess of 90 percent of the skeleton was shielded
from primary radiation exposure Cerrobend which resulted in an
approximate skeletal exposure 1.5–2% of the dose to the abdomen,
primarily from scattered radiation. Body weight was measured daily
after exposure and for those animals that survived was found to
bottom out between 4 and 6 days depending on the exposure level.
Survival was 100% for the 15 Gy and 0% for the 20 Gy exposures.
Significant decreases in BMC and BMD were documented for both
of the exposure doses. Several mice were sacrificed to harvest bone
marrow cells which were subsequently cultures. These samples
demonstrated a marked suppression of bone marrow proliferation
and function. An unexpected observation was persistent production
of elevated levels of reactive oxygen species (ROS) by the marrow
cells even when they were harvested one week after the exposure.
Treatment of the animals with NAC suppressed lethality as well as
deleterious skeletal effects including the persistent ROS production
by the cultured marrow cells.

The transport of secondary electrons leading to radiation
damage in biological tissue is an important process in the deposition
of energy by ionizing radiation. Descriptions of electron transport,
including the spatial patterns of energy deposition, are generally
modeled by Monte Carlo techniques using theoretical collision cross
sections for charged particle interactions. Unfortunately substantial
uncertainties in the elastic and inelastic cross sections used for lowenergy electron interactions in condensed phase material leads to
uncertainty in results for modeling low-energy electrons that can
lead to important biological consequences, i.e., may affect estimates
of the production of clustered damage to DNA at electron track
ends. To study the physics of electron transport we have initiated
measurements of the energy and angular yields of electrons ejected
from the surface of thin films by the passage of fast ions. These
electrons are produced predominately within the thin film and
undergo transport until they either are stopped, or reach the surface
where they are detected. Absolute doubly differential yields are
measured for ejected electron energies from about 1 eV to several
hundred eV and for emission angles from 15 degrees to 155 degrees
relative to the ion beam (except near 90 degrees where foils
dimensions and foil holders interfere). These yields provide
information on the electron transport process in the condensed
phase and allow for detailed tests of current transport models. This
discussion will focus on experimental techniques and data for
electron emission from amorphous solid water following passage of
6-MeV protons and 19-MeV fluorine ions. Amorphous solid water
is investigated as a target of choice because its structure closely
resemble that of liquid water, a common medium used in Monte
Carlo modeling of electron transport in biologic tissue.

In Japan, cancer is the first place of the death rate and radiation
treatment becomes popular and popular. Especially, ion beam
treatment receives much attention because ion beam treatment is
effective against some cancers, which are strongly resistant to the
treatment with X-rays as a conventional one. Consequently, several
ion beam facilities have been constructed. Since about 70% of our
body is water, the understanding of water radiolysis with ion beams is
essential for the evaluation of the biological effect of ion beams.In the
present experiment, radiolysis of water has been investigated with
ions beams such as He2 þ, C6 þ, Ne10þ, Si14 þ, Ar18 þ, Fe26 þ, Kr36 þ and
Xe54 þ with energies of a few hundreds MeV/u provided at HIMAC
facility installed in National Institute of radiological Sciences. The gvalues of eaq, OH and H2O2 as a function of LET at 100ns after the
energy deposition have been determined. The radical yields decrease
but the H2O2 yield increases with increase of LET due to the track
reaction. The experimental data is compared with the Monte Carlo
simulation and it was found that the simulation could reproduce the
results, indicating the validity of the simulation.Similar experiment
has been done at the end of the range, so called Bragg peak. The data
were analyzed considering the contribution of secondary ions
produced through the fragmentation reactions of the primary ions.
The HIBRAC code can reproduce the experimental results
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successfully. In the high energy ion beam treatments, the evaluation
of the secondary ions is inevitably important.

(S1304) Hydogen formation in the gamma and alpha radiolysis
of aqueous systems. Monica Huerta Parajon1, Jay A. LaVerne2,
Simon M. Pimblott1, 1University of Manchester, Manchester,
United Kingdom, 2University of Notre Dame, Notre Dame, IN
Radiation chemical experiments in conjunction with stochastic
track chemistry calculations were used to investigate the formation
of molecular hydrogen in the gamma and 4He ion irradiation of
water and aqueous solutions. Molecular hydrogen is produced by
three different routes, (i) ultrafast processes occurring on subpicosecond timescales, (ii) intratrack reactions of the reducing
radicals e-aq and H, and abstraction reactions of H with Hcontaining solutes. The radiolytic production of H is relatively
small, but it is fundamentally very important. The hydrogen atom is
produced directly by the fragmentation of water excited states on the
sub-picosecond timescale, and during the diffusion-kinetic evolution of the radiation track by the intra-track reaction of e-aq with
Hþaq. This chemical process may take up to microseconds. The
competition between H loss by combination reactions and its
formation by reactions of e-aq makes prediction of the H atom
kinetics very difficult. The formate ion is a fast an efficient
scavenger of H,H þ HCO2 -. H2 þ CO2,and offers a means of
probing the role of H in the radiolysis of water. Hydrogen atom
yields were determined by subtraction of total H2 production in neat
water from that observed in the formate ion solutions, and were
found to agree well with more direct measurement of the yield of
HD using deuterated formate as a scavenger. While the total H2
yield measured is always greater for 4He ion than for c radiolysis,
the amount of molecular hydrogen from H abstraction reactions is
smaller. The addition of selected electron scavengers of the hydrated
electron and its precursors reveals a stronger dependence of the
amount of scavengable H on the removal of the precursor to the
hydrated electron rather than the removal of the hydrated electron.
Scavengable H yields strongly decrease as the concentration of the
electron scavenger increases. Stochastic track chemistry calculations
were used to analyze the measured experimental yields and to
elucidate the underlying kinetics.

S14 NOVEL MITIGATORS AGAINST RADIATIONINDUCED NORMAL TISSUE DAMAGE

Symposia

This symposium will discuss some of the most recent
mitigators being explored by the Centers for Countermeasures
Against Radiation (CMCRs) for delayed injuries. Exposure to
ionizing radiation results in acute syndromes followed by late
effects that may manifest after months or even years. Organs that are
known to be involved in the delayed response are the lung, kidney,
liver, central nervous system and the heart. In addition, interactions
between two or more injured organs, chronic inflammation and
perhaps structural and functional injury to the vasculature, may
exacerbate these effects. It was earlier believed that late effects
could not be mitigated or treated (i.e. attenuated by interventions
after irradiation). Recent research has described exciting new agents
as candidates for mitigation as well as treatment. One of the most
successful class of agents to date are blockers of the reninangiotensin system (RAS). The laboratories of Drs. Moulder,
Molteni and others described captopril, a first generation inhibitor of
angiotensin converting enzyme (ACE), to improve survival as well
as radiation pneumonitis and nephropathy. The focus of this session
is to highlight recent results with reagents other than RAS
suppressors. These include anti-inflammatory compounds as well
as scavengers of reactive oxygen species.

(S1401) High throughput screening identifies two classes of
antibiotics as radioprotectors: tetracyclines and fluoroquinolones. Kwangee Kim, UCLA, Los Angeles, CA
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The hematopoietic/immune system is relatively sensitive to
whole body irradiation (WBI) exposure. A potentially lethal acute
radiation syndrome (ARS) can arise within a few weeks as a result
of bone marrow insufficiency that is often attributed to infection due
to a compromised immune system. Because of the deployment of
nuclear power, for peaceful and military purposes, and the
possibility of radiation exposure from accidents or terrorist actions,
considerable effort has gone into identifying agents for the
prophylaxis, mitigation, or treatment of radiation injury. In this
study, high throughput screening (HTS) of 3,600 bioactive small
molecule libraries in a murine lymphocyte line identified two major
classes of antibiotics as radioprotectors: tetracyclines and fluoroquinolones. Some of these antibiotics also protected human
lymphoblastoid cells from DNA double strand breaks, as shown
by reduced phosphorylation of the histone H2AX, and activated the
histone acetyl transferase Tip60. In mice, tetracycline was effective
in allowing 87.5% of C3H mice to survive a lethal dose of WBI
(8Gy), while all vehicle-treated mice succumbed. It protected both
lymphoid and myeloid stem/progenitor cell populations from
radiation damage. Tetracycline was also effective if given 24 h
after lethal WBI, but less so. Structure activity relationship analysis
of the compounds eliciting radioprotection identified a characteristic, planar ring structure possessing a common moiety that was
shared between both classes of antibiotics. This alludes to a novel
mechanism by which these radioprotectors may work that is distinct
from the classic proposed mechanism of scavenging of free radicals.

(S1402) Electrophysiological assessment of the effects of whole
brain radiation on hippocampal function and their pharmacologic mitigation. Kenneth Jenrow, Jianguo Liu, Karen Lapanowski,
Andrew Kolozsvary, Stephen L. Brown, Jae Ho Kim, Henry Ford
Hospital, Detroit, MI
Whole brain radiation (WBR) at doses below 10 Gy is
sufficient to disrupt neurogenesis in the rat dentate gyrus, and to
impair hippocampal plasticity and cognitive function. These
deleterious effects of WBR are mediated, in part, by the production
and release of pro-inflammatory cytokines by activated microglia.
Here we have further characterized these effects using electrophysiological measures of hippocampal function while investigating
pharmacologic mitigators such as minozac, a selective inhibitor of
microglial cytokine production, in this context.Male Fischer 344
rats received WBR doses of 0 (control), 10, or 15 Gy, using a Cs137 irradiator. Minozac therapy (10 mg/kg/day, oral) was initiated
24 hours post-WBR and continued in separate cohorts for 4, 8 or 12
weeks post-WBR, respectively. Rats in all cohorts were sacrificed
12 weeks post-WBR. Three weeks prior to sacrifice, rats received
once daily BrdU injections (50 mg/kg/day, i.p.) for 5 days to label
mitotically active cells. Immediately prior to sacrifice, input-output
(IO), paired-pulse (PP), and evoked potential (EP) responses were
obtained pre-and post-induction of long-term potentiation (LTP).
Tissues were subsequently processed for paraffin embedding and
immunohistochemically stained for BrdU, Ki67, CD68, double
cortin (DCX), and NeuN. Double-label immunohistochemistry for
BrdU/Ki67 and CD68, Ki67, DCX or NeuN was quantified in the
subgranular zone and adjacent granule cell layer throughout the
rostral-caudal extent of the hippocampus.WBR dose-dependently
impaired IO, PP, and EP measures of hippocampal function and the
induction of LTP. These electrophysiological affects were paralleled
by dose-dependent reductions in granule cell neurogenesis and
increases in activated microglia. These effects of WBR were
mitigated pharmacologically.Electrophysiological assays are sensitive measures of hippocampal function, and can resolve both the
deleterious effects of WBR and the impact of mitigating therapy in
this context. Pharmacologic therapy, initiated 24 hours postirradiation, is being studied to mitigate the deleterious effects of
radiation on the brain, particularly those mediated by microglial
cytokines including impaired dentate granule cell neurogenesis and
hippocampal function.

(S1403) Synthetic Superoxide Dismutase/Catalase Mimetics to
Mitigate Radiation-Induced Normal Tissue Damage. Susan R.
Doctrow1, C. A. Damphousse1, Brian L. Fish2, K. Huffman1,
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Megan M. Jourdan2, Zelmira Lazarova2, John E. Moulder2, R. A.
Rosenthal1, 1Boston University School of Medicine, Boston, MA,
2
Medical College of Wisconsin, Milwaukee, WI
We have described synthetic Mn ligand complexes that mimic
the antioxidant enzymes superoxide dismutase (SOD) and catalase,
inactivating superoxide, hydrogen peroxide and reactive nitrogen
species. Two such compounds are EUK-189 and EUK-207. EUK189 mitigates damage in several models for radiation-induced
normal tissue injury. For example, Langan et al. showed that a
single subcutaneous injection of EUK-189, administered at various
times after lung irradiation, suppressed lung micronucleus formation
in rats. Srinivasan et al. reported that a single injection of EUK-189,
given 1 or 6 hr after total body irradiation (TBI), prolonged survival
of mice. EUK-207 is a more stable analog with a longer in vivo
half-life than EUK-189, for example, when given subcutaneously to
WAG/RijCmcr rats. EUK-207 is more effective than EUK-189 in a
model for radiation-induced nephropathy in this rat strain. In these
experiments, EUK-189 or EUK-207 were given by continuous
subcutaneous infusion for 12 weeks, beginning 3 weeks post TBI
and bone marrow transplant. EUK-207-treated rats showed
decreased kidney injury, based on azotemia, as late as 26 weeks
after radiation. EUK-207 was evaluated by a similar route of
administration, beginning 48 hrs after radiation, in a combined
injury model, with radiation and wounding, also in WAG/RijCmcr
rats. The EUK-207 rats showed significantly lower skin injury
scores, as well as significantly smaller wound size, evaluated over 8
weeks. These data show that this class of SOD/catalase mimetics,
particularly EUK-207, are potential medical countermeasures
against radiation. We have also developed orally available SOD/
catalase mimetics, the EUK-400 series. We have shown that these
compounds mitigate radiation induced injury in capillary endothelial cell cultures and that they can be delivered orally to rats, via
gavage or drinking water. Studies are underway to test this new
class of orally available SOD/catalase mimetic as mitigators in
animal models for radiation injury. Supported by grant number
AI067734 from NIAID under the Centers for Medical Countermeasures Against Radiation (CMCR) program.

(S1404) FGF-P mitigates mucosal electrolyte transport dysfunction after radiation: Potential impact on vomiting and
diarrhea. Sadasivan Vidyasagar, University of Rochester, Rochester, NY

S15 DNA DAMAGE RESPONSE AND HUMAN
DISEASE
DNA damage can occur after exposure to certain chemical or
physical agents in the environment, or spontaneously via the activity
of normal metabolic processes. If DNA damage is not repaired
properly, deleterious health effects can ensue. This symposium will
address relationships between the cellular response to DNA damage
and human disease. Topics include examination of DNA repair in
vitro in repair proficient and deficient cells, analyses of normal
human variation in repair of DNA DSBs, as well as relationships
between DNA repair and gliomas, and DNA repair and tumor cell
killing.

(S1501) Impact of inter-individual genetic variation on low
dose IR responses and risks. Paul F. Wilson1, John M. Hinz2,
Peter B. Nham1, Salustra S. Urbin1, Irene M. Jones1, Larry H.
Thompson1, 1Lawrence Livermore National Laboratory, Livermore,
CA, 2Washington State University, Pullman, WA
Comparative genomic analyses have revealed an unexpectedly
large degree of genetic variation in the human population, ranging
from single nucleotide polymorphisms to megabase-scale chromosome rearrangements. The cumulative effect of genetic variation in
proteins involved in cellular DNA damage response pathways
partially accounts for individual differences observed in vitro in the
laboratory and in vivo in the radiotherapy clinic. DNA doublestrand breaks (DSBs) are considered the critical lesion induced by
ionizing radiation (IR) exposure, whose mis-repair or lack or repair
determines the proliferative and carcinogenic potential of irradiated
cells to a great extent. Key insights into the sensing, signaling and
repair of DSBs have been made using cells derived from patients
with ataxia-telangiectasia (AT), Nijmegen breakage syndrome
(NBS), and Ligase IV (LigIV) syndrome; diseases associated with
in vitro hyper-radiosensitivity, chromosomal instability, and cancer
predisposition. However, the degree of in vitro radiosensitivity in
other genetic conditions associated with deficiencies in DNA repair
and cancer predisposition (e.g., Fanconi anemia, ATR-Seckel
syndrome) is more modest using traditional high dose radiobiological assays, overlapping the lower end of a broad range of responses
observed in cells derived from apparently normal, disease-free
individuals. To specifically examine the effects and relative risks of
low dose IR (10 cGy), we have developed sensitive combinatorial
immunocytochemistry protocols using fluorescent antibodies
against proteins that form nuclear foci at DSBs to monitor their
cell cycle-dependent induction and NHEJ/HRR-mediated repair
kinetics. We observed significant dose-dependent variation in DSB
signaling and repair capacity in a large collection of G0/G1-phase
primary fibroblast strains derived from normal individuals that
overlapped the patient cell responses. Repair efficiency increased
with dose in several strains implying a failure to respond optimally
at lower IR doses. Our results suggest moderately radiosensitive
normal individuals may harbor hypomorphic variants in critical
DNA damage response genes that may likewise contribute to an
enhanced susceptibility to cancer or other diseases induced by
environmental mutagens.
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Irradiation induces dose-dependent diarrhea, nausea, vomiting, dehydration and death. GI mucosa is targeted in AGS due to its
rapid cell turnover rate. Enterocytes emerging from the proliferating
zone in the crypt are immature but mature and differentiate during
its migration along the crypt to villus axis. There is a spatial
segregation of electrolyte transport function in crypt and villus cell
region. Na þ and Cl absorption occurs in villus that leads to fluid
absorption and electrogenic Cl secretion occurs in crypt leading to
fluid loss. Diarrhea results from decreased Naþ and Cl absorption
and /or increased Cl secretion. This study focuses on the
physiological changes following IR and the protective effect of
FGF-P. Ussing chamber technique was used to measure short circuit
current (Isc) (a measure of net anion secretion) and transepithelial
electrolyte movement studied using 22Na and 36Cl. Balb/c mice
were irradiated with a Shepherd Mark-I using a 137 Cs source
delivering 1.84 Gy/min to the abdomen. IR doses from 0 to 12 Gy
resulted in dose dependent increase in anion secretion. Significant
increase in anion secretion was seen between 0, 1 and 3 Gy (0.5 6
0.01, 1.2 6 0.02 and 5.5 6 0.5 meq.h1.cm2). Unidirectional flux
studies showed that FGF-P treatment increased serosa to mucosa
flux (Jms) of Na þ and Cl. Jsm for Naþ was largely unchanged but
Jsm for Cl showed increase. Net absorption showed significant
increase at higher doses of IR. Western blot analysis showed IR
dose dependent decrease in NHE3, a transporter responsible for
electroneutral Na þ and Cl absorption. FGF-P enhanced NHE2
protein levels. Dilution potential measurements using permeability
ratio of Cl and Naþ (PCl/PNa), to study paracellular permeability
showed significant increase following IR (0.54 vs 0.9) but returned
to base level with FGF-P treatment (0.49). Summary: 1) IR induces
dose-dependent increases anion secretion; 2) IR dose-dependent
decrease in Na þ and Cl absorption; 3) IR increases paracellular
permeability; 4) FGF-P treatment increases Net Naþ and Cl

absorption; 4) FGF-P treatment decreases paracellular permeability.
Conclusion: FGF-P mitigates mucosal electrolyte transport dysfunction after radiation by increasing trans-epithelial electrolyte
absorption and decreasing paracellular permeability.

(S1502) Genetic basis of glioblastoma radioresistance and
strategies for radiosensitization. Brian McEllin, Bipasha Mukherjee, Cristel Camacho, Nozomi Tomimatsu, Sandeep Burma, UT
Southwestern Medical Center, Dept. of Radiation Oncology, Dallas,
TX
Glioblastoma Multiforme (GBMs) are deadly brain tumors
that are refractory to all conventional therapeutic modalities 27
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surgical resection, radiotherapy and chemotherapy. It is important to
understand the molecular basis of GBM radioresistance in order to
improve therapy. Three key pathways are deregulated during
gliomagenesis 1) RTK-PI3K-Akt, 2) ARF-MDM2-p53, and 3)
INK4a-RB. We are studying the contributions of five key GBMspecific genetic lesions (loss of p53, Ink4a, Arf, or PTEN and gain
of EGFRvIII) to radioresistance of glioma-relevant cell types
(murine astrocytes/NSCs and human glioma lines) both in culture
and in pre-clinical mouse models.As a first step towards
understanding the genetic basis of GBM radioresistance, we
focused on EGFRvIII, the most commonly amplified/mutated gene
in GBMs. We find that expression of EGFRvIII enhances
radioresistance by promoting the rapid repair of radiation-induced
DNA double-strand breaks (DSBs) by non-homologous end joining
(NHEJ). This is facilitated by hyper-activation of the DSB repair
enzyme, DNA-PKcs possibly via the PI3K-Akt pathway. In order to
confirm that efficient DSB repair due to EGFRvIII expression is
also observed in a tumor setting, we used a mouse orthotopic glioma
model to quantify DNA repair, for the first time, in vivo. We
observe faster kinetics of DSB repair in tumors expressing
EGFRvIII. These tumors are consequently refractory to radiation
therapy with no improvement in overall survival of irradiated
tumor-bearing mice. Our results raise the possibility of using Akt/
DNA-PKcs inhibitors in conjunction with radiation for effective
GBM therapy.Temozomide is the only chemotherapeutic drug that
has shown increased survival of glioblastoma patients when
combined with radiation. Interestingly, we find that loss of PTEN
renders astrocytes more sensitive to the DNA alkylating agent
MNNG (which generates the same cytotoxic lesion as Temozolomide). We find that MNNG induces secondary DSBs in a DNA
replication-dependent manner and that these breaks are repaired
inefficiently in the absence of PTEN. These results indicate that
PTEN-null cells may be impaired in their ability to resolve
replication-associated breaks by homologous recombination (HR).
We show that cells deficient in PTEN have a decreased frequency of
sister chromatid exchanges (SCE) after treatment with MNNG,
indicative of a defect in HR. We also find that PTEN loss results in
a significant reduction in the transcript levels of Rad51 paralogs that
facilitate Rad51 loading and strand invasion during HR. HRdeficient tumors can be very effectively targeted by PARP inhibitors
and such compounds are in clinical trials; our results open up the
possibility of treating a majority of GBMs (those with PTEN loss)
with PARP inhibitors.

in one or more DNA repair pathways. Recent studies have revealed
that human helicases that are homologous to bacterial RecQ play
vital roles in the maintenance of genomic stability through their
participation in important DNA metabolic activities involving DNA
replication, transcription, recombination and repair. A total of 5
RecQ helicases have thus far been identified in humans: (I) RecQ1,
(II) Werner (WRN), (III) Bloom (BLM), (IV) RecQ4 and (IV)
RecQ5. While mutations in WRN and BLM genes result in human
Werner syndrome (WS) Bloom syndrome (BS) patients respectively, mutations in RecQ4 results in three autosomal recessive and
highly cancer prone human disorders: (I) Rothmund-Thomson
syndrome (RTS), (II) Baller-Gerold and (III) RAPADILINO. In
contrast to WRN, BLM and RecQ4 helicases, RecQ1 and RecQ5
helicases have not been linked with any human disorder so far. The
finding that mutations in WRN, BLM and RecQ4 genes
predominantly lead to premature aging and cancer susceptibility
syndromes in humans strongly suggests the possibility that RecQ
helicases may serve as ‘‘guardians of the genome’’. Although
premature aging phenotype is a hallmark of RecQ helicase
deficiencies, unique pathological features associated with each of
the syndromes indicate that each RecQ helicase has highly
specialized cellular functions and the loss one helicase simply
cannot be compensated by other helicases. Consistent with unique
pathological features, the relative DNA repair efficiency of cells
derived from WS, BS and RTS to various DNA damaging agents
also vary to a great extent. In addition to heterogeneous DNA repair
capabilities, our recent studies have revealed differential regulation
of 5 human RecQ helicases in multiple human cancer cell types. The
potential implications of the deregulated expression of RecQ
helicases in the initiation and promotion of genomic instability
and cancer development processes will be discussed.

S16 SPACE RADIATION EFFECTS
This symposium considers radiobiological responses that may
interact with unique features of the spaceflight environment
including reduced gravity, stress and altered circadian rhythms.
An introduction to spaceflight environments is followed by four
presentations highlighting responses of immune, musculoskeletal
and central nervous systems to high LET radiation and flight
conditions. These are complemented by a report on recent results
from spaceflight investigations. Four of the presenters have
conducted both particle accelerator and spaceflight experiments.

(S1503) BRCA1 assures the fidelity of DNA double-strand
break repair. Fen Xia, Vanderbilt University Medical Center,
Nashville, TN
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The tumor suppressor gene BRCA1 maintains genomic
integrity by protecting cells from the deleterious effects of DNA
double-strand breaks (DSBs). To support this role, BRCA1 not only
promotes the high fidelity homologous recombinational repair (HR),
but also controls the quality of nonhomologous end-joining (NHEJ).
We provide the genetic and biochemical evidence to show that
BRCA1 enhances the fidelity of NHEJ-mediated repair of
chromosomal breaks and suppresses the degree of chromosomal
deletion in human cells through direct interaction with the protein
Ku80, a key component of the DNA/PK-Ku-XRCC4-Ligase4
NHEJ machinery important for precise end-joining of DSBs. Thus,
BRCA1 executes its central role in maintenance of genome integrity
by direct regulation multiple DSB repair pathways.

(S1504) Role of human RecQ helicases in genomic stability.
Adayabalam S. Balajee, Columbia University Medical Center, New
York, NY
Integrity of genomic DNA is constantly threatened by
exogenous and endogenous agents that inflict a wide spectrum of
DNA lesions. Eukaryotic cells possess diverse DNA repair
pathways that remove the deleterious DNA lesions and help in
the restoration of genetic stability. The importance of DNA repair in
genomic stability is amply demonstrated by the existence of a
variety of human autosomal recessive disorders which are deficient
28

(S1601) Space flight experiments. Sharmila Bhattacharya, Oana
Marcu, NASA Ames Research Center, Moffett Field, CA
The biological risk for astronauts undertaking space travel
includes the effect of protons and solar particle events, as well as the
high-energy charged particles (HZE) of galactic cosmic rays.
Currently, no terrestrial radiation source duplicates the full energy
spectrum, particle diversity, and long-term, low dose-rate space
radiation environment. Therefore a space mission that carefully
quantifies and compares the biological effects of space radiation to
Earth-based radiation studies is essential prior to long-term human
exploration to distant destinations such as Mars. Past space flight
experiments have utilized an array of biological organisms and
samples including insects; worms; yeast; mammalian cells and
tissues; plants and seeds etc. with varying results.We determined the
effects of proton irradiation in the fruit fly, Drosophila melanogaster, with the long-term aim of developing it as an experimental
system for detection of biological damage following exposure to
space radiation, and for studying molecular mechanisms and
screening of countermeasures. We found two very specific
outcomes of proton irradiation: 1.the increased incidence of
melanotic tumors in the fruit fly model of leukemia; 2. behavior
impairment associated with neurological effects of the mushroom
body, the fly equivalent of the mammalian hippocampus. In
addition to studying radiation-induced effects, we have also studied
the outcome of exposure to spaceflight and hypergravity on the fruit
fly, in order to quantify the biological effects of altered gravity
environments.In future, the development of automated payloads on
small satellites that go to higher Earth orbits than previously utilized
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will allow the in-situ probing of deep space radiation environments.
A thorough analysis of radiation effects on ground on the same
biosensor organisms is a prerequisite for understanding biological
effects of space radiation.

(S1602) Potential short- and long-term effects of environmental conditions during space missions on cognitive function.
Jacob Raber, Oregon Health & Science University, Portland, OR
A unique feature of the space radiation environment is the
presence of galactic cosmic rays and solar particle events (SPE).
The former involves protons and fully ionized atomic nuclei such as
56
Fe, while the latter includes predominantly low to medium energy
protons with a small heavy ion component. These particulate
radiations may pose a significant hazard to space flight crews not
only during the mission but also at later times when slowdeveloping adverse effects could finally become apparent. The
hazards associated with the space environment will likely impact
many organs/systems, and in the CNS, radiation exposure
significantly affects the hippocampal formation, a structure critical
for cognitive function. Not all individuals exposed to radiation
might develop cognitive injury and genetic risk factors might
modulate the individual susceptibility to develop radiation-induced
cognitive changes. Apolipoprotein E (apoE) plays an important role
in cholesterol and lipid metabolism in the brain and tissue repair
following brain injury. The three major human apoE isoforms are
encoded by distinct alleles (e2, e3, and e4). Compared with e2 and
e3, e4 increases the risk of developing cognitive impairments with
age or following various environmental challenges, including
traumatic brain injury, ischemia, or cardio-pulmonary bypass
surgery. Our data support that human apoE isoforms critically
modulate radiation-induced cognitive changes in mice. In addition
to radiation exposure, environmental conditions during space
missions involve disruptions in circadian rhythms. In aged Rhesus
monkeys, such disruptions are associated with poorer performance
on hippocampus-dependent spatial navigation tests. Similarly,
disruptions in circadian rhythms might negatively affect cognitive
performance of astronauts during space missions. The radiation- and
other environmentally-induced cognitive changes might be associated with alterations in hippocampal neurogenesis and in levels of
dendritic and synaptic markers in the hippocampus and cortex.
These effects might not be transient and also predispose to agerelated cognitive decline and an earlier onset or more severe extent
of neurodegenerative diseases such as Alzheimer’s disease.

(S1603) Potential impact of radiation, gravity, and psycholog-

In a healthy individual, the immune system is critical in
maintaining homeostasis, ensuring the elimination of pathogens that
may lead to infections, destroying neoplastic and other aberrant
cells, and preventing development of autoimmunity. The psychological and physiological stressors inherent to the spaceflight
environment could have significant effects on these processes.
There are at least three currently inescapable aspects of the
spaceflight environment that may be responsible for changes in
immune status. These include low-dose/low-dose-rate radiation,
changes in inertial condition (e.g. launch/landing, microgravity),
and mission-related psychological stress. Each of these factors have
already been shown to dramatically influence a variety of immune
parameters. For instance, virtually all immune populations are
reduced in rats and mice flown on space shuttle missions.
Furthermore, changes in ex vivo mitogen-induced blastogenesis
and cytokine expression suggest that anti-inflammatory mechanisms
are activated after exposure to spaceflight conditions. We and others
have also reported a similar degree of immunosupression after

(S1604) Radiation-induced osteoporosis as a skeletal challenge
during spaceflight. Jeff Willey, Clemson University, Clemson, SC
On long-duration missions, astronauts will be exposed to both
microgravity and radiation. The lack of mechanical loading has
been examined widely as a stimulus for space flight-induced
musculoskeletal atrophy in astronauts. Recent studies have
identified that spaceflight radiation can deteriorate the skeleton of
mice. Exposure to doses as low as 1 Gy protons have been shown to
lower trabecular bone volume fraction in mice by 4 months. A
whole body, 2 Gy dose of high-LET (carbon and iron ions) and lowLET (photons and protons) radiation appear to have similar negative
effects on trabecular volume fraction and connectivity. However,
deterioration of cortical bone mechanical properties is greater after
high-LET exposure. Loss of both trabecular and cortical bone is
evident by 9 weeks at a site exposed to secondary particles that
simulate galactic cosmic rays at a dose (, .5 Gy) and LET range
relevant to a Mars mission. The deleterious effects of radiation on
bone are thought to result from persistent reduction in bone
formation and osteoblast death. However, various laboratories are
now revealing that osteoclast number and activity can increase
within the first few days of exposure. Radiation appears to actively
stimulate bone resorption as an early, acute effect. In combination
with reduced bone formation, these changes may substantially
contribute to an increase risk of fracture in bones that absorb
radiation, as observed in radiotherapy patients. In an attempt to
better model skeletal challenges during spaceflight, mice are being
exposed to modeled microgravity and radiation. Early results
indicate that combining a 1 Gy whole-body dose of protons with
modeled microgravity using hindlimb suspension results in a greater
degree of bone deterioration than either challenge independently.
Future studies must attempt to improve on these animal models
(e.g., low dose-rate exposures). Focus must also be given to
identifying the mechanistic cause of early osteoclast activation.
With substantial deterioration of bone being show to occur during
the first week of exposure, does radiation directly induce osteoclast
activity via processes such as inflammation within the marrow, and /
or are systemic effects accounting for this response (e.g., changes in
estrogen levels after gonadal exposure)?
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ical stress components of the spaceflight environment on the
immune system. Michael J. Pecaut1,2, F P. Baqai1,2, Ej M. Bayeta1,
D S. Gridley1,2, 1Loma Linda University & Medical Center Department of Radiation Medicine (Radiation Research Laboratories), Loma Linda, CA, 2Loma Linda University & Medical Center Department of Basic Sciences (Division of Microbiology &
Biochemistry), Loma Linda, CA

exposure to low dose gamma-ray, proton, iron and silicon ion
radiation, including an impact of radiation on the responses to a
primary and secondary immune challenge. Finally, although living
in the spaceflight environment is generally viewed as a positive
psychological experience by most astronauts, according to a 2008
report of the Ad Hoc Committee of Members of the Space Medicine
Association and the Society of NASA Flight Surgeons, ‘‘... a Mars
expedition would lead to a far greater level of isolation and
psychological stress than any space mission attempted previously’’.
This is important as there are strong indications that immune
dysfunction during and after spaceflight may be related to the
activation of stress pathways. All three of these environmental
factors will likely tax homeostatic mechanisms and, at worst, could
interact synergistically to dramatically reduce immune system
efficacy. When one considers that the vehicle astronauts will use
in long-term voyages will be an ecologically closed environment,
with potentially increased exposure to opportunistic microbes,
changes in immune homeostasis could be of critical importance to
mission success.

S17 STRESS RESPONSES IN STEM CELLS
Throughout life stem cells play critical roles in the
development and maintenance of health. Their capability to
continually regenerate proliferative, multipotent progeny provide
the tissues of the body the means to counteract exposure to
damaging agents, disease and ageing. While the mechanisms
regulating the responses of tissue-specific stem cells and their
immediate progeny to stress are diverse, underlying themes are
emerging that suggest changes in redox state are critical. Alterations
in oxidative stress prime stem cell pools for the adaptation and
remodeling of the irradiated tissues in which they reside. Evidence
from the CNS, hematopoietic, and musculoskeletal organ systems
29
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will be highlighted that emphasize the importance of redox state to
the stress response of their representative stem cells. In the CNS,
irradiation of multipotent neural stem and precursor cells has been
shown to cause a persistent oxidative stress that impacts
radiosensitivity, mitochondrial function, and cell fate. The nature,
magnitude and duration of reactive species dictates whether these
radiation-induced changes are harmful or beneficial to a variety of
in vitro and in vivo endpoints of viability and function. Animals
existing under elevated oxidative stress caused by superoxide
dismutase (SOD) deficiency exhibit reduced levels of neurogenesis.
This is also found in WT animals after irradiation. However, the
inhibition of neurogenesis caused by relatively moderate doses (5
Gy) of irradiation in WT animals, can be ameliorated in animals
deficient for any of the 3 SOD isoforms, suggesting there is a
common pathway dictating how neurogenesis is affected by
ionizing irradiation. The bone marrow compartment contains the
stem and progenitor cells required to reconstitute the entire
hematopoietic system, in addition to the osteoblasts and osteoclasts
that possess critical bone formation and resorption activities
respectively. In the hematopoietic system, the LD50 of irradiated
mice can be significantly raised by strategies designed to protect
stem cells from the direct and indirect oxidative changes caused by
irradiation. Irradiation of adult mice causes a very rapid loss of bone
tissue from high-turnover skeletal sites. In mesenchymal-lineage
cells from bone marrow, irradiation stimulates generation of reactive
oxygen species and can inhibit differentiation into mature, boneforming osteoblasts. In contrast, irradiation of haematopoieticlineage cells from bone marrow can stimulates differentiation into
mature, bone-resorbing osteoclasts. The final outcome of these
differential responses of discrete cell lineages to irradiation, i.e.
bone loss, can be mitigated by treatment with an anti-oxidant,
indicating a role for oxidative stress in mediating radiation-induced
acute bone loss. While additional work has shown that the systemic
stress of musculoskeletal disuse may further impair differentiation
of osteoblast progenitors, it may well prime the myogenic precursor
cells known as satellite cells, that are responsible for maintaining the
health of skeletal muscle. Although skeletal muscle is thought to be
radioresistant, very little is known about the acute and long-term
effects of irradiation on satellite cell proliferation and differentiation. Recent findings have demonstrated that irradiation also
produces a persistent oxidative stress in satellite cells. Radiation
impairs the capability of muscle to undergo compensatory
hypertrophy, and in mouse models deficient for antioxidant
enzymes, elevated muscle wasting and impaired growth are evident.
Very recent data suggest that a certain fraction of radiation effects
on muscle are mediated by pathways sensitive to changes in the
level of nitric oxide (NO), a molecule that has a key role in
promoting satellite cell proliferation. The foregoing will be the
focus of this symposium, emphasizing the central importance of
redox state to the stress response of stem cells. Results will
demonstrate selective and opposing effects of irradiation on many
stem cell compartments, and will emphasize the importance of
understanding the details of the redox microenvironment and stem
cell niches.

(S1701) Redox regulation of stem cell function. Charles Limoli,
University of California, Irvine, Irvine, CA
Irradiation leads to a myriad of cellular changes, but perhaps
the most intriguing are the changes to redox state that can lead to
oxidative stress. Radiation-induced oxidative stress varies in
magnitude and duration, and is generally more dose responsive at
earlier post-irradiation times. In multipotent neural stem and
precursor cells, we have shown that sparsely and densely ionizing
radiation elicits an acute and chronic oxidative stress that shows no
signs of abatement. Reactive oxygen (ROS) and nitrogen (RNS)
species are involved and can be linked to changes at the
mitochondrial level as well as membrane based oxidases. Oxidative
stress in multipotent neural cells exhibits both adaptive and
bystander responses, and has been found to influence lineage
development and radiosensitivity. The impact of radiation-induced
oxidative stress on stem cells derived from multiple cellular
compartments will also be discussed, in efforts to highlight the
general importance of redox state, as a master regulator affecting the
remodeling of irradiated tissue.
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(S1702) The effects of c-irradiation on satellite cell proliferation. Vince J. Caiozzo, Erich Giedzinski, Mike Baker, Tatiana
Suarez, Atefeh Izadi, Charlie Limoli, Departments of Orthopedics
and Radiological Oncology, School of Medicine, University of
California, Irvine, CA
The health of skeletal muscle and its ability to regenerate and
grow in adults is dependent on a special population of myogenic
stem cells known as ‘‘satellite’’ cells. When activated, satellite cells
proliferate and differentiate into myoblasts that fuse with the
existing muscle fiber, increasing the population of myonuclei and,
as a consequence, the transcriptional machinery of that cell. The
importance of satellite cells in maintaining the health of skeletal
muscle can be exemplified by their central role in: i) the
regeneration of skeletal muscle following injury as induced by
trauma, genetic defects, or eccentric contractions; ii) the growth of
skeletal muscle during development and in response to resistance
training; iii) the recovery of muscle mass following atrophy; and iv)
maintaining muscle mass during aging. From a clinical perspective,
skeletal muscles and their resident myogenic stem cells (i.e.,
satellite cells) are commonly exposed to significant doses of
radiation during diagnostic screening procedures and/or during the
radiotherapeutic management of cancer. In this context, we
performed a series of studies designed to test the hypothesis that
clinically relevant doses of c-irradiation negatively impact satellite
cell proliferation and differentiation. In testing this hypothesis, we
performed a number of studies examining: i) cell cycle regulation;
ii) apoptotic and non-apoptotic modes of cell death; iii) the presence
of double strand breaks (DSBs) using c-H2AX; iv) oxidative stress;
and iv) NO production. Based on this collective set of analyses,
there is an emerging view which suggests that irradiation damages
satellite cells both directly (i.e. cell kill), and indirectly, by
promoting an oxidative microenvironment that further inhibits the
growth and maturation of myogenic precursor cells.

(S1703) Bone progenitor cell responses to irradiation and the
regulation of skeletal remodeling. Ruth K. Globus, NASA Ames
Research Center, Moffett Field, CA
Bones continually remodel throughout life and maintain
complex structures to resist the loads imposed by bearing weight
on earth. Skeletal remodeling depends on stem cell renewal as well
as the progressive differentiation of both pluripotent mesenchymal
lineage cells into osteoblasts that build bone, and haematopoietic
monocyte/macrophage lineage cells into osteoclasts that break down
bone. We found total body irradiation of adult mice causes very
rapid loss of bone tissue from high-turnover skeletal sites.
Irradiation of mesenchymal-lineage cells from bone marrow
stimulates the generation of reactive oxygen species and can inhibit
marrow cell differentiation into osteoblasts. In contrast, irradiation
of haematopoietic-lineage cells can stimulate marrow cell differentiation into osteoclasts. The final outcome of these lineagedependent responses to irradiation, i.e. bone loss, is mitigated by
treatment with an anti-oxidant, showing oxidative pathways may
mediate radiation-induced acute bone loss. In addition, quite low
doses of heavy ions (10 cGy 56Fe) cause rapid bone loss while
musculoskeletal disuse exacerbates the adverse effects of irradiation
on osteoblast differentiation. We propose radiation stimulates
reactive oxygen species generation by mesenchymal cells such as
osteoblasts within bone marrow which in turn increases the numbers
of active, bone-resorbing osteoclasts. Together, our results demonstrate selective and complementary effects of irradiation on
haematopoietic vs. mesenchymal progeny in bone marrow and the
regulation of progenitor cell radiosensitivity by musculoskeletal
disuse.

(S1704) Hematopoietic stem cells (HSC) survive and reconstitute hematopoiesis after 8 Gy total body irradiation (TBI) in
dogs given intensive supportive care and cytokine treatment.
George E. Georges, Vladimir Lesnikov, Robert Jordan, Marina
Lesnikova, Ya-Ju Laura Yang, Anna Aragon, Fred Hutchinson
Cancer Research Center, Seattle, WA
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Hematopoietic cells are highly sensitive to TBI and their loss
after radiation exposure results in lethal infections. However it
appears that HSCs are more radiation resistant than committed
hematopoietic progenitor cells. The difficulty in surviving the
hematopoietic syndrome with prolonged pancytopenia after high
dose of TBI has made it experimentally challenging to determine if
HSCs survive high dose TBI in large animals that are not in a
pathogen-free environment. We asked if intensive supportive care
and cytokine treatment after high dose TBI would permit survival
and recovery of endogenous hematopoiesis without requiring HSC
transplantation in the well-established dog model. Historical results
showed that after 4 Gy TBI and limited supportive care, only 1 of 28
dogs survived. The intensive supportive care regimen given after
TBI included an antibiotic use algorithm for empiric treatment of
prolonged neutropenia and fever. Blood transfusion support was
given for platelet count , 6,000/lL and hematocrit , 24%. With
intensive supportive care, we observed uniform survival in dogs
following 5, 6, and 7 Gy TBI. The LD50 at 100 days was 8 Gy TBI.
Cytokine treatment consisted of either granulocyte colony stimulating factor (G-CSF) alone or combined G-CSF and flt-3 ligand,
(FL). Treatment with cytokines started 2 hours after TBI and
continued until absolute neutrophil count (ANC).1000/lL.
Cytokine treatment did not improve survival compared to recipients
of intensive supportive care alone, but it significantly decreased the
duration of intensive supportive care. For all cohorts receiving
cytokines, ANC recovery was more rapid compared with supportive
care alone ( p,0.002). Follow-up of dogs to 2.5 years after TBI
showed sustained hematopoiesis and immune reconstitution without
leukemia or evolution of significant clonal hematopoiesis. The
results show that HSCs survive after 8 Gy TBI, intensive supportive
care is sufficient to permit survival after 8 Gy TBI, and that the
cytokine combination G-CSF/FL promotes more rapid recovery of

ANC and platelets. The results are highly relevant for the treatment
of victims of terrorist or accidental radiation exposure.

(S1705) Radiation-Induced Changes in Neurogenesis are
reduced in Mice Deficient in CuZnSOD or MnSOD. John R.
Fike, University of California, San Francisco, CA
Ionizing irradiation significantly affects hippocampal neurogenesis and is associated with cognitive impairments; these effects
may be influenced by an altered microenvironment. Oxidative stress
is a factor that has been shown to affect neurogenesis, and one of the
protective pathways to deal with such stress involves the antioxidant
enzyme superoxide dismutase (SOD). This study addressed if/how
the deficiency of cytoplasmic (SOD1) or mitochondrial (SOD2)
SOD impacted irradiation effects on hippocampal neurogenesis.
Wild type (WT), SOD 1 and SOD2 knock out (KO) mice received a
single x-ray dose of 5 Gy, and quantification of the survival and
phenotypic fate of newly generated cells in the dentate subgranular
zone was performed 2 months later. Radiation exposure reduced
neurogenesis in WT mice but had no apparent effect in KO mice,
although baseline levels of neurogenesis was reduced in both SOD
KO strains prior to irradiation. Additionally, there were marked and
significant differences between WT and both KO strains in how
irradiation affected newly generated astrocytes and activated
microglia. The mechanism(s) responsible for these effects are not
yet known, but a pilot in vitro study suggests a ‘protective’ effect of
elevated levels of superoxide. Overall, these data suggest that under
conditions of SOD deficiency, there is a common pathway dictating
how neurogenesis is affected by ionizing irradiation.
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(MS101) Sensitivity of regions near telomeres to DNA doublestrand breaks in a human cancer cell line. Oliver Zschenke,
Avanti Kulkarni, Douglas Miller, Gloria Reynolds, John P.
Murnane, Univ. of Calif., San Francisco, San Francisco, CA
Regions near the ends of chromosomes, called telomeres, have
been reported to be deficient in repair of DNA double-strand breaks
(DSBs) by nonhomologous recombination in yeast. As a result,
most DSBs at these locations result in gross chromosome
rearrangements (GCRs). Consistent with these results, we have
previously reported that a single DNA double-strand break (DSB)
near a telomere in mouse embryonic stem cells can result in
chromosome instability involving breakage/fusion/bridge (B/F/B)
cycles. We have also observed this same type of chromosome
instability as a result of spontaneous telomere loss in human tumor
cell lines, leading us to hypothesize that a deficiency in repair of
DSBs near telomeres has a role in chromosome instability in human
cancer. To test whether regions near telomeres are sensitive to DSBs
in mammalian cells, we have now compared the frequency of large
deletions and GCRs resulting from I-SceI endonuclease-induced
DSBs at telomeric and interstitial sites in the EJ-30 human cancer
cell line. As a control, we also analyzed the frequency of small
deletions, which are the most common type of mutation resulting
from I-SceI-induced DSBs at interstitial sites. Our results
demonstrate that although the frequency of small deletions is
similar with interstitial and telomeric DSBs, the frequency of large
deletions and GCRs are more than 10-fold greater near telomeres.
As with spontaneous telomere loss, DSBs near telomeres also
frequently resulted in chromosome instability involving B/F/B
cycles. To determine the size of the region near telomeres that is
sensitive to DSBs, we targeted a plasmid containing an I-SceI site to
a location 100 kb from a telomere. The results showed that the
frequency of large deletions and GCRs at this location are also
much greater than the frequency at interstitial sites. These results
demonstrate that regions within 100 kb from a telomere in this
cancer cell line are highly sensitive to DSBs, and that DSBs within
this region can lead to many of the same types of chromosome
rearrangements that are associated with human cancer.

(MS102) Microsatellite instability in radiation-induced acute
myeloid leukemia. Leta Steffen1, Michael Weil2, Andrew Ray2,
Paula Genik2, Robert Ullrich3, Christina Fallgren2, Michael Story4,
Jackie Gillan5, Simon Bouffler5, Jeanne Bourdeau-Hell1, Jeff
Bacher1, 1Promega Corporation, Madison, WI, 2Colorado State
University, Fort Collins, CO, 3University of Texas Medical Branch,
Galveston, TX, 4University of Texas Southwestern, Dallas, TX,
5
Health Protection Agency – Radiation Protection Division, Chilton
Didcot, United Kingdom
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Studies of atomic-bomb survivors, nuclear industry workers,
and radiation-therapy patients suggest that radiation-induced Acute
Myeloid Leukemia (rAML) is a major health risk of radiation
exposure. Understanding the mechanisms involved rAML will be
important for enabling accurate risk assessment for individuals
exposed to radiation. Microsatellite instability (MSI) is a functional
test for DNA mismatch repair (MMR) deficiency that occurs in
almost all Lynch Syndrome cancers. MSI has also been reported in
about 40–55% of therapy-induced AML cases. We investigated the
role of MSI in rAML by testing AML obtained from CBA mice
exposed to an acute dose of 1GeV/n 56Fe ions, 137Cs gamma rays
or 1 MeV/n neutrons. MSI testing methods commonly used for
Lynch Syndrome cancers were modified to account for the
likelihood that some mutations in rAML could be caused by
radiation exposure rather than MMR deficiencies. A significantly
higher frequency of heterozygous loci in rAML (8.3%) compared to
controls (0.9%) indicates that clonal expansion of radiation-induced
mutations from a common progenitor did occur. Mutation
frequencies in microsatellites were determined by PCR using
DNA equivalent to a single cell and loci were scored as MSI
positive if greater than average mutation frequency plus 3 standard
deviations of age matched, irradiated controls. Samples with two or
more unstable loci were scored as MSI-H, one as MSI-L and zero as
stable. MSI levels in rAMLs from iron-irradiated mice were 17%
MSI-H and 33% MSI-L; gamma, 21% MSI-H and 21% MSI-L; and
neutrons, 50% MSI-H and 20% MSI-L. Overall, the mutation
frequency in MSI-H rAML was significantly higher than MSI-L,
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stable or control animals. Expression levels for Msh6 MMR gene
were roughly 5-fold lower in rAML compared to controls,
supporting the hypothesis that MMR is involved in a subset of
murine rAML, similar to humans. This research was funded by
NSCOR grant NAG-1569 on Radiation Leukemogenesis.

(MS103) Chromosome aberrations in DNA repair-defective
cell lines: comparisons of dose rate and radiation quality. Kerry
A. George1, Megumi Hada2, Zarana Patel2, Janice Huff2, Janice M.
Pluth3, Francis A. Cucinotta4, 1Wyle Labs, Houston, TX, 2USRA,
Houston, TX, 3Lawrence Berkeley National Laboratory, Berkeley,
CA, 4NASA, Houston, TX
Yields of chromosome aberrations were assessed in cells
deficient in DNA double-strand break (DSB) repair, after exposure
to acute doses of gamma rays or high-LET iron nuclei, or to lowdose-rate (0.018 Gy/hr) gamma rays. We studied several cell lines
including fibroblasts deficient in ATM (product of the gene that is
mutated in ataxia telangiectasia patients) or NBS (product of the
gene mutated in the Nijmegen breakage syndrome), and gliomablastoma cells that are proficient or lacking in DNA-dependent
protein kinase (DNA-PK) activity. Chromosomes were analyzed
using the fluorescence in situ hybridization (FISH) chromosome
painting method in cells at the first division post irradiation, and
chromosome aberrations were identified as either simple exchanges
(translocations and dicentrics) or complex exchanges (involving .2
breaks in 2 or more chromosomes). Gamma irradiation induced
higher yields of both simple and complex exchanges in the DSB
repair-defective cells than in the normal cells. The quadratic doseresponse terms for both simple and complex chromosome
exchanges were significantly higher for the ATM- and NBSdeficient lines than for normal fibroblasts. However, in the NBS
cells the linear dose-response term was significantly higher only for
simple exchanges. Large increases in the quadratic dose-response
terms indicate the important roles of ATM and NBS in chromatin
modifications that facilitate correct DSB repair and minimize the
formation of aberrations. Differences between the responses of
ATM- and NBS-deficient cells at lower doses suggest that important
questions should be asked about the applicability of radiation
sensitivity at high doses to low-dose exposures.For all cells
irradiated with iron nuclei, regression models preferred purely
linear dose responses for simple exchanges and quadratic dose
responses for complex exchanges. All of the DNA repair-defective
cell lines had lower relative biological effectiveness (RBE) values
than normal cells, the lowest being for the DNA-PK-deficient cells,
which had values near unity.

(MS104) Radiation Induced PU.1 Deletion and Chromosome
Aberrations in CBA and C57BL/6 Fibroblasts. Yuanlin Peng,
Christy L. Warner, Michael M. Weil, Robert L. Ullrich, Joel S.
Bedford, Colorado State University, Fort Collins, CO
Deletion of one copy of the PU.1 gene on chromosome 2 is
known to be a consistent and early event in radiation-induced AML
in a number of susceptible mouse strains. We have reported that 1
day after irradiation with either HZE Fe ions or c-rays, the incidence
of such deletions in bone marrow cells of AML sensitive CBA mice
is higher per unit dose than in AML resistant C57BL/6 mice (Peng,
et. al. Radiat.Res.171, 474–483. Radiat. Res. 171, 484–493, 2009).
The yield of total chromosome aberrations was also higher in CBA
vs C57BL/6 mice in mitotic bone marrow cells at this time after
irradiation. To determine whether the above hyper-radiosensitivity
for CBA vs C57BL/6 bone marrow cells is strain-specific or
perhaps tissue-specific, we measured the PU.1 deletion frequencies
in cells from primary cultures of fibroblasts from CBA and C57BL/
6 mice. Contact inhibited fibroblast cells in cultures initiated
independently from 3 CBA and 4 C57BL/6 mice were irradiated
with 3 Gy of 137Cs c-rays. The pooled results from cells scored at
the first post-irradiation mitosis showed that the percent of cells
with PU.1 deletions was 3.70 6 0.62% and 3.57 6 0.48% for CBA
and C57BL/6 mice, respectively. The total chromosome aberration
yields (dicentrics with accompany acentric fragments plus excess
acentric fragments) scored in these samples also failed to show a
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significant difference for cells from the two strains. Darakhshan and
co-workers (Carcinogenesis 27, 311–318, 2006) have reported a 2fold radiation hypersensitivity of chromosome 2 compared with
chromosomes 1 and 3 in CBA bone marrows cells. Currently we are
working to see whether or not this is the case for the fibroblast cells.
The results will be reported. Supported by NASA’s NSCOR
Radiation Leukemogenesis Project NAG9-1569.

(MS105) Persistence of gamma-H2AX and 53BP1 foci in
proliferating and non-proliferating human mammary epithelial
cells after exposure to gamma rays or Fe ions. Torsten Groesser,
Hang Chang, Gerald Fontenay, Bahram Parvin, Mary Helen
Barcellos-Hoff, Bjorn Rydberg, Lawrence Berkeley National Lab,
Berkeley, CA
We have studied gamma-H2AX and 53BP1 foci formation in
proliferating and non-proliferating human mammary epithelial cells
(HMEC) after exposure to sparsely and densely ionizing radiation.
Cells were grown either as monolayers (2D) or in a 3D culture using
an extracellular matrix (Cultrex) that provides the foundation for
epithelial cells to grow in three dimensions allowing for the
formation of ascinar structures in vitro. Foci numbers were
quantified with a computer based analysis at various time points
after exposure.Our results reveal that the disappearance of radiation
induced gamma-H2AX and 53BP1 foci in HMEC have different
dynamics as a function of radiation quality and proliferation status
but seem to be independent of the cell culture condition (2D versus
3D). Fe ion (1GeV/u) induced gamma-H2AX foci in nonproliferating cells were still present at 72 h after exposure, while
53BP1 foci were back to control levels at 48 h in both 2D and 3D
cultures. However, in proliferating HMECs both gamma-H2AX and
53BP1 foci were removed during the 24–48 h time interval after
irradiation under 2D conditions. Foci numbers after gamma-ray
irradiation were removed faster and returned to control levels at 12 h
regardless of marker, cell proliferation status, and cell culture
condition. We speculate that the persistent gamma-H2AX foci in
Fe-ion irradiated non-proliferating cells could be due to the fact that
not all DSB repair pathways for rejoining complex DSBs are
available to the cell in G0/G1-phase. Another possibility is that the
remaining gamma-H2AX foci do not represent open DSBs. Further
experiments are necessary to help understanding why gammaH2AX foci remain in non-proliferating cells while 53BP1 foci
return to control levels within 48h after Fe ion exposure. Supported
by NASA Specialized Center of Research.

(MS106) Differences in survival, gene expression and cellular
transformation in isogenic variants of human bronchial
epithelial cells after low LET or HZE particle exposures.
Seongmi Park, Lianghao Ding, Yang Xie, Michael Peyton, John
Minna, Michael D. Story, UT Southwsetern, dallas, TX

(MS107) Fhit prevents radiation induced carcinogenesis.
Xiaoyan Yu1,2, Lin Lu1, Siyuan Wen1, Ya v1, 1Emory University
Winship Cancer Institute, Atlanta, GA, 2Jilin University, Changchun, China
Fhit, a gene related to human tumor progression, plays a
protective role in preventing mice from carcinogen induced tumor.
We previously reported that Fhit could prevent human cells from
UV and ionizing radiation-induced HPRT mutation, suggesting that
Fhit prevents DNA damage-induced carcinogenesis. It has been
known for decades that ionizing radiation increases carcinogenesis
frequency. Recently, more and more data indicate that low dose
radiation (, 0.1 Gy) might not increase the risk for carcinogenesis.
To examine whether multi exposures of low dose radiation (, 0.1
Gy) promotes carcinogenesis and whether Fhit plays a protective
role in the process, we compared carcinogenesis among six groups
of mouse (30 wild type or Fhit-/- mice /each group): the mice
without radiation, the mice exposed to 0.1 Gy x 10 exposures (0.1
Gy/exposure, 1 exposure/day) and the mice exposed to 1 Gy (1 Gy/
exposure). We sacrificed the mice at 1.5 years following radiation
and observed the tumor number and tumor size in multi-organs
including lung, livers, bone, kidney, heart, intestine, salivary gland,
and testis (ovary). The results show that although the mice had a
high spontaneous carcinogenesis (;30%) both in wild type and in
Fhit-/- mice, multi exposures of 0.1 Gy (0.1 Gy x 10) did not
increase the carcinogenesis frequency in wild type mice (31%) and
in Fhit-/- mice (29%). However, 1 Gy, even only one exposure,
dramatically increases the carcinogenesis frequency in wild type
mice and in Fhit-/- mice. The carcinogenesis frequency is higher in
Fhit-/- mice (;45%) than in wild type mice (;40%) following 1 Gy
exposure. These results suggest that ,0.1 Gy might be the safety
dose for carcinogenesis and Fhit could prevent radiation-induced
carcinogenesis. This work is supported by the Office of Science
(BER), U.S. Department of Energy, (Grant No. DE-FG0205ER64084 to Y.W).

(MS108) Tumor and normal human cell lines exposed to
sparsely and densely ionizing radiation express meioticspecific proteins and cancer stem cell markers.. Fiorenza
Ianzini, Elizabeth A. Kosmacek, Eleonora Napoli, Melissa R.
Szyperski, Adam B. Schwertner, Michael A. Mackey, University
of Iowa, Iowa City, IA
We have recently demonstrated that a fraction of polyploid
cells, formed via radiation-induced mitotic catastrophe (MC),
continue to divide normally after undergoing a depolyploidization
process that involves a series of reductive divisions. The produced
progeny is made of much smaller cells than the progenitors,
contains a single nucleus, and is able to proliferate for at least two
cell division cycles. Molecular analysis of genes expressed during
depolyploidization has shown that meiosis-specific genes are upregulated in these cells, thus, leading to the hypothesis that
polyploid cells produced via MC might escape death through the
action of meiotic division pathways. Using the Large Scale Digital
Cell Analysis System (LSDCAS) we have found that normal human
cells are also capable of undergoing MC following exposure to low
and high LET radiations. MC leads to the production of delayed
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The human bronchial epithelial cell line HBEC3 and isogenic
derivatives (p53 knockdown and KRASV12 mutant over-expression,
EGFR tyrosine kinase deletion mutant, EGFR wild-type overexpression) were treated with various doses of 56Fe, 28Si and c
irradiation. In addition to determining cell survival, the cells were
collected at various time points post-IR, the RNA was extracted and
gene expression was determined. Acute changes (,24 hr time
points) were found in gene expression following exposure of the
HBECs to each radiation type. These gene expression signatures
were distinct for c irradiation compared to HZE particle irradiation
(Fe, Si) as well as for the various HBEC isogenic genetic variants
and showed distinct clustering patterns on unsupervised hierarchical
clustering, principal component and regression analysis. Bayesian
network analysis of HBEC3 and the RAS/p53 variant also revealed
unique gene nodes which, when combined with other analysis,
suggests genetic background influences gene expression after HZE
particle exposure. In addition to gene expression analysis we
determined the rate of cellular transformation, as determined by
growth of cells in soft agar, as a function of radiation dose and
quality. The cell lines HBEC 3KT, 3KT R/53, and HBEC 3ET were
irradiated with either low LET radiation or 56Fe or 28Si particles.
Cell cultures were maintained for at least 4 months post-IR and at

monthly intervals they were examined for the ability to grow in soft
agar. The ability of low LET radiation to induce transformation
beyond the basal level is very limited, although the basal level of
transformation is orders of magnitude different for the 3 cell lines.
However, when HBEC 3KT cells were irradiated with 56Fe or 28Si,
there was a significant increase in transformation which quickly
declined as a function of dose, likely due to cell death mitigating
any transformative events. (Collection of HZE data for the other two
cell lines is ongoing.) Of interest is the steep rise at very low doses
of Fe. Correcting for baseline values, the transformation RBE could
easily be 20. This suggests the need to examine doses below 0.25
Gy for 56Fe to determine the true rate of transformation for 56Fe. All
of the data will be integrated into a model to provide quantitative
risk assessment for developing lung cancer after radiation
exposures.
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DNA damage; at the time of maximal levels of such damage, as
reflected in elevation of c-H2AX staining, irradiated normal cells
show a high probability of abnormal division and cell fusion, both
hallmarks of MC. Thus, if the same mechanisms related to MC
induction and subsequent reductive division are at play in normal
cells following irradiation, these cells would be expected to express
meiotic genes during depolyploidization. Meiosis-specific genes
active during meiosis I, that are responsible for pairing and
crossover (phenomena that provide the cells with the ability to restructure its genome), have been chosen for this analysis. The
meiosis-specific proteins SPO11 and SYCP3 were both found to be
expressed in MRC-5 cells following radiation exposure. Interestingly, in the same time frame of expression of SPO11 and SYCP3,
irradiated MRC-5 cells also expressed the cancer stem cell marker
nestin, and the cell division regulator cyclin B1. These findings
support the hypothesis that normal cells that have undergone MC,
but escaped cell death, might retain proliferative abilities through
the activation of unusual pathways of cell division that utilize
meiosis-specific proteins in the same fashion as irradiated tumor cell
lines. Understanding the fate of irradiated cells and their potential
for post-irradiation proliferation and survival might lead to a better
characterization of the carcinogenic effects of radiation exposure.
Support: NIH CA/GM94801; NIH/NCI 2P30CA086862; NASA
NRA NNJ06HH68G.

(MS201) Radiation damage to genetic sugars: why nature
chose DNA. Gemma Vall-llosera1, Rami Sankari2, Sarvenaz
Sarabipour3, Elisabeth Rachlew1, Edwin Kukk2, Michael A. Huels3,
1
Royal Institute of Technology KTH, Stockholm, Sweden,
2
University of Turku, Turku, Finland, 3University of Sherbrooke,
Sherbrooke, QC, Canada
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The presence of an OH group at the C2 position of D-ribose
differentiates the RNA from the DNA sugar. This minor difference
in the chemical composition of these two molecules has been a
starting point of debate for theories about the origin of life. One
particular hypothesis, where an ’RNA world’ [1] is a precursor of
the DNA world, has found some experimental support by, e.g., the
catalytic properties of RNA [2, and refs therein]. Yet the main
question of why nature chose DNA instead of RNA as the molecule
for long-term storage of our genetic code is still unanswered.Our
study on the photo-fragmentation of D-ribose and 2-deoxy-D-ribose
by synchrotron photons in the VUV region (5–35 eV), demonstrates
the very different survivability of these two molecules when
exposed to ionising radiation, and thus points to an important aspect
in the early evolution of DNA and RNA. We find that while both
molecules fragment upon absorption of VUV photons, only in the 2deoxy-D-ribose spectra do we see the presence of the parent cation
molecule even well above its threshold of formation. Moreover, the
parent cation of 2-deoxy-D-ribose exists for all photon energies
from 9.5–35 eV, while it is distinctly absent in the D-ribose mass
spectra even at ionisation threshold; thus, the simple, gentle removal
of one electron causes the RNA sugar to disintegrate immediately,
while a fair fraction of the DNA sugar remains intact even after
absorption of higher energy VUV photons. This suggests that in
DNA the sugar-phosphate backbone is more resistant to strand
breaks than in RNA. We present detailed results of our study, and
discuss them in the context of their implications to the survivability
of DNA vs RNA in the radiation environment of a pre-biotic earth.
(Supported by the Swedish Research Council VR, the EU-ARI
program at MAX-Lab., Lund, SE, the Canadian Space Agency, and
NSERC)[1] e.g., W. Gilbert, Nature (1986), 319, 618; C. Woese,
The Genetic Code. Harper & Row (1968); R. Gesteland, T. Cech,
and J. Atkins, 1999 The RNA World, 2nd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY; G.F. Joyce, Nature
(2002), 418, 214; P. Ehrenfreund, S.S. Rasmussen, J. Cleaves, L.
Chen, Astrobiology (2006), 6, 490, and refs therein.[2] J. Vergne, L.
Dumas, J.-L. Décout, M. -C. Maurel, Planetary and Space Science
(2000), 48,1139.

(MS202) A novel analytical technique for analyzing nucleobase influence on DNA strand breaks caused by direct ionizing
radiation. Richard M. Watson, William A. Bernhard, University of
Rochester School of Medicine and Dentistry, Rochester, NY
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Analysis of the reactions involved in the direct effect of
ionizing radiation on DNA is crucial to assessing the risks related
with exposure at low dose. The direct interaction of ionizing
radiation with DNA initially results in free radicals situated on bases
and the backbone, which eventually lead to stable end products that
include strand breaks (sb) and free nucleobase release (fbr). The
yields of these two products are thought to be related because
ejection of an electron from the DNA backbone produces a radical
cation that deprotonates to yield a neutral carbon-centered
deoxyribose radical. These neutral radicals react when dissolved
to produce one strand break and one free base each. Therefore fbr
can be used as an indicator of sb. It is commonly presumed that that
sb occur independent of the surrounding base context. However
recent studies have indicated that a base may indeed have influence
over the probability of sb at its backbone unit. In one such study,
films prepared from 10- to 30-mer DNA duplexes were irradiated at
RT under air using X-rays generated by a tungsten tube operated at
70 kV. The films were dissolved in nuclease free water and stored at
277 K. Unaltered free base release was measured using HPLC, and
the yields determined for each base were not strictly proportionate
to their presence in the DNA sequence. In fact, this study indicated
that strand breaks may be influenced by a number of factors
including position within the oligomer as well as the base and its
base context.The current study involves further analysis of these
factors; instead of using HPLC to separate and measure fbr, which is
time consuming and expensive, a novel analytical technique is being
used to determine the amount and ratio of fbr for each of the four
bases. This technique involves separation of free bases from bulk
DNA using filters followed by decomposition of the UV spectra of
mixtures of bases at different pH. Decomposition is performed
using the Levenberg-Marquardt algorithm for non-linear optimization. To date we have been able to determine relative amounts of
nucleobase in mixtures of all four bases with accuracy comparable
to HPLC while using much smaller quantities of DNA. Supported
by PHS Grant 2-R01-CA32546 of the NCI.

(MS203) Low energy electron induced DNA damage: effect of
different base substitutions in oligomer trimers. Zejun Li1,
Pierre Cloutier1, Léon Sanche1,2, J. Richard Wagner1, 1Universite
de Sherbooke, Sherbrooke, QC, Canada, 2The Open University,
Milton Keynes, United Kingdom
DNA damage induced by low energy electrons (LEEs) is
important because LEEs represent a large percentage of the total
energy deposited by ionizing radiation and because they induce
DNA damage with simple DNA components (bases, nucleosides,
nucleotides), oligonucleotides, and plasmid DNA. Despite these
studies, the chemical steps involved in the formation of DNA
damage remain unclear. The majority of studies have examined the
desorption of small fragments (,100 a.m.u.) during irradiation of
targets in the condensed phase under ultra high vacuum. In addition,
a number of studies demonstrate the formation of single and double
strand breaks by post-irradiation analysis of damaged plasmids
using gel electrophoresis. Here, we continue our studies of probing
non-volatile damage remaining on the surface of condensed phase
irradiations using HPLC-UV. These studies are complementary to
electron desorption and strand break analyses with the goal to
identify the structure of LEE-induced DNA damage and apply this
knowledge to radiotherapy.In the present study, we examined LEEinduced damage in a series of trimeric oligonucleotides by HPLCUV. The model compounds included TpXpT where X represents
one of the four normal bases in DNA (T, C, A, G) and 5bromouracil, a potential radiosensitizer. Analysis of the trimers by
HPLC-UV permits the quantification of six known fragments,
which arise from C-O bond cleavage, as well as the release of nonmodified nucleobases. In addition, the total damage was estimated
by integrating the entirety of peaks in the chromatogram, although
the structure of these products has not yet been elucidated. The
results show that, when trimers are irradiated with LEE (10 eV), the
total damage decreases 2-fold for the series of trimers (T . C . A
. G). Interestingly, the introduction of 5-bromouracil increased the
total damage by at least 50%. This change led to an increase in both
base release and C-O bond cleavage. These findings support the
hypothesis that LEEs are initially captured by the base and then
transferred from the base to either the N-glycosidic bond leading to
base release or to the phosphodiester bond leading to C-O bond
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cleavage. Furthermore, they suggest that LEEs may preferentially
cause damage to pyrimidine bases and particularly to thymine or
clusters of thymine in DNA.

DNA was observed.Our findings suggest that Simpore membranes
have the potential of opening doors to an exciting set of experiments
that will shed new light on the chemistry and physics of strand break
formation in DNA due to the direct effect of ionizing radiation.
Supported by PHS Grant 2-R01-CA32546 of the NCI.

(MS204) Fricke and polymer gel dosimetry of femtosecond
laser pulse filamentation and radiation chemical effects of laser
irradiation on thymidine solution. Comparison with 60Co
irradiation. Daniel Houde, Ridthee Meesat, Jean-Francois Allard,
Richard J. Wagner, Jean-Paul Jay-Gerin, Luc Tremblay, Martin
Lepage, University of Sherbrooke, Sherbrooke, QC, Canada
Intense ultra-short laser pulses can propagate in water, leading
to self-focusing and filamentation. The physical origin of the
formation of filaments is well understood. Briefly, electrons
produced by multiphoton or tunnel ionization are further accelerated
by the electric field of the pulse in an inverse Bremsstrahlung effect
and, if they acquire enough kinetic energy, they give rise to a
second generation of electrons by impact ionization of other
molecules in an avalanche like process. These numerous electrons
(in the range of ;1016-1018 cm3) transfer their excess energy to the
surrounding water molecules, generating in the self-focusing region
chemically reactive species such as H., .O., and .OH, and due to the
recombination of those radicals, H2, O2, H2O2, and O2.- (or HO2.,
pKa ¼ 4.8). Here, femtosecond filamentation is studied in view of its
possible medical and biological applications. Three directions have
been explored thus far. First, we have used the Fricke (ferrous
sulfate) dosimeter, a well-known radiation chemical dosimeter, to
measure the equivalent absorbed dose in the filaments. Comparison
with 60Co irradiation provided a dose rate for the filamentation
process of about 105 times higher than that delivered by a standard
gamma irradiation source. Second, the diameter of the filaments was
estimated using a polyacylamide gel imaged by magnetic resonance
imaging. A maximum diameter of 625 lm was obtained. Lastly, we
compared the effects of gamma and laser radiation on the
decomposition of thymidine in the absence and presence of oxygen
using HPLC-UV analysis. In nitrogen bubbled solutions, the total
damage was 2-fold lower for laser compared to gamma radiation.
The release of thymine was 20% for laser radiation compared to 4%
for gamma radiation. In oxygenated solutions, total damage
increased 3.3-fold for laser radiation while it stayed about the same
for gamma radiation. The latter results suggest an important role of
oxygen either as a reactive species that directly damages thymidine
or as co-oxidant in radical reactions following laser irradiation.

(MS205) A new technique for studying radiation induced
strand breaks in DNA: tunable filtration of DNA oligomers
through nanoporous silicon membranes. Paul J. Black, William
Bernhard, University of Rochester, Rochester, NY

The molecular structure of a radiation-induced DNA doublestrand break (DSB) is an important determining factor of DSB
dependent cytotoxicity. However, the characteristic DSB structure(s)
and the exact nature of the biological response mechanism
responsible for this lethality are not fully understood. To address
these questions we have previously established molecular characteristics for the highly toxic DSBs produced by 125-I decay. These
poorly repaired DSBs are extremely complex, with variable
overhang end-morphology and damage clustering (base damage
and AP sites) immediately upstream (within 8–10 bp) from the DSB
end. HeLa extract mediated nonhomologous end joining (NHEJ) of
oligonucleotide DSB repair substrates designed to model simple
subsets of this complex DSB damage, established that base lesions
(AP sites, mismatches, or 8-oxo-dG) positioned 1 nucleotide
upstream (1n) from a ligateable 3’-OH DSB end inhibit HeLa
extract mediated NHEJ. A strong positional effect for NHEJ
inhibition by base damage (BD) proximal to a DSB end was
observed, with BD at .-4n from the DSB end showing little or no
inhibition. This effect was observed with multiple whole cell extracts
(WCE) from cell lines WI38, MO59K, and HeLa. Thus, it appears to
be characteristic of the interaction between this DSB structure and
DSB repair complex proteins, specifically DNA ligase IV.
Furthermore, BD positioned within the putative footprint of the
DSB repair complex (22n or less) persist in end joined product
DNA suggesting that these positions are blocked from base excision
repair (BER) processing even after end joining. To establish that this
effect was not due to our extracts lacking functional BER, hOgg1
dependent cleavage of 8-oxo-dG in DSB repair substrates that are
refractory to end joining due to a complex multiple BD configuration
was shown. In addition to precise cleavage at an internal 8-oxo-dG,
;25% of these substrates become refractory to cleavage by Fpg
when concurrently incubated in the presence of dNTPs, indicating
functional BER repair of the internal BD site.These results imply
NHEJ and BER are independent processes in the context of complex
DSB ends containing BD, and that under conditions where the DSB
end can support end joining, NHEJ is the dominant repair pathway.

(MS207) Cellular responses to clustered DNA damages
induced by high energy and high-Z particles irradiation.
Burong Hu, Asaithamby Aroumougame, David J. Chen, Division
of Molecular Radiation Biology, Department of Radiation Oncology, University of Texas Southwestern Medical Center, Dallas, TX
Misrepair or incomplete repair of clustered DNA damages-two
or more closely spaced damages (double strand, single strand and
base damages) on opposing strands, generated by high energy and
high Z (HZE) particles may lead to a higher relative biological
effectiveness (RBE). A number of indirect methods are available to
study the clustered DNA lesions in vitro. However, direct
examination on the frequencies, repair ability and the biological
effects of these clustered DNA lesions in cells is limiting. In this
study, we directly monitored the induction and repair of clustered
DNA damages in cells using 53BP1 (double strand-break marker)
and XRCC1 (single strand-break marker) fused to green fluorescent
protein (EGFP) as surrogate markers. Our results showed in live cells
that both 53BP1 and XRCC1 formed clear tracks as early as three
minutes after exposure of cells to Fe, Si and O particles, and the
number of 53BP1 and XRCC1 tracks and/or foci reduced gradually
with differing kinetics. Further, using OGG1 antibody, as a surrogate

Mini-Symposia

We have taken advantage of the unique properties of Simpore
membranes to achieve favorable filtration cutoffs on microgram
quantities of DNA. Simpore membranes (Simpore, Inc., Rochester,
NY) are a unique nanoporous silicon material with well defined
pore size distributions and selectable maximum diameters ranging
from 10 nm to 50 nm. In addition to small pore diameters, these
membranes are extraordinarily thin (5 to 20 nm). Because the ratio
of pore diameter to pore length is . 1, these membranes have
exceptional filtration properties.The experimental setup consisted of
a membrane sandwiched between two drops of phosphate buffer
solution (PBS) containing variable concentrations of NaCl. The top
drop (retentate) contained DNA ladder, e.g., 10 to 300 base pairs
(bp), in a solution volume of 20 microliters. DNA would then freely
diffuse into the bottom drop (filtrate). This was monitored using gel
electrophoresis. In our preliminary experiments, we found that
membrane permeability was a function of DNA size and that the
permeability was tunable through adjustment of the salt concentration of the DNA solution. Salt concentration influences the
membrane surface charge, which is strongly negative in the absence
of salt. In addition, as the salt concentration is lowered, the negative
charge of DNA is increasingly exposed. Thus, at low cation
concentrations, the negatively charged membrane surface repels
DNA. At low NaCl levels, we observed a filtration cutoff at ;20
bp. At high salt levels no filtration cutoff up to 100 bp of duplex

(MS206) Differential positional effects of base damage
clustering on the processing of complex DNA double strand
breaks by non-homologous end joining and base excision
repair. Shubhadeep Purkayastha1, Kamal Datta2, Ronald D.
Neumann1, Thomas A. Winters1, 1Radiology & Imaging Sciences,
Nuclear Medicine Section, Bethesda, MD, 2Georgetown University
Medical Center, Washington, DC
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marker for base damage, we found that OGG1 co-localized with
EGFP-53BP1 along the dense ion particle traversal in cells irradiated
with Fe, Si and O ions. The number of cells harboring these 53BP1
and OGG1 foci decreased with increasing post-irradiation time. In
contrast, not all the XRCC1 foci co-localized with either 53BP1 or
OGG1, suggesting that not all the DNA damages induced by HZE
particles are clustered. Intriguingly, cell cycle analysis on the iron
particle irradiated cells showed perturbation in cell cycle that was
associated with the delayed repair of clustered DNA damages.
Further quantitative analyzes on the kinetics of clustered DNA
damage repair is underway. The results obtained with spatiotemporal characterization of factors associated with clustered DNA
damage will allow us to further understand how cellular responses to
clustered DNA damages contribute to higher RBE of HZE particles.
This work is supported by the NASA (NNA05CM04G and
NNZ07AU42G) and NSCOR (NNJ05HD36G).

(MS208) A Monte-Carlo model for the formation of radiationinduced chromosomal aberrations. Artem L. Ponomarev1,
Michael N. Cornforth2, Bradford D. Loucas2, Francis A. Cucinotta3,
1
Life Sciences, USRA/NASA JSC, Houston, TX, 2Department of
Radiation Oncology, University of Texas Medical Branch,
Galveston, TX, 3Human Research Program, Space Radiation
Element, Mail Code37, NASA JSC, Houston, TX
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Purpose: To simulate radiation-induced chromosome aberrations in mammalian cells (e.g., rings, translocations, and dicentrics)
and to calculate their frequency distributions following exposure to
DNA double strand breaks (DSBs) produced by high-LET ions.
Methods: The interphase genome was assumed to be comprised of a
collection of 2 kbp rigid-block monomers following the randomwalk geometry. Additional details for the modeling of chromosomal
structure, such as chromosomal domains and chromosomal loops,
were included. A radial energy profile for heavy ion tracks was used
to simulate the high-LET pattern of induced DSBs. The induced
DSB pattern depended on the ion charge and kinetic energy, but
always corresponded to the DSB yield of 25 DSBs/cell/Gy. The
sum of all energy contributions from Poisson-distributed particle
tracks was taken to account for all possible one-track and multitrack effects. The relevant output of the model was DNA fragments
produced by DSBs. The DSBs, or breakpoints, were defined by (x,
y, z, l) positions, where x, y, z were the Euclidian coordinates of a
DSB, and where l was the relative position along the genome.
Results: The code was used to carry out Monte Carlo simulations for
DSB rejoinings at low doses. The resulting fragments were analyzed
to estimate the frequencies of specific types of chromosomal
aberrations. Histograms for relative frequencies of chromosomal
aberrations and P.D.F.s (probability density functions) of a given
aberration type were produced. The relative frequency of dicentrics
to rings was compared to empirical data to calibrate rejoining
probabilities. Of particular interest was the predicted distribution of
ring sizes, irrespective of their frequencies relative to other
aberrations. Simulated ring sizes were  4 kbp, which are far too
small to be observed experimentally (i.e., by microscopy) but
which, nevertheless, are conjectured to exist. Other aberrations, for
example, inversions, translocations, as well as multi-centrics were
also recorded. Conclusion: High-LET DNA damage affects the
frequencies of chromosomal aberrations. The ratio of rings to
dicentrics is correct for the genomic size cut-offs corresponding to
available experimental data. The present work predicts a relative
abundance of small rings following irradiation by heavy ions.

(MS301) Allografted sarcoma cell growth results in microenvironments similar to pre-implantation conditions. Arnulf G.
Mayer1, Michaela Steimel2, Alexander Wree3, Debra G. Kelleher4,
Peter Vaupel1, 1Department of Radiooncology and Radiotherapy,
University Medical Center, Mainz, Germany, 2Institute of Physiology and Pathophysiology, Mainz, Germany, 3Institute of Physiology and Pathophysiology, University Medical Center, Mainz,
Germany, 4Institute of Anatomy and Cell Biology, University
Medical Center, Mainz, Germany
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Hypoxic tissue areas are a common finding in solid tumors
and they contribute to the malignant phenotype at various
pathophysiological levels, leading to malignant progression,
therapeutic resistance and, subsequently, poor patient prognosis.
Tumor hypoxia is commonly regarded to be the consequence of a
disturbed homeostasis of the blood supply, which is considered to
be quantitatively and qualitatively inadequate in terms of the tumor
cells’ metabolic demands. However, since this demand is both
poorly defined and subject to high inter-tumoral variation, we have
to consider the possibility that tumor-specific vascularization
patterns and resulting microenvironments are in fact adequate for
malignant cells in a state of hypoxic adaptation. To address this
possibility, DS-sarcoma cells were preconditioned in either
normoxic cell culture or hypoxic / anoxic rat ascites. These cells
were then implanted into the subcutis of rats and the microenvironments of the resulting tumors compared. Oxygenation parameters (median pO2, hypoxic fractions  2.5 and  5 mmHg) were
determined in invasive measurements using polarographic needle
electrodes (Eppendorf probe). Vascularization, activation of hypoxia-inducible factor (HIF)-1 dependent gene expression and
proliferation were assessed by morphometric analysis of immunohistochemical marker detection [CD31, HIF-1a, glucose transporter
(GLUT)-1 and Ki-67] in tissue sections. Results show that cells
preconditioned in ascites form relatively poorly vascularized,
hypoxic tumors showing strong activation of HIF-1a and GLUT1. Conversely, tumor-initiating DS-cells derived from normoxic cell
culture form highly angiogenic, normoxic solid tumors with
significantly lower expression of HIF-1a and GLUT-1. These data
indicate that the intensity of angiogenesis and the resulting
microenvironments in this model are primarily determined by the
state of metabolic adaptation of tumor-initiating cells, rather than
being a function of HIF-activation during solid tumor growth.
Despite these differences, volume growth rates and the fraction of
Ki-67 positive cells of both types of tumors were comparable. In
conclusion, therapeutic modalities targeting the tumor vasculature
may be rendered ineffective by the high plasticity of the metabolism
of cancer cells.

(MS302) Doxorubicin upregulates hypoxia-inducible factor-1
expression through stat1 / inductible nitric oxide synthase
signaling pathway. Yiting Cao1, Joseph M. Eble2, Hong Yuan3,
Ejung Moon1, James M. Provenzale1, Jeremy N. Rich4, Mark W.
Dewhirst1, 1Duke University Medical Center, Durham, NC, 2Mayo
Clinic, Rochester, MN, 3University of North Carolina at Chapel
Hill, Chapel Hill, NC, 4Cleveland Clinic, Cleveland, OH
Through a poorly understood mechanism, tumor cells
response to doxorubicin - one of the most widely used first-line
chemotherapy drugs - by secreting survival and angiogenic
cytokines to reduce therapeutic effects. Here, we report that
doxorubicin treatment transiently upregulates hypoxia inducible
factor-1 (HIF-1) in both human and mouse breast tumor cells under
normoxic conditions. In vivo studies further demonstrate that
systematic single-dose doxorubicin treatment transiently stimulates
the expression of HIF-1 reporter in orthotopic mouse breast tumors.
Immunohistochemistry analysis demonstrated that the increased
HIF-1 levels in doxorubicin-treated tumor tissues were not
determined by tumor hypoxia. The doxorubicin-induced HIF-1
upregulation not only stimulates vascular endothelial growth factor
(VEGF) secretion by tumor cells in vitro but also promotes tumor
angiogenesis in vivo. More importantly, doxorubicin elevates the
production of nitric oxide in tumor cells. The activation of Signal
Transducers and Activator of Transcription (STAT1) signaling
pathway together and the upregulation of inducible nitric oxide
synthase (iNOS) are the mechanisms for the above hypoxiaindependent doxorubicin-induced HIF-1 activation. General inhibitor of nitric oxide synthases and a specific iNOS inhibitor decrease
doxorubicin-induced HIF-1 upregulation without mitigating the
antitumoral effects of doxorubicin. These findings, for the first time,
reveal an important role of HIF-1 during tumor response to
doxorubicin chemotherapy, which is different from the previously
reported mechanisms of radiation-induced tumor HIF-1 activation.
Therefore, this study advanced the current understanding on postchemoradiotherapy HIF-1 activation and therapeutics-induced
tumor angiogenesis, which both have high clinical relevance.
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(MS303) Does Tribbles-3 mediate the ER stress-induced poor
prognosis in breast cancer? Marloes Wennemers, Fred C. C.
Sweep, Jan Bussink, Paul N. Span, Radboud University Nijmegen
Medical Centre, Nijmegen, Netherlands
Cells can launch different ‘‘do or die’’ programs that determine
whether cells will survive severe hypoxic stress. The Unfolded
Protein Response (UPR) results from so-called Endoplasmatic
Reticulum (ER) stress caused by misfolding of proteins in the ER,
and can result in apoptotic cell death when the ER stress persists.
Often, tumor cells are more refractory to hypoxia induced apoptosis
than normal cells. This can be attributable to differences in the
apoptotic set point of the UPR. One of the factors that determines
this set point is Tribbles-3 (TRB3). It is strongly upregulated by ER
stress and can have both pro- and anti-apoptotic roles. We
hypothesized that TRB3 might also be relevant for breast cancer
prognosis.TRB3 was up-regulated, HIF-1 independently, after ERstress, hypoxia and nutrient starvation in breast cancer cell lines. In
xenografts in nude mice TRB3 is highly expressed in hypoxic
regions and colocalizes with pimonidazole. A correlation between
TRB3 and HER2 expression was found in a series of breast cancer
cell lines suggesting a role of TRB3 in growth factor signaling. In
addition, lowering TRB3 levels using stabile expression of
shRNA’s reduced the sensitivity for ER-stress (thapsigargin)
induced apoptosis. In addition, the alteration of the phosphorylation
levels of PKB/Akt in response to ER-stress was changed after TRB3
knockdown. Importantly, in at least three other breast cancer celllines TRB3 knockdown proved lethal. Conversely, stable overexpression has so far not succeeded, possibly due to enhanced
proteosomal degradation. GFP-tagged TRB3 vizualization experiments were performed. Immunohistochemical staining of TRB3
protein in human breast tumors revealed that TRB3 exhibited
abundant nuclear staining in epithelial cells from normal ducts, with
infrequent up-regulation in epithelial hyperplasia or carcinoma in
situ (CIS), whereas in high grade lobular carcinoma the pleomorphic nuclei show irregular staining intensities. Importantly, we
found that high levels of TRB3 mRNA in the primary tumor
denoted a poor prognosis in breast cancer patients.In conclusion,
TRB3 is an important regulator of growth factor signaling and ER
stress pathways, with significant consequences for breast cancer
patient prognosis.

(MS304) The unfolded protein response protects cells during
hypoxia through preservation of autophagic capacity. Kasper M.
A. Rouschop1, Twan van den Beucken1,2, Ludwig dubois1,
Hanneke niessen1, Johan Bussink3, Kim Savelkouls1, Hilda
Mujcic1, Philippe Lambin1, Albert J. van der Kogel3, Marianne
Koritzinsky1,4, Bradly G. Wouters1,2, 1University of Maastricht,
Maastricht, Netherlands, 2Ontario Cancer Institute, Princess Margaret Hospital, Toronto, ON, Canada, 3Radboud University
Nijmegen Medical Centre, Nijmegen, Netherlands, 4Ontario Cancer
Institute, Princess Margaret Hospital, Toroto, ON, Canada

(MS305) Identification and characterization of senescenceassociated microRNAs induced by ionizing radiation. Yong
Wang, Melissa N. Morris, Daohong Zhou, Medical University of
South Carolina, Charleston, SC
MicroRNAs (miRNAs) have emerged as important regulators
of gene expression and have been implicated in the regulation of a
myriad of biological processes. However, the roles of miRNAs in
regulation of cellular responses to ionizing radiation (IR) have not
been well characterized. Using microarray analysis, we identified a
set of 8 senescence-associated miRNAs (SA-miRNAs) whose
expression was differentially altered in both replicatively and
prematurely senescent cells. Among these SA-miRNAs, 4 miRNAs
(miR-152, 410, 431, and 493) were up-regulated and 4 (miR15a, 20a, 25, and 155) were down-regulated (p,0.01). To
evaluate the specificity of these SA-miRNAs, first we validated
their differential expressions in senescent fibroblasts by TaqMan
MicroRNA Assays and confirmed that 7 of the 8 SA-miRNAs (all
but miR-431) were differentially expressed in senescent fibroblasts,
and then we profiled their expressions in quiescent and SV40
transformed WI-38 cells and found that overexpression of miR-493,
410 and 152 were also associated with the quiescence or
transformation of WI-38 cells. Therefore, we excluded all the upregulated SA-miRNAs. Next, we performed gain-of-function and
loss-of-function assays for the 4 down-regulated SA-miRNAs by
transfecting WI-38 cells with miRNA precursors or their antisense
oligonucleotides prior to IR, respectively. It was found that gain-offunction of miR-155 and miR-20a markedly attenuated IR-induced
cellular senescence, whereas loss-of-function of miR-155 and miR20a significantly promoted the induction of cellular senescence by
IR. Taken together, our studies demonstrate that miR-155 and miR20a play a critical role in regulation of cellular response to IR, at
least for the induction of senescence. The mechanisms by which
these SA-miRNAs regulate IR-induced cellular senescence are
under investigation.

(MS306) Integrin b1 Sialylation is involved in radiationinduced migration and metastasis. Minyoung Lee, Hae-June Lee,
Yeung Bae Jin, Jung-Jin Park, Sangwoo Bae, Yun-Sil Lee, Korea
Institute of Radiological and Medical Sciences, Seoul, Republic of
Korea
Previously we reported that radiation induced ST6Gal I gene
expression that was responsible for increase of integrin b1
sialylation. Here we further investigated the functions of radiation-mediated integrin b1 sialylation. Radiation increased both the
protein level and sialylation tendency of integrin b1, which resulted
in the increase of protein stability. Particularly, increased sialylation
of integrin b1 by radiation augmented cellular adhesion, migration
and metastasis of cancer cells. However, sialylation site mutant of
integrin b1 on I like domain (Mu3) which showed inhibited
sialylation of integrin b1 dramatically attenuated these phenomena,
as well as inhibition of integrin b1 protein stability. In addition,
integrin b1-mediated radioresistance was not observed in the case of
this mutant expression. Moreover, sialylation of integrin b1
potentiated downstream pathways of integrin b1, such as phosphorylation of MEK1/2 ERK1/2, and p130Cas but mutant form of
integrin b1 did not. We also found that binding affinity of integrin
b1 with adaptor molecule, talin was increased by integrin b1
sialylation, while in the case of Mu3, it was not. In vivo metastasis
assay indicated that ST6GalI and integrin b1 overexpressed cell
lines of B16F10 melanoma showed the increased patterns of
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Hypoxia is a common feature of tumors that contributes to
malignancy and treatment resistance. The basis for these effects
derives in part from a transcriptional response mediated by the HIF
family of transcription factors. Hypoxia also has been shown to
activate the unfolded protein response (UPR) which induces a
protective response against hypoxia induced cell death both in vitro
and in xenografts in vivo. Here we show that the UPR is required
for autophagy during hypoxia, and that autophagy represents an
important survival mechanism during oxygen deprivation. We
discovered that the UPR induces the transcription of the essential
autophagy genes LC3B and ATG5 during hypoxia through its
ability to regulate the transcription factors ATF4 and CHOP
respectively. LC3B and ATG5 are not required for the initiation of
autophagy, but instead mediate phagophore expansion and
formation of the autophagosome. Transcriptional induction of
LC3B during hypoxia functions to replenish LC3B protein levels
which are normally turned over during the process of autophagy,
and thus allow autophagy to continue during extended hypoxic
exposures. We show that cells engineered with various defects in
UPR signalling fail to transcriptionally induce LC3B and thus
become rapidly depleted of LC3B protein during hypoxia.
Activation of autophagy and induction of LC3B was also observed
in hypoxic areas of tumor xenografts derived from cell lines and in a

series of 12 human head and neck xenografts established directly
from tumors. Importantly, pharmacological inhibition of autophagy
sensitized cells to hypoxic exposure, reduced the viable fraction of
hypoxia in xenografts, and sensitized tumors to irradiation.
Likewise, genetic disruption of the UPR in established tumor
xenografts prevented LC3b expression, decreased hypoxic fraction
and increased radiation response. These data suggest that regulation
of autophagy via the UPR facilitates cell survival during hypoxia
and that this pathway is an interesting therapeutic target in
combination with radiotherapy.
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metastasis to the lung of mice, which were similar pattern of
irradiated cells. However, Mu3 stable cell lines did not. From these
data, it suggested that the increase of integrin sialylation by ST6GalI
was critically involved in radiation-mediated adhesion, migration
and finally metastasis.

(MS307) Phenotypic changes in immune cell populations and
reactivity in an outbred mouse model of radiation combined
injury. Adam Delisle, Goro A. Tajima, Fionnuala O’Leary, Kimiko
Ikeda, Marc Hanschen, James A. Lederer, Brigham and Women’s
Hospital and Harvard Medical School, Boston, MA
A nuclear event would result in radiation exposure and
combined injury among persons in a large area surrounding the blast.
To study the complex immuno-physiological consequences of
radiation and radiation combined injury, we recently developed a
mouse model for radiation exposure without or with nearly
simultaneous 25% of total body surface area burn injury. Groups
of ICR mice were anesthetized, exposed to 0. 0.5, 1, 2, 4, 6, 8, or 10
Gy 137Cs source radiation, and underwent sham or burn injury. At 7
days, mice were sacrificed to assess changes in blood, lymph node,
and spleen cell numbers and immune cell subsets by flow cytometry.
Survival was monitored for 28 days and phenotypic changes in
immune cells were measured by stimulating splenocytes with Tolllike receptor (TLR) agonists or anti-CD3 antibody and then
examining multiple cytokine production profiles. We found a
significantly higher mortality rate in combined injured mouse
groups exposed to 8 or 10 Gy. A dose-dependent reduction in blood,
lymph node, and spleen cells occurred with highly significant cell
losses at 4 Gy and higher. B cells, neutrophils, and platelets showed
higher losses, while NK cells, macrophages, dendritic cells, and CD4
and CD8 T cells persisted. Moreover, we observed less cell loss
following combined injury. Interestingly, radiation and radiation
combined injury at 2 Gy and higher resulted in marked increases in
specialized immune cell subsets associated with immune dysfunction - CD4 T regulatory (Treg) cells and GR-1 þ macrophages
(myeloid suppressor cells). Radiation and combined injury induced a
pro-inflammatory TLR-induced cytokine response phenotype at 0.5,
1, and 2 Gy exposures. We also found a significant increase in T
helper 2 (Th2)-type (IL-4, IL-5, IL-6, IL-10, IL-13) cytokine
production by anti-CD3 antibody stimulated splenocytes with some
differences between sham and burn injury. In summary, we report
here novel phenotypic changes in immune cell subsets caused by
radiation and radiation combined injury. The increase in proinflammatory phenotype and higher Th2-type T cell cytokine
response profiles indicate that radiation and radiation combined
injury induces an imbalance in immune system homeostasis that may
predispose the host to opportunistic infections.

(MS308) The role of bone marrow-derived cell recruitment in
tumor recurrence following local irradiation. Sergey V. Kozin,
Dan G. Duda, Walid S. Kamoun, Michelle Dawson, Rakesh K. Jain,
Massachusetts General Hospital, Boston, MA
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The recruitment of various bone marrow-derived cells
(BMDCs), including endothelial progenitor cells (EPCs) and
‘‘vascular modulatory’’ myelomonocytic cells, plays an important
role in vascularization and growth of some tumors. This process
may be even more significant for outcome of cancer therapy, as
shown for EPCs after certain chemotherapeutic and vasculardisruptive treatments. In the case of tumor local irradiation (LI) which does not directly affect the bone marrow - the increased
recruitment of BMDCs might facilitate tumor relapse. To test this
hypothesis, we carried out whole-body irradiation (WBI) of tumorbearing mice at a dose of 6 Gy to diminish tumor support by
BMDCs. Using subcutaneously-implanted MCa8 mouse breast
carcinoma in FVB mice and 54A human lung tumor in nude mice,
we compared tumor growth delays when 21 Gy was given to tumors
either entirely locally or as 15 Gy of LI plus 6 Gy of WBI. In both
tumor models, incorporation of WBI in the therapy additionally
delayed tumor re-growth by approximately 1 week vs. LI. In the
54A tumor experiment, post-WBI infusion of unsorted BMDCs or
either Sca1CD11b þ or Sca1 þCD11b þ myelomonocytic cells
38

extracted from bone marrow of radiation-naı̈ve donors partially
restored tumor response toward the level observed after LI only.
Collectively, these data suggest a protective role of recruited
BMDCs in post-radiation tumor growth. Investigating the molecular
events involved, we found a 2–3-fold increase of SDF-1a
expression in tumor tissue 2 days after 20 Gy of LI, a chemokine
known to be crucial for EPC and myelomonocyte recruitment.
Consistent with this, treatment with AMD3100, an inhibitor of
CXCR4 receptor to SDF-1a, starting immediately after 20 Gy of LI
provided additional tumor growth delay in both models similar to
the aforementioned effect of WBI. Notably, AMD3100 affected
tumor growth less when commenced 5 days after LI, and was
virtually ineffective alone. The studies on incorporation of EPCs in
tumor vessels and accumulation of monocytes/macrophages in
tumor tissue following irradiation are in progress.

(MS401) Inhibition of glutathione and thioredoxin metabolism
enhances sensitivity to perifosine in head and neck cancer cells.
Andrean L. Simons1, Arlene D. Parsons1, Katherine A. Foster2,
Kevin P. Orcutt1, Melissa A. Fath1, Douglas R. Spitz1, 1University
of Iowa, Iowa City, IA, 2Lincoln University, Lincoln University, PA
Cancer cells with enhanced Akt activity are believed to be
more sensitive to ROS-induced cell killing compared to other cancer
cells. The hypothesis that the Akt inhibitor, perifosine (PER),
combined with inhibitors of glutathione (GSH) and thioredoxin
(Trx) metabolism will induce cytotoxicity via metabolic oxidative
stress in human head and neck cancer cells (HNSCCs) was tested.
PER induced increases in glutathione disulfide (%GSSG) in FaDu,
Cal-27, and SCC-25 HNSCCs as well as causing significant
clonogenic cell killing in FaDu and Cal-27, which was suppressed
by simultaneous treatment with N-acetylcysteine (NAC). An
inhibitor of glutathione synthesis, buthionine sulfoximine (BSO),
sensitized Cal-27 and SCC-25 cells to PER-induced clonogenic
killing as well as decreased total GSH and increased %GSSG.
Additionally, inhibition of thioredoxin reductase activity (TrxRed)
with auranofin (AUR) was able to induce PER sensitization in SCC25 cells that were initially refractory to PER. These results support
the conclusion that PER induces oxidative stress and clonogenic
killing in HNSCCs that is enhanced with inhibitors of GSH and Trx
metabolism.

(MS402) DNA repair deficits and radiosensitivity associated
with somatic activating mutations of EGFR in non small cell
lung carcinoma. Keqin Ren Ren, Jaeho Cho, Amit K. Das,
Benjamin P. Chen, John D. Minna, David J. Chen, Chaitanya S.
Nirodi, UT Southwestern Medical Center, Dallas, TX
Somatic, activating mutations in the epidermal growth factor
receptor (EGFR) have been clinically linked to dramatic tumor
sensitivity to EGFR tyrosine kinase inhibitors, gefitinib and
erlotinib in patients with non small cell lung carcinoma (NSCLC).
These mutations frequently manifest as a DE746-E750 deletion in
the 19th exon or a L858R replacement in the 21st exon in the
tyrosine kinase domain (TKD) of EGFR. The TKD-mutated EGFRs
exhibit elevated basal tyrosine kinase activity as well as enhanced
signaling through the MAPK/ERK, PI3K/AKT and STAT3/STAT5
pathways. These pathways have been traditionally linked to tumor
resistance to ionizing radiation (IR). Paradoxically however,
evidence from our laboratory has shown that patient-derived
NSCLC cell lines harboring DE746-E750 or L858R EGFR
mutations exhibit a pronounced radiosensitive phenotype. Here
we present multiple lines of evidence that support a model for
mutant EGFR associated radiosensitivity. In its simplest form, the
model suggests that wild type EGFR modulates the repair of IRinduced DNA damage by translocating to the nucleus in response to
IR and forming productive interactions with the catalytic (DNAPKcs) and regulatory (Ku70/Ku80) subunits of the DNA-Dependent
Protein Kinase, a key enzyme of the non-homologous end-joining
(NHEJ) pathway. By contrast, mutant EGFR associated radiosensitivity is uniquely characterized by marked deficits in IR-induced
EGFR nuclear transport, EGFR-DNA-Pkcs interaction, DNA-PKcs
T2609 phosphorylation, DNA repair and clonogenic survival. We
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further demonstrate that (1) EGFR-mediated repair of IR-induced
DNA damage is ligand-independent (2) the TKD of EGFR
modulates IR-induced, but DNA-PKcs-independent EGFR nuclear
import (3) EGFR-DNA-Pkcs interactions require a functional,
catalytically active DNA-PKcs (4) IR induces the DNA-PKcsdependent phosphorylation of EGFR at serine and threonine
residues which are critically important for DSB repair and
clonogenic survival The data underscore the physiological relevance
of EGFR-mediated repair of IR-induced DNA damage and elucidate
mechanisms underlying radiosensitivity associated with TKDmutated EGFRs that do not exhibit these interactions.

(MS403) Receptor-mediated delivery of an anti-DNA-PKcs
single-chain antibody to the nuclei of human cancer cells and
demonstration of radiation sensitivity enhancement in vitro.
Shuyi Li.1,2, Hairong Xiong1,3, Robert J. Lee4, Jingchun Gao5,
Wendy Kuhne1, John G. Edwards2, William S. Dynan1, 1Institute of
Molecular Medicine and Genetics, Augusta, GA, 2Apeliotus
Technologies, Atlanta, GA, 3State Key Laboratory of Virology,
Institute of Medical Virology, Wuhan University School of
Medicine, Wuhan, China, 4Ohio State University, Columbus, OH,
5
Moffitt Cancer Center, Tampa, FL
We report here the development of a platform technology to
manipulate the function of non-homologous end joining (NHEJ), a
clinically important pathway for DNA double-strand break (DSB)
repair. Single chain antibody fragment (scFv) binds with high
affinity to DNA-PKcs and blocks DNA end joining in a cell-free
system. A modified ScFv 18-2, bearing a nuclear localization signal,
was reversibly coupled to a folic acid derivative via a disulfide
bond. Folate-conjugated scFv 18-2 bound to cell-surface folate
receptor, internalized by nondestructive receptor-mediated endocytosis, escaped the endocytic compartment, and entered the nucleus,
where it colocalized with DNA-PKcs.Unrepaired DSBs are
characterized by the presence of a modified histone, c-H2AX. In
control cells, c-H2AX foci formed within 30 min of radiation
treatment and mostly disappeared by 90 min. In folate-ScFv 18-2
NLS-treated cells, c-H2AX foci persisted unchanged at 90 min,
indicating a delay in repair. In the NHEJ pathway, DNA-PKcs
undergoes ordered phosphorylation at two clusters of regulatory
sites. The scFv treatment had no effect on phosphorylation at
S2638, which is within the first cluster of phosphorylation sites, but
markedly inhibited phosphorylation at S2056, within the second
cluster of sites. This suggests that the scFv arrests NHEJ at a
specific point in the pathway.In clonogenic survival assays, ScFv
18-2 NLS treatment reduced survival, relative to control cells, at all
radiation doses tested. Fitting to a linear-quadratic model using
weighted, stratified linear regression showed that the difference
between the treated and the control groups was highly significant
(P,0.001). Sensitivity enhancement ratios based on mean inactivation dose were 1.92 in KB cells and 1.63 in H292 (nonsmall cell
lung cancer) cells. Survival at 2 Gy was scFv concentration
dependent. The technology described here will facilitate a
mechanism-based approach for increasing therapeutic gain from
radiation therapy.

Human polynucleotide kinase/phosphatase (hPNKP) is a 57.1
kDa enzyme that possesses the capacity to phosphorylate DNA 5’termini and de-phosphorylate DNA 3’-termini. hPNKP has
previously been shown to be involved in both single strand and
double strand break repair pathways. Human cells show an
increased sensitivity to c-radiation when subjected to shRNA
targeted against hPNKP. Therefore, small molecule inhibitors of
hPNKP will potentially increase the sensitivity of human tumours to
c-radiation. To identify small molecule inhibitors of hPNKP we
modified a fluorescence-based assay to measure the phosphatase

(MS405) Use of the hypoxia-activated DNA cross-linking
agent PR-104 to target hypoxic tumour cells in human
pancreatic tumour xenografts. Kevin L. Bennewith1,2, Amanda
L. Koehne3,2, Christine M. Hamm2, Jessica X. Jia1, Edward E.
Graves2, George P. Yang2, Amato J. Giaccia2, 1BC Cancer
Research Centre, Vancouver, BC, Canada, 2Stanford University
School of Medicine, Stanford, CA, 3University of California Davis,
Davis, CA
Background: Pancreatic cancer is a devastating disease with
median survival times on the order of months. The current standard
of care for pancreatic cancer patients is gemcitabine, however the
development of novel therapeutic strategies is desperately needed.
Pancreatic tumours contain a relatively high proportion of poorly
oxygenated (hypoxic) cells, which are known to limit the efficacy of
a variety of standard therapies. Areas of tumour hypoxia contain
relatively low proportions of proliferating cells, thereby reducing
the efficacy of chemotherapeutics that target actively cycling cells
(such as gemcitabine). PR-104 is a novel compound designed to
exploit tumour hypoxia, and is converted from an inactive prodrug
into a toxic DNA cross-linking agent in hypoxic cells. We
hypothesized that PR-104, both alone and in combination with
gemcitabine, may represent a viable treatment strategy for human
pancreatic tumour xenografts. Methods: Hypoxic induction of PR104 toxicity was tested in vitro using BxPC-3, PANC-1, and
SU86.86 human pancreatic tumour cells. SU86.86 cells were
implanted either subcutaneously or orthotopically into immunodeficient mice for tumour growth delay experiments. We used
SU86.86 cells stably expressing firefly-luciferase to facilitate both
the measurement of orthotopic pancreatic tumour volumes over time
and the identification of metastatic disease. Orthotopic tumours
therefore emitted quantifiable bioluminescent light in proportion to
tumour volume. Tumour volumes were monitored over time in mice
treated with either PR-104, gemcitabine, or a combination therapy
regimen. Results: PR-104 was cytotoxic in three human pancreatic
tumour cell lines exposed to hypoxia in vitro. PR-104 significantly
delayed the growth of subcutaneous and orthotopic pancreatic
tumours when administered as a single agent. PR-104 also
significantly increased the tumour growth delay induced by
gemcitabine, suggesting a supra-additive increase in tumour cell
kill by targeting different tumour cell populations. Conclusions:
Exploiting tumour hypoxia with the hypoxia-activated cytotoxin
PR-104 enhanced the efficacy of gemcitabine in subcutaneous and
orthotopic models of human pancreatic cancer. These data support
therapeutic strategies to target hypoxic tumour cells in the clinic.
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(MS404) Radiosensitization by small molecule inhibitor of
human polynucleotide kinase. Gary K. Freschauf1, Feridoun
Karimi-Busheri1, Todd Mereniuk1, Phuwadet Pasarj1, Charles
Holmes1, Frauke Rininsland2, Dennis Hall1, Michael Weinfeld1,
1
University of Alberta, Edmonton, AB, Canada, 2Gyrasol Technologies Inc, Santa Fe, NM, Canada

activity of the protein. This assay, which is carried out in 384-well
plates, is designed for high throughput screening of chemical
libraries. Using this method we screened a library of over 200
polysubstituted piperidines and discovered five compounds that
inhibited hPNKP phosphatase activity to varying degrees. Further
analysis using a colorimetric assay revealed that one of these
compounds, A12B4C3, was the most effective, inhibiting up to 85%
of hPNKP phosphatase activity, with an IC50 of 0.5 lM. When
tested for its specificity, A12B4C3 displayed no inhibition of two
well known protein phosphatases, calcineurin and PP-1cc, or
aprataxin, another human DNA 3’-phosphatase, slight inhibition of
the phosphatase activity of phage T4 polynucleotide kinase, and
modest inhibition of the more closely related PNKP from
Schizosaccharomyces pombe. On its own, 1 lM A12B4C3 was
not toxic to A549 human lung adenocarcinoma cells, but increased
the radiosensitivity of these cells 2-fold, which was almost identical
to the increased sensitivity resulting from shRNA-mediated
depletion of hPNKP. Importantly, A12B4C3 failed to increase the
radiosensitivity of the hPNKP-depleted cells, implicating hPNKP as
the principal cellular target of A12B4C3 responsible for increasing
the response to radiation.

(MS406) SR48692, a specific neurotensin receptor (NTR1)
antagonist, sensitizes prostate cancer cells to ionizing radiation,
in both in-vitro and in-vivo models. Jaroslaw Dziegielewski,
Bradley L. Pemberton, Marya E. Dunlap-Brown, James M. Larner,
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Sarah J. Parsons, George P. Amorino, University of Virginia,
Charlottesville, VA
Radiation is one of the most commonly used treatments for
prostate cancer. However, even with recent advances in targeted
radiotherapy, adverse effects on surrounding normal tissue remain a
significant clinical problem. An agent which selectively sensitizes
prostate tumor but not normal prostate could improve the
therapeutic ratio of radiation. Neurotensin (NT) is a one of the
factors secreted by neuroendocrine (NE) cells in prostate. We have
demonstrated that NT stimulates PC3 prostate cancer cells
proliferation through EGFR Tyr845/Src/Stat5b pathway, and that
the neurotensin receptor (NTR1) antagonist, SR48692, inhibits NTinduced stimulation of PC3 cells (Amorino et al., Oncogene, 2008).
Since NE cells of the prostate are involved in the progression of
prostate cancer through paracrine effects, and prostate cancer cells
secrete neurotensin that acts in an autocrine fashion, we investigated
SR48692 as a radiosensitizer. Radiosenitization by SR48692 was
measured in PC3, C4-2 and LNCaP prostate cancer cells, as well as
in RWPE-1 normal prostate epithelial cells, using clonogenic
survival and growth inhibition assays. Combination effects of the
drug and radiation on cell death pathways was evaluated by
apoptosis assays and Western blotting. PC3M-luc orhtotopic
xenografts in nude mice were treated with SR48962, radiation, or
in combination, and tumor growth was determined by bioluminescence imaging. Our results show that a small-molecule inhibitor of
neurotensin receptor (SR48692) effectively radiosensitized human
prostate cancer cells, while the effects on normal prostate epithelial
cells were minimal. Importantly, the combination therapy (SR48692
and radiation) suppressed xenograft tumor growth in nude mice
significantly more that either treatment alone. Our study suggest that
NTR1 receptor, or neurotensin signaling pathway, are viable targets
for combined chemo/radiotherapy of prostate cancer. This work is
supported by DOD grant W81XWH-08-1-0114.

(MS407) Administering the PPARalpha agonist fenofibrate
preserves hippocampal neurogenesis following whole-brain
irradiation in mice. Sriram Ramanan, Mitra Kooshki, Weiling
Zhao, Fang-Chi Hsu, David R. Riddle, Mike E. Robbins, Wake
Forest University School of Medicine, Winston-Salem, NC
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Whole-brain irradiation (WBI) is the primary mode of
treatment for brain metastases; 170,000 patients receive WBI in
the USA each year. However WBI can lead to a progressive,
cognitive impairment several months to years after irradiation. At
present, there are neither long-term treatments nor any preventive
strategies for this significant radiation-induced late-effect. Previous
studies indicate that WBI leads to impairments in hippocampaldependent spatial learning and memory that are associated with
neuroinflammation characterized by an increase in the number of
activated microglia. Preserving hippocampal neurogenesis and
inhibiting microglial activation following WBI represent key
strategies to minimize WBI-induced morbidity. Peroxisomal proliferator-activated receptors (PPARs) are ligand-activated transcription factors that possess anti-inflammatory properties and upregulate
antioxidant enzyme expression. We hypothesized that the PPARa
agonist, fenofibrate, would prevent the deleterious effect of WBI on
ongoing hippocampal neurogenesis. WBI (10 Gy of 137Cs c rays) of
adult 129S1/SvImJ mice lead to a 60% reduction in the number of
newborn hippocampal neurons (BrdUþ/ NeuNþ) 2 months postWBI. Dietary administration of fenofibrate (0.2 % w/w) prevented
this WBI-mediated decrease in neurogenesis by promoting the
survival of newborn dividing cells in the granule cell layer/subgranular zone. WBI also lead to a 70% increase in the number of
activated microglia, indicative of a radiation-induced neuroinflammatory response at 1 week post-irradiation. This was
significantly inhibited by fenofibrate administration. Of note, the
neuroprotective/ anti-inflammatory effects of fenofibrate were
abolished in PPARa knock-out mice, indicating a PPARadependent mechanism(s). These data highlight a novel role for
PPARa ligands in improving neurogenesis following WBI, and
offer the promise of improving the quality of life for brain cancer
patients receiving radiotherapy. Supported by grant numbers
CA112593 [MER] and PO1 AG11370 [DRR].
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(MS408) Acute and chronic neuroinflammation with delayed
infiltration of peripherally-derived immune cells in C57BL/6J
mouse brain following cranial irradiation. Michael J. Moravan,
Sean D. Hurley, Elizabeth W. Sorensen, Eric Hernady, Lee A.
Trojanczyk, John A. Olschowka, Jacqueline P. Williams, M. Kerry
O’Banion, Michael Wu, University of Rochester School of
Medicine and Dentistry, Rochester, NY
Cranial irradiation can result in numerous acute side effects
such as blood-brain barrier disruption, nausea, vomiting, and
fatigue. Over time, memory and cognitive problems, leukoencephalopathy, and necrosis can also develop. The successful use of
corticosteroids in the treatment of these CNS radiation sequelae
suggests that neuroinflammation is an important factor in their
development. To investigate this process, we characterized radiation
responses in the male C57BL/6J mouse brain. Mice were cranially
irradiated (or sham) with doses from 0 to 45 Gy and sacrificed at
multiple time points ranging from 4 hours to 12 months. Acutely,
we observed increases in RNA levels of the proinflammatory
cytokines TNF-alpha, IL-1alpha, ICAM-1, and CCL2 starting after
doses between 15 and 25 Gy. This acute response subsided by 3
days, but increased again at 6 months, when elevated IL-1beta
expression was also seen. At one month, there were increases in
GFAP staining and mRNA levels for GFAP, consistent with
astrocyte activation. There was also increased staining for several
microglial activation markers and a dose-dependent increase in the
number of MHCII þ cells seen first at one month. Evidence of
microglial activation was present at all time points examined up to
12 months post-radiation. Endothelial activation was also seen as
early as 4 hours post-radiation and appeared to persist, as
demonstrated by increased ICAM-1 vascular staining.Similar to
the increases in cytokines and glial activation, bone marrow chimera
experiments revealed a dose-dependent increase in the recruitment
of peripherally-derived immune cells into the brain that began after
doses between 15 and 25 Gy and as early as 1 month post-radiation.
Infiltrating cells were shown to be positive for CD3, MHC II, and
Iba-1, indicating the presence of T cells and myeloid cells. These
findings are consistent with an acute and chronic inflammatory
response together with peripheral immune cell recruitment in the
brain’s response to radiation. Understanding the role of these
peripheral immune cells could help in the development of methods
for increasing normal CNS tolerance to radiation, therapies to
ameliorate radiation injury, or new radiotherapy applications to treat
other neurologic disorders. This work was supported by NIH RO1
CA114587.

(MS501) Pml nuclear bodies are juxtaposed to dna-dsbs
following ir-induced dna damage. Kenneth Chor Kin Tse1, Farid
Jalali1, Kashif Ahmed2, Ramya Kumareswar1, Graham Dellaire3,
David P. Bazett-Jones2, Robert G. Bristow1, 1Departments of
Medical Biophysics and Radiation Oncology, University of Toronto
and Applied Molecular Oncology, Ontario Cancer Institute/Princess
Margaret Hospital (UHN), Toronto, ON, Canada, 2Hospital for Sick
Children, Toronto, ON, Canada, 3Dalhousie University, Halifax,
NS, Canada
The promyelocytic leukemia (PML) tumor suppressor protein
aggregates in discrete PML nuclear bodies (PML-NBs) that are
detectable by immunofluorescent microscopy. The number of PMLNBs can change in response to cell cycle and various cell stresses,
including DNA damage. Intra-nuclear gamma-H2AX foci form
following ionizing radiation as a function of dose and time, and
therefore, are commonly used as an indicator of DNA double strand
breaks (DNA-DSBs). However, whether PML-NBs are associated
with exogenous or endogenous (e.g. DNA replication associated)
damage was unclear. Here, using G0-G1 synchronized human
fibroblasts (GM05757) to exclude endogenous DNA damage we
have examined the intra-nuclear locale of gamma-H2AX and other
DNA repair biomarkers with respect to PML bodies. PML þ/ þ and
-/- MEFs did not vary in DNA-DSB repair based on the comet
assay. Consistent with this, PML bodies did not respond to
immediate exogenous DNA damage. However, 3D-confocal
microscopy studies showed that PML bodies associated with the
majority of residual gamma-H2AX sites at later times (24h post-IR).
Using quantitative microscopy it was shown that these associations
were distinguishable as juxtaposition and not from true co-
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localization, such as seen between gamma-H2AX and other DSB
markers (i.e. 53BP1). Continued presence of damage sensing and
signalling proteins (MRE11, NBS1, MDC1 and 53BP1) and
persistent kinase activity (DNA-PK, ATM and CHK2) was
observed at the residual gamma-H2AX sites. Absence of RAD51
and BRCA1 indicated that these were not replication-associated
breaks and indicated that PML-NBs associated specifically with
unrepaired exogenous DSBs. Scanning electron imaging indicated a
lower chromatin density structure near residual gamma-H2AX foci,
suggesting chromatin remodelling in the vicinity of unrepaired
breaks. In our normal human fibroblasts residual gamma-H2AX
sites were not enriched in eu- or heterochromatin. Our data suggests
that the maintenance of genomic stability may depend, in part, on
the association between PML bodies and residual gamma-H2AX
sites.

frequencies of chromosomal damage or point mutation. To
determine whether Mrad9B is important for embryonic development, we also generated Mrad9B knockout mice using the
engineered ES cells. We found that Mrad9B null is embryonic
lethal at days E8.5-E9.5, indicating that Mrad9B is essential for
embryogenesis. It appears that a reduced number of expected
Mrad9B heterozygote pups derived from Mrad9B het intercrosses
survive to become newborn pups. Analysis of the offspring from
timed matings of Mrad9Bþ/- mice revealed that some of the
heterozygous embryos grow more slowly than WT controls or
display abnormal gross morphology. In some cases, Mrad9Bþ/embryos exhibit a failed neural tube closure at E9.5 and E10.5. We
show here that Mrad9B mRNA is expressed in the neural ectoderm,
in the headfolds and in the amnion of E7.5 mouse embryos, and in
the brain of E8.5 and E9.5 mice. Taken together these data indicate
that Mrad9B has a role in brain formation during embryogenesis, as
well as in the response of cells to certain types of DNA damage.

(MS502) MOF function is critical in DNA Damage Response.
Girdhar G. Sharma1, Sairie So2, David J. Chen2, Utpal Bhidra3,
Arun Gupta1, Sandeep Misri1, Rakesh Kumar1, Jacques Cote4, Tej
K. Pandita1, 1Washington University School of Medicine, St. Louis,
MO, 2University of Texas Southwestern Medical Center, Dallas,
TX, 3Centre for Cellular and Molecular Biology, Hyderabad, India,
4
Laval University Cancer Research Center, Quebec City, QC,
Canada
MOF gene product is a histone -H4 lysine 16 specific
acetyltransferase. Recent studies have shown involvement of
mammalian MOF in maintenance of genomic stability and its
essential role in embryogenesis and oncogenesis. Here we show that
MOF protein and H4K16 acetylation is essential for efficient repair
of DNA double strand breaks. MOF depletion by RNAi results in a
conspicuous delay in appearance of c-H2AX foci induced by
ionizing radiation, but has a minimum effect on their disappearance.
In contrast, Tip60 depletion had minimum effect on the c-H2AX
foci formation; however Tip60 depletion resulted in a delay in
disappearance of c-H2AX foci. ATM inhibition in both MOF or
Tip60 depleted cells delayed both appearance as well as
disappearance of IR-induced c-H2AX foci; suggesting that both
MOF as well as Tip60 work through ATM in regulating the kinetics
of c-H2AX foci. Effects of MOF depletion on the two major DNA
repair pathways- homologous recombination and nonhomologous
end-joining; and the biological connotation of this effect will be
discussed. MOF localizes on the synaptonemal complexes of
primary meiocytes undergoing meiotic recombination and its
depletion in somatic cells abrogates IR-induced Rad51 foci
formation and hinders the homologous recombination process.
Also, MOF but not Tip60 was found to be associated with DNAPKcs and MOF depletion results in abrogation of ATM dependent
IR-induced DNA-PKcs phosphorylation. Inactivation of ATM in
MOF depleted cells does not enhance the abrogation of H2AX or
DNA-PKcs phosphorylation. Collectively, these results assert a role
of MOF and Histone H4K16 acetylation in DNA damage response.

Mrad9B is a paralogue of the DNA damage response gene
Mrad9, which has been shown to be essential for embryonic
development. To determine whether Mrad9B is also involved in the
DNA damage response and potentially other essential functions, we
generated Mrad9B/- knockout mouse embryonic stem (ES) cells.
We found that Mrad9B/- ES cells are sensitive to gamma rays but
this is not due to a malfunctioning G2/M checkpoint. Mrad9B/- ES
cells are also sensitive to UVC irradiation and mitomycin C
exposure. Despite Mrad9B contributing to the cellular response to
DNA damage, Mrad9B/- ES cells do not display abnormally high

damage checkpoint response. Daniel Verduzco, James F.
Amatruda, UT Southwestern Medical Center at Dallas, Dallas, TX
A central characteristic of cancer is the loss of cell cycle
checkpoints, which prevent cell cycle progression in the event of
DNA damage. We are using the zebrafish cdc25a mutant, standstill
(sds ; cdc25a/-), as a model to understand the role of checkpoints in
development and disease. Although the function of cdc25 at G2/M
is well characterized, other possible functions of cdc25 are less
understood.cdc25a is a phosphatase that mediates the G2/M
transition. Consistent with this function of cdc25a, we find that
cdc25a/- mutants accumulate cells in the G2 phase of the cell cycle.
Surprisingly, compounds that inhibit the G2/M DNA damage
checkpoint can rescue the G2/M accumulation. This finding
suggests that cdc25a/- mutants have activated the checkpoint,
and further suggests that other proteins may regulate the G2/M
transition in the absence of cdc25a. In our search for candidate
genes with function overlapping of cdc25a, we characterized
cdc25d, the only other zebrafish cdc25. In performing doubleknockdown experiments, we discover that embryos lacking both
cdc25s are unable to progress into mitosis even in the presence of
G2/M checkpoint inhibitors.To further characterize the DNA
damage response in cdc25a/- embryos, we developed a novel
zebrafish-specific anti-phospho-histone H2AX (c-H2AX) antibody.
Using this c-H2AX antibody, we detect DNA damage foci in
cdc25a/- embryos in the absence of genotoxic agents. Theses cH2AX foci appear in the absence of DNA damage, as evidenced
through COMET assays.In summary, our data suggests that loss of
cdc25a in zebrafish leads to an improper activation of the G2/M
checkpoint and cell cycle arrest, which implicates cdc25a in the
regulation of ATM. Our future goals are to determine the extent of
conservation of this role in mammalian cells. This study will help
establish novel roles in development and disease for cdc25, a longknown key player in cancer.

(MS505) A novel role of FANCD2 in mediating cellular
resistance to topoisomerase II poisons. Henning Willers1, Li Li1,
Loreen Fournier1, Kerstin Borgmann2, Jochen Dahm-Daphi2, Lisa
A. Kachnic1, 1Massachusetts General Hospital, Boston, MA,
2
University of Hamburg, Hamburg, Germany
Cells derived from individuals with Fanconi Anemia (FA)
display a profound hypersensitivity to interstrand crosslinks. Since
defects in the FA pathway have been detected in a variety of
cancers, it is important to define additional types of DNA damage
that FA cells may be sensitive to. Here, we asked whether the FA
pathway mediates cellular resistance to the DNA topoisomerase
(topo) II poison etoposide, which is commonly given in lung cancer.
FANCD2-mutant (mut) PD20 fibroblasts were several-fold more
sensitive to etoposide than cells complemented with wild-type (wt)
FANCD2. We confirmed this observation by knocking down
FANCD2 in PD220 and MCF-7 cells, also causing etoposide
hypersensitivity. In addition, FANCD2-mut cells were hypersensitive to the topo II poison doxorubicin. In contrast, FANCA-mut
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(MS503) Mrad9B is important for the cellular response to
DNA damage and essential for embryogenesis. Corinne Leloup1,
Xiang Yuan Wang2, Kevin M. Hopkins3, Aiping Zhu3, Debra J.
Wolgemuth2, Howard B. Lieberman3, 1Columbia University, New
York, NY, 2Department of Genetics & Development, and Obstetrics
& Gynecology and The Institute for Human Nutrition, Columbia
University, New York, NY, 3Center for Radiological Research,
College of Physicians and Surgeons, Columbia University, New
York, NY

(MS504) A mutation in zebrafish cdc25a induces a G2/M DNA
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PD220 cells displayed the same clonogenic survival in response to
etoposide as cells expressing FANCA-wt, suggesting that FANCA
and FANCD2 do not function exclusively in a linear pathway.
Consistent with this idea, PD20 cells expressing a mutant of
FANCD2 (K561R), which is resistant to mono-ubiquitination by the
FANCA-containing FA core complex, exhibited a higher survival
after etoposide than FANCD2-mut PD20 cells. Analysis of
chromosomal aberrations and gamma-H2AX foci revealed more
etoposide-induced double-strand breaks (DSB) in FANCD2-mut
than in FANCD2-wt cells, suggesting an underlying repair defect.
However, no gross defect in homologous recombination or nonhomologous end-joining was detected using Rad51 foci or plasmid
substrates, respectively. Interestingly, etoposide caused increased
levels of radial chromosomes in FANCD2-mut cells, similar to the
effects of mitomycin C, yet radial formation was not increased in
FANCA-mut cells. In conclusion, we report here a previously
unrecognized role of FANCD2 in mediating resistance to etoposide
and doxorubicin in several cell lines. Our data reveal functional
heterogeneity in the FA pathway, suggesting that FANCD2 protects
replication forks from topo II associated DSB independently of
upstream FA pathway components. Thus, it will be important to
probe cancers specifically for FANCD2 defects in order to guide the
selection of patients for treatments with etoposide or doxorubicin.
Supported by grants from Susan G. Komen for the Cure to HW and
LAK.

(MS506) Restoration of chemo/radioresistance and doublestrand break repair proficiency by wild-type but not endonuclease-deficient artemis. Susovan Mohapatra1, Lawrence F.
Povirk1, Imran Khan2, Misako Kawahara Stillio2, Steven M.
Yannone2, 1Virginia Commonwealth University, Richmond, VA,
2
Lawrence Berkeley Laboratory, Berkeley, CA
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Mutations in the nonhomologous end joining (NHEJ) factor
Artemis have been implicated in radiosensitive severe combined
immunodeficiency (RS-SCID) or Athabascan SCID (SCIDA) in
humans, as well as increased risk of lymphoma in some settings.
Artemis is an SNM1 family phospho-protein, which has been
shown to have roles in V(D)J recombination, double-strand break
repair and DNA damage-induced G2/M cell cycle checkpoint. Prior
in vitro studies showed that Artemis has constitutive 5’-3 0
exonuclease activity, as well as structure-specific DNA-PKdependent endonuclease activity at DNA ends. To assess the
possible role of this endonuclease activity in chemo/radioresistance,
patient-derived Artemis-deficient CJ179 fibroblasts were complemented with lentiviral vectors expressing either wild-type or D165N
Artemis, a mutation that eliminates its endonuclease but not its
exonuclease activity. Western blotting showed that wild-type and
mutant proteins were expressed at similar levels. As determined by
clonogenic survival assays, expression of wild-type Artemis in
CJ179 cells conferred approximately twofold resistance to ionizing
radiation, as well to the radiomimetic agents bleomycin and
calicheamicin. However, CJ179 cells expressing the endonuclease-deficient mutant remained as sensitive to all three agents as cells
infected with an empty vector. Measurements by 53BP1 focus
formation and pulsed-field gel electrophoresis (PFGE) assays
suggested a repair defect (10–20%) in Artemis-deficient and
D165N Artemis mutant cell lines, but not in Artemis-complemented
cells, particularly at 2–6 hr post-irradiation. These results, combined
with previous in vitro studies, suggest that resolution of terminally
blocked DNA ends by the endonuclease activity of Artemis during
double strand break (DSB) repair by NHEJ, may be the biologically
relevant function of Artemis in conferring radioresistance.

(MS507) DNA damage and involvement of p53 in the response
of tumor cells to radioimmunotherapy using 125I-labeled
monoclonal antibodies. Jean-Pierre Pouget1, Béréngère Piron2,
Samir Boutaleb2, Caroline Bascoul-Mollevi3, Manuel Bardiès4,
Pierre-Olivier Kotzki2, Monique Pèlegrin2, André Pèlegrin2, 1IRSN/
INSERM, Montpellier, France, 2INSERM, Montpellier, France,
3
CRLC Val d’Aurelle, Montpellier, France, 4NSERM, Montpellier,
France
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Objectives: We investigated in vitro the role played by nuclear
DNA damage and subsequent p53 activation in the response of
tumor cells to radioimmunotherapy (RIT) using either internalizing
(cytoplasmic localization) or non-internalizing (cell surface localization)125I-labeled monoclonal antibodies (125I-mAbs).Methods:
A-431, SK-OV-3 or HCT 116 p53( þ/ þ) and p53 (-/-) carcinoma
cell lines were incubated for 2 days with either internalizing (antiHER1 or anti-HER2) or non-internalizing (anti-CEA) 125I-mAbs.
Cell survival was determined by a standard clonogenic assay and
the mean nucleus dose was assessed using the MIRD cellular
approach.DNA damage, namely single and double strand breaks
together with alkali-labile sites (SSB þ DSB þ ALS) was measured
using the standard alkaline comet technique and chromosomal
aberrations were assessed using the micronuclei assay. Apoptosis
was measured by flow cytometry analysis after annexin V/7-AAD
staining. Caspase 3, p53 and p21 expressions were also measured
by the western blotting method.Results:Our study indicated that for
all the cell lines, non-internalizing 125I-mAbs were more cytotoxic
than internalizing 125I-mAbs suggesting the involvement of cell
membrane in the radiation response to Auger electrons. In order to
investigate the role of p53 in RIT cytotoxicity, we measured in HCT
116 p53 ( þ/ þ) and p53 (-/-) cells, the level of DNA damage and of
apoptosis. Our results indicated that strand breaks and micronuclei
increased as a function of the irradiation dose independently of p53
status. Western blot showed that p53 and p21 were over expressed
in p53 wild type cell line. Apoptosis was shown to be about 40% in
HCT 116 p53 wt while it drops down to 10% in p53 deficient cells.
However, no significant difference in survival was observed
between the two forms of HCT 116 cell line whatever noninternalizing or internalizing 125I-mAbs were used.Conclusions:
This study demonstrates in three cell lines that cell membrane is
sensitive to 125I decays. It also indicates that DNA damage and
subsequent activation of p53 cannot explain alone the cytotoxicity
observed either with internalizing or non-internalizing 125I-mAbs.

(MS508) Responses of human lung epithelial and V79 cells
after proton irradiation within bragg curve. Xian Luo, Melba L.
Andres, Gordon P. Harding, Michael F. Moyers, James M. Slater,
Daila S. Gridley, Loma Linda University & Medical Center, Loma
Linda, CA
The tolerance of normal tissues continues to be an impediment
to optimal use of radiation for cancer. Proton radiotherapy allows
excellent dose distribution, thereby giving this form of radiation an
advantage over photons when the target is located within or next to
critical structures such as the lungs. However, the biological effects
of protons in normal cells residing at various distances from the
proton source, i.e. within the Bragg curve and immediately distal to
the peak, have not yet been quantified in detail. A major goal of our
on-going studies is to characterize changes in specific organelles
using a uniquely designed proton-OptiCellTM technology. Here we
present, for the first time, some of our initial findings. Normal
human lung epithelial cells (NHLE) and Chinese hamster lung
fibroblasts (V79-4) were irradiated (0 and 4 Gy at Bragg peak) in
OptiCellTM plates containing appropriately enriched media (;1 3
106 cells/10 ml/plate) at 40 different depths within a 378C water
phantom. Proton energy was 223 MeV at phantom entry. By using
this proton-OptiCellTM design, the whole dose-depth curve of the
proton beam, as well as several plates with cells after the peak, was
included. NHLE cells were harvested post-irradiation, dispensed
into 96-well plates and analyzed after 48 h incubation at 378C for
cell membrane function (trypan blue exclusion). NHLE cells were
also frozen in liquid nitrogen immediately after irradiation and
analyzed for expression of 84 genes for DNA damage signaling
pathway using quantitative RT-PCR (PAHS-029 array). V79-4 cells
were harvested, dispensed into 10 ml petri dishes and incubated at
378C for 7 days for clonogenic survival. For NHLE cell membrane
function and V79-4 cell survival analyses, the greatest effect
consistently occurred at the Bragg peak. Expression of genes
involved in DNA damage signaling was highly dependent upon cell
location; a total of 11 genes were significantly up-regulated and 14
were down-regulated (P,0.05). Genes affected in the region of the
Bragg peak were: BTG2, GADD45A and SESN1 (up-regulated)
and XRCC6BP1 (down-regulated). Additional assays are in
progress using the proton-OptiCellTM set-up.
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(MS601) Use of EPR for dosimetry for management of
potential radiation exposures to a large population. Harold
Swartz1, Eugene Demidenko2, Ruhong Dong1, Oleg Y. Grinberg1,
Jiang Gui1, Xiaoming He1, Piotr Lesniewski1, Javier Nicolalde1,
Andres Ruuge3, Dean Wilcox3, Ben Williams1, 1Dartmouth
Medical School, Hanover, NH, 2Dartmouth Medical School,
Lebanon, NH, 3Dartmouth College, Hanover, NH
The potential exposure of large numbers of people to levels of
ionizing radiation that could lead to the acute radiation syndrome
(ARS) is now a significant possibility due to terrorism or nuclear
war, and also could occur from accidents. There is a need to
determine the exposure dose to individuals immediately after such
an event under what is likely to be very chaotic conditions. Under
such chaotic conditions the usual approaches (peripheral blood
counts, structural changes in chromosomes, and clinical signs such
as time to emesis) cannot provide prompt and accurate classification
of large numbers of individuals into action categories. While several
promising biologically based techniques are being developed, these
are likely to be potentially confounded by other factors such as
stress and trauma that also will have a high prevalence in the
exposed population, and these also inevitably have a complex time
course rising and falling over hours to days. This presentation
describes how a physically based approach, electron paramagnetic
resonance (EPR) dosimetry, can complement the other approaches.
EPR utilizes the person as the dosimeter, measuring stable radiationinduced unpaired electrons in teeth and finger or toenails. The
magnitudes of the EPR signals are proportional to the absorbed
dose. The measurements in teeth use a specially built low frequency
(1200 MHz) in vivo EPR dosimeter with a resonator that fits
comfortably over the teeth within the mouth. The measurements in
fingernails/toenails use a conventional EPR spectrometer and
measure the radiation induced signals in clippings from fingernails
or toenails; a new approach may make it feasible to make the
measurements in nails in situ, in vivo. Transportable versions of the
EPR spectrometers have been developed. Depending on the
circumstances the measurements can be focused on rapid screening
(e.g. . 2 Gy) or quantitative dose assessment. The time required for
the individual measurements can be less than 10 minutes for teeth
and 5 minutes for nails. The measurements can be made any time
after the irradiation occurs and the results are immediately available.
The most recent developments in this area of intensive research will
be summarized. Research supported by NIH (U19AI067733) and
DARPA (HR0011-08-C-0022 & HR0011-08-C-0023.

(MS602) Analysis of chromosomal aberrations involving
human chromosome 1 and 2 in interphase- and metaphasespreads after 60Co c-irradiation. Rupak Pathak, Adarsh Ramakumar, Uma Subramanian, Pataje G. S. Prasanna, Armed Forces
Radiobiology Research Institute, Bethesda, MD

(MS603) Adaptation of c-H2AX and micronucleus assays for
automated processing. Helen C. Turner1, Guy Garty1, Oleksandra
V. Lyulko1, Muriel Brengues2, Antonella Bertucci1, Julia Schafer1,
Gerhard Randers-Pehrson1, Frederic Zenhausern2, David J. Brenner1, 1Columbia University, New York, NY, 2Arizona State
University Biodesign Institute, Tempe, AZ
The RABIT (Rapid Automated Biodosimetry Tool), is a fully
automated, ultra-high throughput biodosimetry system, based on
robotic sample handling and high speed imaging systems to reliably
screen blood samples (from a single drop of blood) to estimate
individual past radiation exposures. In this study, we have adapted
and optimized two standard biodosimetric assays, c-H2AX and
micronucleus (MN) for in situ analysis in multi-well plates.
Peripheral whole blood samples were irradiated with c-rays (0.5 to
2 Gy) and 30 ll samples were pipetted into heparin-coated PVC
capillaries containing 50 ll of lymphocyte separation media. To
isolate lymphocytes, the blood-filled capillaries were spun at 4000
rpm for 5 min and the separated lymphocyte bands were released into
filter-bottomed multi-well plates and washed twice with Hanks
Balanced Salt Solution (HBSS) to remove traces of separation media
and blood plasma. For the immunodetection of c-H2AX foci,
lymphocytes were incubated with an anti-human c-H2AX monoclonal antibody and visualized using an Alexa Fluor 555 secondary
antibody. The nuclei were counterstained with DAPI dilactate.
Imaging analysis showed good nuclear to foci contrast and resolution
such that we were able to detect a dose-response in c-H2AX foci
formation. The advantage of using equivalent stains in the two
bioassays is that it will allow us to switch the RABIT operating
system from the c-H2AX to MN assay within an hour. For the MN
assay, lymphocytes were cultured in complete RPMI 1640 medium
containing phytohemagglutin (PHA) to stimulate mitosis followed
by the addition of cytochalasin B to block cytokinesis and obtain
binucleate cells. A combination of the nuclear stain DAPI and
cytoplasmic stain, CellMaskTM Orange was used to differentiate
between nuclear and cell membrane boundaries on the polycarbonate
filter membrane. Our results showed that we were able to manually
score nearly 200 binucleated cells in one micro-well and detect MN
formation in the irradiated blood samples. Similar results were
observed in irradiated blood samples that had been packaged and
transported in capillaries from Arizona State University to Columbia
University, NY. Lymphocyte viability was confirmed by their ability
to respond to PHA stimulation and form binucleates. Work
supported by NIAID grant 5 U19-AI067773.

(MS604) Gamma-H2AX as a biodosimeter for ionizing
radiation exposure: an in vivo study with non-human primates.
Christophe E. Redon1, Asako J. Nakamura1, Arifur Rahman2,
William F. Blakely2, William M. Bonner1, 1NIH/NCI/CCR/LMP,
Bethesda, MD, 2Armed Forces Radiobiology Research Institute,
Uniformed Services University, Bethesda, MD
Upon DNA double-strand breaks (DSB) induction, hundreds
of H2AX molecules at the DNA break site are rapidly phosphorylated on a serine residue near the C-terminus (gamma-H2AX).
Therefore the detection of gamma-H2AX is a good candidate for
monitoring DSB in vivo. We have developed diagnostic tests for in
vivo IR exposure based on detection of gamma-H2AX using
immunoblotting and immunocytochemistry. By sampling blood
lymphocytes and plucked hairs, we assessed the usability of
gamma-H2AX as a biodosimeter using a nonhuman primate (NHP)
radiation model (60Co gamma-rays at 0.6 Gy/min). A total of 22
male and female adult (3 to 6 years old) Rhesus macaques (Macaca
mulatta) were used for this study: 3 groups of 6 NHPs each received
a single whole-body irradiation dose of 1, 3.5 and 6.5 Gy
respectively while a fourth group of 4 NHPs was sham-irradiated.

Mini-Symposia

Radiation-induced chromosome aberrations lead to a plethora
of detrimental effects at cellular level. Chromosome aberrations
provide broad spectrum of information ranging from probability of
malignant transformation to assessment of absorbed dose. Studies
mapping differences in radiation sensitivities between human
chromosomes are seldom undertaken. Consequently, health risk
assessment based on radio-sensitivities of individual chromosomes
may be erroneous. Our efforts in this article, attempt to demonstrate
differences in radio-sensitivities of human chromosome-1 and/or
2, both in interphase and metaphase spreads.Upon blood
collection, dosimetry and irradiation were performed. Lymphocytes
were isolated after whole-blood irradiation with 60Co c-rays in the
dose range of 0–5Gy for both interphase, and metaphase aberration
studies. Induction of premature chromosome condensation in
interphase cells was accomplished using a phosphatase inhibitor,
calyculin-A. Metaphase spreads were harvested from short-term
peripheral blood lymphocyte cultures following colcemid arrest and
using an automated metaphase harvester and spreader. Aberration
analysis in both interphase and metaphase spreads were done using
FISH.In interphase, aberrant cell and aberration frequency involving
chromosome 1 and/or 2 increased linearly with radiation dose. In
metaphase, aberrations increased in a linear-quadratic manner with
dose. Our studies ascertain that chromosome-2 is more radiosensitive than chromosome-1 in both interphase and metaphase
stages, albeit the DNA content of chromosome-2 is lesser than

chromosome-1 by almost 10 million base pairs.Differences in radiosensitivities of chromosomes have implications in genetic damage,
chromosome organization, and chromosome function. Designing
research experiments based on our vital findings may bring benefit
to radiation-induced risk assessment, therapeutics and development
of chromosome specific biomarkers.
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Plucked whisker and eyebrow hairs were examined prior to and up
to 2 days post-IR. Blood samples were analyzed prior to and from
6.5 hours for up to 23 days post-IR. Gamma-H2AX was still
detected in hair samples 2 days after treatment with 3.5 and 6.5 Gy.
In lymphocytes statistically significant readings at both the
individual and the pooled cohort levels were detected after 1, 2,
and 4 days following treatment with 1, 3.5 and 6.5 Gy; p values for
these pooled dose cohorts were 0.022, 0.005, and ,0.001
respectively. Moreover, readings from blood samples at 2 and 4
days after 3.5 and 6.5 Gy fitted a linear dose response. Finally, low
levels of gamma-H2AX foci were still detectable in NHP
lymphocytes two weeks after exposure to 3.5 and 6.5 Gy,
suggesting that some DSBs remained unrepaired. As a rapid
response to nuclear or radiological exposure is crucial, this study
shows that gamma-H2AX formation to monitor DNA damage in
vivo could be a robust biodosimetric measure of IR exposure in
humans. Such a methodology would allow clinicians to screen for
humans exposed to IR and treat its immediate and long-term
medical effects. Additional studies are required to evaluate the
influence of potential confounders (i.e., inter-individuals variations,
dose fractionation, response of special populations (i.e., elderly,
etc.)) for use of this assay for radiation injury and dose assessment.
Research supported by DARPA’s Radiation Biodosimetry Program
- MIPR entitled: Nonhuman Primate Testing for Biodosimetry.

exposure. We also recently presented results from an ongoing study
using a TBI murine model and demonstrated for the first time that a
protein expression profile can be developed not only to predict
radiation exposure in BALB/c mice but also to distinguish the level
of radiation exposure, ranging from 1 to 7 Gy. The SAS-based
multivariate statistical procedures algorithm was established for
early (1 and 2 days) dose assessment and dose-dependent
discrimination of study animal groups. Herein, we present results
from the on-going NHP TBI studies demonstrating in blood of
rhesus macaques irradiated to a broad dose range up to 13 Gy with
60
Co c-rays (0.4 and 0.6 Gy/min) and 6MV LINAC (0.8 Gy/min)
dose- and time-dependent changes in multiple early-phase and
organ-specific radiation responsive proteins: salivary a-amylase,
CRP, Flt-3 ligand, and citrullinated proteins (CP) measured by
enzyme linked immunosorbent assay (ELISA). Results demonstrate
the practical utility of early-phase and organ-specific radiation
responsive proteins for acute radiation sub syndromes in triage
biodosimetry applications and ability to help in medical management of radiation accidents. AFRRI supports this research under
project #RBB4AR; NIAID under grant #HHSN266200500043C.

(MS607) Alterations of plasma DNA concentration after

(MS605) Identification and characterization of ionizing
radiation responsive microRNAs. Melissa N. Morris, Daohong
Zhou, Yong Wang, Medical Univeristy of South Carolina,
Charleston, SC
MiRNAs are small ;22 nucleotide non-coding RNA
molecules that play an important role in regulation of many cell
processes. However, the roles of miRNAs in regulation of cellular
responses to ionizing radiation (IR) have not been well characterized. Using a microarray assay, our laboratory has identified a set of
62 miRNAs that were differentially expressed in irradiated normal
human WI38 fibroblasts. Among these miRNAs, 19 miRNAs were
up-regulated and 43 were down-regulated by IR. The differential
expression for seven of these miRNAs was confirmed by real-time
RT-PCR by having at least a two-fold change in expression level to
be considered significant. A time course study revealed significant
changes in the expression of these IR responsive microRNAs (IRmiRNAs) at 3 days post IR and continued at this level until day 14
when the cells were deemed senescent. In addition to being time
dependent, an IR dose responsive curve demonstrated significant
dose dependent changes in the expression of IR-microRNAs. The
dose- and time-dependent changes in IR-miRNA expression after IR
exposure suggest that IR-miRNAs may be used for radiation
dosimetry. In addition, their roles in regulation of cellular responses
to IR are under intensive investigation.

(MS606) Early-phase and organ-specific protein biomarkers
for radiation dose and injury assessment. Natalia I. Ossetrova1,
Ann M. Farese2, Thomas J. MacVittie2, Melanie Cohen2, Arifur
Rahman1, Davide J. Sandgren1, Sergio Gallego1, William F.
Blakely1, 1AFRRI/USU, Bethesda, MD, 2University of Maryland,
School of Medicine, Depts of Radiation Oncology and Pathology,
Baltimore, MD

Mini-Symposia

Early treatment of populations exposed to ionizing radiation
requires accurate and rapid biodosimetry with an extremely high
precision to determine an individual’s exposure level and risk for
morbidity and mortality, especially after a mass casualty radiological incident. Early-phase and tissue-specific (i.e., parotid glands,
skin, bone marrow, liver, small bowel, etc.) protein biomarkers
detected in peripheral blood can provide rapid estimation of an
individual’s exposure dose as well as diagnostic information of
organ-specific radiation injury. We recently reported results from
three studies using nonhuman primate (NHP, Macaca mulatta)
models of total-body irradiation (TBI). We showed that multiple
proteins (i.e. p53, p21 WAF1, IL-6, salivary a-amylase, and Creactive protein or CRP) selected from distinctly different pathways
revealed an enhanced sensitivity for early assessment of radiation
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partial body radiation. Yongbing Cao1, Bingrong Zhang1, Mei
Zhang1, Shanmin Yang1, Yeping Tian1, Lei Zhang1, LuLu Zhang2,
Aiguo Zhang2, Sadasivan Vidyasagar1, Paul Okunieff1, Lurong
Zhang1, 1University of Rochester Medical Center, Rochester, NY,
2
DiaCarta, Foster City, CA
DNA breakage is the hallmark of ionizing radiation (IR)
damage. While chromosomal aberration frequency has been
regarded as the gold standard biodosimeter, we have explored the
possibility of released DNA fragment in plasma as means to
determine the effective IR exposure dose. In a mouse model the
alteration of plasma DNA is time- and dose-dependent, peaks at 9
hours after IR and reflects the IR dose from 2 to 10 Gy.To
determine the utility of plasma DNA in inhomogeneous IR
exposure, NIH Swiss mice (5–6 /group) received 10Gy to total
body (TBI) or to various partial body fields (head, thorax, abdomen,
hind leg). Nine hours late, the mice were sacrificed, plasma were
collected and assess with PicoGreen assay for the DNA concentration. The total body weight and the irradiated organs in the partial
body exposures were measured. The contribution to the circulating
DNA increase was represented by DNA Release Index (DRI): DNA
released after partial body irradiated / irradiated partial body weight
index (ratio of the given part to total body weight).The results
showed that at 9 hours post-IR, plasma DNA of mice receiving 10
Gy TBI was 667.126104.95 ng/ml, significantly higher than that of
no-IR mouse, 17.8361.64 ng/ml. The levels of mice received IR on
head, thorax, abdomen, hind leg were 48.79629.75, 133.51632.37,
294.986101. 55 and 40.31618.11 ng/ml, respectively. When
plasma DNA levels in each partial body IR group were divided
with the irradiated partial body weight index and conversed into
DRI, the contribution of DNA released from each part of irradiated
body were 327.0, 437.6, 913.4, 181.0 ng/ml, suggesting that the
contribution of released DNA is from abdomen, exceeded that of the
thorax, brain and leg in that order. We speculate that the abdomen
contains organs that are sensitive to immediate IR damage, such as
spleen. Consistent with this hypothesis, spleen weight was reduced
dramatically 9 hrs following IR.In conclusion, the contribution of
released DNA into plasma varies with body parts. The portion that
enriches in retinoendothelium (especially the lymphocytes) is more
sensitive to IR, and their death and apoptosis becomes the major
contributor to plasma DNA. Whether the clearance function of
retinoendothelium system (including spleen) damaged by IR relates
with the accumulation of released DNA remains to be investigated.

(MS608) From yeast to mice: a novel method for establishing
radiation-induced cell and DNA damage mitigation activity of
small molecules. Yelena O. Rivina, Robert H. Schiestl, University
of California, Los Angeles, Los Angeles, CA
Research in the past has heavily concentrated on identifying
radioprotectors_agents that could be taken prior to an anticipated
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radiation exposure. However, an accident or a man-made disaster
could come without a warning and thus a new kind of therapy must
exist_a radiation mitigator. An optimal mitigating drug must not
only neutralize the primary damage, stimulate the internal defense
and repair mechanisms, prevent long-term genetic instability
leading to cancer, but it must also work if administered well after
the exposure. Here we have attempted to establish a protocol that
would permit us to identify chemical compounds with radiation
mitigating properties in vitro and in vivo and tested it with the
Asinex Targeted Library consisting of kinases, proteases, and
substrates for G protein-coupled receptors and ion channels.The first
three steps of the screen_a high throughput, radioprotection, and
mitigation assays_were based on the Yeast Deletion (DEL) Assay
that measures cell survival and DNA recombinations after radiationinduced double strand breaks in radiation-sensitive RS112 strain of
Saccharomyces cerevisiae at 2000Gy exposure. The fourth step tests
the compounds in mice using a 1,25hr treatment protocol.In the high
throughput screen we have identified 36 compounds with
radioprotection out of 10,000 small molecules tested. Out of these
36 ‘‘hits’’ 6 compounds were re-confirmed with the classical plating
assay and tested in the mitigation assay. All 6 ‘‘hits’’ have shown
mitigating qualities and then were tested in mice at 75mg/kg
concentration. Two of these compounds were active in C3H mice
leading to complete recovery from an 8Gy exposure (LD100/
30)..We have introduced a novel protocol to test small molecules
and have succeeded in identifying potential mitigators for further
therapeutic development. Our yeast-based approach accurately
predicts mitigation properties in vitro and offers a rapid,
inexpensive, and reliable methodology without sacrificing animals
in the initial stages of research.

(MS701) Antiangiogenic effects of proton irradiation. Swati
Girdhani1, Philip Hahnfeldt1, Afshin Beheshti1, Clare Lamont1,
Zachary Anaya1, Michael Peluso1, Christian Schwager2, Heiko
Enderling1, Peter Huber2, Amir Abdollahi1, Lynn Hlatky1, 1Tufts
University, Boston, MA, 2Department of Radiation Oncology,
German Cancer Research Center (DKFZ), Heidelberg, Germany

Inflammation plays a major role in radiation damage to
tissues, and is often the dose-limiting factor in therapeutic radiation.
Exposure to radiation from such diverse sources as cancer therapy,
atomic bombs, and occupational exposure, both acute and chronic,
and at a wide range of doses, increases the risk for atherosclerosis,
possibly via chronic vascular inflammation. Most in vitro studies
have used gamma irradiation; the effect of galactic cosmic rays
(GCR) is largely unknown. To test the hypothesis that radiation has
a direct, pro-adhesive effect on vascular endothelium, and that this
effect depends on radiation dose, quality and elapsed time, human
aortic endothelial cells (HAECS) were irradiated with 0 (control), 5,
15, 20, and 30 Gy of x-rays; 0 (control), 0.5, 2 and 5 Gy Iron ions;
and 0 (control), 0.5 and 2 Gy protons. Changes in adhesiveness of
HAECS for THP-1 monocytic cells were then quantified at 24 and
72 hours after irradiation at physiologic shear stress. We
demonstrated a clear dose-dependence of x-ray irradiation on
adhesiveness after 24 hours, which decreased (disappeared?) at 72
hours. In contrast, endothelial adhesiveness was 56Fe irradiationdose-dependent at both 24 and 72 hours. Unlike both 56Fe and xrays, proton-irradiated HAECS showed biphasic radiation dose
dependence with respect to time. At 24 hours, 2 Gy inhibited
adhesion while 0.5 Gy enhanced it. At 72 hours, however, 0.5 Gy of
protons increased adhesion more than 2 Gy, with a maximal effect
greater than that of heavy ions or x-rays. This suggests that
leukocyte adhesion in response to low-dose protons could cause
chronic inflammation of aortic endothelium, with possible consequences for atherosclerosis. Although expression of ICAM-1,
VCAM-1, E-selectin, and P-selectin 24 and 72hrs after irradiation
was increased by all qualities of radiation (x-ray, heavy ions, and
protons), these adhesion molecule increases may be too small to
account for the adhesion effects. Preliminary findings suggest that
adhesion molecule function is enhanced via cell signaling, without
changing the number of molecules expressed on the cell surface.
This work was supported by the National Space Biomedical
Research Institute through NASA NCC 9-58.

(MS703) Proton and HZE particle radiation affect glutamate
function in various neural cellular phenotypes. Martha C.
Sanchez1, Brandon M. Bianski1, Leticia S. Ortloff1, Lora M.
Green1,2, 1Loma Linda University, Loma Linda, CA, 2JL Pettis
Memorial Veterans Medical Center, Loma Linda, CA
Radiation-induced neurotoxicity is well characterized; however, the underlying mechanism is poorly understood. Glutamatetriggered excitotoxicity is believed to be a major factor in
neurodegeneration caused by glutamate transporter failure to clear
extracellular glutamate. We investigated whether radiation results in
glutamate transport dysfunction. Function of glutamate transporters
was assessed using cultures of fully differentiated neurons and
astrocytes derived from NTera/D1 cells. Cultures of each type as
well as mixed cultures were irradiated (10, 50, and 200 cGy) with
250MeV protons, 1GeV iron, and 290MeV carbon ions. Measurements were taken 3 hrs, 2 and 7 days following irradiation. Proton
irradiation of astrocytes caused a decrease in glutamate uptake at 3
hrs at all three doses. Neuronal cultures exposed to protons have an
increase in uptake 3 hrs and 2 days post exposure. Astrocytes
exposed to iron ions exhibited decreased uptake 3 hrs and 2 days
after irradiation. Neuronal cultures with all doses of iron exhibited
increased uptake at 3 hrs and 2 days. At 7 days post-exposure
glutamate uptake remained elevated in cultures exposed to 50 and
200cGy. Similar to the iron response, astrocytes displayed
decreased uptake after carbon irradiation. Neuronal cultures
exhibited increased glutamate uptake after carbon irradiation at 3
hrs and 2 days after all three doses. The results indicate that under
high energy radiation stress, neurons are capable of clearing
glutamate, whereas, astrocytes which are thought to carry the
burden of glutamate clearance are functionally impaired by
radiation. Mixed cultures of neurons and astrocytes, in general,
produced a muted response.

Mini-Symposia

Tumor angiogenesis, the recruitment of microvascular endothelial cells by the tumor,has emerged as an important target in
cancer therapy. The superior physical characteristics of proton vs.
photon radiotherapy have attracted enormous attention in clinical
oncology. However, the cellular targets and molecular mechanisms
of proton radiotherapy are not completely understood. Here we
report that proton irradiation inhibits major pro-angiogenic factors
in a dose-dependent manner in both tumor cells and its associated
stroma. First, we searched for differentially regulated genes 6h after
0, 0.5, 1 and 2 Gy proton irradiation in human dermal fibroblasts
and human lung microvascular endothelial cells (HMVEC-L) using
pan-genomic human microarrays. Of note, critical pathways in proangiogenic signaling such as vascular endothelial growth factor
(VEGF), interleukin 6 and 8 (IL6, IL8) and the hypoxia-inducible
factor-1alpha were significantly downregulated after proton irradiation in both cell lines. We then confirmed the dose- and timedependent downregulation of these pro-angiogenic genes by RTPCR and ELISA. To investigate the regulation of these genes in
tumor cells we tested their expression in the human lung
adenocarcinoma cell line A549. The tumor cell line showed similar
patterns of downregulation of angiogenic genes at the mRNA and
protein levels. Next, we examined the effects of proton irradiation
on cell invasion using a matrigel invasion assay. It was found that
proton irradiation decreased cell invasion in all cell lines tested. To
functionally validate the role of VEGF and IL8 signaling in the
radiation-induced anti-invasive responses, in-vitro co-culture models were used. Importantly, addition of recombinant IL8 or VEGF
into the media at least partially rescued the cells from protonradiation-induced anti-invasion effects. Further, proton-irradiated
A549 cancer cells exhibited delayed growth in vivo, demonstrating
that radiation-induced tumor-cell interactions with host tissues can
slow transition through critical carcinogenesis bottlenecks. Taken
together, the antiangiogenic and anti-invasive effects of proton
irradiation demonstrated here provide novel preclinical evidence for
beneficial radiobiological effects of proton. Funded by NASA
NSCOR grant NNJ06HA28G.

(MS702) Monocytic adhesion to human aortic endothelium
depends on dose, quality, and time after irradiation. Saman F.
Khaled1, Kiran Gupta1, Xing Wu1, Tao Yu1, Polly Chang2, Dennis
F. Kucik1,3, 1University of Alabama, Birmingham, Birmingham,
AL, 2SRI International, Menlo Park, CA, 3VA Medical Center,
Birmingham, AL
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(MS704) Impact of 56Fe particle irradiation on adult neural
stem cells in vivo. Benjamin P. C. Chen, Nathan A. DeCaroli,
Haram Ahn, Neal Melvin, Amelia Eisch, U. Texas Southwestern
Medical Center, Dallas, TX
The high-LET HZE particles from galactic cosmic radiation
(GCR) pose tremendous health risks to astronauts, including risks to
the central nervous system (CNS) and potential cognitive
impairment. One CNS cell population that warrants close analysis
for their response to radiation is adult neural stem cells, as these
pluripotent cells may play a key role in cellular and cognitive
recovery after brain injury. The long-term goal of this project is to
provide a comprehensive analysis of the response - and potential
recovery - of adult neural stem cells in the adult mouse hippocampal
dentate gyrus after low- and high-LET irradiation. Our studies rely
on two transgenic mouse models utilized the Nestin promote.
Nestin-expressing stem cells are thought to be the source of a
continuous supply of progenitor cells, some of which eventually
mature into neurons. Hence, Nestin-GFP mouse could label neural
stem cells based on expression of green fluorescent protein and
morphology and Nestin-CreERT2/R26R-YFP (KxY) mouse allows
permanent YFP-labeling of adult neural stem cells and their
progeny. In this study, we analyze cell proliferation and adult
neural stem cells survival at dentate gyrus subgranular zone (SGZ)
after Fe particle irradiation. Nestin-GFP and Nestin-CreERT2/
R26R-YFP mice were subjected to whole body irradiation with 1Gy
56Fe particle and were harvested at 24 hours, 7 days, and 2 months
after exposure. Our analyses revealed that the number of
proliferation (BrdU þ) SGZ cells is significantly decreased at 24
hr in both mouse models. The number of Type 1 stem cells remains
constant in irradiated and sham Nestin-GFP mice. Similar result was
observed after X-ray irradiation, suggesting that the slow-proliferating Type 1 cells are more resilient than the fast-proliferating
progenitor cells. At one week after Fe particle irradiation, we
observed that the number of proliferating SGZ cells recovers in both
mouse models. However, the number of YFP þ cells (stem cells and
their progeny) was only half to that of sham mouse group. At two
months, no significant difference was observed in cell survival,
YFP þ cells, or Type 1 cells.

(MS705) Characterization of a murine model for radiationinduced bone loss. Laura C. Bowman1, Eric W. Livingston1,
Jeffrey S. Willey1, Mike E. Robbins2, J. D. Bourland2, Ted A.
Bateman1, 1Clemson University, Central, SC, 2Wake Forest
University School of Medicine, Winston-Salem, NC
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Cancer patients have an increased fracture risk resulting from
atrophy of bone after local radiotherapy of the pelvis or extremities.
Factors contributing to bone loss are poorly understood. The aim of
these studies was to characterize a murine model of radiationinduced bone loss. Our goal was to describe how absorbed dose;
animal age, strain, and sex; local and systemic factors; and time
course after exposure can influence trabecular bone parameters.
Dose: 10-wk old female C57BL/6 (B6) mice received 2, 4, or 6 Gy
X-rays (140 kVp)(n¼5/group). Lower bone volume fraction (BV/
TV; microCT analysis; proximal tibia) was observed 2-wks postirradiation in all groups vs. non-irradiated control (2 Gy, 42%; 4
Gy, 39%; 6 Gy, 44%)(P,0.05). No differences were observed
between doses. 2 Gy was the lowest dose to produce bone loss
without an effect on body mass. This dose was thus used in
subsequent studies. Time Course: 20-wk-old female B6 mice were
irradiated (n¼12/group) and euthanized after either 7 or 14 days.
Lower BV/TV (day 7, 32%; day 14, 42%) was observed at both
time points (P,0.05). Based on these data, 2-wks after irradiation
was used for subsequent studies, all groups contain n ¼ 6. Age:
Skeletally immature (9-wk old) and mature (19-wk old) female B6
mice were irradiated. BV/TV was lower in both groups (9 wk,
42%; 19 wk, 35%) compared with age-matched controls
(P,0.001). Strain 1: 19-wk old female B6 and BALBc mice were
irradiated (2 Gy) and compared to strain-matched, non-irradiated
controls. Only the irradiated B6 mice had lower BV/TV (38%) vs.
control (P,0.001). Strain 2: 13-wk-old female B6 and DBA/2
(DBA) mice were irradiated and compared with strain-matched,
non-irradiated controls. BV/TV was lower for irradiated mice (B6,
35%; DBA, 29%)(P,0.01). Sex: 14-wk old male and female B6
mice were irradiated. Irradiated mice had lower BV/TV (male,
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35%, P,0.05; female, 28%, P,0.01) vs. sex-matched, nonirradiated controls. Single Limb: The right hindlimb of 9-wk-old,
female B6 mice received 2, 4, or 6 Gy X-rays. The irradiated limbs
had lower BV/TV (2 Gy, 37%; 4 Gy, 39%; 6 Gy, 44%) than
non-irradiated controls. No differences between doses were
observed. These changes occurred without a change in body mass.
Funded by the National Space Biomedical Research Institute
through NASA NCC 9-58 and NIH R21AR054889.

(MS706) CD44 gene expression in rat lenses in vivo nine
months after low-dose particle radiation. Eleanor A. Blakely1,
Kathleen A. Bjornstad1, Chris J. Rosen1, Deborah Bunin2, Juliet A.
Moncaster3, Lee E. Goldstein3, Polly Y. Chang2, 1Lawrence
Berkeley National Laboratory, Berkeley, CA, 2SRI International,
Menlo Park, CA, 3Boston University, School of Medicine, Boston,
MA
Our goal was to investigate cataract incidence and gene
expression in rat lenses 9 months after particle radiation.With
IACUC approval, Sprague-Dawley rats were irradiated with either
10 or 100 cGy of 600 MeV/u iron ions (LET;180 keV/micrometer)
at the NASA Space Radiation Lab (NSRL) at Brookhaven National
Lab (BNL). Lenses were examined with fully-dilated pupils using a
slit-lamp monthly for 9 months. At necropsy, images of the lenses
were obtained ex vivo. Lenses were either frozen without fixation
for mRNA & protein analyses, or fixed for immunohistochemical
analyses with specific molecular probes. mRNA was isolated from
whole irradiated lenses and analyzed for quantitative changes in
gene expression with a Rat ECM RT2 Profiler Array (SABiosciences, Inc). Fold changes in gene expression between the treated and
unirradiated control lenses were considered significant at the
p,0.09 level.Quantitative gene expression analyses of lenses show
high reproducibility within control and treatment groups. Cataractous lesions in iron-irradiated animals are multifocal and polymorphic, with anterior cortical opacifications. Opacities appear to
aggregate in the equatorial periphery suggesting likely transition at
the lens bow region. Posterior subcapsular cataractous dots are
clearly visible in 50% of the lenses. 10 cGy-Iron-ion-irradiated rat
lenses with early cataractous changes show significant 3- to 4-fold
increases in CAM & ECM functional gene groups, including . 3fold changes in the CD44 antigen reported in cataractous human
lenses. 100 cGy-Iron-ion-irradiated cataractous rat lenses show a
completely different gene response with only 2 ECM & CAM genes
increased 2- to 3-fold, and two CAM genes significantly downregulated 2- to 3-fold.We show high responsiveness of ECM gene
families particularly in CD44 after a low radiation dose to the lens,
and decreased expression after a 10-fold higher radiation dose.
Low-dose iron ions are associated with early cataractous changes
contributing to significant and persistent ECM remodeling responses in vivo, consistent with published CD44 expression in
cataractous human lenses. High-dose iron ions resulted in a
different ECM genetic fingerprint with dampened ECM & CAM
gene expression profiles. This work is supported by NASA Grant
#NNJ07HC791.

(MS707) Effects of whole-body proton radiation on immune
response to E.coli. Farnaz P. Baqai, Daila S. Gridley, Erben
Bayeta, Melba Andres, Adeola Makinde, Xian Luo-Owen, Asma
Rizvi, Steve Rightnar, Michael J. Pecaut, Loma Linda University,
Loma Linda, CA
Radiation will potentially be a major hazard for astronauts and
is one of the most critical issues to be resolved for long term
missions to space. Low-dose radiation due to Galactic Cosmic Rays
(GCRs) and Solar Particle Events (SPEs), composed of predominantly protons, have been shown to have an effect on the immune
system. As most spacecraft are ecologically and environmentally
closed systems, astronauts may be exposed to aerosolized
pathogens. In this study we hypothesized that whole-body proton
irradiation would alter the immune response to a peripheral immune
challenge. Female C57BL/6 mice were exposed to 0 or 3 Gy of
whole-body proton radiation. 1–16 days later, we inoculated (i.p)
mice with 5e7 colony-forming units (CFU) of live Escherichia coli.
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Mice were euthanized one hour post challenge and after a peritoneal
lavage, blood, spleen and liver were removed and processed for
analysis. Blood and peritoneal lavage were tested for bacteria
clearance. Splenocytes and hepatocytes were tested for phagocytic
activity. The spleen was also used to quantify changes in MHC II
expression and both pro and anti-inflammatory cytokine production.
There were no significant changes observed in the peritoneal lavage
and blood E.coli clearance. However, significant increases due to
radiation in phagocytosis in both splenocytes (p,0.003) and
hepatocytes (p,0.001) were observed. Radiation also resulted in
an increases in zymosan-induced oxidative burst in the spleen
(p,0.001) and hepatocytes (p¼0.088). An overall radiation-induced
increase in MHC II expression was observed (p,0.001) with a
significant Radiation x E.coli interaction (p,0.001). E.coli
challenge caused the expected increases in IL-1 beta, TNF-alpha,
IL-6 and IL-10 levels (p,0.001). Radiation caused an overall
decrease in IL-1 beta (p,0.005) and increases in both TNF-alpha
and IL-6 (p,0.001 and p,0.05, respectively). This study
demonstrates that whole-body irradiation increases the pro-inflammatory peripheral immune response to a live pathogen.

(MS708) Exposure to HZE irradiation perturbs sleep patterns
in Wistar rats. Anne-Olivia Chabriol-Raulli, Larry Sanford, Sylvia
Singletary-Britten, Richard Britten, Eastern Virginia Medical
School, Norfolk, VA
During the planned mission to Mars, Astronauts will be
exposed to a mixture of radiations, the most deleterious of which is
predicted to be galactic cosmic radiation (GCR). GCR radiation
consists of heavy charged particles (Hze) that have a high LET, and
are thus likely to have a high biological impact. We have established
that low doses of 1 GeV 56Fe particles (40–100 cGy) will
significantly impair spatial memory (Barnes’ Maze) performance.
Current estimates suggest that the RBE for spatial memory
impairment may be as great as 40, approximately 10 fold higher
than would have been predicted by cell killing estimates. Given that
learning and memory can be greatly affected by sleep disturbances,
we investigated the impact that 60, 140 and 200 cGy of 1GeV 56Fe
(let ¼ 150 KeV/um) had on the sleep patterns of Wistar rats.
Animals were implanted with metal wires to record the EEG
(electroencephalogram) and the EMG (electromyogram). Both
measurements are used to determine phases of the sleep cycle:
wake, non-REM (NREM) and REM sleep. Our results show that as
early as 5 weeks post exposure, there was an Hze-induced increase
in total sleep duration (both REM/NREM sleep duration increased
in both the light and dark periods, with a more pronounced effect in
the dark period). This increase arose due to an increase in the length
of REM sleep episodes, but not the number of episodes. These
perturbations were still measurable at 6 months post-irradiation.
There may be a marked LET dependency for the level and nature of
sleep perturbation. Preliminary data with 1 GeV 37Cl, suggests that
only REM sleep is increased, specifically in the light period, and via
an increase in the number of REM sleep episodes and REM sleep
episode length. Experiments are now underway to determine the
underlying cause of the Hze-induced sleep perturbations.

Many studies using a variety of biological endpoints have
shown that exposure to low doses (,0.1 Gy) of low linear energy
transfer radiation can protect against damage induced by a
subsequent exposure to a high dose of radiation. However, the
molecular mechanisms underlying such protection are poorly
understood. The goal of this study was to fill this knowledge
gap.We used a conventional in vitro approach with human
lymphocytes to determine the protection given by 0.03 Gy of
137
Cs c rays before a high dose of 1.0 Gy of 137Cs c rays 4 hr later.
The frequencies of micronuclei in binucleated lymphocytes were

(MS802) Radiation quality and the induction of long-term
biological effects in irradiated normal human cells and
neighboring bystanders: the role of oxidative metabolism.
Manuela Buonanno1, Sonia M. de Toledo2, Roger W. Howell2,
Debkumar Pain3, Edouard I. Azzam2, 1University of Medicine and
Dentistry of New Jersey, Newark, NJ, 2UMDNJ-NJMS, Cancer
Research Center, Newark, NJ, 3UMDNJ-NJMS, Newark, NJ
Coupled with epidemiological studies, mechanistic investigations have been considered critical to our understanding of the
health risks of exposure to ionizing radiation. To determine whether
exposure to different linear energy transfer (LET) radiations induces
differential delayed stressful effects, we investigated the role of
oxidative metabolism in the biological responses of irradiated
normal human diploid fibroblasts (AG1522), their neighboring
bystander cells and their progeny. Six to twenty population
doublings after exposure, the micronucleus frequency in progeny
of AG1522 fibroblast cultures exposed to mean doses of 10 or 100
cGy from 1 GeV/n 56Fe ions (LET 151 keV/lm) was higher ( p ,
0.01) than in respective control. This correlated with higher level of
reactive oxygen species (ROS) and inactivation of the redox
sensitive metabolic enzyme, aconitase. In contrast, progeny of cells
exposed to high or low doses from 1 GeV/n 1H ions (LET ; 0.2
keV/lm) or 137Cs c-rays (LET ;0.9 keV/lm) delivered chronically
or acutely harbored similar levels of micronuclei as control, which
correlated with normal ROS levels and aconitase activity.We also
examined the persistence of stressful effects in progeny of bystander
cells co-cultured with cells exposed to 1 GeV/n iron ions or protons.
Following 20 population doublings, the progeny of bystander cells
co-cultured with cell populations exposed to mean doses of 25 or
100 cGy from 1 GeV/n 56Fe exhibited higher level of stressful
effects. Chromosomal damage in progeny cells was higher ( p ,
0.01) than in respective control, which correlated with higher levels
of ROS, increase in protein oxidation and decrease in antioxidant
enzyme activity. In contrast, progeny of bystander cells co-cultured
with cells irradiated with 20 or 400 cGy from 1 GeV/n 1H harbored
similar level of micronuclei as the progeny of control. This was
associated with increased antioxidant enzyme activity and similar
pattern of protein and lipid oxidation as control.Collectively, our
data support the concept that perturbations in oxidative metabolism
play an important role in the health risks of ionizing radiation,
which depends on radiation quality, dose and dose rate. Supported
by Grants DE-FG02-07ER64344 from the U.S. Department of
Energy, Low Dose Radiation Research Program, and
NNJ06HD91G from NASA.
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(MS801) Characterization of protein expression profiles
associated with adaptive response induced by low-dose
radiation. Kanokporn Rithidech1, Xian Yin2, Louise Honikel1,
Paiboon Reungpatthanaphong1, Frank Witzmann2, 1Stony Brook
University, Stony Brook, NY, 2Indiana University School of
Medicine, Indianapolis, IN

evaluated to assess the protection induced by 0.03 Gy of 137Cs c
rays. The data indicated the induction of adaptive response by this
low dose of c rays. We further identified proteins potentially
involved in this process. To do this, we used mass spectrometrybased proteomics to characterize protein expression profiles in the
medium collected from lymphocyte cultures with (protected group)
or without (unprotected group) a treatment of 0.03 Gy 137Cs c rays
prior to 1 Gy of 137Cs c rays. Protein identification (limited to
human proteins with .0.9 confidence), quantification, and Gene
Ontology were performed. Among the 154 identified proteins, there
were: (a) 92 proteins with similar abundance in media from both
groups (e.g. hemoglobin, immunoglobulin); (b) 11 proteins with
higher abundance in the medium from the protected group than
those in the unprotected group (e.g. gelsolin, Vit D-binding protein),
while 17 proteins had higher abundance in the unprotected group
(e.g. Fetuin A); (c) 23 proteins found in the protected group only
(e.g. clusterin), and (d) 11 proteins found in the unprotected only
(e.g. Keratin 2). In summary, the results provide an important
molecular basis for improving our understanding and ability to
detect proteins potentially involved in the induction of adaptive
response by low-dose radiation. Research Supported by Pathology
Department, SUNY at Stony Brook, NY, and Dept. of Cellular &
Integrative Physiology, Indiana Univ. School of Medicine.

(MS803) Adaptive response in bystander AG01522 human
fibroblasts sharing medium with cells irradiated with iron ions.
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Hongying Yang, Nicole Magpayo, Kathryn D. Held, Massachusetts
General Hospital, Charlestown, MA
There are few data on the interactions of adaptive responses
with bystander effects induced by ionizing radiation. Although at
higher doses the overall biological effects of radiation are
dominated by the direct effects in irradiated cells, bystander effects
may make significant contributions to the overall biological effects
at lower doses (i.e., ,10 cGy). Moreover, another low dose effect,
adaptive response, may also affect cellular outcomes. This applies in
the scenario where astronauts receive low doses of mixed radiation
fields at very low dose-rate during space flight. Thus it is essential
to study the possible interactions of adaptive responses and
bystander effects in space radiation biology. Exponential
AG01522 human fibroblasts were exposed to 1 GeV/n protons or
iron ions then co-cultured with naı̈ve cells using a transwell insert
system. Induction of micronuclei (MN) was used to measure the
damage in bystander cells. Our results show MN formation in nonirradiated cells sharing medium with cells irradiated with 1 cGy
protons or iron ions. However, when the bystander cells were
irradiated with 1 cGy protons then co-cultured with iron ionirradiated cells at different times (0, 0.5 and 3 h), no bystander effect
was observed. This suggests that the cells became adapted to the
bystander signals after a low dose of protons. However, the
bystander response was restored when the bystander cells were cocultured with Fe ion-irradiated cells 24 h after the 1 cGy protons,
suggesting the adaptation disappeared with time. Since reactive
oxygen species (ROS) are believed to be involved in bystander
signaling, we tested the hypothesis that pretreatment of bystander
cells with low level hydrogen peroxide could alter bystander
responses induced by radiation. Our data show that pretreatment of
bystander cells with 5 lM hydrogen peroxide did not induce
adaptation against the bystander effect in cells sharing medium with
cells irradiated with Fe ions or X-rays. This is in contrast to the
results when we pretreated bystander cells with low dose radiation.
The findings suggest that ROS may not be involved in the pathways
of the adaptive response induced by low dose radiation in bystander
cells, although further studies are needed to address the underlying
mechanisms. Supported by NASA grant NNX07AE40G.

(MS804) Radiation-induced non-targeted effect in tumor
angiogenesis is mediated by IKK-b activation. Karthigayan
Shanmugasundaram1, Aravindan Natarajan2, Richard C. Tamfu1,
Randal A. Otto1, Mohan Natarajan1, 1University of Texas Health
Science Center at San Antonio, San Antonio, TX, 2University of
Oklahoma Health Sciences Center, Oklahoma City, OK
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Understanding the mechanism of tumor angiogenesis after
treatment is essential to develop therapeutic intervention targeting
the key signaling mediators and achieve disease free survival. The
overall objective is to determine whether the surviving cancer cell(s)
after radiotherapy can initiate bystander response that results in
tumor recurrence at the treatment site. In this study we evaluated
whether radiation at doses used in fractionated radiotherapy (2 Gy)
can induce angiogenic growth factors in human squamous cell
carcinoma (SCC-4 cells) and concordant expression of angiogenic
receptors in the vascular endothelial cells to initiate neovascularization and support tumor growth. Second, we examined whether
the angiogenic interplay between cancer cells and neighboring
endothelial cells is mediated by IKK-b -dependent regulation. The
transcript level of angiogenic growth factors including VEGF,
VEGFC, FGF, PDGF, IGF and endolgin in irradiated SCC-4 cells
and receptor expression in co-cultured primary human endothelial
cells were examined by real time Q-PCR. Corresponding protein
levels were examined by immunobloting. Endothelial cell migration
was assayed by scratch wound model and transmembrane migration
assay. Initiation of neovascularization was examined by matrigelTMtube net-work formation. IKK-b-dependent angiogenic signaling in
irradiated cancer cells and non-targeted endothelium was examined
by blocking with genetic and pharmacological inhibitors and
overexpression studies. The results showed an upregulation of
VEGF, VEGFC, FGF, PDGF, IGF and endolgin expression (both at
transcript as well as protein levels) in SCC-4 cells and corresponding increase in their receptors in co-cultured endothelial cells.
Similarly, the extent of migration and tube net work potential were
augmented in cells co-cultured with irradiated SCC-4 cells
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compared to either mock-irradiated cells or cells in static culture.
Inhibition of IKK-b activation in irradiated SCC-4 and co-cultured
endothelial cells confirmed the involvement of IKK-b-mediated NFkB regulated transactivation of target genes is responsible for the
radiation-triggered angiogenic signals.

(MS805) Effects of Radiation on NF-jB and tumor hemodynamics in Breast Tumors. Keith M. Stantz1, Ning Cao1, Bo Liu1,
Helen Chin-Sinex2, Marc Mendonca2, Jian Jian Li3, 1Purdue
University, West Lafayette, IN, 2Indiana University School of
Medicine, Indianpolis, IN, 3University of California School of
Medicine, Sacramento, CA
The purpose of this study is to monitor in vivo the IR dose
dependent response of NF-kappaB and tumor hemodynamics as a
function of time.An MDA-231 breast cancer cell line was stably
transfected with a firefly luciferase gene within the NF-kappaB
promoter (MDA-231NF-kappaB/Luc). These cells were used to form
tumors (7–9 mm) in the left and right flanks of six athymic nude
mice. Three of these mice had their tumors on the right flank
irradiated (320 kVp x-ray machine) with a single fractionated dose
of 5Gy, and the second group was irradiated with 10Gy. NF-kappaB
expression was monitored over two week time. This was done by
imaging the peak bioluminescence signal (fluence rate) after
injecting each mouse with D-Luciferin (120 mg/kg, i.p.) and
comparing this value to baseline levels. Tumor hemodynamics was
measured using dynamic contrast-enhanced CT (DCE-CT) and
photoacoustic spectroscopy (PCT-S), where DCE-CT was used to
measure tumor physiology (blood perfusion and fractional plasma
volume (fp)), and PCT-S was used to monitor the vascular
hemoglobin status (hemoglobin concentration and oxygen saturation levels (SaO2)).From the bioluminescence imaging, an increase
in NF-kappaB expression was observed in both the right
(irradiation) and left (non-irradiated) tumors, which peaked at 8–
12 hours, returned to basal levels after 24 hours, and increased a
second time from 3 to 7 days. This data identifies both a radiationinduced bystander effect and a bimodal longitudinal response
associated with NF-kappaB-controlled luciferase promoter. The
physiological results from DCE-CT measured an increase in
perfusion (26%) two days after radiation and both a decrease in
perfusion (50%) and an increase in fp (20%) by week 1 (10Gy
cohort). PCT-S measured increased levels of oxygen saturation
(30%) two days post IR, which did not change after 1 week (higher
variance). Initially, NF-kappaB would modify hemodynamics to
increase oxygen delivery after IR insult. The secondary response
appears to modulate tumor angiogenesis.A bimodal response to
radiation was detected with NF-kappaB-controlled luciferase
reporter with a concomitant hemodynamic response. Additional
experiments are being conducted to identify dose dependent NFkappaB activation by in vivo radiation exposure, tumor hemodynamics, and tumor growth rates.

(MS806) Microbeam induced stress response in the C. elegans
nematode. Antonella Bertucci, Roger D. J. Pocock, Gerhard
Randers-Pehrso, David J. Brenner, Columbia University, New
York, NY
Proposed mechanisms to explain the biological effects of
ionizing radiation in un-exposed neighboring cells to an irradiated
cell or group of cells are centered on the importance of intercellular
communication. Therefore, the use of advanced tools to study interand intra-cellular mechanism of damage signal transduction is of
critical importance. Such inter-cellular studies have often been
undertaken using microbeam irradiation of individual cells plated in
2-D monolayers and 3-D tissue-like construct with extensive and
complex cell-to-cell communication. Studies using whole organisms, targeting specific cells, cell groups or organs are needed to
elucidate mechanisms of radiation-induced long-distance effects in a
realistic model. C. elegans shares cellular and molecular structures
and control pathways with higher organisms, thus, biological
information learned from C. elegans may be directly applicable to
more complex organisms. We have reported the use of a nematode
C. elegans transgenic strain as an in vivo model for microbeam
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radiation studies.Here we present the generation of a new C. elegans
transgenic strain that has both a Green Fluorescent Protein (GFP)
transcriptional gene reporter for the heat shock protein-4 (HSP-4)
and a Red Fluorescent Protein (RFP) gene reporter for the
dopaminergic neurons. The goal of these studies is to characterize
the stress response after microbeam irradiation of sub-cellular worm
areas in distant regions to the targeted area. Using 3 MeV proton
(LET ; 8.5 keV/lm) microbeams, generated at Radiological
Research Accelerator Facility (RARAF), we irradiated individual
PDEL or PDER neurons, located at the posterior half of the body, of
young adult worms. After exposure we evaluated the radiation
induced stress response by monitoring HSP-4 expression at 24
hours post irradiation. Preliminary results indicate that microbeam
irradiation of single neurons induced a strong heat shock stress
response in the posterior intestine up to 150 lm from the irradiated
area.In summary, our preliminary results show that sub-cellular
proton microbeam can induce distal stress response in un-irradiated
areas. Work supported in part by the Grant: NIBIB 5 P41
EB002033-12 and by the Grant: 5P01-CA049062-16.

(MS807) In vivo Bystander Effects in the C. elegans Intestine.
Tamako Jones, Leticia Ortloff, Celso Perez, Gregory A. Nelson,
Loma Linda University, Loma Linda, CA
We measure genotoxic damage in the C. elegans intestine by
irradiating larvae and quantifying anaphase bridges in DAPI-stained
young adults. The endpoint shows a robust dose-response and LET
dependence and analysis of dose-responses for individual intestinal
(E) cells shows that they have unique radiosensitivities not
correlated with their lineages. We present evidence that germline
signaling may modulate E cell radiosensitivity leading to the
observed patterns. Thus, mutations in dig-1, mes-1, and glp-4 which
alter cell fates or shift gonad position change the E cell
radiosensitivity patterns. A statistical analysis of responses for pairs
of E cells shows that neighboring cells influence each other such
that damage to one E cell substantially enhances the probability of
damage in its neighbor. Such bystander effects have been observed
in cultured cell systems and are thought to be propagated by reactive
oxygen species and cytokines. An RNAi and mutant screen was
initiated to identify genes required for the signaling. The screen
includes genes for DNA repair systems, cell junctions, extracellular
matrix components and signal transduction. So far, we have shown
that mutations or knock-down in components of the nonhomologous end joining DNA repair pathway (cku-70, cku-80,
and lig-4) and the MAP kinase sek-1 result in strong (up to 7-fold)
overall sensitization of the cells but do not influence their relative
sensitivity patterns. An up-to-date summary will be presented.
Precision irradiations of body segments with alpha particles
confirms that middle and anterior E cells react to damage in
posterior E cells but irradiation of the head from the posterior
margin of the pharynx does elicit a response from the intestine.
Work is in progress to conduct single cell irradiations with a particle
microbeam at Texas A&M University to test individual cells and the
topology of the putative bystander signaling.

Stem cells within the brain have been shown to be sensitive to
radiation effects, particularly those within the hippocampus, a
structure important for learning and memory. Lately, there has been
increasing interest in the utilization of stem cells for therapeutic
treatment of a wide range of diseases, such as stroke and trauma.
We have explored the potential of neural stem cells (NSC) for
improving these disease states. In a rat model of neonatal ischemia
we implanted both murine and human NSC within 3 days of injury,
monitored their location, migration, proliferation and effectiveness
in reducing injury. Implantation of 500,000 NSC that were labeled

(MS902) Amelioration of radiation-induced oral mucositis
(mouse) by administration of mesenchymal stem cells. Julia
Haagen, Ruth Noack, Margret Schmidt, Annett Siegemund, Wolfgang Doerr, Radiobiology Laboratory, Med. Faculty, Univ.
Technology Dresden, Dresden, Germany
Oral mucositis is a frequent side effect of radio(chemo)therapy
of head and neck tumors, which often necessitates interruption of
the prescribed treatment. Epithelial erosions develop as a consequence of impaired proliferation of mucosal stem cells and hence a
reduction of the cellular supply to the post-mitotic compartment, in
face of continuing cell loss at the surface. Systemic administration
of bone marrow yielded a significant reduction of mucosal lesions.
The present study was initiated to define the potential of
mesenchymal stem cells (MSC) for amelioration of radiationinduced oral mucositis during daily fractionated irradiation.MSC
were isolated from bone marrow of male C3H/Neu mice. Six
million cells were administered intravenously after cell separation
and washing with PBS/FCS. All transplantation experiments were
performed in female C3H/Neu mice. Radiation-induced mucosal
ulceration was analyzed as a clinically relevant end-point. Daily
fractionated irradiation with Gy/fraction was given over 1 week
(days 0–4) or 3 weeks (days 0–4, 7–11, 14–18). Each protocol was
terminated (day 7/day 21) by graded test doses to generate complete
dose-effect curves. Based on previous bone marrow administration
experiments, MSC were administered on day 1, 2 or 4 during one
week, and on day 8 during 3 weeks of fractionation. For test
irradiation after 1 week of fractionation, the ED50 (dose, at which
ulceration is expected in 50% of the mice) was 7.562.2 Gy. MSC
application on days 1, 2 or 4 resulted in ED50s of 9.960.7 Gy
(p¼0.0109), 11.660.9 Gy (p¼0.0002), and 9.361.7 Gy (p¼0.0804).
For three weeks of irradiation and MSC administration on day 8, an
ED50 of 11.860.7 Gy was found, compared to 7.263.5 Gy in the
control experiment (p¼0.0014). In histological studies, individual
MSC could be identified, but neither transdifferentiation nor clonal
expansion was seen.In conclusion, a significant reduction of oral
mucositis was achieved by MSC administration on days 1, 2 or 8,
and a trend on day 4. The underlying mechanism requires further
investigation. Supported by the EC, contract LSHC-CT-2004503436 (’’FIRST’’). Preparation of MSC was performed in close
cooperation with Laboratoire d’Hématopoı̈èse, Université FrançoisRabelais, Faculté de Médecine, Tours Cedex, France (Prof. Dr.
Pierre Charbord, Dr. Bruno Delorme).
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(MS901) Alterations in neural stem cells following ionizing
radiation exposures: functional magnetic resonance imaging
and live cell imaging studies. Andre Obenaus1, Stephan Ashwal1,
Evan Snyder2, Eleonora Napoli3, Elizabeth A. Kosmacek3, Michael
A. Mackey3, Fiorenza Ianzini3, 1Loma Linda University, Loma
Linda, CA, 2The Burnham Institute, La Jolla, CA, 3University of
Iowa, Iowa City, IA

with an iron-containing imaging agent (Feridex) allowed for noninvasive visualization of the NSC using magnetic resonance
imaging (MRI). When controls were implanted with NSC into the
ventricles stem cells could not be visualized anywhere within the
brain parenchyma. However, when NSC were implanted either into
the ventricle or in contralateral brain tissue there was robust
migration (125 lm/day) towards the ischemic lesion. The leading
edge of the implanted NSC reached the injured tissues within 4–7
days. In all animals at 12 weeks after injury induction there
appeared to be a band of iron-labeled NSC within the corpus
callosum of the ipsilateral tissues that slowly disappeared over the
remaining 58 weeks. While there was no apparent reduction in
ischemic volume, NSC could be immunohistochemically identified
around the periphery of the ischemic lesion. Some of these NSC had
differentiated to neurons, but the predominant phenotype appeared
to be oligodendrocytes and astrocytes. No implanted NSC were ever
seen in the un-injured tissues. Thus, NSC can mobilize, integrate,
and reduce injury. In vitro studies using the Large Scale Digital Cell
Analysis System (LSDCAS) are currently under way to quantify
changes in motility before and after radiation exposure of the NSC,
to determine the rate of cell death in exposed NSC, and to
characterize the timing of the morphological changes observed in
the in vivo experiments reported above. These measurements will
give a comprehensive mechanistic characterization of processes
occurring in NSC following densely ionizing radiation exposure.

(MS903) Protectan CBLB612 - a new agent for radical
improvement of hematopoietic stem cell proliferation and
mobilization for treatment of cancer and acute radiation
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syndrome. Alexander Shakhov1, Eugenia Strom1, Petro Ryabokon1, Katerina Gurova1, Frederick Bone1, Eugene Kononov1,
Troitza Toshkova1, Vijay Singh2, Elena Feinstein1, 1Cleveland
BioLabs, Inc., Buffalo, NY, 22Armed Forces Radiation Research
Institute, Bethesda, MD
Bone marrow transplantation (BMT) is widely used for
treatment of hematopoietic cancers and acute radiation syndrome
(ARS). Shortage of antigen-matched donors or lack of the
possibility to perform autologous transplantation limits the
procedure applicability. Use of hematopoietic stem cells (HSC)
instead provides an attractive therapeutic alternative. Collection of
HSCs from adult donors requires their stimulation and mobilization
from the bone marrow (BM) into peripheral blood (PB). The
approved HSC mobilizing agents are incapable to mobilize
sufficient for transplantation number of HSC into a single donor
blood portion. Hence, collection of necessary quantities of HSC
requires a multi-hour aphaeresis in highly specialized hospital
conditions. We have developed a new pharmacological agent named
CBLB612 that cardinally facilitates HSC amplification and
mobilization to PB. CBLB612 is a synthetic proprietary lipopeptide
agonist of TLR2/TLR6 heterodimer. Single CBLB612 dose exceeds
HSC-mobilizing potency of four daily administrations of Neupogen.
Combined use of CBLB612, Neupogen, and Mozobil provides a
synergistic effect eliciting an unprecedented concentration of HSCs
in circulation both in mice and monkeys. Only 3% of total PB
mononuclear cells from treated mouse were sufficient to provide a
full and long-term BM repopulation in lethally irradiated recipients.
This novel treatment combination may enable getting enough adult
human HSC for either autologous or allogenic transplantation from
a single donor blood draw which allows avoiding a costly
aphaeresis procedure while substituting it with a simple ex corpora
HSC separation. Moreover, use of CBLB612 may open a possibility
for creation of blood banks where HSC-enriched blood from
individuals can be stored for an ad hoc use in case they become
victims of radiation accidents, or develop cancer or any other
pathology in which the use of HSC is beneficial. In addition to HSC
collection indication, CBLB612 ability to stimulate HSC proliferation in the BM may be utilized for its development as
chemotherapy adjuvant. In syngeneic mouse tumor model,
administration of CBLB612 in combination with chemotherapy
significantly increased white blood cells counts compared to control
without compromising the anticancer effect of chemotherapy.

(MS904) Myeloid progenitor cells as an effective treatment for
acute radiation syndrome. Vijay K. Singh1, Darren S. Brown1,
Oluseyi O. Fatanmi1, Vaishali I. Parekh1, Daphne A. Gille2, Mark
H. Whitnall1, Julie L. Christen2, 1Armed Forces Radiobiology
Research Institute, Bethesda, MD, 2Cellerant Therapeutics, San
Carlos, CA
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There is a pressing need for treatments that can ameliorate the
effects of ionizing radiation injury for use in the field by military
personnel and emergency responders. None of the agents
investigated so far have received FDA approval as a radiation
countermeasure. Our long term goal is to develop a cellular product
that can be administered after radiation exposure to provide
hematopoietic cellular support to victims until their own bone
marrow stem cells repopulate their blood system. Myeloid
progenitor cells isolated from the bone marrow do not possess
extended self-renewal ability; however, progenitors are capable of
partially restoring functional hematopoiesis for a limited period of
time. Purified bone marrow myeloid progenitors have been shown
to protect lethally irradiated congenic mice. We have developed
culture conditions to produce large numbers of mouse myeloid
progenitor cells (MPc) from hematopoietic stem cells (HSC). The
MPc can improve survival against radiation exposure levels
exceeding the minimum lethal dose. Following transplantation into
an irradiated host, MPc derived from 3 MHC-disparate mouse
strains expand and differentiate in vivo giving rise to myeloid,
erythroid, and dendritic cells as well as platelets.Six to eight week
old male CD2F1 mice were transfused with either 3 or 5 million
mouse MPc at various time points (2, 48, and 96 h) post-exposure to
an LD90/30 dose (9.2 Gy, 0.6 Gy/min) of ionizing radiation (cobalt60 gamma-radiation). Our results demonstrate that MPc significantly protect mice when administered as late as 96 h after exposure
50

to ionizing radiation. We further investigated the maximum dose of
radiation to which the MPc are effective. Mice were exposed to
different doses (9.0, 9.5, 10.0, 10.5, 10.75, and 11.0 Gy) of cobalt60 gamma-radiation and transfused with 5 million MPc 48 h after
irradiation. Almost all mice were protected in all groups receiving
MPc. Our results show that MPc are an effective therapy for damage
caused by ionizing radiation. The cell therapy is effective against
hematopoietic as well as GI doses of ionizing radiation. For further
characterization, we plan to evaluate whether MPc ameliorate
radiation-induced GI damage.

(MS905) Total body irradiation induces persistent oxidative
stress selectively in murine hematopoietic stem cells. Yong
Wang1, Lingbo Liu1,2, Senthil K. Pazhanisamy1, Aimin Meng1,3,
Daohong Zhou1, 1Medical University of South Carolina, Charleston, SC, 2Institute of Hematology, Union Hospital, Tongji Medical
College, Wuhan, China, 3Institute of Radiation Medicine, Chinese
Academy of Medical Sciences, Tianjin, China
Ionizing radiation (IR) and/or chemotherapy cause not only
acute normal tissue injury but also late effects including long-term
bone marrow (BM) suppression. The induction of residual BM
injury is primarily attributable to induction of hematopoietic stem
cell (HSC) senescence. However, neither the molecular mechanisms
by which IR and/or chemotherapy induce HSC senescence have
been clearly defined, nor has an effective treatment been developed
to ameliorate the injury. Therefore, they were investigated in the
present study using a total body irradiation (TBI) mouse model. The
results showed that exposure of mice to 6.5 Gy TBI induced a
persitent increase in ROS production only in HSCs for up to 8
weeks, primarily via up-regulation of NADPH oxidase 4. This
finding provides the foremost direct evidence demonstrating that in
vivo exposure to IR causes persistent oxidative stress selectively in
a specific population of BM hematopoietic cells, e.g. HSCs. The
induction of chronic oxidative stress in HSCs was associated with
sustained increases in oxidative DNA damage and DNA double
strand breaks, inhibition of HSC clonogenic function, and induction
of HSC senescence but not apoptosis. Treatment of the irradiated
mice with N-acetyl-cysteine after TBI significantly attenuated IRinduced inhibition of HSC clonogenic function and reduction of
HSC long-term engraftment after transplantation. These findings
suggest that selective induction of chronic oxidative stress in HSCs
by TBI leads to induction of HSC senescence and residual BM
injury; and antioxidant therapy may be used as an effective strategy
to mitigate IR- and chemotherapy-induced residual BM injury.

(MS906) A quantitative assay for cancer stem cell sensitivity
to treatment modalities and prediction of individual patient
outcomes. Christopher S. Lange, Shy’Ann Jie, Anna Groysman,
Kaity Sanz Melo, Justin Rineer, Davina Etwaru, Alison Lennox,
Guy Savir, Bozidar Djordjev, Ovadia Abulafia, Marvin Rotman,
SUNY Downstate Med Ctr, Brooklyn, NY
Methods: Hybrid Spheroids (HS) identify fresh tumor cells
capable of extensive proliferation and self-renewal, hallmarks of
stem cells. HS are formed by mixing cancer test cells with
fibroblasts and incubating them overnight under non-attachment
conditions. The cell mixture in the spheroids is the same as in the
original single cell mixture. Spheroids of defined sizes are selected
by filtration, distributed 1/well in 96-well ultralow attachment
plates, irradiated, and then monitored for growth. As shown
previously, pure fibroblast spheroids (PS), incubated in suspension,
shrank by 80 - 90% within three days, then remained at their
reduced size for . 2 weeks. These remaining fibroblasts rapidly and
exponentially lose clonogenicity so that the clonogenic fraction is ,
1/106 within a week. Results: 1) 170 cell HS (99% AG1522
fibroblasts, 1% HeLa cells) initially shrank, as do PS, and then grew
10–15 divisions from a multiplicity (M) of 1.7 HeLa cells/spheroid
with a 1.2 day doubling time. Morphology confirmed that HS
growth was due to test cell, not fibroblast, proliferation. 2) Initially
irradiated HS yielded spheroid and HeLa cell survival curves with
D0 ¼ 1.73 6 0.07 Gy, nsph ¼ 2.65 6 0.38 and ncell ¼ 1.56 6 0.02.
M ¼ nsph/ncell ¼ 1.7 6 0.24. 3) Using the fraction of HS that do not
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grow as the zero term of a Poisson distribution provides another
independent estimate of cell survival that agrees with the
multiplicity-based value. 4) Cervical carcinoma cells, from fresh
surgical samples, produced no colonies from 40,000 cells plated in
tissue culture dishes (Plating Efficiency, PE , 2.5x105). However,
when mixed 5.5% tumor cells, 94.5% fibroblasts, to form HS, some
cells were clonogenic. 5) There was at least one clonogen ( 10
divisions, a putative CSC) in 3.7 6 0.6% of small spheroids (88–
105 lm) & 6.7 6 0.6% of large spheroids (105–125 lm), yielding
respective PEs or putative CSC fractions of 0.50 6 0.09% & 0.76
6 0.15%. Conclusions: These PEs are what would be expected as
CSC fractions. We are testing CSC-containing spheroids for tumor
production in NOD/SCID/Cg mice, for CSC content in second
generation HS, measuring CSC survival curves, and following
patient treatment outcomes. This assay provides a test of the CSC
hypothesis and could improve cure rates by letting us tailor cancer
treatments to the sensitivities of each patient’s CSCs.

(MS907) Mechanisms underlying radiation resistance in
glioma stem cells. Evelyn Amoah-Buahin, Salih Yildirim, Anthony
J. Chalmers, Brighton and Sussex Medical School, Brighton, United
Kingdom
Objectives: There is increasing evidence that many cancers
contain a population of cells capable of initiating or repopulating the
tumour from which they were derived. These have been termed
‘tumour-initiating cells’ or ‘cancer stem cells’ and may be
responsible for tumour recurrence after radical therapy. Glioblastoma multiforme (GBM) are high-grade primary brain tumours that
are refractory to treatment. There is some evidence that GBM
contain radioresistant ‘glioma stem cells’ that are characterised by
expression of CD133. We have generated cultures of glioblastoma
cells from primary GBM specimens and established glioma cell
lines that are enriched for CD133 expression. The aim of this study
was to characterise the response of these populations to ionizing
radiation. Results: Glioblastoma cells maintained in serum-free
culture displayed non-adherent growth in neurospheres consistent
with the published ‘glioma stem cell’ phenotype. CD133 expression
assessed by immunoblot or flow cytometry was upregulated in these
populations and immunofluorescence microscopy of disaggregated
neurospheres revealed cell surface and cytoplasmic CD133
expression in many but not all cells. Glioblastoma cells cultured
as monolayers in serum-containing medium did not express CD133.
Clonogenic survival assays controlling for growth factor conditions
demonstrated a modest reduction in radiation sensitivity in CD133enriched populations compared with CD133-depleted or monolayer
controls. More marked differences were observed in radiation
response parameters including apoptosis and DNA repair measured
by comet assay or resolution of cH2AX foci. Upregulation and/or
activation of proteins involved in DNA repair and cell cycle
checkpoint activation was also observed. The effects of specific
inhibitors of DNA repair proteins (DNA-PKcs, ATM, PARP) on
these parameters will be presented. Conclusions: Glioblastoma cell
populations enriched for CD133 expression displayed modest
radiation resistance. DNA repair was enhanced in these populations
while molecular markers associated with radiation resistance were
upregulated. These data are consistent with the hypothesis that
radioresistant ‘glioma stem cells’ contribute to treatment failure in
patients with GBM.

The concept of tumor-initiating/cancer stem cells (TIC/CSC)
in colorectal cancer (CRC) and the hypothesis of such cell
populations to relate to therapy resistance and recurrence of disease
are challenging because the only, yet critical tool to identify and
isolate these cells are surrogate markers with limited causal
evidence. One of these markers is the human transmembrane

(MS1001) The association of MDM2 promoter T309G and
TP53 G72C polymorphisms with radiosensitivity and cancer
predisposition. Ghazi Alsbeih, Najla Al-Harbi, Muneera AlBuhairi, Khaled Al-Hadyan, King Faisal Specialist Hospital &
Research Centre, Riyadh, Saudi Arabia
Single nucleotide polymorphism (SNP) in genes involved in
cell-cycle control, DNA repair and apoptosis pathways are likely to
affect radiation sensitivity and cancer susceptibility. The two major
proteins along these pathways are p53 and its negative regulator
MDM2. Functional polymorphisms in both genes have been
identified. A SNP in the MDM2 promoter (309 T/G) has been
associated with altered risk for cancer development. The SNP TP53
codon 72 G/C (Arg/Pro) was suggested to be associated with the
onset and risk of different cancers. We investigated the association
between these two SNPs and the risk to develop Head and Neck
cancer in a cohort of 421 individuals (138 cancer patients and 283
controls) of Middle-Eastern origin. In addition, association with
cellular radiosensitivity studied by clonogenic survival was
investigated in 105 skin fibroblast cell strains established from
volunteers and cancer patient. Results showed a highly significant
association between MDM2 309 T/G (P , 0.001) but not TP53 72
G/C (P ¼ 0.40) and cancer occurrence. However, both polymorphisms were significantly associated with cellular sensitivity to
ionizing radiation (P ¼ 0.03 and P ¼ 0.05 for MDM2 309 T/G and
TP53 72 G/C, respectively). In conclusion, our data suggest that
MDM2 promoter 309 T/G polymorphism predisposes to cancer of
Head and Neck in our population and also influence radiosensitivity. These findings may have important implications for both cancer
risk and individualizing cancer treatment with radiotherapy.
Supported by KFSH&RC grants 2000 031 and 2040 025.
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(MS908) Is CD133 expression in colorectal cancer lines
selective for a tumor-initiating or radioresistant cell population? Claudia Dittfeld1, Antje Dietrich1, Susann Peickert1, Marian
Grade2, Thomas Ried2, Leoni A. Kunz-Schughart1, 1OncoRay center for Radiation Research in Oncology, Dresden, Germany,
2
Section of Cancer Genomics, NCI, NIH, Bethesda, MD

glycoprotein CD133 which was recently described to be expressed
on CRC populations with tumor-initiating potential. The selectivity
and relevance of CD133 expression, however, is still controversially
discussed.Established CRC cell lines studied in our laboratory can
be categorized into three groups: (I) those with roughly all cells
expressing CD133 on the surface lacking a distinct CD133-negative
population (II) cell lines without CD133 surface expression in 2-D
monolayer culture and (III) CRC lines containing two distinct
populations of CD133þ and CD133 cells. The HCT-116 cell line
belongs to category III (as HT29) and was chosen for further
analysis. Subpopulations were isolated via fluorescence-activated
cell sorting and analyzed in parallel to the original, mixed cells for
2-D and 3-D growth, colony formation and therapy response in
vitro. Subcutaneous tumor formation in NMRI nu/nu mice was
monitored and the distribution of CD133 þ/- populations was
determined by flow cytometry following enzymatic dissociation
of cultures and xenografts.CD133 þ and CD133 HCT-116
subpopulations neither differed in clonogenic survival, monolayer
growth, spheroid formation nor in radioresponse in vitro. Also, no
difference in xenograft formation was indicated after injection of
1x102-1x104 CD133þ vs. CD133 cells per animal. We conclude
that CD133 does NOT select for a tumor-initiating or radioresistant
HCT-116 cell population. Interestingly, the distribution of the
subpopulations during 2-D and 3-D culturing remained relatively
constant but subcutaneous xenografts developed from CD133
HCT-116 cells showed an unexpected, yet highly variable increase
in the CD133þ fraction. This phenomenon shall be further studied
to gain insight into the mechanisms that may provoke the
development/enrichment of CD133 expressing HCT-116 cells in
the in vivo environment. Supported by the BMBF (01ZZ0502) and
the DFG (KU 971/7-1 / GR 3376/2-1).

(MS1002) Gene expression time course response of human
tissue exposed to low dose ionizing radiation in vivo. Karen M.
Kalanetra1, Susanne R. Berglund2, Reem Yunis1, Huguette
Albrecht1, Shiquan Wu1, Ruixiao Lu3, Joerg Lehmann1, Heather
Witt1, Robin Stern1, David M. Rocke1, Zelanna Goldberg4,
1
University of California, Davis, CA, 2Siemens, Sacramento, CA,
3
Affymetrix, Santa Clara, CA, 4OXiGENE, Inc., San Francisco, CA
Evaluating effects of low-dose ionizing radiation (LDIR) on
humans is important in order to define potential effects of radiation
51
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on normal tissue. Precise effects and molecular mechanisms remain
unclear. Thus, consistent and reliable human translational data must
be obtained with which to correlate in vitro experimental findings.
Biopsies from tissues exposed to radiation in vivo gives the best
possible snapshot of gene expression. With this study we continue
to address the information gap using a model developed in our lab
to evaluate effects of LDIR on normal, healthy human tissue.Skin
punch biopsies (4 total each patient, 4mm; split and treated as
duplicates) measured to have been exposed to 10 cGy x-ray
irradiation taken prior to and post-IR were taken from men
undergoing radiotherapy for treatment of early stage prostate
cancer. We determined genes significantly differentially expressed
over time using Illumina Human Ref-8 Expression Beadchip
analysis of amplified / labeled cRNA. Gene expression profiles of
timepoints 3, 8, and 24 hours were compared to the baseline (0
hour). MetaCore by GENEGOt was used to map differentially
expressed genes to functional signaling and metabolic pathways (p
 0.05).2009 total genes were significantly differentially expressed
over all timepoints. When significant genes from all 3 timepoints
were compared the 10 most significantly affected functional
pathways include: apoptosis and survival (caspase cascade, p53dependent apoptosis, TNF-family, and TNFR1 signaling), development (angiotensin and WNT signaling), neurophysiological (receptor-mediated axon growth repulsion), cell adhesion (ephrins
signaling and chemokines), and cell cycle (chromosome condensation). The most significant pathways were involved in apoptosis and
survival. Our results are consistent with gene groups known to be
radiation sensitive. Many pathways were shown to be affected at the
8 hour timepoint (52 total) then decrease. At 24 hours 5 of the 14
significant pathways were involved in apoptosis and survival. Our
goal is to define characteristic gene expression profile changes in
non-cancerous human cells following 10 cGy LDIR exposure by
comparing comprehensive gene expression in human skin samples
obtained during therapeutic irradiation over a 24 hour time period.

(MS1003) In vivo effects of low dose ionizing radiation on
mitochondrial functions. Min Li, Grace Shim, Sonia de Toledo,
Debkumar Pain, Edouard Azzam, University of Medical and
Dentistry of New Jersey, Newark, NJ
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Mitochondria consume about 90% of the body’s oxygen and
are the richest source of reactive oxygen species (ROS). They play
an integral part in signaling events that occur in response to
oxidizing agents, including ionizing radiation (IR). The TCA cycle
in the mitochondrial matrix is a central pathway of oxidative
metabolism. Mitochondrial aconitase (ACO2), one of the eight
enzymes that participate in the TCA cycle, is highly vulnerable to
oxidative stress. To gain greater insight into the radiation-induced
effects on mitochondria, we investigated the in vivo effects of low
dose c-rays on mitochondrial protein import and aconitase and Mnsuperoxide dismutase (Mn-SOD) enzyme activity in various
tissues.C3H/HeJ male mice were exposed to 0, 1, or 10 cGy acute
137
Cs c- rays, and were sacrificed at 0.25, 1, 3, 24, 48, and 120 h
after exposure. Mitochondria isolated from fresh liver were used for
protein import studies. Heart, brain, liver, kidney, and spleen were
also isolated, snap frozen in liquid nitrogen, and stored at 808C for
aconitase and Mn-SOD activity analyses.Our data indicate that in
vivo mitochondrial protein import is highly sensitive to IR.
Exposure to acute c-ray doses as low as 1cGy decreased protein
import in mitochondria from liver cells. Protein import decreased as
a function of time after exposure for at least the first 48h, and
seemed to recover around 120h. Aconitase activity showed this
similar trend in several other tissues, including heart and spleen.
These effects occur in conjunction with increasing activity of the
anti-oxidant enzyme, Mn-SOD. Ongoing studies are measuring
protein oxidation and lipid peroxidation in various tissues of
irradiated mice.Mitochondrial function is disrupted in vivo when
exposed to IR, and the effect is dependent on IR dose, time, and
inherent radiation sensitivity of different tissues. Whereas the
decrease in function may be indicative of damage to the organelle, it
also suggests that it may be part of the protective responses of
healthy/normal organisms to reduce generation of ROS and
mitigation of radiation-induced oxidative stress. Supported by
Grant DE-FG02-07ER64344 from the U.S. Department of Energy,
Low Dose Radiation Research Program.
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(MS1004) Biological effects of single and repeated diagnostic
CT scans. Nghi Phan, Douglas R. Boreham, McMaster University,
Hamilton, ON, Canada
This research is focused on assessing the biological responses
associated with diagnostic CT X-rays in mice. The endpoints used
were: micronucleated reticulocyte (MNRet) formation, cH2AX foci
and apoptosis levels. Mice were given CT scans either once or on a
repeated basis and then challenged with a large dose of cradiation.The first series of experiments investigated the acute
effects associated with a single CT scan (20mGy). A single CT scan
was given to female Trp53 þ/ þ and Trp53 þ/- mice at 7–8 weeks of
age. MNRet levels were measured 43 hours after the radiation
exposure using a flow cytometry-based kit developed by Litron
Laboratories. It was found that MNRet levels were significantly
elevated in the single CT scan group relative to controls (p¼0.006).
However, the cH2AX foci formation endpoint was not able to
detect differences between controls and a single CT. There was no
difference in cH2AX formation between Trp53 þ/ þ and Trp53 þ/mice when given doses ranging between 0 Gy and 4 Gy (p¼.923).
Therefore, p53 heterozygosity does not seem to play a role in foci
formation in these mice.A second series of experiments studied the
effects of repeated CT scans. 17-week-old male C57BL/6 mice were
given food and water ad libitum during the 10 weeks preceding
irradiation/harvesting. Mice received single CT scans (20mGy)
twice a week for 10 wks (total dose 400 mGy). It was found that
repeated acute 20mGy CT X-rays over 10 weeks induced a
significant reduction in MNRet levels (p¼0.018) relative to controls.
Also, after a 1 Gy challenge dose of c-radiation, the mice that had
been given repeated CT scans showed a reduction in MNRet levels
compared to non-CT scanned mice (p¼0.093). Mice receiving 10
weeks of repeated CT scans showed significant decreases in
cH2AX foci formation following an in vitro challenge dose of 1 Gy
(p¼0.012) and 2 Gy (p¼0.021) compared to the control group. When
measuring apoptosis via Caspase 3 and 7 activation, it was found
that apoptosis levels were significantly lower in mice that had
received repeated CT scans (p,0.01) relative to controls. Following
a high 2 Gy challenge dose (p¼0.034) there was significantly less
apoptosis in mice that had received CT scans prior to the challenge
compared to those that received only the challenge dose. Overall,
repeated scans seem to confer resistance to larger doses in mice.

(MS1005) Carcinogenic potential of low dose CT radiation.
Michael Munley, Kenneth Wheeler, Joseph Moore, John Olson,
Mark Miller, Wake Forest University School of Medicine, WinstonSalem, NC
Objective: Determine the carcinogenic potential of screening
ex-smokers for lung tumors annually using x-ray computed
tomography (CT) procedures. Introduction: Recently, CT has been
studied to determine its value for screening asymptomatic
individuals that are at a high risk for lung cancer (e.g., smokers
and ex-smokers). However, the carcinogenic effects of annual CT
lung screening are largely unknown. The radiation dose received by
patients undergoing these CT screening procedures typically ranges
from 2 to 30 mGy. There is a lack of experimental carcinogenesis
data specific to the CT screening process at these dose levels. We
will present our preliminary findings using a rodent model of lung
carcinogenesis that has been exposed to fractionated doses of
whole-body CT radiation. Methods: We used standard whole-body,
annual CT screening protocols and a bitransgenic mouse model in
which the mutant human Ki-ras gene was conditionally expressed
in a doxycycline (DOX)-regulated and lung-specific manner to
acquire the carcinogenesis data. These studies involved acquiring
dose response data (5–30 mGy) in mice þ/-radiation þ/-DOX. This
previously validated mouse model is used as a reporter of the effects
of CT with the premise that if we do not witness the induction of
carcinogenesis, then such doses can be safely used for screening.
All mice in the radiation groups were exposed once per week for
four weeks starting one week after initiation of the DOX treatment
using a clinical CT unit. Tumor induction and growth were followed
utilizing a 7T magnetic resonance imaging (MRI) device at 6 and 9
months post-irradiation. At 9 months post-irradiation, mice were
euthanized by CO2 asphyxiation/exsanguination, and the number
and size of lesions from both MRI data and histological examination
were determined. Results: Our preliminary data showed that we can
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successfully visualize and measure lung tumors  0.3 mm using the
7T MRI, although tumors located close to the heart are sometimes
difficult to distinguish. Following necropsy, we compared the sizes
of the tumors measured with calipers to the diameters obtained by
MRI. Dose response data acquired at 9 months post-irradiation from
imaging and after necropsy will be presented. Supported by a
Partner Grant from CCCWFU.

(MS1006) An update of mortality (1950–1999) in the cohort of
Eldorado uranium miners. Rachel Lane1, Stanley Frost2, Lydia
Zablotska3, 1Radiation Protection Division, Directorate of Environmental and Radiation Protection and Assessment, Ottawa, ON,
Canada, 2Frost & Frost Consultants, Saskatoon, SK, Canada,
3
UCSF, San Francisco, CA
The mortality follow-up (1950–1999) of 17,660 Eldorado
uranium workers, employed sometime between 1932 and 1980,
assessed the radon decay product (RDP) exposure and lung cancer
relationship. Workers’ exposures came from company records, dose
reconstruction and the National Dose Registry. The mean
cumulative RDP exposure was 48.0 WLM after 553,608 personyears of follow-up. All analyses were restricted to males (N¼16,236,
92% of the cohort). Standardized mortality ratios were calculated
using corresponding Canadian specific rates. Overall, Eldorado
workers illustrated the ‘‘healthy worker effect’’, with fewer deaths
from all causes (observed¼5,148; expected¼5,284.2; SMR¼ 1.0)
and all cancers (observed¼1,406; expected¼1,425.7; SMR¼1.0)
compared with the general male Canadian population, although not
statistically significant. Lung cancer mortality (observed¼618;
expected¼470.3) was significantly elevated (SMR¼1.3; 95% CI:
1.2–1.4, p,0.01). Lung cancer deaths significantly increased with
RDP exposure (ERR¼0.55% per WLM; 95% CI: 0.37–0.78,
p,0.01). Risk significantly decreased with time since exposure
and exposure rate. RDP exposure and gamma ray dose were not
associated with any other cancer site or other cause of death. This
follow-up supports the BEIR VI model for RDP exposure and lung
cancer risk and provides more precise risk estimates and greater
statistical power than the original analyses. Future follow-up of the
cohort and joint analysis with other uranium miners studies should
shed more light on the effects of low RDP exposures as experienced
by current workers.

(MS1007) First analysis of cancer incidence in the cohort of
Eldorado uranium miners (1969–1999) and comparison with
the results of the mortality analysis. Lydia Zablotska1, Rachel
Lane2, Stanley Frost3, 1UCSF, San Francisco, CA, 2Radiation
Protection Division, Directorate of Environmental and Radiation
Protection and Assessment, Canadian Nuclear Safety Commission,
Ottawa, ON, Canada, 3Frost & Frost Consultants, Saskatoon, SK,
Canada

(MS1101) Thoracic irradiation of Nitric Oxide Synthase 1
Homologous Recombinant Negative (NOS1 -/-) mice induces
esophageal dilation and early death while their mesenchymal
stem cells are paradoxically radioresistant. Xichen Zhang,
Malolan Rajagopalan, Bettina Buchholz, Anthony Bauer, Darcy
Franico, Tracy Dixon, Shaonan Cao, Joel Greenberger, University
of Pittsburgh Cancer Institute, Pittsburgh, PA
Mitochondria play a critical role in ionizing radiation-induced
apoptosis. Irradiation-induced superoxide and nitric oxide combine
to form peroxynitrite, leading to lipid peroxidation in the
mitochondrial membrane and a cascade of events culminating in
apoptosis. Neuronal Nitric Oxide Synthase (NOS1), one of the three
isoforms of nitric oxide synthase (NOS), is localized to the
mitochondrial membrane. If NOS contributes to irradiation-induced
apoptosis, then NOS1 -/- mouse derived cell lines as well as NOS1
-/- mice should be radioresistant. Irradiation survival curves were
performed on bone marrow stromal cells lines derived from long
term bone marrow cultures from each of 4 mouse strains: NOS 1 -/-,
NOS2 -/- (inducible NOS), NOS3 -/- (endothelial NOS), and control
C57BL/6NHsd. Cells were irradiated to doses from 0–8 Gy and
colonies of .50 cells were scored. NOS1 -/- bone marrow stromal
cells demonstrated significant radiation resistance (ñ¼20.8 6 5.6,
Dq¼5.2 6 1.3 Gy) compared to control C57BL/6NHsd stromal
cells (ñ¼8.3 6 2.4, Dq¼1.8 6 1.5 Gy) (p ¼ 0.036 or 0.04,
respectively). There was no significant difference in radiosensitivity
between C57BL/6NHsd, NOS2 -/-, or NOS3 -/- marrow stromal cell
lines. C57/B6NHsd, NOS1 -/-, NOS2 -/-, NOS3 -/- mice received
thoracic irradiation to 19 Gy by Cesium Gamma cell irradiator and
were followed for development of radiation lung damage and
survival. In 2 experiments with 20 mice per group, NOS1 -/thoracic-irradiated mice were more sensitive to irradiation with
LD50 (50% of mice dead) of 41 days compared to 156, 148 or 159
days for C57BL/6NHsd, NOS2 -/- or NOS3 -/- mice, respectively (p
, 0.0001). Autopsies of NOS1 -/- mice demonstrated malnourishment and dehydration. Pathologic evaluation revealed esophageal
dilation not found in other groups. NOS1 -/- mice demonstrate
significant thoracic radiosensitivity relative to NOS2 -/- , NOS3 -/-,
and control C57Bl/6NHsd mice, which was discordant with
paradoxical marrow stromal cell line radioresistance. Electrical
field stimulation and gastrointestinal transit studies of the esophagogastric junction may reveal the mechanism of the novel rapid
thoracic irradiation injury in NOS1 -/- mice. Acknowledgement:
The project was supported by award numbers R01CA11927 &
T32AG21885 from the National Institutes of Health.

(MS1102) A novel TPO agonist, Alxn4100TPO mitigates
radiation induced lethality in CD2F1 mice by increasing
thrombopoiesis. Merriline M. Satyamitra1, Conor Mullaney1,
Patrick Ney1, Krista Johnson2, Jeffery Hunter2, Paul Tamburini2, Yi
Wang2, Jeremy Springhorn2, Venkataraman Srinivasan1, 1SRD,
AFRRI, Bethesda, MD, 2Alexion Pharmaceuticals, Inc, Cheshire, CT
The hematopoietic tissue is highly susceptible to cytotoxic
effects of ionizing radiation, resulting in thrombocytopenia and/or
neutropenia, followed by mortality. Thrombopoietin (TPO) has been
indicated for the clinical treatment of thrombocytopenia; unfortunately its administration causes adverse side-effects. Small molecular weight TPO mimetics have been synthesized that enhance
platelet counts as effectively as TPO, without the accompanying
deleterious effects. Alxn4100TPO (Alexion Pharmaceuticals, CT),
one such TPO agonist, is a short chain peptide incorporated in both
light and heavy chains of human IgG. Alxn4100TPO was evaluated
as a countermeasure agent in mice exposed to Cobalt-60 gamma
radiation in the current study. Single and multiple (5 once daily
doses) drug regimens (2 mg/kg, sc) were administered to mice
exposed to 9 Gy (0.6 Gy/min dose rate) and 30-day post-irradiation
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Previous studies of uranium miners provide convincing
evidence of increased risks of mortality from lung cancer but not
other cancers. Few studies analyzed cancer incidence with respect to
exposures to radon decay products (RDP) and compared it with
mortality. This paper describes the results of the first analysis of
cancer incidence between 1969 and 1999 in a cohort of 16,770
workers of the Eldorado Nuclear Limited of Canada. Both the
cohort and an RDP dosimetry system were substantially revised
since the last updates and included workers first employed at two
uranium mines (Port Radium and Beaverlodge), a radium and
uranium refinery and processing facility (Port Hope), and several
other sites sometime between 1932 and 1980 and alive at start of
follow-up in 1969. Based on a total of 2,065 individuals who
developed at least one cancer, we observed significantly lower rates
of all cancer together and separately, except for lung cancer,
compared with the age- and calendar year-adjusted rates for the
general population in Canada. We estimated a significant increase in
risk of lung cancer with increasing RDP exposure (excess relative
risk of 0.55 per 100 WLM, p,0.001), different in magnitude for
various histological types (p¼0.07). Risks of leukemia or any other
cancer were not associated with gamma ray doses. The current study
supports the use of BEIR VI-type models to predict future risk of

lung cancer from past and current RDP exposures. We plan to
continue to follow the cohort with respect to both mortality and
cancer incidence. Combined studies of uranium miners should shed
more light on the effects of exposures to low doses of RDP as
experienced by current workers.
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survival assessed. Alxn4100TPO injected pre-irradiation as either a
single (24 h) or multiple daily (5 to 1 d) regimen resulted in 80–
95% survival, while a single administration post-irradiation ( þ6 h)
showed 44% survival. In a separate time course study, single drug
schedules confirmed 100% survival when administered 24 h or 48 h
prior to radiation. The drug was also effective at 6 and 12 h postirradiation with 55 and 70% survival, respectively. The drug dose
optimization study was carried out at 12 h post-irradiation with doses
ranging from 0.1 mg to 8 mg/kg. The results demonstrate that
Alxn4100TPO was effective in increasing 30-day survival at low
(0.5 mg/kg) as well as at higher drug doses (8 mg/kg).

(MS1103) Single injection of novel medical radiation countermeasure CBLB502 rescues non-human primates within
broad time window after lethal irradiation. Vadim Krivokrysenko1, IIya Toshkov1, Anatoli Gleiberman1, Andrei Gudkov1,2,
Elena Feinstein1, 1Cleveland BioLabs, Buffalo, NY, 2Roswell Park
Cancer Institute, Buffalo, NY
Introduction: Protection of the human organism from ionizing
radiation is a key problem in nuclear safety, radiation therapy, and
space travel. CBLB502 is a Cleveland BioLabs, Inc. proprietary
radiation countermeasure that is being developed for biodefense and
medical applications. It is a rationally designed recombinant protein
derivative of Salmonella enterica flagellin. CBLB502 acts via
interaction with Toll-like receptor 5 and subsequent NF-kB
mediated induction of multiple protective mechanisms. CBLB502
is an effective radioprotectant and radiomitigator: in mice, with a
dose modifying factor (DMF) of 1.5–1.8, an effective administration window of 24 to þ50 hrs relative to irradiation, and a
therapeutic index of ;100x. Methods: In multiple non-human
primate (NHP) experiments, rhesus monkeys (Macaca mulatta)
received a single i.m. injection of 0.01–0.04 mg/kg CBLB502,
given as a monotherapy at different times relative to 6.5–6.75 Gy
(LD70/40) or 5 Gy (LD20/40) bilateral total-body gamma irradiation
(TBI). Results: Single-dose protective injection of 0.04 mg/kg
CBLB502 45’ before 6.5 Gy TBI increased survival of NHPs from
25% in control group (n¼8) to 64% (n¼11). Single-dose mitigative
injections of 0.01–0.04 mg/kg CBLB502 at 1, 16, 25 or 48 hrs after
6.5–6.75 Gy TBI increased survival of NHPs from 20–40% in the
control groups (n¼8–10) to 70–100% in treated groups (n¼10–12).
CBLB502 treatment reduced the severity of damage and/or
promoted regeneration of the GI tract, spleen, thymus and bone
marrow. The severity and duration of radiation-induced thrombocytopenia and neutropenia were significantly decreased by
CBLB502 treatment. Thrombocytopenia (PLT,¼20,000/ul) was
reduced from 7 to 2.0–4.5 days and neutropenia (NEU ,¼ 500/ul)
was shortened from 11.5 to 9.5–11 days when CBLB502 was
injected 16–48 hrs after 6.5Gy TBI. Conclusions: Single administration of CBLB502 dramatically improves NHP survival following
lethal irradiation, reduces the severity of thrombocytopenia and
neutropenia, and enhances protection/regeneration of bone marrow,
small intestine, thymus and spleen. We conclude that CBLB502 is a
non-toxic and effective radioprotectant/radiomitigator that reduces
radiation damage to the HP and GI systems and, therefore, has great
potential as a life-saving treatment for ARS.
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(MS1104) Development of SOM230 as a radiation mitigator:
post-radiation time window and mechanism of action. Qiang
Fu1, Maaike Berbée1, Marjan Boerma1, Junru Wang1, Herbert A.
Schmid2, Martin Hauer Jensen3,4, 1University of Arkansas for
Medical Sciences, Little Rock, AR, 2Novartis Institutes for
Biomedical Research, Basel, Switzerland, 3Arkansas Cancer
Research Center, Little Rock, AR, 4Central Arkansas Veterans
Healthcare System, Little Rock, AR
Background: The somatostatin analog, SOM230, has potent
radioprophylactic and radiation mitigating properties that may relate
to suppression of exocrine pancreatic secretion. This study was
performed to a) determine the post-radiation time window for
administration, and b) to obtain information about mechanisms of
action, as required by the US Food and Drug Administration (FDA).
Methods: Male CD2F1 mice were exposed to 7–15 Gy uniform
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total body irradiation (TBI) in a cesium irradiator. SOM230 (0.5, 2,
or 5 mg/kg) or vehicle were given by twice daily subcutaneous
injections, beginning either 2 days before, 4 hours after, or 24 hours
after TBI and continued for 14 days. Separate experiments were
performed with or without co-administration of pancreatic enzymes.
Animal survival was monitored for up to 30 days. Intraluminal
proteolytic activity was assessed using a protease fluorescent
detection kit. Bacterial translocation was assessed in liver tissue
with 16S rRNA gene-targeted primers. The contribution of the gut
to systemic cytokine levels was estimated by analyzing plasma
samples obtained simultaneously from the portal vein and carotid
artery. Results: SOM230 decreased bacterial translocation and
substantially increased overall post-TBI survival, even when started
24 hours after irradiation. SOM230 reduced intraluminal proteolytic
activity, and replacement of pancreatic enzymes by gavage reversed
the radioprotective effect. The intestinal release of several cytokines
induced by TBI was also reversed by SOM230. Conclusion:
SOM230 is a promising radiation mitigator with a post-radiation
time window of at least 24 hours. The mechanism of action likely
involves reduction of intraluminal pancreatic enzymes and preservation of intestinal barrier function. Experiments to further extend
the post-exposure time window are ongoing.

(MS1105) Human cord blood and antibiotic effect on the
intestinal tract and survival of lethally irradiated mice: possible
use for mass casualties. Olga A. Kovalenko, Zhi Yang, Min Li,
Manoochehr Khorshidi, Edouard I. Azzam, Norman Ende,
University of Medicine and Dentistry, Newark, NJ
Objective: this study was to determine maximal c-ray doses at
which treatment with human umbilical cord blood (HUCB) and the
antibiotic Levaquin protects against killing, and allows recovery of
the intestinal tract of whole-body c-irradiated mice. These findings
would be of specific interest in the treatment of mass casualties from
a nuclear explosion. Methods: Two groups of A/J transgenic female
mice were used. One group was 19–25 weeks-old and the second
was 9 weeks-old. The combined study involved i) 6 sham-treated
mice, ii) 9 mice exposed to 900cGy (300 cGy/min) from 137Cs crays, iii) 7 mice receiving radiation and Levaquin, iv) 3 mice
receiving radiation and HUCB, v) 7 mice receiving radiation,
HUCB and Levaquin, vi) 6 mice receiving HUCB, and vii) 6 mice
receiving Levaquin only. Treatment with HUCB and/or Levaquin
occurred 4 h after irradiation. The mice were weighed prior to
irradiation and every 2 weeks. Results: None of the animals
developed signs of Graft vs. Host disease upon inoculation with
HUCB. Significantly, 75% of adult mice and 33% of young mice
that were treated with HUCB and Levaquin survived the lethal dose
of 900 cGy. Combined survival rate after irradiation and treatment
with HUCB and Levaquin was 57% for both groups at 50 days.
Mice that received radiation only were dead in 6–16 days. None of
the 50þ days-survivors appeared sick when euthanized. All animals
lost weight after irradiation. The 50þ days-survivors recovered
weight loss, gaining an average of 1.2 grams over their initial
weight. The histological changes in mice that received radiation
only showed large areas of necrosis in the bowel involving all
layers. The bone marrow was hemorrhagic with little evidence of
viable cells. In contrast, the bowel of the 50 þ-days-survivors
showed remarkable recovery. However, areas of necrotic villi and
some focal areas of necrosis in the mucosa were still evident. The
bone marrow showed focal areas of recovery with some areas being
hypercellular. Human-specific DNA was detected in multiple
organs in all the 50 þ days-survivors, particularly in the large
intestine where some necrosis was still present. Conclusion:
Umbilical cord blood transfusions combined with a broad spectrum
antibiotic may be an available therapy for mass radiation casualties.
Supported by a Grant from the Abraham Ende Foundation.

(MS1106) Human recombinant IL-11 administered orally
after total body irradiation prolongs survival and ameliorates
intestine injury in mice. Igor B. Gubrij1, Marjan Boerma1, Junru
Wang1, Martin Hauer-Jensen1,2, Alexander F. Burnett1, 1University
of Arkansas for Medical Sciences, Little Rock, AR, 2Central
Arkansas Veterans Healthcare System, Little Rock, AR
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Background: Systemic interleukin-11 (IL-11) administration
improves survival in mice exposed to total body irradiation (TBI).
However, because systemic IL-11 is associated with severe toxicity
in humans, this route of administration cannot be used clinically.
Oral administration of IL-11 does not induce systemic toxicity and
is known to reduce intestinal toxicity after localized irradiation. This
study investigated the efficacy of oral IL-11 as a potential mitigator
after TBI. Methods: Eight to nine weeks old male CD2F1 mice were
exposed to uniform TBI in a cesium gamma irradiator. Human
recombinant IL-11 (Neumega, Wyeth Pharmaceuticals) was administered once a day by gavage as an aqueous solution for 5 days,
starting 4 to 48 hrs after TBI. Levels of IL-11 in the intestinal lumen
at various times after gavage were determined by ELISA. Intestinal
crypt survival, bacterial translocation, and overall animal survival
up to 30 days post-TBI were used as the main endpoints. Results:
IL-11 concentration in proximal, middle, and distal parts of the
small bowel reached their maximum at 20 min after gavage and
returned to baseline at 4 hrs. IL-11 administration, when started 4
hrs or 24 hrs after TBI, was associated with a significant increase in
crypt survival, reduction in bacterial translocation, and improvement
in overall animal survival. On the other hand, no protection was
seen if IL-11 treatment was started 48 hrs post-TBI. The optimal
dose of IL-11 for mitigation of radiation injury in this model was
found to be 10 mg/kg/day. Conclusion: These data demonstrate that
IL-11, administered orally, is a potent radiation mitigating agent.
Further work is required to extend the post-radiation time window.

(MS1107) An acute radiation syndrome (ARS) nonhuman
primate (NHP) research platform: prolonged gastrointesinal
(GI) dysfunction observed in NHPs surviving the acute heme
and GI syndromes. Terez Shea-Donohue1, Alessio Fasano1,
Aiping Zhao1, Luigi Notari1, Jennifer Stiltz1, Justin DeVito2,
Emylee McFarland1, Ann Farese1, Thomas Macvittie1, 1University
of Maryland School of Medicine, Baltimore, MD, 2Walter Reed
Army Medical Center, Washington, DC
We established a model in which NHPs, exposed to lethal
doses of TBI within the GI syndrome range, would survive both the
GI and lethal Heme syndrome allowing full evaluation of GI
recovery kinetics in survivors. We exposed NHPs to TBI at LD30 or
LD50/8-10 for GI lethality, sparing ; 5% of bone marrow (TBI/
BM5), which appears to satisfy the criteria for a lethal GI syndrome
and highly myelosuppressive, but nonlethal, Heme syndrome. Aim:
to characterize the TBI/BM5 model and determine the survivalpromoting effect of keratinocyte growth factor (KGF). Methods:
NHP (n¼3) were exposed to 11.5 Gy (LINAC-derived photons)
TBI/BM5 (approximate LD30/8-10), with full medical management
post irradiation. KGF (100 ug/kg/day, iv) was given 24 hrs later and
then daily for up to day 14 post TBI/BM5. Samples were taken from
jejunum, proximal and distal colon for histological evaluation.
Sections of mucosae were taken from these areas and put in
microsnapwells to measure TEER, an index of permeability. Realtime PCR of mucosal IFNc expression was used as a marker of
inflammation. Results: The 5% BM shielding did not provide
microscopic protection against acute radiation-induced damage to
the gut. The average post irradiation survival time for untreated
NHP was 50.3 6 21.5 days (range 24 - 114 days). KGF shortened
the survival time to 13.7 6 2.9 days (range 8 - 18 days). Progressive
weight loss was a common feature in all NHP after 11.50 Gy TBI/
BM5; however, the rate of the decline (slope), was steeper in the

KGF-treated group (0.61 6 0.17 vs 1.81 6 0.36; p,0.02).
There were few villi in the jejunum after 11.50 Gy TBI/BM5 in both
groups, even in the NHP with the longest survival time. Only KGFtreated animals appeared to have crypt proliferation in both small
intestine and colon. In all NHP post irradiation, TEER was only
65% of controls and mRNA expression of IFNc was elevated
indicating a sustained increase in mucosal permeability and
inflammation. Conclusions: TBI/BM5 model shows that despite
survival past the Heme syndrome, there was a lack of villus
restitution in the jejunum, upregulation of inflammatory cytokines,
and impaired barrier function along the entire gut. KGF,
administered as described, does not appear to improve these
parameters. The new TBI/BM5 model shows a prolonged postirradiation gut dysfunction from which the NHP does not recover.

(MS1108) MnTnHex-2-PyP5þ. Structural characteristics, lipophilicity and bioavailability contribute to its high potency in
pulmonary radioprotection. Ines Batinic-Haberle, Ben GauterFleckenstein, Ivan Kos, Katharina Fleckenstein, Ivan Spasojevic,
Zeljko Vujaskovic, Duke University Medical Center, Durham, NC
Cationic Mn(III) N-alkylpyridylporphyrins (alkyl¼methyloctyl) are reportedly the most potent synthetic catalytic scavengers
of superoxide and peroxynitrite. By removing those species, they
eliminate signal for transcription factors activation (AP-1, HIF-1a,
NF-KB) which in turn suppresses secondary inflammatory responses. Besides chemical properties, lipophilicity, size and the shape of
the molecule greatly affect its in vivo efficacy. In order to increase
its lipophilicity and thus its cellular accumulation, without
compromising porphyrin antioxidant properties, we have modified
the structure of our lead drug MnTE-2-PyP5 þ (alkyl¼ethyl) to
produce MnTnHex-2-PyP5 þ (alkyl¼hexyl). In aerobic growth of
SOD-deficient E. coli, lipophilic MnTnHex-2-PyP5 þ was 30-fold
more efficacious than hydrophilic MnTE-2-PyP5 þ. It exerted 120fold increased efficacy in rat renal ischemia/reperfusion as
compared to MnTE-2-PyP5 þ. We were recently able to determine
the common drug lipophilicity measure, the partition between noctanol and water, POW. MnTnHex-2-PyP5 þ has POW value in the
range of common commercial drugs. For each carbon atom added
into the alkyl chain, lipophilicity increases ;10-fold. Thus
MnTnHex-2-PyP5 þ has 13,000-fold (log POW¼-2.29) higher
lipophilicity in comparison with MnTE-2-Py5 þ (log POW¼-6.43)
which likely enhances cellular accumulation and in turn its in vivo
efficacy. We already reported that early and late, 2 weekadministration of 6 mg/kg MnTE-2-PyP5 þ after rat lung irradiation,
produces remarkable decrease in lung fibrosis and inflammatory
parameters, suppressing primary and secondary oxidative events. In
the same model, at 120-fold lower dose (0.05 mg/kg) for 2 weeks,
starting at 2 h after radiation, MnTnHex-2-PyP exerted efficacy of
similar magnitude as 6 mg/kg MnTE-2-PyP5 þ. As both drugs work
predominantly via same pathways, MnTnHex-2-PyP5 þ will likely
be radioprotective when given at later time points after irradiation
also. Importantly, mouse TD50 (subcutaneously) is 12.5 mg/kg. The
ratio of toxic to effective dose is 250, allowing a wide therapeutic
window. Finally, in a recent monkey study, after 6 months of
osmotic pump-administration of 0.05 mg/kg of MnTnHex-2-PyP5 þ,
no toxicity was observed. Support: NIH U19AI67798-01, W. H.
Coulter Grant, NIH/NCI DUCCC.
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(PS1.01) Molecular mechanism underlying cellular response
to low dose radiation. Colette A. Sacksteder1, Eric Jones2, David
G. Camp II1, Thomas C. Squier1, 1Pacific Northwest National
Laboratory, Richland, WA, 2University of Washington, Seattle, WA
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Investigation of the effect of low-dose radiation is challenged
by the need to detect a probable low-level biological response. Here
we use proteomic technologies to detect and identify biochemical
pathways induced by low-dose radiation. To date the use of global
proteomics in low-dose radiation research has identified few
changes in total cellular protein abundance. Still this should not
be taken as an indication that low-dose radiation has no effect on
biological processes. Published studies indicate that oxidation
induced double strand breaks occur at doses as low as 1mGy. It
is also known that oxidative damage reaches beyond DNA causing
lipid oxidation and protein modifications, thus having the potential
to activate biological processes. Within these processes, checkpoints
exist to assess the need to continue the activated response or return
to a basal resting state. This decision point may be critical for
understanding potential health effects. To address the limitations of
global proteomics to detect a low level response we are using an
alternate approach involving the proteomic analysis of nuclear and
cytosolic cell fractions. This allows us to explore potential
activation of biological pathways as indicated by protein translocation. In this work we present results obtained in a macrophage cell
model. Macrophage cells play a critical role in both the innate
immune response to pathogens and normal clearance of apoptotic
cells and cell debris. Oxidized lipids have been shown to activate
the TLR4 bacterial immune response pathway and thus radiation
induced lipid oxidation has the potential to induce an immune
response in the macrophage. Nuclear and cytosolic cell fractions
were isolated from cells 2 hours after exposure to 5cGy or 2Gy of
radiation. Both qualitative and quantitative proteomic analysis were
performed. A complementary approach identified potential calmodulin protein complexes within radiation exposed nuclear and
cytosolic fractions. Calmodulin is important in the Ca2 þ dependent
phagocytotic process in macrophages. Therefore this two pronged
approach (protein translocation and protein complex analysis)
provides an integrated approach to investigate the effects of lowdose radiation on pathway activation and potential down stream
effects as indicated by protein-protein interactions.

(PS1.02) The contribution of tissue level organization to
genomic stability following low dose gamma irradiation. Cheryl
G. Burrell1, Linda E. Ritter1, Leticia S. Ortloff1, Andrew J.
Grosovsky2, Lora M. Green1, 1Loma Linda University, Loma
Linda, CA, 2University of Massachusetts, Boston, MA
Our study proposes that the level of tissue organization will
affect the induction and persistence of low dose radiation-induced
genomic instability. To investigate this hypothesis we are using rat
thyroid cells grown in vitro as three-dimensional (3D) tissue analogs
in bioreactors and as traditional two-dimensional (2D) flask grown
cultures. We postulated that cells grown as tissue analogs will
exhibit a reduced expression of genomic instability as compared to
aliquots of the same cells grown in two-dimensional tissue culture
flasks. We further proposed that instability in this system will
significantly involve multiply rearranged chromosomes, particularly
with heterochromatin at rearrangement junctions, which we have
found to be highly associated with radiation-induced instability,
including instability induced by doses of 1 - 10 cGy (in TK-6
lymphocytes). Therefore we hypothesized that instability induced
by formation of heterochromatin-euchromatin junctions will be
observable in rat thyroid cells grown in 2D, and reduced when the
cells are grown in 3D. Extensive previous evidence indicates that
this mechanism of instability is a significant component of
radiation-induced instability at low and high doses of radiation.
We further postulated that the level of cellular organization will
modulate this type of instability and will be influenced by
microenvironmental context.Analysis of G-banded and painted
chromosomes has been performed using an Applied Spectral
Imaging system. We have conducted replicate experiments of 2D
and 3D cultures exposed to acute low dose (1, 5, 10 and 200 cGy)
gamma rays with harvests taken at 2, 10 and 30 days post
irradiation. Aberrations have been scored and differences documented Basically the 2D cultures have more immediate (2 days)
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aberrations noted compared to the 3D cultures especially at the
200cGy dose. The intermediate time point of 10 days revealed little
difference in the 3D cultures; however the 2D cultures had reduced
aberrations that were nearly equal to those detected in the 3D
cultures at 10 days post exposure. By 30 days the 2D cultures
displayed genomic instability detected as an increase in chromosomal aberrations when compared to 25 day 3D cultures. Further
analysis is currently underway and will be reported at the time of
this meeting.

(PS1.03) A study of the difference in the gene response to
single and hypofractionated doses of radiation. Christy M.
Wilson1, Omaima M. Sabek2, Lijing Xu3, Ramin Homayouni3,
Janice A. Zawaski4, M Waleed Gaber5, Thomas E. Merchant6,
1
Duke University, Durham, NC, 2The Methodist Research Institute,
Houston, TX, 3University of Memphis, Memphis, TN, 4University
of Tennessee Health Science Center, Memphis, TN, 5Baylor
College of Medicine, Houston, TX, 6St Jude Children’s Research
Hospital, Durham, NC
The difference in gene expression following radiation has
been shown to differ between single and fractionated cranial
radiation. A large single dose of radiation has been shown to illicit
an immediate response while the alteration in gene expression was
not observed until after the final fraction in a fractionated radiation
regimen (Gaber et al. 2003 IJRB). In this study, the acute changes in
the gene expression profile in the mouse brain following large
single dose radiation (20-Gy) and large-dose hypofractionated
radiation (8-Gy/d for 5 d) were characterized using microarray
analysis. Whole brains (n¼5 per group) were collected and snap
frozen 2-h after single dose radiation, 2-h after the fifth fraction in
the hypofractionated regimen, and from control animals. RNA was
then isolated, quantified and qualified, and then hybridized onto
Affymetrix Mouse Arrays. Data was analyzed using a combination
of GeneSpringÓ, WebgestaltÓ, and the MatlabÓ bioinformatics
toolbox. To reduce the variations in sample loading and staining,
expression values for each probe set were normalized to the median
expression value for all probe sets in each chip and each gene was
normalized to the median expression value across the set of
microarrays that were analyzed. Our results show that single dose
and hypofractionated radiation elicited different responses, with the
hypofractionated radiation regimen altering significantly more
genes than single dose radiation. Following a single dose of
radiation, there were 2075 genes that were significantly altered,
while there were 2958 genes significantly altered after hypofractionated radiation. Only 715 genes were significantly altered in both
instances. The most commonly altered pathways in both groups
were MAPK signaling pathway, regulation of actin cytoskeleton,
and focal adhesion. Single dose radiation showed significant
alterations in cell cycle and tight junction genes as well, while the
hypofractionated group showed significant alterations in calcium
and Wnt signaling. Studying the shift in the gene expression profile
following radiation is very useful for understanding the underlying
mechanisms of radiation damage, and can provide insight into the
different effects induced by single dose and hypofractionated
radiation.

(PS1.04) Impact of Mesenchymal Stem Cells on Radiation
Response. Anshul Gupta1, Lois White1, Frank Marini1, Raymond
Meyn1, Ann H. Klopp1, Michael Andreeff2, 1MD Anderson,
houston, TX, 2MD Anderson, Houston, TX
Purpose/Objective: Radiation increases engraftment of MSC
in tumors and this effect is augmented following repeated doses of
radiation. MSC have been shown to enhance tumor progression. We
hypothesized that MSC may impact radiation response.Materials
and Methods: To evaluate the impact of MSC on radiation response
we performed with in-vitro clonogenic survival assays using
MDA231 and H460 cell lines. In-vivo effects of MSC on radiation
response were assessed by co-injecting MSC at increasing numbers
with 4T1 mammary breast cells.Results: In-vitro clonogenic cell
survival assays demonstrated that MSC-conditioned media increased survival of MDA231 and H460 cells following irradiation
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(PS1.05) Doxorubicin upregulates hypoxia-inducible factor-1
expression through stat1 / inductible nitric oxide synthase
signaling pathway. Yiting Cao1, Joseph M. Eble2, Hong Yuan3,
Ejung Moon1, James M. Provenzale1, Jeremy N. Rich4, Mark W.
Dewhirst1, 1Duke University Medical Center, Durham, NC, 2Mayo
Clinic, Rochester, MN, 3University of North Carolina at Chapel
Hill, Chapel Hill, NC, 4Cleveland Clinic, Cleveland, OH
Through a poorly understood mechanism, tumor cells
response to doxorubicin - one of the most widely used first-line
chemotherapy drugs - by secreting survival and angiogenic
cytokines to reduce therapeutic effects. Here, we report that
doxorubicin treatment transiently upregulates hypoxia inducible
factor-1 (HIF-1) in both human and mouse breast tumor cells under
normoxic conditions. In vivo studies further demonstrate that
systematic single-dose doxorubicin treatment transiently stimulates
the expression of HIF-1 reporter in orthotopic mouse breast tumors.
Immunohistochemistry analysis demonstrated that the increased
HIF-1 levels in doxorubicin-treated tumor tissues were not
determined by tumor hypoxia. The doxorubicin-induced HIF-1
upregulation not only stimulates vascular endothelial growth factor
(VEGF) secretion by tumor cells in vitro but also promotes tumor
angiogenesis in vivo. More importantly, doxorubicin elevates the
production of nitric oxide in tumor cells. The activation of Signal
Transducers and Activator of Transcription (STAT1) signaling
pathway together and the upregulation of inducible nitric oxide
synthase (iNOS) are the mechanisms for the above hypoxiaindependent doxorubicin-induced HIF-1 activation. General inhibitor of nitric oxide synthases and a specific iNOS inhibitor decrease
doxorubicin-induced HIF-1 upregulation without mitigating the
antitumoral effects of doxorubicin. These findings, for the first time,
reveal an important role of HIF-1 during tumor response to
doxorubicin chemotherapy, which is different from the previously
reported mechanisms of radiation-induced tumor HIF-1 activation.
Therefore, this study advanced the current understanding on postchemoradiotherapy HIF-1 activation and therapeutics-induced
tumor angiogenesis, which both have high clinical relevance.

(PS1.06) Identification of gene interaction networks specific to
low dose radiation using isogenic lung epithelial cells with
defined oncogenic changes associated with lung cancer. LiangHao Ding, Yang Xie, Seongmi Park, John D. Minna, Michael D.
Story, UT Southwestern Medical Center, Dallas, TX
In this study we want to explore the differences of biological
effects between low dose and high dose ionizing radiation on the
molecular progression of lung epithelial cells towards lung cancer.
We used two immortalized human bronchial epithelial cell lines
(HBECs) which are isogenic variants from one individual. One cell
line (3KTRAS/TP53) has the kRASV12 mutation and p53
knockdown which are defined oncogenic changes found in lung
cancer. The other cell line is the wild type (3KT). We performed
gene expression profiling to study acute radiation responses of these
cell lines with 2, 10, 100 and 300 cGy g- radiation. The HBECs
were collected at various time points following irradiation (0, 1, 4,
12, 24 hr, and 3 months), RNA extracted and gene expression
measured using Illumina Whole Genome microarrays. We use
Bayesian network (BN) analysis to identify genes differentially
regulated that also display expression relationships with one

another, combined with signal transduction pathway analysis for
biological context. At this time, we have obtained and analyzed the
data using the HBEC 3KT cell line. Bayesian network (BN)
analysis indicated that there are several ‘‘hub genes’’ (such as IL-8)
with many connections with other genes. The genes identified by
BN analysis were imported into Ingenuity Pathways software in
order to develop a biological context for these BN relationships. We
were able to identify 2 major biological pathways, cell cycle/cellular
movement and cell death, that are down-regulated at low dose
radiation when compared to high dose exposures (. ¼1.0 Gy). As
an example, the major death pathway represented is apoptosis with
Casp8, TNFSF10 and IL8 as critical biological nodes. We believe
combining the gene expression data of HBEC 3KT with the
kRASV12 mutation and p53 deficient 3KTRAS/TP53 cell lines will
help provide molecular insights into lung cancer progression and the
assessment of cancer risk after low dose radiation. This study is also
important given the recent NCI National Lung Cancer Screening
Trial (NLST, of 55,000 persons) to test repeated chest CT scans for
early lung cancer diagnosis. If this trial indicates the use of CT scans
for screening the general population there will be a large increase in
repeated low dose radiation exposure to lungs of individuals
potentially at high risk for developing lung cancer.
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with 2 and 4 Gy as compared to Wi-38 fibroblast conditioned or
serum-free media.To evaluate the impact of MSC on response to
radiation, 4T1 tumors were co-injected with increasing percentages
of MSC. Twenty-two days after injection, tumors were radiated with
2 or 5 Gy. Tumor size and weight were evaluated 8 days later.
Following irradiation with 5 Gy, tumors weight was reduced by
75% as compared to control untreated tumors. However, tumors coinjected with MSC did not significantly respond to 5 Gy.
Interestingly, we found that control fibroblasts 3T3 cells co-injected
with MSC provided similar protection to radiation.Conclusions:
MSC increase tumor resistance to radiation therapy in-vitro and invivo. This affect appears to be mediated at least in part by paracrine
factors secreted by MSC.
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(PS1.07) In vitro model development characterizing radiation
induced cell death in a human leukocyte (U937) cell line. Karin
E. Thompson, Benjamin D. Apple, Duane D. Miller, Charles R.
Yates, University of Tennessee HSC, Memphis, TN
Puropse: In the setting of acute radiation syndrome, there is a
vast reduction in the circulating leukocyte cell number. Prevention
or mitigation of leukopenia is a central target for drug development
in the field of radiation; however, a useful in vitro screening model
has not been established. Our purpose was to characterize the
kinetics of ionizing radiation (IR) induced apoptosis and DNA
damage in leukocytes for use in identifying novel radiomitigants.
Methods: Human monocytic lymphoma cells (U937) received an IR
dose of 7 Gy using a 137Cs irradiator. At 1hr, 4hrs, 24hrs, 36hrs, and
48hrs after IR, media was collected and cells were lysed and stored
until analysis. Phosphorylated H2A.X (a marker of DNA damage),
activated Caspase-3, cleaved PARP (indicators of apoptosis), and
GAP DH (internal control for cell number) were measured in each
sample simultaneously using the the Luminext 200e System.
Separately, cells received IR as stated above, and 12 and 24 hrs post
IR media was transferred to unirradiated cells (bystander cells). Cell
death was measured in the bystander cells 12, 24, 36, and 48 hours
after the media transfer. Results: There is a bimodal peak in
pH2A.X as well as Caspase-3 and PARP at 24 and 48 hours after
IR. The highest levels of pH2A.X and PARP appear 24 hours post
IR while the highest level of Caspase-3 occurs 48 hours post IR. It
should also be noted that significant cell death was not seen until 48
hours post IR. There is significant death seen in the bystander cells
as early as 12 hours after the media change at all transfer time points
(media transferred 12 and 24 hours after IR). Conclusions: We have
developed an in vitro model characterizing markers of IR induced
leukocyte cell death. The bimodal peak in markers of damage and
apoptosis in irradiated cells demonstrates two phases of death. The
media transfer experiment suggests the role of a bystander effect
observed within 12 hours of exposure to media potentially due to
death receptor ligands secreted from directly irradiated cells (as
early as 12 hrs post IR). This model presents a mechanism to screen/
evaluate potential radio-modulators.

(PS1.08) Role of heat shock transcription factor hsf1 in p53mediated tumorigenesis and chemical-induced hepatocellular
carcinoma. Nahid F. Mivechi, Xiongjie Jin, Demetrius Moskophidis, Medical College of Georgia, Augusta, GA
A hallmark in the pathogenesis of cancer is the increased
expression of heat shock proteins (Hsp) and other molecular
chaperones observed in many tumor types, which is considered to
be an adaptive response to enhance tumor cell survival. Heat shock
transcription factor 1 (Hsf1) is a major transactivator of Hsps
induction and has been proposed to affect tumor initiation and
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progression, regulating expression of Hsps and other molecular
targets. In this study, we provide direct in vivo evidence that Hsf1
plays a critical role in the evolution of spontaneous tumors arising in
p53-/- mice. Thus, loss of Hsf1 function did not prolong tumor-free
survival, but surprisingly, altered the spectrum of tumors that arose
in p53-/- mice. Tumor development is rapid in p53-/- mice, which
predominantly (about 70%) succumb to lymphomas. In contrast,
hsf1-/-p53-/- mice rarely develop lymphomas (,8%), but succumb
to other tumor types including testicular carcinomas and soft tissue
sarcomas. Our findings suggest that an increase in p53-independent
apoptotic cell death in association with altered cytokine signaling
and suppressed production of inflammatory factors in hsf1-/- mice
may contribute to selective lymphoma suppression. We have
extended our studies of the impact of Hsf1 in tumorigenesis to
other models, such as chemical-induced hepatocellular carcinoma
(HCC). Our results show that mice deficient in hsf1 exhibit
significant reduction in HCC. Results indicate that hsf1-/- mice
respond to diethylnitrosamine (DEN) in comparable manner as the
wild-type mice early during DEN treatment. However, hsf1-/- livers
exhibit complete recovery after one month in contrast to livers of
wild-type mice that show elevated levels of necrosis and cytokine
production that are indicators of liver damage that leads eventually
to HCC. Potential mechanisms of how hsf1-/- mice resist HCC
development will be discussed. In conclusion, the data presented
here links the loss of Hsf1-dependent function to decreased
susceptibility to spontaneous lymphomagenesis, and HCC that
may have implications for cancer prevention and therapy. Supported
by NIH/NCI grants CA62130, CA132640 and CA121951.

(PS1.09) Modulation of radiation responses and radiosensitivity by p38 kinase activity. Henghong Li, Jiafang Sun, Evagelia
C. Laiakis, Albert J. Fornace Jr., Georgetown University,
Washington, DC
p38 MAP kinase is activated by environmental stresses and by
pro-inflammatory cytokines and functions in a number of cellular
processes such as cell differentiation, cell arrest and apoptosis.
While p38 activation by IR in fibroblasts and other cell lines has
typically been not seen, there are many reports that have shown p38
phosphorylation and activation by IR in endothelial cells,
macrophages and other haemopoietic-related cells. In addition to
genotoxic responses, IR also induces inflammatory responses by
activation of intracellular signaling pathways. We have observed
that suppression of p38 signaling resulted in significant changes in
gene expression responses to IR in mouse spleen. We used an
engineered dominant-negative mutant mouse line of p38 (p38a þ/
DN) that is viable but shows marked attenuation of p38 activation.
The expression profiles of spleens from irradiated mice showed
marked changes in radiation-induced gene expression in p38a þ/DN
compared to wt. There was less induction of certain p53
downstream genes such as Cyclin G, p21 (Cdkn1a), Bax and
Apaf1. p38a þ/DN also exhibited a reduction or total ablation in the
response for some inflammation-associated factors such as VCAM1
and MMPs, and transcripts for some enzyme involved in
leukotrienes biosynthesis such as arachidonate 5-lipoxygenase.
The transcriptome of the peripheral blood cells from irradiated
p38a þ/DN mice also showed altered changes particularly for
inflammation-associated factors. IR-induced cell death and changes
of subpopulations of lymphocytes were compared between p38a þ/
DN and wt. The levels of the pro-inflammatory cytokines were
measured. These differences may be connected to serum metabolomic changes observed at timepoints as late as two months postirradiation. Interestingly the LD50/30 determinations indicate that the
p38a þ/DN mouse line is more resistant to IR lethality. The 30-day
survival rate of the wt mice receiving 9 Gy irradiation at 16 weeks
of age was less than 10% while that of the p38a þ/DN was 45%.
Taken together, these results indicate that p38 plays an important
role(s) in the in vivo response to IR.

(PS1.10) Thermoregulatory response to mild systemic thermal
stress increases tumor perfusion, decreases intratumoral
interstitial fluid pressure and hypoxia and enhances radiation
response. Arindam Sen, Maegan L. Capitano, Megan E. Dommer,
Bonnie L. Hylander, Anurag K. Singh, Elizabeth A. Repasky,
Roswell Park Cancer Institute, Buffalo, NY
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Response to radiation therapy is believed to be severely
attenuated by regional hypoxia and necrosis present in many
patients’ tumors. Development of strategies that selectively increase
tumor oxygenation, are non-toxic and do not increase sensitivity of
normal tissue to radiation remains a challenge even after decades of
research. The vasculature of many tumors has been observed to
exhibit suboptimal perfusion. Vessels are seen at times to be
completely collapsed from the pressures exerted by rapidly growing
tumor cells and from the abnormally high interstitial fluid pressures
(IFP) found in many patients’ and experimental murine tumors. Our
recent studies indicate that exposure of tumor bearing mice to
increased ambient temperatures can elicit systemically regulated
thermoregulatory responses that can create a selective and
prolonged increase in tumor vessel perfusion and increased uptake
of liposomal doxorubicin. There was no increase in the uptake of
the drug in normal tissue. We report here that exposure of tumor
bearing mice to mild hyperthermia for several hours, such that the
core body temperature of the animals is increased by a couple of
degrees, not only increases tumor perfusion but also reduces tumor
IFP and hypoxia over a prolonged period of time. We also
performed radiation treatment on tumor bearing mice 24 hours after
mild systemic thermal stress and we found that tumors in mice that
received hyperthermia treatment before radiation show significantly
enhanced response to radio therapy as compared to the tumors in
mice that did not receive the thermal therapy and were treated with
standard radio therapy. We propose that the mechanism underlying
this improved therapeutic outcome occurs through a series of events
initiated by physiologically mediated thermoregulatory processes
aimed at restoring thermal homeostasis that can result in
decompression of collapsed tumor vessels leading to increased
tumor oxygenation and radiosensitivity. Current work is focused on
testing various durations of systemic thermal stress on tumor blood
flow. These data support testing mild thermal stress to core areas of
the body that are highly sensitive to thermoregulatory stimuli prior
to radiation treatment for patients. Supported by NIH/NCI grants 1
R01 CA135368 and P01 CA94045

(PS1.11) The effects of ionizing radiation and subsequent
oxidative stress on endothelial gap junctions and vascular
structure in radiation-induced pulmonary toxicity. Allison S.
Betof, Isabel L. Jackson, Caroline C. Hadley, Mark W. Dewhirst,
Zeljko Vujaskovic, Duke University Medical Center, Durham, NC
Radiation (RT)-induced pulmonary toxicity limits quality of
life and the dose of ionizing radiation a patient can receive, thereby
limiting the effectiveness of RT. Though vascular injury is a major
contributor to the acute and long-term effects associated with
normal tissue exposure to ionizing radiation, mechanisms of
vascular injury are not well understood. RT disrupts the structural
integrity of vascular architecture leading to barrier breakdown and
increased permeability. Within four weeks of RT, lung tissue shows
hypoxia and increased vascular endothelial growth factor (VEGF).
Progression of hypoxia is associated with a significant decrease in
lung perfusion, edema, and resultant oxidative and nitroxidative
stress. Furthermore, early perfusion changes in lungs coincide with
an increase in NADPH oxidase expression, DNA oxidation, NOS
induction, and protein nitration, suggesting that oxidative and
nitroxidative stress are propagated by oxidant-generating enzymes
after the initial ionizing event.Capillary endothelial cells may be the
first cellular element to be damaged by RT. Communication
between endothelial cells occurs at gap junctions, composed of
transmembrane proteins called connexins (Cx). Of the four
connexin isoforms in endothelial cells, Cx43 is likely the most
important in vasomotor tone and the myoendothelial junction. The
phosphorylation status of sites on Cx43 regulate its participation in
gap junctions. Both hypoxia and reactive oxygen species are known
to affect phosphorylation of Cx43, leading to reduced gap junction
activity in endothelial cells. Given these microenvironment effects
on gap junctions, we believe that differences in Cx phosphorylation
will be observed in irradiated lung tissue.In these studies, we
evaluate the hypothesis that ionizing radiation and subsequent
oxidative stress alters endothelial gap junctions resulting in
miscommunication between endothelial cells, increased vascular
permeability and impaired cell signaling. We have performed whole
thorax lung irradiation in C57BL/6J mice (12.5 Gy). We collected
tissue at 1d, 3d, 7d, 14d, and 8 weeks post-irradiation. Results on
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coverage will be presented and discussed. This work is supported by
NIH CA40355, U19AI67798, and RO1 098452.
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67, 88, 76 genes (1, 3, 6, 12, 24h, 2, 4 and 8 days respectively) were
commonly downregulated in both tissues. These results suggest that
the time dependent regulation of inflammatory molecules and the
frequency of LDIR may control the switch from therapeutic benefit
to inflammatory response. Also, these results demonstrate that the
induced response is tissue dependent and confers that gut tissue is
highly sensitive to LDIR. PHF Grant C5046201

(PS1.12) The Effects of Radiation and Anesthetics on Nerve
Conduction. Bineyam Kassahun, Nick Bakken, Alexander Murashov, Martin Bier, Roberta Johnke, East Carolina University,
Greenville, NC
Our laboratories have recently investigated the effects of xirradiation and anesthetic agents on nerve tissue. For all studies, our
experimental model was the isolated frog sciatic nerve, maintained
in a Ringer’s solution at room temperature. Irradiation was
performed at a dose rate of 60 cGy/min using 250 kV beam, 15
mA, and a SSD of 50 cm. A dose range from 2.5 to 15 Gy was
investigated. Nerve response amplitude was monitored prior to
radiation and every 20 minutes for a period of two hours following
radiation exposure. Results demonstrated that doses below 5 Gy
produced no adverse effects. Prior to radiation, 1mM of procaine
reduced the amplitude by 34 % (59 mV 6 .45 to 39 mV 6 .33) and
Xenon produced a reduction of 20.3% (59 mV 6 .45 to 47 mV 6
.84.) For doses 5–15 Gy a 4.2–11.4 % reduction in nerve response
amplitude was observed with the absence of anesthetics. The
addition of 1 mM procaine to 5, 10 and 15 Gy irradiated nerve
tissues resulted in a 18, 37 and 65 % reduction of amplitude versus
control. When a 99.99% concentration of Xenon was combined
with the maximum radiation exposure (15Gy) the amplitude was
reduced by 47 %. In conclusion, our results suggest that exposure to
x-irradiation at doses greater than 5 Gy can magnify the anesthetic
response in nerves. Studies are currently underway to better
characterize this complementary interaction of radiation and
anesthetics on nerve cell function by measuring conduction velocity
and rates of polarization.

(PS1.13) Alteration of inflammatory molecules as a function of
time after low-dose c-radiation in mice gut and brain. Rakhesh
Madhusoodhanan1, Jamunarani Veeraraghavan1, Mohan Natarajan2, Terence S. Herman1, Natarajan Aravindan1, 1Department of
Radiation Oncology, Oklahoma University Health Science Center,
Oklahoma City, OK, 2Department of Otolaryngology, Head and
Neck Surgery, University of Texas Health Sciences Center at San
Antonio, San Antonio, TX
Low dose c-radiation (LDIR) has been demonstrated to have
anti-inflammatory effects and has been used as a treatment modality
for a variety of inflammatory conditions. However, in the cancer
literature, LDIR has been casually linked to the activation of NFjB
and its downstream inflammatory response. To that note, functional
kinetics of the inflammatory molecules in response to LDIR is
poorly understood. Accordingly, we investigated the modulations in
the expression of inflammatory genes as a function of time after
whole body LDIR. C57BL/6 mice were either mock irradiated or
exposed to 50cGy at a dose rate of 0.81 Gy/min and were sacrificed
after 1, 3, 6, 12, 24h, 2, 4 and 8 d. Modulation in the expression of
95 inflammatory molecules was analyzed in brain and gut using real
time QPCR profiling. Expression levels of each gene was
normalized to in-house b-actin and were then compared between
groups. Relative expression level of each gene was expressed as a
fold change over mock irradiated. Of the 95 genes analyzed, LDIR
upregulated 40, 70, 79, 38 and 59 genes and down regulated 55, 25,
16, 57, 36 molecules after 1, 3, 6, 12 and 24h respectively in mice
brain. Conversely, we observed relatively few genes (2, 4, and 8)
upregulated and more genes (93, 91 and 87) downregulated after 2,
4 and 8 d after LDIR in brain. On the other hand, compared to the
brain, a robust induction of inflammatory molecules was observed
in gut. LDIR significantly induced 68, 83, 80, 76 and 85 genes and
completely suppressed 27, 12, 15, 19, 10 genes after 1, 3, 6, 12 and
24h respectively in mice gut. Similar to the expression pattern in
brain, we observed relatively less number of genes (25, 3 and 12)
upregulated while more genes (70, 92 and 82) downregulated in 2, 4
and 8 days after LDIR. Furthermore, we observed 34, 64, 68, 28,
54, 1, 0 and 1 genes were commonly upregulated in both gut and
brain after 1, 3, 6, 12, 24h, 2, 4 and 8 days. Similarly, 20, 6, 4, 9, 5,

(PS1.14) The role of bone marrow-derived cell recruitment in
tumor recurrence following local irradiation. Sergey V. Kozin,
Dan G. Duda, Walid S. Kamoun, Michelle Dawson, Rakesh K. Jain,
Massachusetts General Hospital, Boston, MA
The recruitment of various bone marrow-derived cells
(BMDCs), including endothelial progenitor cells (EPCs) and
‘‘vascular modulatory’’ myelomonocytic cells, plays an important
role in vascularization and growth of some tumors. This process
may be even more significant for outcome of cancer therapy, as
shown for EPCs after certain chemotherapeutic and vasculardisruptive treatments. In the case of tumor local irradiation (LI) which does not directly affect the bone marrow - the increased
recruitment of BMDCs might facilitate tumor relapse. To test this
hypothesis, we carried out whole-body irradiation (WBI) of tumorbearing mice at a dose of 6 Gy to diminish tumor support by
BMDCs. Using subcutaneously-implanted MCa8 mouse breast
carcinoma in FVB mice and 54A human lung tumor in nude mice,
we compared tumor growth delays when 21 Gy was given to tumors
either entirely locally or as 15 Gy of LI plus 6 Gy of WBI. In both
tumor models, incorporation of WBI in the therapy additionally
delayed tumor re-growth by approximately 1 week vs. LI. In the
54A tumor experiment, post-WBI infusion of unsorted BMDCs or
either Sca1CD11b þ or Sca1 þCD11b þ myelomonocytic cells
extracted from bone marrow of radiation-naı̈ve donors partially
restored tumor response toward the level observed after LI only.
Collectively, these data suggest a protective role of recruited
BMDCs in post-radiation tumor growth. Investigating the molecular
events involved, we found a 2–3-fold increase of SDF-1a
expression in tumor tissue 2 days after 20 Gy of LI, a chemokine
known to be crucial for EPC and myelomonocyte recruitment.
Consistent with this, treatment with AMD3100, an inhibitor of
CXCR4 receptor to SDF-1a, starting immediately after 20 Gy of LI
provided additional tumor growth delay in both models similar to
the aforementioned effect of WBI. Notably, AMD3100 affected
tumor growth less when commenced 5 days after LI, and was
virtually ineffective alone. The studies on incorporation of EPCs in
tumor vessels and accumulation of monocytes/macrophages in
tumor tissue following irradiation are in progress.

(PS1.15) Irradiated fibroblasts promote migration and invasion of esophageal epithelial cells grown in two- and threedimensional cell culture models. Zarana S. Patel1, Katharine D.
Grugan2, Anil K. Rustgi2, Francis A. Cucinotta3, Janice. L. Huff1,
1
NASA Johnson Space Center / USRA, Houston, TX, 2University
of Pennsylvania, Philadelphia, PA, 3NASA Johnson Space Center,
Houston, TX
Esophageal cancer is the 6th leading cause of cancer mortality
worldwide and is associated with a variety of risk factors including
tobacco use, heavy alcohol consumption, obesity, and dietary
factors. In addition, a link between esophageal cancer and radiation
exposure is revealed by its high excess relative risk amongst the
tumor types observed in survivors of the atomic bomb detonations
in Japan. To better understand the role of radiation exposure in the
development and progression of esophageal cancer, we are using
hTERT-immortalized human esophageal epithelial cells and genetic
variants grown in co-culture with esophageal stromal fibroblasts
(Okawa et al. Genes & Development 2007). Because the stromal
compartment plays an essential role in the maintenance and
modulation of epithelial cell growth and differentiation and is
implicated in cancer development, we examined how irradiation of
stromal fibroblasts affected epithelial growth in an organotypic
model system. We constructed stromal tissue equivalents by mixing
normal esophageal fibroblasts into an extracellular matrix of
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collagen I and/or Matrigel. These structures were exposed to 2 Gy
of gamma radiation just prior to seeding with esophageal epithelial
cells. We observed increased stromal invasion of esophageal
epithelial when grown on irradiated bases in comparison to
unirradiated controls. To identify whether the irradiated fibroblasts
were a source of chemotactic factors, conditioned media were
collected from irradiated and sham-irradiated control fibroblasts
cultured in monolayers. These media were tested in transwell assays
with esophageal epithelial cells and migration and invasion through
Matrigel was quantified. Results showed a dose dependent increase
of migration of epithelial cells when exposed to conditioned media
from irradiated vs. non-irradiated fibroblasts, with an approximate
3-fold increase after exposure to 2 Gy of gamma radiation. We are
currently performing cytokine array analysis to identify specific
soluble factors secreted by the irradiated fibroblasts. These results
will further our understanding of the mechanisms by which
radiation impacts the tissue microenvironment and influences
cancer development processes.

(PS1.16) The adipocyte differentiation and fat accumulation in
the c-irradiated mice. Sung-Kee Jo, Seol-Hee Hong, Eun-Hee
Cho, Uhee Jung, Hae-Ran Park, Adavanced Radiation Technology
Institute, Korea Atomic Energy Research Institute, Jeonbuk,
Republic of Korea
The increase of adipose tissue is one of the noticeable features
of aged mammals. We investigated the changes of the adipose tissue
and related gene expressions as a senescence-like late effect of
radiation exposure in mice. C57BL/6 mice were exposed to Cs-137
c-rays at a single (5Gy) or fractionated (1Gy/week35 times, total
5Gy) doses at the age of 2 months. At 4 and 6 months later, adipose
tissue was isolated from mice. 2 and 20 months-old mice were
studied as the young and old controls. For the microscopic
observations, the adipose tissue was stained with hematoxylin and
eosin. Total RNA was isolated from the adipose tissue and RT-PCR
was performed to examine the mRNA expressions of SREBP1c,
FAS, and ACC. The adipose tissue weight and adipocyte size of
irradiated mice were increased compared to control mice of same
age. Similar changes were observed in old (20 month) mice. The
mRNA levels of SREBP1c, FAS and ACC genes which are
involved in the adipocyte differentiation and the triacylglycerol
synthesis were increased in the adipocytes of irradiated mice. No
significant differences were observed between the single and
fractionated irradiation groups. These genes were down-regulated
in the adipocytes of aged mice which suggested that they are
suppressed after the gradual accumulation of fat during young and
middle age. This study suggests that the high expressions of
SREBP1c, FAS and ACC may be involved in the increased
synthesis of triacylglycerol and the consequent fat accumulation in
whole-body irradiated mice.

(PS1.17) Tlr2,4 genotype influences the radiation-induced
pulmonary fibrosis phenotype in mice. Alexandra Paun, Jessica
Fox, Laura Dodge, Salman T. Qureshi, Christina K. Haston, McGill
University, Montreal, QC, Canada
Engagement of toll-like receptors can trigger an innate
immune response and such responses can be initiated in the lung
following exposure to radiotherapy. C57BL/6J mice have been
established as developing a lung response phenotype which
resembles the clinical radiotherapy side effect of pulmonary fibrosis
in both histological characteristics and onset post treatment. Herein
to determine whether toll-like receptor 2 or 4 genotype alters the
lung response to irradiation the phenotype of C57BL/6J mice
deficient in each or both of these genes was assessed following
thoracic treatment and compared to that of wildtype mice. Lung
damage was elicited in 8 week old mice by whole thorax radiation
exposure (18 Gy) using a Gamma cell Cesium-137 unit. Six to eight
irradiated mice per group were sacrificed when moribund, or at 26
weeks after treatment. The control mice were not treated and were
sacrificed at the 15–26 week time points. The lung phenotype of
Tlr4-deficient and Tlr2-deficient mice did not differ from that of
wildtype mice by survival time post irradiation, histological
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evidence of alveolitis or fibrosis, or in differential cell counts of
bronchoalveolar lavage (all p.0.11). In contrast, mice deficient in
both receptors developed respiratory distress at an earlier time than
did wild type mice (p,0.03) and presented an enhanced fibrotic
response (13.5% of the lung by image analysis of histological
sections, vs. 5.8% for C57BL/6J mice, p,0.001). The irradiated
Tlr2,4-deficient mice did not differ from wiltype mice in
bronchoalveolar cell differential (p.0.38). To investigate the
mechanisms which could contribute to the enhanced fibrotic
response of the Tlr2,4-deficient mice we have undertaken studies
to measure apoptosis in the lungs (through active caspase-3
staining), and to measure cytokine levels in the lavage supernatant.
We conclude that a deficiency in Tlr2,4, but not Tlr2 or Tlr4, leads
to enhanced radiation induced fibrosis in the C57BL/6J mouse
model.

(PS1.18) Phenotypic changes in immune cell populations and
reactivity in an outbred mouse model of radiation combined
injury. Adam Delisle, Goro Tajima, Fionnuala O’Leary, Kimiko
Ikeda, Marc Hanschen, James Lederer, Brigham and Women’s
Hospital and Harvard Medical School, Boston, MA
A nuclear event would result in radiation exposure and
combined injury among persons in a large area surrounding the blast.
To study the complex immuno-physiological consequences of
radiation and radiation combined injury, we recently developed a
mouse model for radiation exposure without or with nearly
simultaneous 25% of total body surface area burn injury. Groups
of ICR mice were anesthetized, exposed to 0. 0.5, 1, 2, 4, 6, 8, or 10
Gy 137Cs source radiation, and underwent sham or burn injury. At 7
days, mice were sacrificed to assess changes in blood, lymph node,
and spleen cell numbers and immune cell subsets by flow cytometry.
Survival was monitored for 28 days and phenotypic changes in
immune cells were measured by stimulating splenocytes with Tolllike receptor (TLR) agonists or anti-CD3 antibody and then
examining multiple cytokine production profiles. We found a
significantly higher mortality rate in combined injured mouse
groups exposed to 8 or 10 Gy. A dose-dependent reduction in blood,
lymph node, and spleen cells occurred with highly significant cell
losses at 4 Gy and higher. B cells, neutrophils, and platelets showed
higher losses, while NK cells, macrophages, dendritic cells, and CD4
and CD8 T cells persisted. Moreover, we observed less cell loss
following combined injury. Interestingly, radiation and radiation
combined injury at 2 Gy and higher resulted in marked increases in
specialized immune cell subsets associated with immune dysfunction - CD4 T regulatory (Treg) cells and GR-1 þ macrophages
(myeloid suppressor cells). Radiation and combined injury induced a
pro-inflammatory TLR-induced cytokine response phenotype at 0.5,
1, and 2 Gy exposures. We also found a significant increase in T
helper 2 (Th2)-type (IL-4, IL-5, IL-6, IL-10, IL-13) cytokine
production by anti-CD3 antibody stimulated splenocytes with some
differences between sham and burn injury. In summary, we report
here novel phenotypic changes in immune cell subsets caused by
radiation and radiation combined injury. The increase in proinflammatory phenotype and higher Th2-type T cell cytokine
response profiles indicate that radiation and radiation combined
injury induces an imbalance in immune system homeostasis that may
predispose the host to opportunistic infections.

(PS1.19) Observation of the vitiligo-like coat color alteration
induced by total body iiradiation in IRM-2 mouse. Deguan Li,
Yueying Wang, Hongying Wu, Liping Chu, Yan Wang, Lu Lu,
Junling Zhang, Heng Zhang, Aimin Meng, Institute of Radiation
Medicine, Chinese Academy of Medical Science and Peking Union
Medical Collage; Tianjin Key Laboratory of Molecular Nuclear
Medicine., Tianjin, China
IRM-2 mouse is an imbred strain mouse developed in our lab.
A various degree of depigmentation was observed on IRM-2 mice
after radiation exposure. In this study, IRM-2 mice were exposed to
0,1,2,3,4,5,6Gy doses radiation, respectively. The coat color
alteration were scored and compared with C57BL /6 mice. T cell
phenotype was detected in peripheral blood. The preliminary results
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(PS1.20) Comparison of three mouse strains by radiosensitivity of hematoimmune system. Deguan Li, Hongying Wu, Yueying
Wang, Yong Wang, Junling Zhang, Liping Chu, Lu Lu, Aimin
Meng, Institute of Radiation Medicine, Chinese Academy of
Medical Science and Peking Union Medical Collage;Tianjin Key
Laboratory of Molecular Nuclear Medicine., Tianjin, China
IRM-2 is an inbred strain of mouse created by crossing of a
ICR/JCL female and 615 male mouse. Compared to the parent
strains, IRM-2 mouse exhibit increased resistance to radiation. We
examine the damage of the hematoimmune system induced by
radiation in IRM-2,ICR and 615 mice in order to elucidate the
radiation resistant mechanism of IRM-2 mouse. The hematoimmune
function and radiosensitivities of three mouse strains (IRM-2, ICR/
JCL, 615) have been compared using the following parameters: the
white blood cells (WBC) in peripheral blood (PB), the bone marrow
nucleated cells (BMC) per femur. Percent of phagocytosis of
peritoneal macrophage (PM) was checked by chicken red blood
cells. Lymphocyte phenotype in PB was analyzed by flow
cytometry. Damages induced by radiation were analyzed in the
bone marrow cells, splenocyte and thymocyte exposed to irradiation
in vitro by cell viability assay (ATP Bioluminescence assay) and
apoptosis assay (Annexin V/PI). The WBC and BMC of IRM-2
mice were significantly higher than those in ICR mice and 615mice,
respectively (P,0.01). The ratio of CD4/CD8 in PB in IRM-2
mouse was lower than those in ICR and 615, P,0.01. Cell viability
showed difference at 18h incubation post radiation in three mouse
strains. The results of our primary study suggest that the
hematoimmune function in IRM-2 mouse is different to its parent
strains. The IRM-2 mouse provides an animal model to conducted
further investigation to explore the role of hematoimmune system in
radiation resistance. KEYWORDS: IRM-2 mouse; radioresitanse;
radiation; damage

(PS1.21) Lipopolysaccharide-induced macrophage-derived
chemokine is reduced by irradiation. Mei Zhang1, Bingrong
Zhang1, Yongbing Cao1,2, Yeping Tian1,2, Liangjie Yin1, Kunzhong Zhang1, Shanmin Yang1, Robert Howell1, Bruce M. Fenton1,
Paul Okunieff1, Lurong Zhang1, 1University of Rochester Medical
Center, Rochester, NY, 2Second Military Medical University,
Shanghai, China
Macrophage-derived chemokine (MDC) is known to attract
Th2 cytokine producing cells that express the receptor CCR4.
Dendritic cells (DC) are a major source for MDC. The MDC is one
of the major chemokines up-regulated after infection. In this study,
we investigated the acute interaction of radiation with lipopolysaccharide (LPS) in regulating plasma MDC in mice receiving total
body irradiation (TBI).NIH-Swiss mice (5/group) received TBI with
different doses (0 as control, 2, 4, 6, or 10 Gy) and then
intraperitoneal injection of 20 ug/kg of LPS in half the animals.
The plasma was collected at different time points (0, 3, 9, 12, 24 or
48 hrs) after TBI. The plasma MDC concentration was assessed
using quantitative multiplex bead array, which had a correlation of
coefficient of 0.999 and less than 15% assay CV. The plasma DNA
level was measured with our newly developed PicoGreen assay with

a CV ,10%. Results: At 9 hr post 20 ug/kg LPS injection, the
average plasma MDC was dramatically increased from 85 to 190
pg/ml, however, this increase was reduced by TBI in an dosedependent manner, suggesting that the DC as source of MDC was
suppressed by TBI. Low dose TBI at 2 or 4 Gy did not stimulate the
secretion of MDC, while at 6 Gy the MDC was mildly increased
(about 10 %). When low-dose TBI (2 or 4 Gy) was combined with
20 ug/kg LPS, it induced a higher level of MDC than TBI alone.
LPS did not raise the TBI induced MDC level at higher doses (6 or
10 Gy). This suggests that the TBI has a negative effect on LPSinduced MDC. Radiation might do this by inflammatory cell killing
or by suppression of dendritic cell function. The cell killing effect
was evidenced by the steady increased plasma DNA as the radiation
dose is increased from 2 to 10 Gy. LPS at 20 ug/kg only slightly
increased of TBI-induced circulating DNA.In conclusion, LPS at 20
ug/kg stimulates MDC without causing cell toxic death (little effect
on circulating DNA). TBI causes an increase in plasma DNA but
only minimally affects MDC. When the two insults are combined,
the capacity of DC to produce MDC was suppressed, suggesting
that TBI suppresses the immune response to infection.

Poster Sessions

showed that IRM-2 mice exhibited vitiligo-like coat color alteration
beginning 28 days after 6Gy radiation exposure, while the change in
C57BL /6 mice emerged at 42 day. At 8 weeks after radiation
treatment, the incidence of coat color change is almost 100% in
IRM-2 mice after exposure to 4Gy, 5Gy and 6Gy radiation, while
the changes only developed in 6Gy irradiated C57BL /6 mice. The
score of the pathological change in IRM-2 and C57BL/6 mice were
5.00 6 0.01 and 3.67 6 0.58, respectively (p,0.05). CD4, CD8 T
and CD4/CD8 ratio in peripheral blood cells in IRM-2 mice were
lower than that in C57BL/6 mice. It was showed that theIRM-2
mice are susceptible to radiation-induced vitiligo, the mechanisms
of which need further investigation. It is suggested that irradiated
IRM-2 mice may be used to investigate the mechanisms of
radiation-induced immune function disorder and evaluate the
efficacy of vitiligo treatment drugs. Key words radiation; IRM-2
mouse; vitiligo

S E S S I O N S

(PS1.23) NADPH oxidase activation and vascular dysfunction
in normal lung tissue after radiation exposure. Isabel L. Jackson,
Allison Betof, Zahid Rabbani, Ines Batinic-Haberle, Zeljko
Vujaskovic, Duke University Medical Center, Durham, NC
Radiation (RT)-induced pulmonary toxicity is a significant
cause of morbidity and mortality in patients treated for tumors in the
thoracic region. Vascular injury is a major contributor to the acute
and long-term effects associated with normal tissue exposure to
ionizing radiation. Radiation disrupts the structural integrity of the
vascular architecture resulting in endothelial cell apoptosis and
detachment from the basement membrane, barrier breakdown,
leakage, and increased permeability. In Fischer 344 rats single doses
. 20 Gy to the right hemithoracic induced decrease in lung
perfusion 3 days after irradiation. There was a short-term recovery
in perfusion lasting until the second week post-RT, after which a
significant and steady fall in perfusion was observed. Coinciding
with perfusion changes, a significant increase in DNA oxidation
was observed beginning 3 days after radiation. The mechanism of
early vascular dysfunction and amplification of oxidative/nitroxidative stress observed in our studies is not well understood. We
have found changes in NADPH oxidase, iNOS and eNOS, and
antioxidant enzymes expression strongly correlate with the observed
alterations in perfusion. We hypothesize that the observed acute
vascular response after pulmonary irradiation is a result of excess in
NADPH oxidase produced superoxide anion leading to oxidative
uncoupling of endothelial NOS, a compensatory increase in iNOS,
vascular dysfunction, and chronic oxidative/nitroxidative stress
through the diffusion-limited reaction of superoxide with NO to
form peroxynitrite. Studies were designed to test the following
hypotheses: 1) RT-induced increase in O2. - production by NADPH
oxidase results in eNOS uncoupling, impaired NO/cGMP pathway,
and vascular dysfunction. C57BL/6 mice were treated with 12.5 Gy
whole thorax irradiation. At 1, 3, 7, and 14 days and 8 weeks, lung
tissue was harvested, weighed, and either paraffin embedded or snap
frozen for analysis. Current studies are ongoing using a variety of
molecular and biochemical endpoints to evaluate redox-mediated
signaling in vascular dysfunction. Supported by: NIH U19AI67798,
NIH RO1 098452.

(PS1.24) Knocking-down of Decoy Receptor 3 Enhances
Apoptosis and Modulates Radiosensitivity. Shanmin Yang1,
Yongbing Cao1,2, Mei Zhang1, Yeping Tian1,2, Liangjie Yin1,
Kunzhong Zhang1, Bingrong Zhang1, Lei Zhang1, Steve Stwartz1,
Paul Okunieff1, Lurong Zhang1, 1Department of Radiation
Oncology, Rochester, NY, 2Second Military Medical University,
Shanghai, China
Decoy Receptor 3 (DcR3) binds to three critical pro-apoptotic
ligands: FasL, LIGHT and VRGI, blocking the normal apoptosis
trigger and thereby enhancing cell survival.Our previous study
demonstrated that irradiated cancer cells up-regulate DcR3 improv61
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ing survival after a radiation insult. To determine if knocking-down
DcR3 can promote apoptosis and modulate cell radiosensitivity, the
siRNA approach was used. When SW480 colon cancer cells are
treated with DcR3 siRNA, 95% of the DcR3 mRNA was knockeddown at 24 hr and the protein level was decreased at 36 to 48 hr,
especially in irradiated cells. The down regulation of DcR3 reduced
its binding to FasL, leading to a 35% increased uncovered FasL on
the cell surface that was recognized by anti-FasL staining assayed by
flow cytometer, while the Fas remained unchanged. The 3H-TdR
incorporation assay showed that the DNA synthesis of SW480 cells
was reduced to 34% at 48 hr post 5 Gy irradiation, which was further
reduced by 28% when DcR3 was added. The cleaved PARP in
irradiated SW480 cells treated with DcR3 siRNA was significantly
increased as compared with control cells. The sub-Go/G1 population
of cells increased 30% when DcR3 siRNA treated cells were stained
with Propidium Iodide and assayed by flow cytometer. The activity
of caspase 3 in cancer cells was also increased when treated with
DcR3 siRNA. Finally, the colony formation assay demonstrated that
DcR3 siRNA sensitized SW480 cells to radiation with a DER of 2.0.
Knocking-down of DcR3 enhances apoptosis and modulates
radiosensitivity, suggesting a new strategy for increasing the
therapeutic efficacy of radiation therapy.

(PS1.25) Contradictory survival responses in two human
tumor cell lines following very low dose irradiation. Gladys N.
Nangami, Nicholas T. G. Bakken, Jeremy M. Kilburn, Roberta M.
Johnke, Department of Radiation Oncology, East Carolina University Brody School of Medicine, Greenville, NC
Over the past two decades, increasing evidence has been
accumulating suggesting that exposure of cells to very low dose
(VLD) irradiation results in a host of unpredictable responses (e.g.
adaptive responses, bystander effects and inverse dose rate effects),
making it clear that extrapolation of data derived from high dose
studies to this very low dose region is no longer a feasible alternative.
In this study, we investigated the radioresponse of two human tumor
cell lines (A375 melanoma cells and PC3 prostate cancer cells) to
VLD irradiation, and report the observation of contradictory survival
responses at this dose range. For these studies, both cell lines were
irradiated with doses from 0–100cGy using a Stabilipan x-irradiatior
(250kVp, 2mm Cu, SSD of 93cm) at a dose rate of 20cGy/min.
Irradiated cells were incubated at 378 C and 5% CO2 for 10 days
(A375 cells) or 14 days (PC3 cells) before survival was determined
by enumerating colony formation. Results demonstrated that xirradiation of human melanoma A375 cells led to increased
radioresistance following VLD irradiation. Specifically, clonogenic
survival was enhanced at these very low doses, with the peak
enhancement being seen following exposure to 5cGy (survival
;115% of control). However, the radioresponse of the PC3 cell line
to VLD radiation was quite different from that observed with A375
cells with data demonstrating that PC3 cells displayed hyperradiosensitivity, rather than hyper-radioresistance, in this low dose
range (survival ;85% of control following 5cGy). This phenomenon
of increased radioresistance vs. increased radiosensitivity in A375
and PC3 cells, respectively, occurred only at the very low doses of
radiation studied in this investigation. At doses of 25cGy or higher,
both cell lines began to display a classical linear quadratic pattern of
response to radiation. To better understand the mechanisms
underlying these two contradictory responses to VLD radiation,
experiments have recently begun in our laboratories to characterize
the cell cycle profiles of these two cell lines in this low dose range.

(PS1.26) Extracellular matrix regulators in lung tissue after
exposure to low-dose photons and simulated solar particle event
protons. Jian Tian, Michael J. Pecaut, James M. Slater, Daila S.
Gridley, Loma Linda University, Loma Linda, CA
NASA has reported pulmonary abnormalities in astronauts on
space missions. While crewmembers are continuously exposed to
low dose radiation even in low Earth orbit, they may receive much
higher doses during a solar particle event (SPE), resulting in
increased risk for poor lung function. However, some ground-based
studies have shown that low dose/low-dose-rate (LDR) radiation
62

can induce protection against subsequent acute radiation exposure,
i.e. radioadaptation. Increasing evidence indicates that radiationinduced pulmonary fibrosis is characterized by enhanced deposition
of extracellular matrix (ECM) molecules. The goal of the present
study was to evaluate expression levels of profibrotic/ECM factors:
TGF-beta1, MMP-2 and MMP-9, TIMP-1 and TIMP-2. Protein
expression for the first two of these factors was also evaluated. In
addition, H&E stain for pathology and immunohistochemical stain
for TGF-beta1, MMP-2, MMP-9 and CD45 (inflammatory cell
marker) were done. Lung tissue was evaluated 21 days after wholebody exposure of C57BL/6 mice to 2 Gy simulated SPE (sSPE)
protons at 0.056 Gy/h, with or without pre-exposure to 0.049 Gy
LDR photons (57Co, 0.024 cGy/h). RT-PCR data showed that
radiation, regardless of regimen, up-regulated TGF-beta1 mRNA.
An increase in MMP-2 mRNA was detected when LDR and sSPE
were each used alone; after LDR þsSPE, however, values were
similar to 0 Gy and were significantly lower than for sSPE. TIMP-1
mRNA was elevated only by combination radiation, whereas TIMP2 mRNA was not affected. Immunostaining showed that TGF-beta1
protein was enhanced by sSPE and LDR þsSPE. MMP-2 was
intensely expressed in single and combination radiation groups.
MMP-9 was slightly decreased by LDR þsSPE compared to sSPE.
H & E and inflammation marker staining for CD45 revealed that all
irradiated groups had inflammatory cells accumulated around blood
vessels in alveolar spaces. Taken together, sSPE irradiation had a
relatively great impact on expression of profibrotic factors/ECM
regulators compared to protracted low dose photons. Priming with
LDR photons prior to sSPE exposure appeared to have little or no
effect on most measured parameters at this time point.

(PS1.27) Genetically engineered mouse models of sarcoma to
study mechanisms of radiation therapy. Carolyn J. Fisher1, Lars
Stangenberg2, Sam S. Yoon2, Yongbaek Kim3, David G. Kirsch1,
1
Duke University, Durham, NC, 2Massachusetts General Hopital,
Boston, MA, 3North Carolina State University, Raleigh, NC
There are no concrete preclinical models (i.e. cell lines,
xenograft tumors) for predicting cancer patient outcome following
radiation therapy (RT), but emerging data suggest that genetically
engineered mouse models (GEMM) harboring specific mutations
found in human cancers, could better serve as predictors. Patients
with soft tissue sarcomas are routinely treated with radiation therapy
prior to surgery. To study the mechanism of sarcoma response to
radiation therapy, we are using a GEMM of soft tissue sarcoma.
Primary sarcomas were generated using the Cre-loxP system in
mice with conditional mutations for Kras and either the tumor
suppressor p53 or the Ink4a/Arf locus: LSL-K-rasG12D; p53Flox/Flox
and LSL-K-rasG12D; Ink4a/ArfFlox/Flox. The growth rate of the
sarcomas did not vary by genotype. When tumors developed to
200–300 mm3 over the next two to three months, they were treated
with 20 Gy delivered in 10 Gy fractions on consecutive days.
Tumor size before and after irradiation was followed by caliper
measurements. Cell lines were derived from unirradiated primary
sarcomas and analyzed for cell cycle arrest by flow cytometry and
survival by clonogenic assays. In tumor growth delay experiments
using this GEMM of soft tissue sarcoma, the primary tumors with
wild-type p53 (LSL-K-rasG12D; Ink4a/ArfFlox/Flox mice) responded
better to radiation than tumors lacking p53 (LSL-K-rasG12D; p53Flox/
Flox
mice). In contrast to these results, cell lines derived from
primary sarcomas with wild-type p53 were not more sensitive to
radiation in clonogenic assays using radiation doses up to 8 Gy.
Analysis of these cells by flow cytometry 12 hours after 6 Gy
irradiation demonstrated that sarcomas from LSL-K-rasG12D; Ink4a/
ArfFlox/Flox mice exhibited a G1 phase cell cycle arrest, while cell
lines without functional p53 function accumulated in G2. Our results
demonstrate discordance between the responses to radiation of
primary tumors compared to cell lines. One possible explanation for
this difference is that tumor regression in vivo may be through a
non-cell autonomous mechanism. Based on our data in the GEMM,
we anticipate that human sarcomas with an intact p53 pathway will
respond best to radiation therapy.

(PS1.28) Challenges in the interpretation of global proteomic

data. John H. Miller1,2, Nila Reitz1, David Stenoien2, William
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Morgan2, 1Washington State University Tri-Cities, RIchland, WA,
2
Pacific Northwest National Laboratory, Richland, WA

(PS1.29) Fractionated radiotherapy induces metabolic and
genomic changes in tumor xenografts. Sandra S. Meyer1, Ala
Yaromina2, Stefan Walenta1, Daniel Zips2, Michael Baumann1,
Wolfgang Mueller-Klieser1, 1Institute of Physiology and Pathophysiology, University Medical Center of the Johannes Gutenberg
University, Mainz, Germany, 2Department of Radiation Oncology,
University of Technology, Dresden, Germany
One aspect of tumor metabolism is the elevated production of
lactate despite the presence of oxygen. This so-called WarburgEffect is associated with tumor progression: a high lactate level in
primary lesions correlates with a lower overall survival. Furthermore, the lactate content in xenotransplanted tumors of the head and
neck correlates significantly with the outcome after fractionated
irradiation. These studies, however, indicate that the tumor micromilieu may change during fractionated irradiation. Therefore, the
present study aims to detect potential changes in tumor metabolism
during fractionated irradiation and to evaluate underlying mechanisms. Xenografts of the human squamous cell carcinoma line UTSCC-14 were generated in nude mice and grown to a diameter of 7
mm. Tumors were then excised or irradiated with 3, 5, or 10 fractions
(each fraction 2 Gy, five times a week) and excised one day after the
final irradiation. Tumors were split and one part was sectioned for
imaging of lactate and ATP via bioluminescence. The other part was
used for RealTime PCR expression analyses. Mean lactate content in
the vital tumor area in unirradiated control tumors was 17.9 lmol/g
and remained unchanged after 3 and 5 fractions (18.1 and 18.4 lmol/
g), but decreased after 10 fractions (13.5 lmol/g). ATP content also
showed a sudden decrease after 10 fractions. Expression analysis
revealed statistically significant changes in mRNA levels in five of
six glycolysis-associated enzymes during fractionated irradiation.
These results suggest that regulatory effects of glycolysis at the
transcriptional level occur early in the progress of fractionated
radiotherapy which translates, together with cell kill, into distinct
changes in the metabolic status after 10 fractions. Further
measurements are to show if these effects also occur in other tumor
lines. Supported by DFG grants (Mu576/14-1, -2, -3, Mu576/15-1).

(PS1.30) Irradiation inhibits human bone marrow stromal cell
differentiation to osteoblasts in vitro. Abhay S. Gokhale1,
Michael W. Epperly1, Julie Glowacki2, Joel S. Greenberger1,
1
Hillman Cancer Center - University of Pittsburgh Cancer Institute,
Pittsburgh, PA, 2Brigham and Women’s Hospital, Boston, MA
A human bone marrow stromal cell line (KM101), which
differentiates to osteoblasts in osteogenic culture medium, was
tested for the effect of irradiation on osteoblast differentiation.
KM101 cells were irradiated to doses ranging from 0–10Gy and
then incubated at 378C for 10 days in two growth media, basal or
osteogenic (same components as the basal media plus 0.05 mM Lascorbic acid, 5mM beta-glycerophosphate, and 108M 1,25
vitamin D3). Alkaline phosphatase (ALP) expression was used to
test for osteoblast differentiation by two methods: 1.) Tartrateresistant acid phosphatase (TRACP) and ALP double stain kit
(Takara Bio Inc, Otsu, Shiga, Japan), which used a chromogenic
substrate to detect ALP expression and 2.) quantitative RT-PCR
(Realplex, Eppendorf, Westbury, NY) to measure ALP mRNA
expression. Analysis with the TRACP/ALP double stain kit
revealed no significant difference in percentage ALP positive cells
following irradiation to doses up to 4Gy in osteogenic media (0 Gy:
30 6 2%, to 4Gy: 22 6 1%,). At doses . 5Gy, the percentage of
ALP positive cells dropped to , 2 6 1%. No ALP positive cells
were found in cells incubated in basal media regardless of radiation
dose. With quantitative RT-PCR, expression of ALP mRNA in
KM101 cells grown in basal media without exposure to radiation
(0Gy) was set at 1.0 as the control. ALP mRNA expression was
increased 1.03, 4.07, and 1.65-fold of the control level after 1, 2.5,
and 4Gy respectively in cells grown in basal media. No ALP mRNA
was detected in cells grown in basal media after doses exceeding .
5Gy. KM101 cells irradiated to 0, 1, 2.5, and 4Gy grown in
osteogenic media had levels of ALP mRNA expression of 82, 191,
121, and 112-fold of the control respectively. After doses . 5Gy,
ALP mRNA expression in cells grown in osteogenic media dropped
(32 and 27-fold of the control at 5 and 6Gy respectively, and then to
undetectable at . 7.5Gy.) Thus, irradiation to . 5Gy inhibits
KM101 cell differentiation into osteoblasts. This system may be of
value in evaluating new radioprotector and mitigator drugs with
respect to amelioration of irradiation-induced inhibition of osteoblast differentiation.
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Proteomics is one of the cornerstones of systems biology. To
realize its full potential, we must continue to investigate issues that
currently limit the ability of global proteomic data to inform us
about the underlying biology. The following issues will be
discussed:Is the abundance change statistically significant? The
first step to compare treatment and control is to determine which of
the observed proteins exhibit statistically significant abundance
change. Missing data complicate this statistical analysis. A welldesigned study with both biological replicates and multiple
injections, should offer many peptide observations that can be used
to estimate protein abundance; however, missing data frequently
eliminate many of these options.Is the abundance change biologically significant? Statistical significance is a necessary but not a
sufficient condition to assign biological meaning to observed
differential protein abundances. Some statistically significant
differential abundances are simply too small to confidently associate
with a biological effect. The coefficient of variation over biological
replicates is a reasonable way to define a threshold above which
statistically significant abundance change is interpreted as biologically significant.What is the biological implication of the data?
Enrichment analysis identifies the known biological processes for
which involvement of the proteins with observed differential
abundance is unlikely to have happened by chance alone. Gene
ontology (GO) is the most common way to define biological
processes; however, the hierarchical structure of GO complicates
enrichment analysis due to multiple parent-child relationships.Does
abundance change imply activity change? For phospho-peptides, a
differential abundance between control and treated samples is a
good indicator that the treatment has affected cellular signaling
pathways. To interpret such data, one needs to identify the signaling
events most likely to have induced the abundance change. A data
mining procedure designed to yield this information will be
discussed.This work was supported by the Office of Science
(BER), US DOE, Grant No. DE-FG02-05ER64105. A portion of
the research was performed using EMSL, a national scientific user
facility at Pacific Northwest National Laboratory.
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(PS1.31) "Super p53’’ mice are protected from the radiationinduced Gastrointestinal Syndrome. Julie M. Sullivan1, Laura B.
Jeffords1, Philip M. Santiago2, Talya Dayton2, Yongbaek Kim3,
Roderick Bronson4, Tyler Jacks2,5, David G. Kirsch1,6,2, 1Department of Radiation Oncology, Duke University Medical Center,
Durham, NC, 2David H. Koch Institute for Integrative Cancer
Research, Massachusetts Institute of Technology, Cambridge, MA,
3
Department of Population Health and Pathobiology, North
Carolina State University, Raleigh, NC, 4Tufts University School
of Medicine and Veterinary Medicine, North Grafton, MD,
5
Howard Hughes Medical Institute, Chevy Chase, MD, 6Department of Pharmacology and Cancer Biology, Duke University
Medical Center, Durham, NC
After the bone marrow, the gastrointestinal tract is the most
sensitive organ that can undergo radiation damage to cause the acute
radiation syndrome. Studying the mechanism of the GI syndrome
and identifying mitigators of the GI syndrome remain areas of active
investigation. p53 is required for radiation-induced apoptosis and
p53 null mice are resistant to the radiation-induced hematopoietic
syndrome. However, p53 null mice are sensitized to the GI
syndrome even though radiation induced apoptosis is abrogated.
Here we test the hypothesis that p53 suppresses the radiationinduced GI syndrome independent of apoptosis. We have used the
Cre-loxP system to delete p53 alone or p53 together with Bak and
Bax specifically in the GI epithelium. Additionally, we have used
transgenic mice containing two additional copies of the wild-type
p53 gene (‘‘Super p53’’), which exhibit an enhanced DNA damage
response. All mice and their littermate controls were subjected to
sub-total body irradiation at a dose that resulted in less than 50%
survival within 10 days. Mice lacking p53 in the GI epithelium were
sensitized to the GI syndrome, although we did not detect a
significant difference in intestinal crypt regeneration. Deletion of the
intrinsic pathway of apoptosis (Bak and Bax) in the GI epithelium
63
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did not alter sensitivity to the GI syndrome regardless of whether
p53 was also deleted. However, ‘‘Super p53’’ mice were protected
from the GI syndrome after sub-total body irradiation and we
observed improved crypt regeneration after 11.4 Gy. These results
are consistent with a model where p53 regulates the GI syndrome
independent of p53-induced apoptosis.

(PS1.32) Antioxidant and antinitrosative properties of ctocotrienol, a tocol radioprotectant. K. Sree Kumar1, Shilpa
Kulkarni1, Sanchita P. Ghosh1, Lyudmila Romanyukha1, Kevin
Hieber1, Raymond E. Toles1, Martin Hauer-Jensen2, 1Armed Forces
Radiobiology Research Institute, USUHS, Bethesda, MD, 2University of Arkansas for Medical Sciences Central Arkansas Veterans
Healthcare System, Little Rock, AR
Radiation induces reactive oxygen- and nitrogen species
(ROS, RNS). Superoxide and nitric oxide (NO) formed in these
reactions combine to produce the more toxic species, peroxynitrite,
which can alter the biological functions of target proteins by
nitration of tyrosine residues. We hypothesized that drugs that can
detoxify both ROS and RNS will be potential radioprotectants.
Therefore we tested gamma-tocotrienol (GT3), a naturally occurring
tocol antioxidant for both antioxidant and antinitrosative properties
in vitro and radioprotection in vivo. Stimulated lipid peroxidation in
the mouse liver microsomal system was used to monitor the
antioxidant properties of tocols; lipopolysaccharide (LPS)-induced
nitric oxide generation in RAW 264.7 mouse macrophage cells was
used to monitor antinitrosative properties. Radioprotection was
determined as percent 30 day survival of GT3-injected CD2F1 male
mice irradiated 24 hrs later with lethal doses of gamma-radiation.
GT3 and d tocotrienol appeared to be the most effective antioxidants among 5 tocols tested and were able to inhibit lipid
peroxidation by 50% (p ¼ 0.001) at 40 lM concentration. In in vitro
assay, c tocotrienol was most effective in inhibiting LPS induced
NO generation. Tocotrienols were able to inhibit NO generation by
80% (p ¼ 0.002) at 40 lM concentration whereas d- tocopherol was
able to inhibit nitrite release by 40% at equimolar concentrations. a
and c-tocopherols did not inhibit LPS-induced NO generation.
Subcutaneous injection of GT3 and irradiation (11 Gy @ 0.6 Gy/
min) of mice 24 hrs later indicated that GT3 was effective as a
radioprotectant at a dose range of 50–400 mg/kg body weight.
There were no significant differences in 30-day survival in the dose
range of 100–400 mg/kg (80–100%); survival at 50 mg/kg was
significantly (p , 0.05) less than at other doses. There were no
survivors in vehicle-treated mice. These studies indicate that
antioxidant and antinitrosative properties of GT3 may have
contributed to its radioprotection mechanisms. (Supported by the
U.S. Department of Defense Threat Reduction Agency grant
H.10027_07_AR_R and H.10045_07_AR_R (KSK), administered
by The Henry M. Jackson Foundation for the Advancement of
Military Medicine, Inc. and HDTRA 1-07-C-0028 (MH-J).

(PS1.33) Single injection of novel medical radiation countermeasure CBLB502 rescues non-human primates within broad
time window after lethal irradiation. Vadim Krivokrysenko1, Ilya
Toshkov1, Anatoli Gleiberman1, Andrei Gudkov1,2, Elena Feinstein1, 1Cleveland BioLabs, Buffalo, NY, 2Roswell Park Cancer
Institute, Buffalo, NY
Introduction: Protection of the human organism from
ionizing radiation is a key problem in nuclear safety, radiation
therapy, and space travel. CBLB502 is a Cleveland BioLabs, Inc.
proprietary radiation countermeasure that is being developed for
biodefense and medical applications. It is a rationally designed
recombinant protein derivative of Salmonella enterica flagellin.
CBLB502 acts via interaction with Toll-like receptor 5 and
subsequent NF-kB mediated induction of multiple protective
mechanisms. CBLB502 is an effective radioprotectant and radiomitigator: in mice, with a dose modifying factor (DMF) of 1.5–
1.8, an effective administration window of 24 to þ50 hrs relative
to irradiation, and a therapeutic index of ;100x. Methods: In
multiple non-human primate (NHP) experiments, rhesus monkeys
(Macaca mulatta) received a single i.m. injection of 0.01–0.04
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mg/kg CBLB502, given as a monotherapy at different times
relative to 6.5–6.75 Gy (LD70/40) or 5 Gy (LD20/40) bilateral totalbody gamma irradiation (TBI). Results: Single-dose protective
injection of 0.04 mg/kg CBLB502 45’ before 6.5 Gy TBI
increased survival of NHPs from 25% in control group (n¼8) to
64% (n¼11). Single-dose mitigative injections of 0.01–0.04 mg/kg
CBLB502 at 1, 16, 25 or 48 hrs after 6.5–6.75 Gy TBI increased
survival of NHPs from 20–40% in the control groups (n¼8–10) to
70–100% in treated groups (n¼10–12). CBLB502 treatment
reduced the severity of damage and/or promoted regeneration of
the GI tract, spleen, thymus and bone marrow. The severity and
duration of radiation-induced thrombocytopenia and neutropenia
were significantly decreased by CBLB502 treatment. Thrombocytopenia (PLT,¼20,000/ul) was reduced from 7 to 2.0–4.5 days
and neutropenia (NEU ,¼ 500/ul) was shortened from 11.5 to
9.5–11 days when CBLB502 was injected 16–48 hrs after 6.5Gy
TBI. Conclusions: Single administration of CBLB502 dramatically
improves NHP survival following lethal irradiation, reduces the
severity of thrombocytopenia and neutropenia, and enhances
protection/regeneration of bone marrow, small intestine, thymus
and spleen. We conclude that CBLB502 is a non-toxic and
effective radioprotectant/radiomitigator that reduces radiation
damage to the HP and GI systems and, therefore, has great
potential as a life-saving treatment for ARS.

(PS1.34) FGF-P facilitates cell proliferation following radiation. Yeping Tian1, Shanmin Yang1, Mei Zhang1, Yongbing Cao1,2,
Bingrong Zhang1, Lei Zhang1, Liangjie Yin1, Kunzhong Zhang1,
Steven Stwarts1, Paul Okunieff1, Lurong Zhang1, 1URMC, Rochester, NY, 2Second Military Medical University, Shanghai, China
FGF-P, a peptide derived from human FGF-2, has proven
mitigation potential for mice that have received an otherwise lethal
dose of ionizing radiation (IR). To understand the mechanism of
action, the receptor binding assay, cell proliferation assay and ERK
phosphorylation assay were performed in four different types of
cells: ABAE cells (adult bovine aortic endothelial cell line), SKHEP-1 cells (endothelial cell line originaly derived from human
liver), HCT-15 cells (human colorectal adenocarcinoma cell line)
and HaCaT cells (human keratinocyte cell line). The biocore assay
showed that FGF-P had a high affinity (322 X109M) to human
FGFR1 (IIIB). The cell binding assay indicated that the both
cultured endothelial and epithelial cells bound to biotinylated FGFP, which could be competed with unlabeled FGF-P in a dosedependent manner. The cell binding triggered the down-stream
signal transduction as demonstrated by an increased ERK
phosphorylation 15 minutes after FGF-P treatment in endothelial
and epithelial cells; and the ERK phosphorylation could be blocked
by U126, a specific inhibitor of ERK phosphorylation. Interestingly,
the extent of ERK phosphorylation in response to FGF-P
stimulation was much stronger in irradiated human endothelial
cells than the non-irradiated controls. The activation of the ERK
pathway triggered cell proliferation as demonstrated by the MTT
assay, in which all types of cells treated with FGF-P had higher
proliferation than control vehicle alone treatment. Similarly, the
irradiated cells had a stronger responsiveness than the non-irradiated
counterpart, suggesting that after insult, the damaged cells are more
ready to receive the growth signal from outside to rebuild
themselves and compensate for damage.In conclusion, FGF-P binds
to its cell surface receptors, triggers ERK signal transduction and
facilitates cell proliferation. These stimulation effects are stronger
on irradiated cells than non-irradiated cells, providing a good
rationale for using FGF-P in mitigation of radiation toxicity.

(PS1.35) Mitigation of combined radiation and skin wound
injury by SOD/catalase mimetic EUK-207. Megan M. Jourdan1,
Edit B. Olasz1, John E. Moulder1, Brian L. Fish1, Marylou Mader1,
Ashley Schock1, Natalya Morrow1, Vladimir Semenenko1, Susan R.
Doctrow2, Zelmira Lazarova1, 1Medical College of Wisconsin,
Milwaukee, WI, 2Boston University, Boston, MA
The threat of radiological terrorism demands development of
compounds that are able to mitigate radiation injury of the skin.
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(PS1.36) The ACE inhibitor, ramipril, prevents fractionated
whole-brain irradiation-induced cognitive impairment. Tammy
C. Lee, Valerie Payne, Sriram Ramanan, Weiling Zhao, Mitra
Kooshki, David Riddle, Debra I. Diz, Fang-Chi Hsu, Mike E.
Robbins, Wake Forest University School of Medicine, WinstonSalem, NC
Fractionated partial or whole-brain irradiation (WBI), widely
used in the treatment of primary and metastatic brain tumors, leads
to progressive cognitive impairment in 50% of adult patients
surviving 6 months postirradiation. One of the most successful
approaches to reduce the severity of late radiation-induced injury in
the lung, kidney and CNS has been pharmacologic suppression of
the renin-angiotensin system (RAS). The brain has its own intrinsic
RAS which has effects beyond cardiovascular and fluid homeostasis
including learning, cognition and memory. Although the pathogenesis of radiation injury remains unclear, we hypothesize that WBI
may up-regulate the brain RAS and lead to a neuroinflammatory
response associated with an increase in the number of activated
microglia; an established inhibitor of neurogenesis in the adult
rodent hippocampus. Indeed, chronic administration of the AT1
receptor antagonist, L-158,809, to young adult male rats prevented
WBI-induced cognitive impairment (Robbins et al.; IJROBP, 73: 2,
499, 2009). The aim of this study was to determine if the ACE
inhibitor, ramipril, could also similarly prevent radiation-induced
cognitive impairment. Groups of 80 young adult male, 12–14 weeks
old, Fischer 344 rats were randomized to 4 groups: 1) fractionated
WBI (40 Gy, 8 fractions of 5 Gy, twice/week for 4 weeks); 2) shamirradiation; 3) WBI plus ramipril (15mg/L drinking water) starting 3
days prior, during and for 26 weeks postirradiation; and 4) shamirradiation plus ramipril. Cognitive function was assessed 26 weeks
after WBI using the novel object recognition task. WBI led to a
significant reduction in cognitive function (p , 0.05) compared
with the age-matched sham-irradiated controls. However, this WBIinduced reduction in cognitive function was prevented in those rats
receiving ramipril. The neuroinflammatory response in these
animals is presently being evaluated by determining the total
number of microglia (Iba1þ cells) and activated (ED1þ) microglia
in the dentate gyrus of the hippocampus at 28 weeks postirradiation. This study suggests that the brain RAS plays a pivotal
role in the progression of cognitive impairment and brings us closer
to improving the quality of life of brain cancer survivors. Supported
by NIH grant numbers CA122318 and HL51952.

(PS1.37) The effects of irradiation on the lung inflammatory
response induced by lps inhalation. Casey Manning1, Carl
Johnston1, Eric Hernady2, Jacky P. Williams2, Jacob N. Finkelstein1, 1University of Rochester Medical Center, Rochester, NY,
2
James P. Wilmot Cancer Center, Rochester, NY
It is widely recognized that following a radiological or nuclear
terrorism event, additional combined injuries may occur in the form
of trauma or burns. In addition, due to the disturbed environment,
victims and/or responders could also be exposed to infections, and
this exposure could be temporally separated from the initial event.
Since early radiation effects include depletion of immune cells and
destruction of normal barriers to infection, this may lead to an
increase in an individual’s susceptibility to pathogens. Therefore, in
the current study, we investigated the effect of prior radiation
exposure on the pulmonary inflammatory response to inhaled
lipopolysaccharide (LPS). Adult female C57BL/6J mice were
exposed to either sham or 10 Gy whole lung irradiation. At either
1 week or 6 weeks post-irradiation, mice were exposed to
aerosolized LPS and analyses of response were measured at 1, 3,
and 7 days post-LPS exposure. Cytokine levels were measured in
the plasma using multiplex assay; tissue analysis of cytokine and
chemokine expression was made by ELISA. Inflammatory cell
recruitment of PMNs and macrophages into the lung were analyzed
by immunohistochemistry. When exposed to LPS at 1 week postirradiation, the radiation group demonstrated elevated plasma
cytokine levels at 3 and 7 days compared to the sham group. Even
when the LPS exposure to irradiated mice was deferred until 6 week
post-radiation, an augmented production of the neutrophil chemotactic protein, KC, was seen in the lungs at 1 day compared to sham
irradiated controls, and this elevation persisted in the tissue through
3 and 7 days post-LPS exposure. We therefore believe that prior
radiation exposure affects the pulmonary inflammatory response to
subsequent LPS exposure. We suggest that this alteration in
response results in a greater sensitization to a secondary challenge,
as demonstrated through an increase in the production of chemokines at 1 day post-LPS exposure, and by a prolongation in
response, as seen by an elevation of chemokines at late time points
post-LPS exposure. Supported by: U19 AI-06773-4.
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Progression of radiation-induced effects may be driven by oxidative
stress. We developed an animal model of combined radiation and
wound injury, and used this model to evaluate effect of a superoxide
dismutase (SOD)/catalase mimetic (EUK-207) that has shown a
protective effect against oxidative stress damage in other systems.
Unanesthetized WAG/RijCmcr rats (n¼40) were divided into
experimental groups (7–8 per group), immobilized and the dorsal
skin was irradiated (10–40 Gy) with a 15kVp x-ray beam with a
steep dose gradient. This unique radiation protocol allowed delivery
of high doses of ionizing radiation to skin without significant
exposure of vital internal organs. Within one hour after irradiation,
animals were anesthetized and wounded on their back. Control rats
(n¼10) were sham irradiated and wounded. The skin reaction was
scored at 3 to 90 days using a semi-quantitative scoring system. The
irradiated animals developed cutaneous radiation reaction in a doserelated manner. Wound measurement of unirradiated animals
showed a rapid wound closure within 14 62 days. In contrast, 21
days after irradiation, the unhealed area represented 2, 44, 58, and
67% of the original wound size in animals receiving 10, 20, 30, and
40 Gy, respectively. Each of these radiation doses demonstrated
significantly delayed wound healing in comparison to unirradiated
controls (p,0.001). Clinical evaluation of rats irradiated with 30 Gy
and then 48 hours later treated (1.8 mg/kg/day x 4 weeks) with
EUK-207 (n¼5) revealed less severe cutaneous reaction in
comparison to control group (n¼5). EUK-207 treated animals
showed significantly smaller wounds (32%) in comparison to the
vehicle treated group (58%)(p¼0.014). These studies established a
model of combined radiation and wound skin injury, and
demonstrated proof-of-concept that the synthetic SOD/catalase
mimetic EUK-207 has mitigation efficacy on radiation-induced
skin damage. This work was supported by NIAID cooperative
agreement AI067734.
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(PS1.38) Plerixafor, a CXCR4 antagonist, mitigates total body
irradiation lethality in mice. Jae Ho Kim, Andrew Kolozsvary,
Kenneth A. Jenrow, Stephen L. Brown, Henry Ford Hospital,
Detroit, MI
These studies were designed to experimentally assess the
potential of Plerixafor, a CXCR4 antagonist to reduce lethality
following total body irradiation, TBI. Groups of Balb/c and C57BL/
6 mice were exposed to radiation alone or in combination with a
single injection of Plerixafor administered i.p. at a dose of 5 mg/kg
given 24 h, 48 h or 72 h after TBI. The median survival at 30 days
following TBI was significantly increased relative to radiation alone
in groups of mice of both strains receiving Plerixafor 24 h after TBI
(p,0.05). Delaying the administration of Plerixafor three days after
TBI further improved the survival percentage of a group of C57BL/
6 mice; survival at day 30 in groups of mice increased from 0 %
when the drug was given at 24 h after 8 Gy TBI to 70% when the
drug was administered 72 h after 8 Gy TBI (p,0.01). Plerixafor
significantly increased the survival of bone marrow stem cells
following sub-lethal TBI assayed using endogenous spleen colony;
twelve days after 7 Gy TBI plus Plerixafor (5 mg/kg given i.p. 72 hr
after the radiation exposure) the number of spleen colonies was two
fold higher (p,0.05) than in mice exposed to 7 Gy alone. As
expected, leucopenia and erythropenia were also significantly
improved in mice receiving the drug in combination with TBI.
The report presents the first observation that CXCR4 antagonist
improves survival when given days after TBI. This work was
supported by U19 AI067734-040005 (NIAID).

(PS1.39) Lipitor mitigates whole brain radiation injury
observed by contrast enhanced MRI. Stephen L. Brown, James
R. Ewing, Kenneth A. Jenrow, Santosh K. Kar, Jae Ho Kim, Henry
Ford Hospital, Detroit, MI
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Contrast enhanced magnetic resonance imaging (CEMRI), has
the potential to monitor subtle changes in brain anatomy following
brain irradiation. We tested the hypothesis that chronic effects of
whole brain radiation exposure can be non-invasively evaluated by
CEMRI. Twelve Fischer 344 rats received either 20 Gy whole brain
irradiation alone (n¼6) or 20 Gy whole brain irradiation followed by
Atorvastatin given in the food at a dose of 1.0 mg/kg/day (n¼6)
starting two days after radiation and given continuously thereafter.
Starting at 3 months and continuing weekly up to 6 months, rats
were imaged using Gd-based CEMRI. Imaging sequences that
reflected anatomy (T1 and T2) and physiology (arterial spin tagging
blood flow and Look-Locker vascular permeability) were performed. The brain parenchyma in both groups of rats were similarly
unchanging throughout the study. On the other hand, the contrast
enhancement and size of ventricles increased linearly with time in
both groups of rats. In the rats that received radiation alone, the
increase of both ventricular contrast enhancement and ventricular
volume was greater than that of the rats receiving radiation and
Atorvastatin (significant at 4 to 6 months). The region of
enhancement appeared to be localized to the ventricles with
possible involvement of periventricular space. Such regions with
Gd enhancement increased in both intensity and volume as a
function of post-irradiation time. At 6 months, the ventricles of
irradiated rats were grossly enlarged and exhibited marked Gd
accumulation. In contrast, ventricles of Atorvastatin treated rats
showed significantly less contrast-enhancement (both magnitude
and volume) than rats receiving radiation alone. Quantitative
analysis of the rate of change of ventricular Gd enhancement is
ongoing with the intent that a clinically useful tool to assess brain
injury following whole brain exposure can be developed. This work
is supported by U19 AI067734-04005 (NIAID).

(PS1.40) Pulmonary vascular injury in a rat model of single
fraction total body irradiation. Robert C. Molthen1,2,3,4, Qingping
Wu1,4, Swarajit N. Ghosh1,4, Elizabeth R. Jacobs1,4, John E.
Moulder1,4, Brian L. Fish1,4, Meetha M. Medhora1,4, 1Medical
College of Wisconsin, Milwaukee, WI, 2Zablocki VA Medical
Center, Milwaukee, WI, 3Marquette University, Milwaukee, WI,
4
Center for Medical Countermeasures Against Radiological Terrorism, Milwaukee, WI
Under the objectives of the Centers for Medical Countermeasures Against Radiation we have developed animal models of
radiation injury. The threat of nuclear or radiological terrorism as
well as the broadening role of radiation therapy in oncology
establishes imperatives to quantify exposure and mitigate effects
before injury becomes evident. Our group concentrates its efforts on
understanding and treating radiation-induced lung vascular injury.
In this study we investigated a rat model of 10 Gy single fraction
penetrating radiation injury combined with bone marrow transplant
(BMT) and measured indices of health and lung function at 2 and 8
months (m) after injury. The following is a summary of results in
irradiated rats compared to age-matched controls. Body weight and
hematocrit levels are significantly decreased at 8-m. Normalized dry
lung weight is significantly increase at 2-m and remains so at 8-m.
Angiotensin converting enzyme (ACE) activity is significantly
decreased at 2-m, but tends to increase at 8-m. Right ventricular
hypertrophy and pulmonary vascular resistance are significantly
increased at 2-m, but significantly decreased at 8-m. Indices
measured in rats not exposed to radiation but given BMT are similar
to 0 Gy controls, however there is a significant increase in
pulmonary vascular resistance measured at 2-m and a tendency for
increased lung ACE activity at both 2 and 8 month time points.

(PS1.41) Mitigation effect of esculentic acid on radiationinduced pneumonia and pulmonary fibrosis. Yongbing Cao1,2,
Shanmin Yang1, Yeping Tian1, Mei Zhang1, Lei Zhang1, Liangjie
Yin1, Kunzhong Zhang1, Bingrong Zhang1, Steven Swarts1, Paul
Okunieff1, Lurong Zhang1, 1Department of Radiation Oncology,
Rochester, NY, 2Second Military Medical University, Shanghai,
China
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The effect of Esculentic acid (EA) on radiation-induced
pneumonia and pulmonary fibrosis and its possible molecular
mechanisms were investigated in lung radiation mouse model.C57BL/6 mice (5–10/group) received 15 Gy ionizing radiation
(IR) to the whole lung. Thirty minutes later, the mice were treated
with vehicle alone (as control) or 10 mg/kg Esculentic Acid (as test)
orally every other day for 2.5, or 17 days (pneumonia group), or up
to 3 months (fibrosis group). At the different time points post IR the
mice were sacrificed, the BAL (bronchial alveolar lavage), plasma
and lung tissue were collected. The tissues were assessed for
alterations in cell counts cytokines and lung fibrosis using ELISA or
pathological staining. The lung function was assessed by the
breathing rate pre-mortem and by post-mortem lung compliance.Results: 1) EA inhibited neutrophil counts in BAL 17 days postradiation; 2) EA reduced IR-induced P-selectin, PF-4, sTNFR-1,
Lymphotaxin on day 2.5 and 17; the IR-induced IL-1a,TNF-a and
VCAM-1 on day 2.5; 3) EA inhibited acute and sub-acute
pulmonary inflammatory induced by radiation; 4) EA reduced the
breathing rate and increased the lung compliance 7 months postradiation; and 5) EA decreased the amounts of collagen deposited in
lung tissue as compared to the vehicle alone treated mice.In
conclusion, EA partly mitigates IR-induced pneumonia and
pulmonary fibrosis presumably via inhibition of several proinflammatory cytokines and inflammatory mediators that are
normally produced after pulmonary irradiation.

(PS1.42) Cellular Inflammatory Infiltrate in Pneumonitis
Induced by a Single Moderate Dose of Thoracic X-Irradiation
in Rats. Meetha Medhora, Swarajit N. Ghosh, Brian L. Fish,
Sreedhar Bodiga, Rade Tomic, Gagan Kumar, Natalya V. Morrow,
John E. Moulder, Elizabeth R. Jacobs, Sara Szabo, Medical College
of Wisconsin, Milwaukee, WI
The goal of these studies was to characterize infiltrating
inflammatory cells during pneumonitis caused by moderate doses of
radiation. Two groups of male rats (WAG/RijCmcr, 8 weeks old)
were treated with single-doses of thoracic X-irradiation at 10 or 15
Gy; a third group of age-matched animals served as controls. Only
25% rats survived the 15 Gy dose. Bronchoalveolar lavage fluid and
whole lung mounts were subjected to cytological and histological
evaluation after 8 weeks, for distribution of resident macrophages,
neutrophils, lymphocytes and mast cells. There was a modest
increase in airway and airspace-associated neutrophils in lungs from
rats receiving 15 Gy. Mast cells (detected by immunohistochemistry
for tryptase) increased over 70% with 10 Gy and over 13-fold after
15 Gy, with considerable leakage of tryptase into blood vessels and
airways. Circulating levels of 8 inflammatory cytokines were not
altered after 10 Gy but appeared to decrease after 15 Gy. In
summary, there were only modest increases in cellular inflammatory
infiltrate during pneumonitis after a non-lethal dose of 10 Gy-, but a
dramatic rise in mast cell infiltration after 15 Gy, suggesting that
circulating levels of mast cell products may be useful markers of
severe pneumonitis. Financial support was provided by NIH/NIAID
agreements U19-AI-67734, RC-1 AI 81294 and Children’s
Research Institute (Children’s Hospital of Wisconsin).

(PS1.43) Establishment of the trypanothione biosynthetic
pathway in human cells: Implications for protection against
radiation and oxidative stress. Frederick E. Domann, Matthew P.
Fitzgerald, Joshua M. Madsen, Scott G. Westphal, Mitchell C.
Coleman, Douglas R. Spitz, The University of Iowa, Iowa City, IA
Trypanothione is a unique glutathione-spermidine conjugate
found in abundance in trypanosomes, but not present in other
eukaryotes. Currently, studies examining trypanothione are being
conducted with a view toward therapy of the many tropical diseases
caused by the parasites that produce this unique compound.
However, since trypanothione is a small molecular weight
polyamine dithiol with antioxidant properties, it may be a useful
protector against radiation and oxidative stress. Few studies have
addressed this possibility, but trypanothione potently protected
irradiated plasmid DNA, and thus has been suggested to be a good
free radical scavenger. We hypothesized that trypanothione
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(PS1.44) Mitigating lung late effects: Development of murine
test models and agent assessment. Jacky P. Williams1, Carl J.
Johnston2, Eric Hernady1, Jen-nie Miller1, Cathy Zimmerman1,
Jacob N. Finkelstein2, 1James P. Wilmot Cancer Center, Rochester,
NY, 2University of Rochester Medical Center, Rochester, NY

Gamson, Anastasia Sowers, Angela Thetford, John A. Cook, James
B. Mitchell, National Cancer Institute, Bethesda, MD
Resveratrol, a polyphenol found in red wine, has generated
much interest due to its apparent preventative effects against cancer.
Resveratrol has been shown to induce cellular antioxidant
enzymatic activity, including superoxide dismutase and catalase as
well as block cell cycle and angiogenesis and induce apoptosis,
suggesting anti-carcinogenic properties. To test the antioxidant
properties of resveratrol, survival of Chinese hamster V79 and
normal human fibroblast cells treated with hydrogen peroxide in the
presence or absence of resveratrol was evaluated using the
clonogenic assay. Surprisingly, resveratrol enhanced the cytotoxicity of hydrogen peroxide. Resveratrol was also evaluated using the
same cell lines for potential radiation protection. Instead of
protecting cells, pre- and post-treatment with resveratrol was found
to enhance radiation-induced cytotoxicity. These findings are in
contrast to a recent study showing resveratrol-mediated protection
against radiation-induced chromosome aberrations in mice. A
possible explanation for the discrepancy of resveratrol effects in
vitro as opposed to in vivo may reside in the formation of potent
protective/preventative metabolic products of resveratrol in vivo.
Therefore, metabolic analogues of resveratrol were examined for
protection against peroxide cytotoxicity in vitro. Among several
resveratrol analogues evaluated only piceatannol showed protection,
suggesting that the resveratrol-mediated protection against oxidative
stress may come from metabolic products. Data will be presented
evaluating both resveratrol and piceatannol as potential radioprotectors in vivo for mice exposed to whole body radiation.
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production in bacteria and human cells might serve as a
radioprotective strategy. To detect trypanothione in cell extracts,
an HPLC detection method was developed using an isocratic elution
system and maleimide derivatives. Reduced trypanothione was
measured by HPLC (after reduction with 5 mM dithiothreitol) using
an isocratic mobile phase (65% acetonitrile, 35% water, 0.05%
acetic acid, and 0.05% o-phosphoric acid), and a maleimide
derivitizing agent (Thioglo 3t) with a phenyl-silica reversed phase
column. Using this method, E. coli that were transformed with
plasmids coding for trypanothione synthetase (TS) and trypanothione reductase (TR) were found to produce 74 lmol trypanothione/mg protein. Significantly, the transgenic E. coli expressing
TS and TR also displayed approximately five-fold radioprotection
against 137Cs low LET c-irradiation compared to normal E. coli
cells. We extended these experiments to human cells and found that
in HEK 293 cells transfected with a plasmid containing TS ;850
nmol trypanothione/mg protein were detected. Thus, we have
shown for the first time that human cells can be genetically
engineered to express the trypanothione biosynthetic pathway and
produce the trypanothione metabolite. These results support the
hypothesis that trypanothione can be produced by both bacterial and
human cells, and can act as a novel radio-protective agent at least in
bacteria. The results warrant further research to explore the
possibility of a clinical use for trypanothione during radiation
therapy. Supported by University of Iowa Summer Research
Fellowship, NIH P30-CA086862, and R01-CA73612.
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(PS1.46) Morbidity and mortality of lethally irradiated mice
undergoing periodic blood sampling. Artur Plett1, Carol Sampson1, Evan West1, Ngoc-Thinh Nguyen1, Hui Lin Chua1, Ann
Farese2, Jeff Parker2, Beth Juliar1, Barry Katz1, Thomas MacVittie2,
Christie M. Orschell1, 1Indiana University School of Medicine,
Indianapolis, IN, 2University of Maryland School of Medicine,
Baltimore, MD

The ultimate aim of the NIAID countermeasures program is
the identification of agents that could be used in the mitigation of
late effects following a radiological or nuclear event. To that end,
we have been developing relevant murine models and endpoints that
can be used to assess potential agents, with a focus on the lung as
the target organ. Over the lower dose ranges that are likely to be
encountered (0–10 Gy), we have characterized the lung response at
time points ranging from 1 hour to 15 months post-radiation in the
C57BL/6J and C3H/HeJ strains following either lung alone or
whole body external radiation, looking at plasma cytokine levels,
lavage and tissue (mRNA and protein) samples. Since the
completion of the characterization and identification of pathological
changes that may be used as endpoints, we have assessed the
potential mitigating efficiency of the acute administration of a series
of agents in this model, including curcumin, lovastatin and linoleic
acid, looking at the effect of these agents on acute cytokine and
growth factor expression as well as the mitigation of late end points.
For example, using a dose schedule of curcumin of 100 mg/kg p.o.
given daily, one study looked at the effect of curcumin on the early,
low dose range pulmonary response. Unfortunately, by 21 days
post-radiation, the majority of the curcumin þ radiation treated
animals had died, so the animals were sacrificed. A second study
was initiated, using a lower TBI dose, but with the same curcumin
dose schedule.In addition, in order to model for the higher, more
heterogenous exposures that have been seen in such incidents as that
at Tokai-mura, we have developed a combined total body (TBI) and
lung irradiation model in which the animals (C57BL/6J and C3H/
HeJ) receive a relatively low TBI dose (5 Gy) together with an
additional dose to the lung alone of 10 Gy. In this model, we have
again assessed a series of agents, including simvastatin, G31P (a
high affinity antagonist of CXCL8), anakinra (an interleukin-1
receptor antagonist), and EUK-207 (an SOD-catalase mimetic),
using combinations of acute and chronic administration regimens.
We thus have developed two models that represent the spectrum of
likely pulmonary response to a terrorist event and we will be
presenting the results for all of the above agents. Supported by U19
AI-06773-4 and RC1 AI081244-01.

To test the survival efficacy of potential countermeasures
against radiation, our laboratory has developed a murine model of
the Hematopoietic Syndrome of the Acute Radiation Syndrome
(ARS-HS), where morbidity and mortality are believed to be due
to infection and hemorrhage. Thus, assessing recovery of
hematopoietic cells after irradiation may be a useful secondary
parameter to document mechanism of action of radiomitigators.
However, effects of longitudinal blood sampling on morbidity/
mortality of lethally-irradiated mice is unknown. In this study, we
investigated if periodic removal of blood from the tail vein
impacted survival in 10–12w/o C57BL/6 mice following 8Gy
gamma irradiation (30–40uL per sample; 2–8 samples total/
mouse). Moribund mice during the study and survivors at d31
were weighed, bled, euthanized, and necropsied. Of interest,
absolute counts of all hematopoietic parameters of moribund mice
were reduced 35–50% compared to non-moribund irradiated mice
assayed on the same day. Weights of moribund mice were 2666%
less than pre-irradiation weights (p,0.001). Regardless of bleed
group, histopathology of moribund mice revealed marked bone
marrow hypocellularity, lymphoid depletion in lymphoid organs,
and a profound discoloration of the liver associated with
cytoplasmic vacuolation (fatty change), while tissues from nonmoribund mice terminated on d31 were only mildly lymphopenic,
with no hepatic cytoplasmic vacuolation. Microbiological examination showed the presence of organisms in some mice. Overall
30d survival of mice undergoing periodic blood sampling was
3.2%, compared to 12.2% in non-bled mice (p¼0.008), suggesting
that either the small loss of blood or the stress of handling may
negatively impact survival of lethally-irradiated mice. Together,
these findings suggest a predominantly hematological basis of
mortality in our murine model of ARS-HS that was possibly
exacerbated by periodic handling or sampling of small amounts of
blood. Funded by NIAID, contract #HHSN266200500043C.

(PS1.45) Evaluation of resveratrol as an antioxidant and
radiation protector. Kristin M. Fabre, William DeGraff, Janet

(PS1.47) Exogenous administration of tetrahydrobiopterin
(BH4) ameliorates DNA and lipid oxidative damage in mice
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after total body irradiation. Li Cui1, Maaike Berbée1, Qiang Fu1,
Marjan Boerma1, Junru Wang1, K. Sree Kumar2, Martin HauerJensen1,3, 1University of Arkansas for Medical Sciences, Little rock,
AR, 2Armed Forces Radiobiology Research Institute, Bethesda, MD,
3
Central Arkansas Veterans Healthcare System, Little rock, AR
Poster Sessions

Background: The pathogenesis of the acute radiation syndrome
(ARS) after exposure to total body irradiation (TBI) involves injury
to hematopoietic/epithelial progenitor cells, as well as microvascular
injury. The present study investigated post-TBI oxidative cellular
injury in the gastrointestinal (GI) tract and lung and explored the
potential protective effects of tetrahydrobiopterin (BH4), a potent
reducing agent and essential cofactor of nitric oxide synthase (NOS).
Methods: Male CD2F1 mice were randomly assigned to treatment
with vehicle, BH4, or S-5,6,7,8-tetrahydro-D-neopterin (NH4), a
factor that shares the antioxidant properties of BH4, but does not
function as an NOS cofactor. BH4 or NH4 (25 mg/kg in 100 ll
saline) or saline vehicle was injected intraperitoneally twice daily,
beginning 2 day before exposure to sublethal TBI (8.5 Gy). Groups
of mice were euthanized at baseline (0 days) and 1 day and 3.5 days
after TBI, and the levels of malondiadehyde (MDA) and 8-hydroxy2 0 -deoxyguanosine (8-OHdG) in intestinal and pulmonary epithelial
cells and microvasculature were determined by quantitative
immunofluorescence microscopy. Results: Baseline levels of MDA
and 8-OHdG were similar in all 3 treatment groups. Exposure to TBI
caused a highly significant increase in the levels of epithelial MDA
and 8-OHdG at 1 day, as well as at 3.5 days. Microvascular oxidative
stress was most prominent at 3.5 days. In vivo administration of BH4
or NH4 reduced epithelial MDA and 8-OHdG levels compared with
vehicle-treated mice. On the other hand, the impact of BH4/NH4
administration was less pronounced for the microvascular oxidative
stress parameters. Conclusions: Exogenous administration of BH4
reduces TBI-induced oxidative stress in vivo. Because damage is
also ameliorated by NH4, the protective effect of BH4 may depend
largely on its antioxidant properties rather than on NOS-mediated
mechanisms.

(PS1.48) Sequential changes in intestinal mucosal immune cell
populations in response to sublethal total body irradiation.
Sarita Garg1, Marjan Boerma1, Junru Wang1, Qiang Fu1, David S.
Loose2, K Sree Kumar3, Martin Hauer-Jensen4, 1University of
Arkansas for Medical Sciences, Little Rock, AR, 2University of
Texas Health Sciences Center, Houston, TX, 3Armed Forces
Radiobiology Research Institute, Uniformed Services University,
Bethesda, MD, 4University of Arkansas for Medical Sciences and
Central Arkansas Veterans Healthcare System, Little Rock, AR
Background: The intestinal mucosa harbors the largest and
one of the most complex immune systems in the body. During
normal conditions, the intestinal mucosa exhibits a state of
‘‘physiological inflammation’’. This is largely the consequence of
an immune response to dietary and bacterial antigens present in the
intestinal lumen. In situations, where the epithelial barrier is
compromised, immune cells are activated and inflammatory cell
recruitment and transmigration increases by several orders of
magnitude. This study examined the temporal changes in intestinal
immune cell populations, cytokine levels and genome-wide
transcript profiles in a mouse model of sublethal total body
irradiation (TBI). Methods: Male CD2F1 mice were exposed to
uniform TBI of 8 Gy in a cesium irradiator. Groups of mice were
sacrificed at set time points after irradiation and proximal segment
of jejunum were obtained at 0h (no irradiation), 4h, 1day (d), 7d,
14d, 21d and 30d. Changes in the intestinal immune cell
populations, peripheral blood cell counts, cytokine transcript and
protein levels as well as genome-wide comparative expression
levels were assessed. Results: Radiation induced a sharp decrease in
the numbers of mucosal macrophages, neutrophils, and B- and Tlymphocytes coinciding with similar reductions in peripheral blood
cell counts. Recovery of mucosal macrophages occurred within 1
week, whereas, granulocytes and lymphocytes remained low until 3
weeks post-TBI. Transcription profiling revealed a preponderance
of differentially regulated genes involved in cell cycle control, cell
death, and DNA repair between 4h and 3.5d after irradiation, while
genes involved in tissue recovery predominated from day 7
onwards. Conclusion: These findings support the notion that the
hematopoietic and gastrointestinal radiation responses are linked
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and together contribute to the pathophysiological manifestations
after exposure to total body radiation.

(PS1.49) COX-2 inhibitors are contraindicated for combined
injury therapy:mechanistic studies. Wan JIAO, Lynnette H.
Cary, Thomas B. Elliott, Terry C. Pellmar, G. David Ledney,
Juliann G. Kiang, AFRRI, Bethesda, MD
Body trauma in irradiated casualties, a situation termed
combined injury (CI), is likely after major ionizing radiation
accidents, radiation dispersal devices or nuclear detonations.
Therapeutic agents for managing CI are needed and their
development is a priority research area. Cyclooxygenase-2 (COX2) is an inducible enzyme expressed primarily in pathologic
inflammatory disorders and in radiation injury (RI), where it
mediates prostaglandin production. Excessive COX-2 expression
plays an important role in inflammation, wound healing, as well as
in carcinogenesis. CI induces overproduction of cytokines and
prostaglandin E2 through activation of COX-2. Exacerbation of
these mediators heightens vulnerability to traumatic inflammation
and could affect the outcome of CI victims. Thus, the COX-2
inhibitors, celecoxib and meloxicam, were evaluated for their
therapeutic value against CI-induced inflammation in a laboratory
mouse model. These COX-2 inhibitors had no beneficial effect on
the 30-day survival after RI or after CI and did not improve wound
closure or body-weight recovery. Importantly, meloxicam accelerated the death of wounded mice and mice inflicted with CI. These
detrimental effects were accompanied by dramatically increased
serum aspartate aminotransferase concentrations, elevation of the
pro-inflammatory cytokines interleukin (IL)-1b, IL-6 and IL-8, and
reduction of the anti-inflammatory factor IL-10. No changes in
plasma concentration of the hematopoietic stimulator Flt-3 were
found. The data substantiate that the COX-2 inhibitors, celecoxib
and meloxicam, when used therapeutically for CI, induce severe
hepatic toxicity, exaggerate inflammatory processes, and do not
modulate bone marrow hematopoietic/progenitor cell regeneration.
Our results may have clinical implications and may point to
potential contraindications for use in patients undergoing therapy
for radiation injury and for combined injury. This work was funded
by NIH/NIAID: YI-AI-5045-04.

(PS1.50) Human cord blood and antibiotic effect on the
intestinal tract and survival of lethally irradiated mice: possible
use for mass casualties. Olga A. Kovalenko, Zhi Yang, Min Li,
Manoochehr Khorshidi, Edouard I. Azzam, Norman Ende,
University of Medicine and Dentistry-NJMS, Newark, NJ
Objective: this study was to determine maximal c-ray doses at
which treatment with human umbilical cord blood (HUCB) and the
antibiotic Levaquin protects against killing, and allows recovery of
the intestinal tract of whole-body c-irradiated mice. These findings
would be of specific interest in the treatment of mass casualties from
a nuclear explosion.Methods: Two groups of A/J transgenic female
mice were used. One group was 19–25 weeks-old and the second
was 9 weeks-old. The combined study involved i) 6 sham-treated
mice, ii) 9 mice exposed to 900cGy (300 cGy/min) from 137Cs crays, iii) 7 mice receiving radiation and Levaquin, iv) 3 mice
receiving radiation and HUCB, v) 7 mice receiving radiation,
HUCB and Levaquin, vi) 6 mice receiving HUCB, and vii) 6 mice
receiving Levaquin only. Treatment with HUCB and/or Levaquin
occurred 4 h after irradiation. The mice were weighed prior to
irradiation and every 2 weeks.Results: None of the animals
developed signs of Graft vs. Host disease upon inoculation with
HUCB. Significantly, 75% of adult mice and 33% of young mice
that were treated with HUCB and Levaquin survived the lethal dose
of 900 cGy. Combined survival rate after irradiation and treatment
with HUCB and Levaquin was 57% for both groups at 50 days.
Mice that received radiation only were dead in 6–16 days. None of
the 50þ days-survivors appeared sick when euthanized. All animals
lost weight after irradiation. The 50þ days-survivors recovered
weight loss, gaining an average of 1.2 grams over their initial
weight. The histological changes in mice that received radiation
only showed large areas of necrosis in the bowel involving all
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(PS1.51) Protection from intestinal radiation injury by
calcitonin gene-related peptide in sensory nerve ablated rats.
Junru Wang, Ashwini Kulkarni, Sarita Garg, Martin Hauer-Jensen,
University of Arkansas for Medical Sciences, Little Rock, AR
Background: Sensory nerve ablation exacerbates early radiation-induced intestinal injury, suggesting that sensory nerves exert a
protective effect in the normal situation. Calcitonin gene-related
peptide (CGRP) is one of major peptides released by sensory nerves
and a previous study showed that exogenous administration of
CGRP ameliorates acute radiation-induced intestinal injury. The
present study was performed to further examine the relationship
between sensory nerves and CGRP in acute radiation-induced
intestinal injury. Methods: Rats underwent sensory nerve ablation
with capsaicin and subsequent fractionated X-irradiation (5 Gy x 8)
of a 4-cm loop of small bowel. The animals were injected
subcutaneously with vehicle, CGRP or CGRP antagonist (CGRP
) during radiation and for 2 weeks after irradiation. Intestinal
8–37
radiation injury was assessed at 2 weeks after irradiation by
quantitative histology, morphometry and immunohistochemistry.
Results: CGRP ameliorated radiation injury score RIS (p¼0.0005),
improved intestinal mucosal surface area (p¼0.01), attenuated
intestinal wall thickness (p¼0.03). In contrast, administration of
CGRP antagonist was not associated with a statistically significant
difference in intestinal injury. CGRP and CGRP antagonist did not
alter the immunohistochemistry of myeloproxidase, proliferating
cell nuclear antigen (PCNA), and collagen I and III. Conclusion:
These data are consistent with the notion that CGRP, secreted by
sensory nerves under normal circumstances, attenuates acute
radiation-induced intestinal injury. Further studies are underway
to determine whether the mechanism of protection conferred by
CGRP is mast cell-dependent.

(PS1.52) Delta-tocotrienol promotes survival of gammairradiated human hematopoietic progenitors through Erk /
mTOR signaling. Xiang Hong Li, Nabil Latif, Dadin Fu, Merriline
Satymitra, Venkataraman Srinivasan, Mang Xiao, Armed Forces
Radiobiology Research Institute,Uniformed Services University of
the Health Sciences, Bethesda, MD
Tocotrienols, the subfamily of natural vitamin E from rice
bran oil and/or palm oil, has shown substantial neuroprotective,
anticancer, and anti-oxidative effects. Recently, we have demonstrated that injecting delta-tocotrienol (DT3) 24 hr before 8.75 Gy
(0.6 Gy/min) gamma-radiation protected CD2F1 mice from
radiation-induced injury and resulted in 100% thirty day survival.
In the present study, we evaluated the effects of DT3 on c-irradiated
human hematopoietic progenitor CD34 þ cells. In CD34 þ cells
cultured with stem cell factor (SCF) þ Flt-3 ligand (FL) and
interleukin (IL)-3 in serum-free medium, DT3 (2 lM) administration 24 hr prior to c-irradiation significantly increased the number of
surviving cells from 1.760.3 3 105 (control) to 2.860.2 3 105(DT3
addition) and 0.6660.1 3 105 (control) to 1.66 0.13 3 105 (DT3
addition)2 days after 2 or 4 Gy irradiation, respectively (p,0.05).
Granulocyte-macrophage colony forming units (CFU-GM) in
irradiated CD34 þ cells were markedly enhanced by DT3. However,
a parallel increase in erythroid colonies (BFU-E and CFU-E) by
DT3 was not observed. Furthermore, we found that mammalian
target of rapamycin (mTOR) highly expressed in cultured CD34 þ
cells, whereas c-irradiation downregulated mTOR and its downstream ribosomal protein S6 activation. mTOR is a member of

PI3K-related kinase family factors which plays an important role in
cell survival and growth. Major upstream signaling components that
control mTOR activity are PI3K/ PTEN/AKT and Ras/Raf/MEK/
ERK pathways. Interestingly, addition of DT3 dramatically induced
ERK1 phosphorylation and reversed the radiation-inhibited S6
protein activation. In contrast, AKT protein expression and activity
were not observed. Thus, our data suggest that delta-tocotrienol
promotes survival of gamma-irradiated human hematopoietic
progenitors through ERK /mTOR signaling.
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layers. The bone marrow was hemorrhagic with little evidence of
viable cells. In contrast, the bowel of the 50 þ-days-survivors
showed remarkable recovery. However, areas of necrotic villi and
some focal areas of necrosis in the mucosa were still evident. The
bone marrow showed focal areas of recovery with some areas being
hypercellular. Human-specific DNA was detected in multiple
organs in all the 50 þ days-survivors, particularly in the large
intestine where some necrosis was still present.Conclusion:
Umbilical cord blood transfusions combined with a broad spectrum
antibiotic may be an available therapy for mass radiation casualties.
Supported by a Grant from the Abraham Ende Foundation.
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(PS1.53) Zerumbone induces hsp27 oligomerization and
inhibits hsp27-mediated resistance to radiation or heat shock.
Seo-Hyun Choi, Woo-Duck Seo, Hae-June Lee, Minyoung Lee,
Yun-Sil Lee, Korea Institute of Radiological & Medical sciences,
Seoul, Republic of Korea
BackgroundHSP27 (or HSP25), negatively regulates apoptosis pathways after radiation or chemotherapeutic agents and
abrogation of HSP27 function may be a candidate target for
overcoming radio- and chemoresistance. In the present study, we
found that zerumbone, a cytotoxic component isolated from
Zingiber zerumbet Smith, is a candidate for the sensitizer to
radiation or heat shock through HSP27 oligomerization.MethodNCI-H1299, human lung cancer cells were treated with zerumbone.
The expression levels of HSP27 were determined by RT-PCR or
Western blotting. Cycloheximide was treated to determine the
HSP27 protein stability. Induction of apoptosis, activation of
caspase-3, and cleavage of PARP were confirmed by propidium
iodide staining and Western blotting. Trypan blue dye exclusion
assay, clonogenic survival assay were performed for detection of
radioresistance.ResultsZerumbone inhibited endogenous or heat
shock mediated HSP27 expression (monomer form) in cells, which
showed high expression of HSP27 including lung and fibroblast cell
lines. Zerumbone induced oligomerization and this oligomerization
was detected even in denaturing gel system. Inhibition of
monomeric HSP27 expression was dependent to the increased
oligomerization of HSP27. Mutant form on HSP25 (murine form) at
cystein 141 to alanine (HSP25-C141A) which did not induce
HSP25 oligomerization, increased the half life of monomeric
HSP25, when compared to wild type HSP25 (HSP25-WT) and
treatment of zerumbone to HSP25-C141A transfected cells did not
show any inhibition of monomeric HSP27, suggesting that HSP27
oligomerization affected the protein stability of monomeric HSP27
and zerumbone-mediated oligomerization of HSP27 involved in
decreased protein stability of monomeric HSP27. Pretreatment of
zerumbone before radiation or heat shock induced sensitization
when detected by clonogenic survival assay and induction of
apoptosis. In vivo nude mouse grafting system also suggested that
zerumbone is a potent radiosensitizer and this effect was more
potent when cells with high expression of HSP27 were grafted.
Moreover, transfection of HSP25-C141A did not show any
zerumbone-mediated radiosensitization.ConculusionsFrom the data,
zerumbone may be a possible candidate for the sensitizer to
radiation or heat shock through HSP27 oligomerization which
resulted in inhibition of HSP27-mediate resistance.

(PS1.54) Human recombinant IL-11 administered orally after
total body irradiation prolongs survival and ameliorates
intestine injury in mice. Igor B. Gubrij1, Marjan Boerma1, Qiang
Fu1, Junru Wang1, Martin Hauer-Jensen1,2, Alexander F. Burnett1,
1
University of Arkansas for Medical Sciences, Little Rock, AR,
2
Central Arkansas Veterans Healthcare System, Little Rock, AR
Background: Systemic interleukin-11 (IL-11) administration
improves survival in mice exposed to total body irradiation (TBI).
However, because systemic IL-11 is associated with severe toxicity
in humans, this route of administration cannot be used clinically.
Oral administration of IL-11 does not induce systemic toxicity and
is known to reduce intestinal toxicity after localized irradiation. This
study investigated the efficacy of oral IL-11 as a potential mitigator
after TBI. Methods: Eight to nine weeks old male CD2F1 mice were
exposed to uniform TBI in a cesium gamma irradiator. Human
recombinant IL-11 (Neumega, Wyeth Pharmaceuticals) was admin69

P O S T E R

S E S S I O N S

Poster Sessions

istered once a day by gavage as an aqueous solution for 5 days,
starting 4 to 48 hrs after TBI. Levels of IL-11 in the intestinal lumen
at various times after gavage were determined by ELISA. Intestinal
crypt survival, bacterial translocation, and overall animal survival
up to 30 days post-TBI were used as the main endpoints. Results:
IL-11 concentration in proximal, middle, and distal parts of the
small bowel reached their maximum at 20 min after gavage and
returned to baseline at 4 hrs. IL-11 administration, when started 4
hrs or 24 hrs after TBI, was associated with a significant increase in
crypt survival, reduction in bacterial translocation, and improvement
in overall animal survival. On the other hand, no protection was
seen if IL-11 treatment was started 48 hrs post-TBI. The optimal
dose of IL-11 for mitigation of radiation injury in this model was
found to be 10 mg/kg/day. Conclusion: These data demonstrate that
IL-11, administered orally, is a potent radiation mitigating agent.
Further work is required to extend the post-radiation time window.

(PS1.55) Biodosimetry as an HHS priority for radiological
public health emergencies: roles of NIAID and BARDA. Marcy
B. Grace1, Joanna M. Prasher1, Brian R. Moyer1,2, Donna Boston1,
Rodney L. Wallace1, Andrea DiCarlo-Cohen3, Narayani Ramakrishnan3, Richard J. Hatchett3, Anthony Macaluso1, Ronald G.
Manning1, 1Biomedical Advanced Research and Development
Authority (BARDA), Office of the Assistant Secretary for
Preparedness and Response (ASPR), Washington, DC, 2Tunnell
Government Services, Bethesda, MD, 3National Institute of Allergy
and Infectious Diseases (NIAID), National Institutes of Health,
Bethesda, MD
Public health emergency response to an intentional attack of a
U.S. city with a 10 kiloton Improvised Nuclear Device, as described
in National Planning Scenario #1, will require accurately determining among the over one million potentially exposed individuals,
who will need appropriate medical treatment for radiation exposure.
Since most exposures will be non-homogeneous, clinical effects
will often result from acute partial body exposures, as well as from
radiation combined with burn, wound, trauma and other injuries.
Multiple Federal agencies are working together to protect
Americans from the health consequences of radiological and
nuclear weapons by developing a common portfolio of biodosimetry resources, and the appropriate radiation medical countermeasures. The Public Health Emergency Medical Countermeasures
Enterprise (PHEMCE) is an intra-agency organization, led by the
Department of Health and Human Services (HHS) Assistant
Secretary for Preparedness and Response (ASPR) that oversees
and coordinates development, acquisition and availability of critical
emergency medical countermeasures for a wide variety of disasters.
The 2007 PHEMCE Implementation Plan for Chemical, Biological,
Radiological and Nuclear (CBRN) Threats identifies biodosimetry
as a key priority for radiological and nuclear incidents. Within HHS,
the NIAID is the center for basic research and development;
BARDA oversees and coordinates the PHEMCE medical countermeasure requirement-setting process and executes advanced
development and procurement of CBRN medical countermeasures.
BARDA issued a Broad Agency Announcement on February 27,
2009 for forward deployable, rapid point-of-care biodosimetry
devices, as well as high-throughput biodosimetry systems to inform
treatment decisions. Using a combination of funding mechanisms as
prescribed through Congressional appropriations and legislation
enacted for NIAID and BARDA, including funds authorized by the
Project BioShield Act of 2004, HHS is enhancing the Nation’s
public health emergency preparedness for nuclear events.

(PS1.56) Early-phase and organ-specific protein biomarkers
for radiation dose and injury assessment. Natalia I. Ossetrova1,
Ann M. Farese2, Thomas J. MacVittie2, Melanie Cohen2, Arifur
Rahman1, David J. Sandgren1, Sergio Gallego1, William F.
Blakely1, 1AFRRI/USU, Bethesda, MD, 2University of Maryland,
School of Medicine, Depts of Radiation Oncology and Pathology,
Baltimore, MD
Early treatment of populations exposed to ionizing radiation
requires accurate and rapid biodosimetry with an extremely high
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precision to determine an individual’s exposure level and risk for
morbidity and mortality, especially after a mass casualty radiological incident. Early-phase and tissue-specific (i.e., parotid glands,
skin, bone marrow, liver, small bowel, etc.) protein biomarkers
detected in peripheral blood can provide rapid estimation of an
individual’s exposure dose as well as diagnostic information of
organ-specific radiation injury. We recently reported results from
three studies using nonhuman primate (NHP, Macaca mulatta)
models of total-body irradiation (TBI). We showed that multiple
proteins (i.e. p53, p21 WAF1, IL-6, salivary a-amylase, and Creactive protein or CRP) selected from distinctly different pathways
revealed an enhanced sensitivity for early assessment of radiation
exposure. We also recently presented results from an ongoing study
using a TBI murine model and demonstrated for the first time that a
protein expression profile can be developed not only to predict
radiation exposure in BALB/c mice but also to distinguish the level
of radiation exposure, ranging from 1 to 7 Gy. The SAS-based
multivariate statistical procedures algorithm was established for
early (1 and 2 days) dose assessment and dose-dependent
discrimination of study animal groups. Herein, we present results
from the on-going NHP TBI studies demonstrating in blood of
rhesus macaques irradiated to a broad dose range up to 13 Gy with
60
Co c-rays (0.4 and 0.6 Gy/min) and 6MV LINAC (0.8 Gy/min)
dose- and time-dependent changes in multiple early-phase and
organ-specific radiation responsive proteins: salivary a-amylase,
CRP, Flt-3 ligand, and citrullinated proteins (CP) measured by
enzyme linked immunosorbent assay (ELISA). Results demonstrate
the practical utility of early-phase and organ-specific radiation
responsive proteins for acute radiation sub syndromes in triage
biodosimetry applications and ability to help in medical management of radiation accidents. AFRRI supports this research under
project #RBB4AR; NIAID under grant #HHSN266200500043C.

(PS1.57) Geldanamycin analog 17-DMAG confers radioprotection by inhibiting iNOS-mediated apoptosis and autophagy.
Juliann G. Kiang, Armed Forces Radiobiology Research Institute,
Bethesda, MD
Exposure to ionizing radiation (IR) activates both the iNOS/
caspase and p53/Bcl-2/Bax pathways. Since it has been proposed
that this activation is a critical step leading to IR-induced MODS/
MOF and death, we investigated whether inhibition of the iNOS
pathway with 17-DMAG improves survival. In this study, male
CD2F1 mice (25 g) were injected with 17-DMAG (s.c.) prior to
exposure to various doses of 60Co gamma radiation. Survival, body
weight, and facial edema were then monitored for 30 d and the drug
reduction factor (DRF) for 17-DMAG calculated. Using ileum
lysates prepared various times after a 9.25 Gy dose, we measured
protein levels of KLF6, KLF4, NF-kB, iNOS, p53, Bcl-2, Bax,
LC3, protein nitration, NO production, lipid peroxidation, apoptosome formation, and caspase-3 enzymatic activity. These measurements were compared to those obtained using iNOS knockout mice.
We found that 17-DMAG doses up to 100 mg/kg were not toxic.
Treatment with 17-DMAG (25mg/kg) 24 h before IR exposure
improved survival (DRF¼1.2). IR alone reduced body weight by 35
% and increased facial edema by 43%, but 17-DMAG inhibited
these changes. Median survival times (ST50) for 17-DMAG (25
mg/kg) administered 72, 48, or 24 h prior to IR (9.25 Gy) were 14,
17.5, and .30 d, respectively (vehicle treatment alone: 12.5 d). The
ST50 for 17-DMAG (0.1, 1, or 25 mg/kg) administered 24 h prior to
IR were 14, .30, and .30 d, respectively. IR increased iNOS
expression by increasing the levels of iNOS transcription factors
NF-kB-p65, KLF6, and c-JUN. IR also increased p53, Bcl-2, Bax,
3N-tyr protein, and LC3. In ileal lysates, IR increased NO
production, lipid peroxidation, apoptosome formation, and caspase-3 activity, suggesting IR-induced apoptosis and autophagy are
mediated by iNOS activation. Treatment with 17-DMAG 24 h
before IR limited these changes, producing results similar to those
observed in iNOS knockout mice. In conclusion, these results
suggest that IR activates the iNOS pathway, which leads to
apoptosis and autophagy. The iNOS pathway inhibitor 17-DMAG
may prove useful for preventing radiation injury. Supported by
AFRRI RAB2CF.
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(PS1.58) Myeloid progenitor cells as an effective treatment for
acute radiation syndrome. Vijay K. Singh1, Darren S. Brown1,
Oluseyi O. Fatanmi1, Vaishali I. Parekh1, Daphne A. Gille2, Mark
H. Whitnall1, Julie L. Christensen2, 1Armed Forces Radiobiology
Research Institute, Bethesda, MD, 2Cellerant Therapeutics, San
Carlos, CA

(PS2.01) Molecular and cellular effects of hze particles and
their modulation by shielding. Bipasha Mukherjee, Cristel
Camacho, Brian McEllin, Nozomi Tomimatsu, Liang-Hao Ding,
Michael Story, Debabrata Saha, Robert Bachoo, Sandeep Burma,
University of Texas Southwestern Medical Center, Dallas, TX
Ions of high atomic number and energy (HZE particles) pose a
significant cancer risk to astronauts on prolonged space missions.
The properties of these particles can be drastically altered by
passage through spacecraft shielding and other materials. We are
using pertinent responses to DNA double-strand breaks (DSBs) to
understand the biological consequences of energy loss versus
nuclear fragmentation of Fe ions during passage through shielding
or tissue-equivalent materials. Human skin fibroblasts are unable to
repair a significant portion of DNA damage induced by Fe ions.
Aluminum shielding has little effect on DNA damage or its repair,
confirming that the hulls of the Space Shuttle and the International
Space Station afford scant protection against these particles. Lead
shielding, on the other hand, exacerbates the effects of Fe ions due
to energy loss during particle traversal. In sharp contrast,
polyethylene (PE), a favored hydrogenous shield, results in DNA
damage that is more amenable to repair presumably due to Fe ion
fragmentation. Activation of the tumor suppressor p53 in Feirradiated cells is uniquely biphasic and culminates in the induction
of high levels of p21(Waf1/Cip1), p16(INK4a) and senescenceassociated beta-galactosidase activity. Significantly, fragmentation
of the Fe beam through PE attenuates these responses and this, in
turn, results in better long-term survival in a colony formation assay.
It is also very important to understand the carcinogenic consequences of unrepaired DNA lesions such as those induced by Fe
ions. To quantify the cancer-initiating ability of Fe ions (relative to
gamma rays), we are utilizing ‘‘pre-initiated’’ primary mouse
astrocytes (Ink4a/Arf-/-) that are immortal but not tumorigenic.

Upon irradiation of these cells with Fe ions, we find that the
surviving cells are transformed and are able to form tumors when
injected sub-cutaneously into nude mice. Tumor-derived cells
harbor complex chromosomal aberrations and display altered
cellular characteristics. We are currently characterizing the genomic
and gene expression changes triggered by Fe ions that may
contribute to tumorigenesis. Preliminary results indicate that loss of
the tumor suppressor p15/Ink4b is a prominent event in Fe-induced
cellular transformation.
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There is a pressing need for treatments that can ameliorate the
effects of ionizing radiation injury for use in the field by military
personnel and emergency responders. None of the agents
investigated so far have received FDA approval as a radiation
countermeasure. Our long term goal is to develop a cellular product
that can be administered after radiation exposure to provide
hematopoietic cellular support to victims until their own bone
marrow stem cells repopulate their blood system. Myeloid
progenitor cells isolated from the bone marrow do not possess
extended self-renewal ability; however, progenitors are capable of
partially restoring functional hematopoiesis for a limited period of
time. Purified bone marrow myeloid progenitors have been shown
to protect lethally irradiated congenic mice. We have developed
culture conditions to produce large numbers of mouse myeloid
progenitor cells (MPc) from hematopoietic stem cells (HSC). The
MPc can improve survival against radiation exposure levels
exceeding the minimum lethal dose. Following transplantation into
an irradiated host, MPc derived from 3 MHC-disparate mouse
strains expand and differentiate in vivo giving rise to myeloid,
erythroid, and dendritic cells as well as platelets.Six to eight week
old male CD2F1 mice were transfused with either 3 or 5 million
mouse MPc at various time points (2, 48, and 96 h) post-exposure to
an LD90/30 dose (9.2 Gy, 0.6 Gy/min) of ionizing radiation (cobalt60 gamma-radiation). Our results demonstrate that MPc significantly protect mice when administered as late as 96 h after exposure
to ionizing radiation. We further investigated the maximum dose of
radiation to which the MPc are effective. Mice were exposed to
different doses (9.0, 9.5, 10.0, 10.5, 10.75, and 11.0 Gy) of cobalt60 gamma-radiation and transfused with 5 million MPc 48 h after
irradiation. Almost all mice were protected in all groups receiving
MPc. Our results show that MPc are an effective therapy for damage
caused by ionizing radiation. The cell therapy is effective against
hematopoietic as well as GI doses of ionizing radiation. For further
characterization, we plan to evaluate whether MPc ameliorate
radiation-induced GI damage.
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(PS2.02) Differences in survival, gene expression and cellular
transformation in isogenic variants of human bronchial
epithelial cells after low LET or HZE particle exposures.
Seongmi Park, Lianghao Ding, Yang Xie, Michael Peyton, John
Minna, Michael D. Story, UT Southwsetern, dallas, TX
The human bronchial epithelial cell line HBEC3 and isogenic
derivatives (p53 knockdown and KRASV12 mutant over-expression,
EGFR tyrosine kinase deletion mutant, EGFR wild-type overexpression) were treated with various doses of 56Fe, 28Si and c
irradiation. In addition to determining cell survival, the cells were
collected at various time points post-IR, the RNA was extracted and
gene expression was determined. Acute changes (,24 hr time
points) were found in gene expression following exposure of the
HBECs to each radiation type. These gene expression signatures
were distinct for c irradiation compared to HZE particle irradiation
(Fe, Si) as well as for the various HBEC isogenic genetic variants
and showed distinct clustering patterns on unsupervised hierarchical
clustering, principal component and regression analysis. Bayesian
network analysis of HBEC3 and the RAS/p53 variant also revealed
unique gene nodes which, when combined with other analysis,
suggests genetic background influences gene expression after HZE
particle exposure. In addition to gene expression analysis we
determined the rate of cellular transformation, as determined by
growth of cells in soft agar, as a function of radiation dose and
quality. The cell lines HBEC 3KT, 3KT R/53, and HBEC 3ET were
irradiated with either low LET radiation or 56Fe or 28Si particles.
Cell cultures were maintained for at least 4 months post-IR and at
monthly intervals they were examined for the ability to grow in soft
agar. The ability of low LET radiation to induce transformation
beyond the basal level is very limited, although the basal level of
transformation is orders of magnitude different for the 3 cell lines.
However, when HBEC 3KT cells were irradiated with 56Fe or 28Si,
there was a significant increase in transformation which quickly
declined as a function of dose, likely due to cell death mitigating
any transformative events. (Collection of HZE data for the other two
cell lines is ongoing.) Of interest is the steep rise at very low doses
of Fe. Correcting for baseline values, the transformation RBE could
easily be 20. This suggests the need to examine doses below 0.25
Gy for 56Fe to determine the true rate of transformation for 56Fe. All
of the data will be integrated into a model to provide quantitative
risk assessment for developing lung cancer after radiation
exposures.

(PS2.03) CD44 gene expression in rat lenses in vivo nine
months after low-dose particle radiation. Eleanor A. Blakely1,
Kathleen A. Bjornstad1, Chris J. Rosen1, Deborah Bunin2, Juliet A.
Moncaster3, Lee E. Goldstein3, Polly Y. Chang2, 1Lawrence
Berkeley National Laboratory, Berkeley, CA, 2SRI International,
Menlo Park, CA, 3Boston University, School of Medicine, Boston,
MA
Our goal was to investigate cataract incidence and gene
expression in rat lenses 9 months after particle radiation.With
IACUC approval, Sprague-Dawley rats were irradiated with either
10 or 100 cGy of 600 MeV/u iron ions (LET;180 keV/micrometer)
at the NASA Space Radiation Lab (NSRL) at Brookhaven National
Lab (BNL). Lenses were examined with fully-dilated pupils using a
slit-lamp monthly for 9 months. At necropsy, images of the lenses
were obtained ex vivo. Lenses were either frozen without fixation
for mRNA & protein analyses, or fixed for immunohistochemical
analyses with specific molecular probes. mRNA was isolated from
whole irradiated lenses and analyzed for quantitative changes in
71
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gene expression with a Rat ECM RT2 Profiler Array (SABiosciences, Inc). Fold changes in gene expression between the treated and
unirradiated control lenses were considered significant at the
p,0.09 level.Quantitative gene expression analyses of lenses show
high reproducibility within control and treatment groups. Cataractous lesions in iron-irradiated animals are multifocal and polymorphic, with anterior cortical opacifications. Opacities appear to
aggregate in the equatorial periphery suggesting likely transition at
the lens bow region. Posterior subcapsular cataractous dots are
clearly visible in 50% of the lenses. 10 cGy-Iron-ion-irradiated rat
lenses with early cataractous changes show significant 3- to 4-fold
increases in CAM & ECM functional gene groups, including . 3fold changes in the CD44 antigen reported in cataractous human
lenses. 100 cGy-Iron-ion-irradiated cataractous rat lenses show a
completely different gene response with only 2 ECM & CAM genes
increased 2- to 3-fold, and two CAM genes significantly downregulated 2- to 3-fold.We show high responsiveness of ECM gene
families particularly in CD44 after a low radiation dose to the lens,
and decreased expression after a 10-fold higher radiation dose.
Low-dose iron ions are associated with early cataractous changes
contributing to significant and persistent ECM remodeling responses in vivo, consistent with published CD44 expression in
cataractous human lenses. High-dose iron ions resulted in a
different ECM genetic fingerprint with dampened ECM & CAM
gene expression profiles. This work is supported by NASA Grant
#NNJ07HC791.

(PS2.04) Antiangiogenic effects of proton irradiation. Swati

Girdhani1, Philip Hahnfeldt1, Afshin Beheshti1, Clare Lamont1,
Zachary Anaya1, Michael Peluso1, Christian Schwager2, Heiko
Enderling1, Peter Huber2, Amir Abdollahi1, Lynn Hlatky1, 1Tufts
University, Boston, MA, 2Department of Radiation Oncology,
German Cancer Research Center (DKFZ), Heidelberg, Germany
Tumor angiogenesis, the recruitment of microvascular endothelial cells by the tumor,has emerged as an important target in
cancer therapy. The superior physical characteristics of proton vs.
photon radiotherapy have attracted enormous attention in clinical
oncology. However, the cellular targets and molecular mechanisms
of proton radiotherapy are not completely understood. Here we
report that proton irradiation inhibits major pro-angiogenic factors
in a dose-dependent manner in both tumor cells and its associated
stroma. First, we searched for differentially regulated genes 6h after
0, 0.5, 1 and 2 Gy proton irradiation in human dermal fibroblasts
and human lung microvascular endothelial cells (HMVEC-L) using
pan-genomic human microarrays. Of note, critical pathways in proangiogenic signaling such as vascular endothelial growth factor
(VEGF), interleukin 6 and 8 (IL6, IL8) and the hypoxia-inducible
factor-1alpha were significantly downregulated after proton irradiation in both cell lines. We then confirmed the dose- and timedependent downregulation of these pro-angiogenic genes by RTPCR and ELISA. To investigate the regulation of these genes in
tumor cells we tested their expression in the human lung
adenocarcinoma cell line A549. The tumor cell line showed similar
patterns of downregulation of angiogenic genes at the mRNA and
protein levels. Next, we examined the effects of proton irradiation
on cell invasion using a matrigel invasion assay. It was found that
proton irradiation decreased cell invasion in all cell lines tested. To
functionally validate the role of VEGF and IL8 signaling in the
radiation-induced anti-invasive responses, in-vitro co-culture models were used. Importantly, addition of recombinant IL8 or VEGF
into the media at least partially rescued the cells from protonradiation-induced anti-invasion effects. Further, proton-irradiated
A549 cancer cells exhibited delayed growth in vivo, demonstrating
that radiation-induced tumor-cell interactions with host tissues can
slow transition through critical carcinogenesis bottlenecks. Taken
together, the antiangiogenic and anti-invasive effects of proton
irradiation demonstrated here provide novel preclinical evidence for
beneficial radiobiological effects of proton. Funded by NASA
NSCOR grant NNJ06HA28G.

(PS2.05) Tissue and database archives on dog and mouse,
gamma-ray and neutron, acute and protracted whole body
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irradiation experiments. Gayle Woloschak1, Marissa Alcantara1,
Amit Mittal1, Benjamin Haley1, David Paunesku2, Tatjana
Paunesku1, 1Northwestern University, Chicago, IL, 2Stanford
University, Palo Alto, CA
During the period of nearly forty years several thousands of
dogs and 49,000 mice were irradiated with different doses and dose
rates of gamma ray or neutron irradiation at Argonne National
Laboratory. We have posted the data from these studies on two
world wide web portals and have begun to use previously untried
methods to analyze the data collected. A few studies were reanalyzed so far, including: (1) We investigated the data obtained
from mice treated with low-dose highly fractionated (60 weekly
fractions) 2–40 cGy of Janus reactor fission neutrons or 100–600
cGy of 60Cobalt gamma rays. At the time of natural death, tissue
toxicities found in these mice were recorded, and these records were
now analyzed. While all previous studies on this dataset focused on
modulation of life shortening effects by different treatments, in this
study we calculated changes in the frequencies of tissue toxicities
and changes in the total number of toxicities per animal. In the
current analysis, we fitted the data to adjust for length of life
differences between the treatment groups and focused on comparison of isolated and cumulative tissue toxicities between treatment
groups. Therefore, this analysis allowed us to see the total number
and type of toxicities that can be expected as a result of specific
treatments regardless of their potential for life shortening. We found
that the effects of protracted exposures were highly tissue-type
dependent and gender specific, showing the dose rate dependence.
(2) We analyzed the dog database data specifically for incidence of
prostate cancer in 94 controls and 601 animals which received
whole body cobalt-60 c-irradiation. Total doses ranged from 17 to
14,745 cGy with dose delivered per day (over a period of 22h)
ranging from 0.3 to 225 cGy. This work revealed that the animals
whose exposures started earlier in life had a statistically significant
increase in prostate cancer incidence. Without segregating the data
into age-dependent quartiles, however, this result was obscured and
remained un-noticed. In conclusion, new analysis of the decades old
data yields new findings about radiation induced cancer and noncancer related pathological complications in mammalian model
organisms; these data can be at least partially extrapolated to
humans.

(PS2.06) In vivo effects of low dose ionizing radiation on
mitochondrial functions. Min Li, Grace Shim, Sonia de Toledo,
Debkumar Pain, Edouard Azzam, University of Medical and
Dentistry of New Jersey, Newark, NJ
Mitochondria consume about 90% of the body’s oxygen and
are the richest source of reactive oxygen species (ROS). They play
an integral part in signaling events that occur in response to
oxidizing agents, including ionizing radiation (IR). The TCA cycle
in the mitochondrial matrix is a central pathway of oxidative
metabolism. Mitochondrial aconitase (ACO2), one of the eight
enzymes that participate in the TCA cycle, is highly vulnerable to
oxidative stress. To gain greater insight into the radiation-induced
effects on mitochondria, we investigated the in vivo effects of low
dose c-rays on mitochondrial protein import and aconitase and Mnsuperoxide dismutase (Mn-SOD) enzyme activity in various
tissues.C3H/HeJ male mice were exposed to 0, 1, or 10 cGy acute
137
Cs c- rays, and were sacrificed at 0.25, 1, 3, 24, 48, and 120 h
after exposure. Mitochondria isolated from fresh liver were used for
protein import studies. Heart, brain, liver, kidney, and spleen were
also isolated, snap frozen in liquid nitrogen, and stored at 808C for
aconitase and Mn-SOD activity analyses.Our data indicate that in
vivo mitochondrial protein import is highly sensitive to IR.
Exposure to acute c-ray doses as low as 1cGy decreased protein
import in mitochondria from liver cells. Protein import decreased as
a function of time after exposure for at least the first 48h, and
seemed to recover around 120h. Aconitase activity showed this
similar trend in several other tissues, including heart and spleen.
These effects occur in conjunction with increasing activity of the
anti-oxidant enzyme, Mn-SOD. Ongoing studies are measuring
protein oxidation and lipid peroxidation in various tissues of
irradiated mice.Mitochondrial function is disrupted in vivo when
exposed to IR, and the effect is dependent on IR dose, time, and
inherent radiation sensitivity of different tissues. Whereas the
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decrease in function may be indicative of damage to the organelle, it
also suggests that it may be part of the protective responses of
healthy/normal organisms to reduce generation of ROS and
mitigation of radiation-induced oxidative stress. Supported by
Grant DE-FG02-07ER64344 from the U.S. Department of Energy,
Low Dose Radiation Research Program.

Prolonged stays in outer space will expose astronauts to
appreciable cumulative radiation doses with implications for health
risks. HZE radiation, contributing 10–15% of space radiation, due to
its high linear-energy-transfer (LET) and its ability for induction of
complex damage in the cell is a major health concern. Furthermore,
increasing interest in heavy ion radiotherapy, especially in treating
relatively radioresistant tumors along with limited data availability
on not only acute and late effects but also on the relative biological
effectiveness (RBE) in normal tissues, warrants greater understanding of the consequences of particle radiation. Determining the RBE
using biological endpoints is important for risk projection not only
for safe exploration of space but also for effective clinical use of
particle radiation. The RBE for proton and HZE was determined by
LD50/30 in C57BL/6J mice. Although, an RBE of 1.06 for proton
was expected, our RBE of 1.25 for 56Fe radiation was unexpectedly
low with an LD50/30 of 5.8 Gy. Follow up of individual radiation
groups for 30 days showed marked differences in the onset of
toxicity. With doses between 7.5 and 10 Gy calla-rays all the
lethality occurred after 10 days, while with 15 Gy it occurred earlier;
these results are typical for hematopoietic and gastrointestinal (GI)
toxicity respectively. Expectedly, proton radiation doses between
6.5 and 7.5 Gy showed lethality pattern similar to calla-rays. In
contrast, all lethality after 56Fe radiation doses between 6 and 8 Gy
occurred earlier than 10 d, suggesting GI toxicity. However, there
was no lethality with doses to 8 Gy 56Fe partial body radiation (hind
limb shielding) suggesting accelerated hematopoetic toxicity.
Peripheral WBC counts were consistent with more profound
suppression by 56Fe radiation. In contrast to 15 Gy of calla-rays,
blood cultures showed no evidence of GI toxicity with resultant
bacteremia by 56Fe radiation at doses of 6 to 8 Gy, where rapid
lethality occurred. These results along with small intestinal and bone
marrow histology, crypt survival assay and TUNEL assay supports
our conclusion that heavy ion radiation induces enhanced
hematopetic toxicity but not GI toxicity. These findings could have
bearing on strategizing safety considerations both for space
missions as well as for heavy ion radiotherapy.

(PS2.08) Monocytic adhesion to human aortic endothelium
depends on dose, quality, and time after irradiation. Saman F.
Khaled1, Kiran Gupta1, Xing Wu1, Tao Yu1, Polly Chang2, Dennis
F. Kucik1,3, 1University of Alabama, Birmingham, Birmingham,
AL, 2SRI International, Menlo Park, CA, 3VA Medical Center,
Birmingham, AL
Inflammation plays a major role in radiation damage to
tissues, and is often the dose-limiting factor in therapeutic radiation.
Exposure to radiation from such diverse sources as cancer therapy,
atomic bombs, and occupational exposure, both acute and chronic,
and at a wide range of doses, increases the risk for atherosclerosis,
possibly via chronic vascular inflammation. Most in vitro studies
have used gamma irradiation; the effect of galactic cosmic rays
(GCR) is largely unknown. To test the hypothesis that radiation has
a direct, pro-adhesive effect on vascular endothelium, and that this
effect depends on radiation dose, quality and elapsed time, human
aortic endothelial cells (HAECS) were irradiated with 0 (control), 5,
15, 20, and 30 Gy of x-rays; 0 (control), 0.5, 2 and 5 Gy Iron ions;
and 0 (control), 0.5 and 2 Gy protons. Changes in adhesiveness of
HAECS for THP-1 monocytic cells were then quantified at 24 and
72 hours after irradiation at physiologic shear stress. We
demonstrated a clear dose-dependence of x-ray irradiation on

adhesiveness after 24 hours, which decreased (disappeared?) at 72
hours. In contrast, endothelial adhesiveness was 56Fe irradiationdose-dependent at both 24 and 72 hours. Unlike both 56Fe and xrays, proton-irradiated HAECS showed biphasic radiation dose
dependence with respect to time. At 24 hours, 2 Gy inhibited
adhesion while 0.5 Gy enhanced it. At 72 hours, however, 0.5 Gy of
protons increased adhesion more than 2 Gy, with a maximal effect
greater than that of heavy ions or x-rays. This suggests that
leukocyte adhesion in response to low-dose protons could cause
chronic inflammation of aortic endothelium, with possible consequences for atherosclerosis. Although expression of ICAM-1,
VCAM-1, E-selectin, and P-selectin 24 and 72hrs after irradiation
was increased by all qualities of radiation (x-ray, heavy ions, and
protons), these adhesion molecule increases may be too small to
account for the adhesion effects. Preliminary findings suggest that
adhesion molecule function is enhanced via cell signaling, without
changing the number of molecules expressed on the cell surface.
This work was supported by the National Space Biomedical
Research Institute through NASA NCC 9-58.
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(PS2.07) Heavy ion radiation induces accelerated hematopoetic toxicity: Implications for space exploration and radiotherapy. Kamal Datta, Kathryn Doiron, Bhaskar Kallakury,
Michael Cole, Albert J. Fornace Jr., Georgetown University
Medical Center, Washington, NW, DC
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(PS2.09) Response of an experimental prostate tumor to single
and split doses of photons and carbon ions. Peter Peschke1,
Christian P. Karger1, Michael Scholz2, Thilo Elsaesser2, Juergen
Debus 3 , Peter Huber1 , 1 Deutsches Krebsforschungszentrum
(DKFZ), Heidelberg, Germany, 2Gesellschaft für Schwerionenforschung (GSI), Darmstadt, Germany, 3Radioonkologie und Strahlentherapie Universität Heidelberg, Heidelberg, Germany
Heavy charged particles such as carbon ions are characterized
by an increased linear energy transfer (LET) and therefore show an
enhanced relative biologic effectiveness (RBE) with respect to
photon irradiations. Presently, the clinical use of carbon ions is
limited to two hospital based facilities in Japan and a pilot project in
Germany at GSI. Following encouraging results for radioresistant
skull-base tumors, ion-beam therapy could be extended to other
tumor types. As prostate tumors are in focus, we have determined the
biological effectiveness (RBE) of carbon ions ( 12 C) for a
radioresistant, syngeneic rat prostate tumor system. Methods: Fresh
pieces from the R3327-AT1 subline of the Dunning prostate tumor
were transplanted s.c. into the distal thigh of anesthetized male young
adult Copenhagen rats. Tumors were treated with 1 and 2 fractions of
either 12C ions or photons. The target volume was positioned in a 2
cm SOBP of carbon ions. Photons were delivered by a collimated
linear accelerator, under reference conditions. For growth delay,
tumors were measured routinely three times weekly. Local tumor
control, which was the preferred biological endpoint to characterize
treatment response was defined as no indication of tumor recurrence
within an observation time of 360 days. Results: Dose escalation
studies revealed that local tumor control can be achieved with single
and split doses of 12C-ions and photons in the Dunning prostate
tumor system R3327-AT1. Based on complete dose-response curves,
the D50-values (dose at 50% complication probability) were 33.5 6
1.1 Gy and 75.7 6 1.6 Gy, for 12C-peak and photons, respectively.
The corresponding RBE-value was 2.26 6 0.1. Preliminary data
from the split-dose experiment, which will be terminated July 2009
show similarly increased RBEs larger than 2. Dry and moist
desquamation of the skin occurred as most prominent side effect,
independently of radiation quality. Conclusion: The study confirmed
the effectiveness of carbon ion therapy in a radioresistant
experimental tumor system. Exact positioning, a clear target
verification and a well defined dosimetry enable a tumor conform
treatment, which lead to only marginal side effects in normal tissues.
Additional experiments are on the way to precisely measure the RBE
for clinically relevant doses and fractionation schedules.

(PS2.10) Exposure to HZE irradiation perturbs sleep patterns
in Wistar rats. Anne-Olivia Chabriol-Raulli, Larry Sanford, Sylvia
Singletary-Britten, Richard Britten, Eastern Virginia Medical
School, Norfolk, VA
During the planned mission to Mars, Astronauts will be
exposed to a mixture of radiations, the most deleterious of which is
predicted to be galactic cosmic radiation (GCR). GCR radiation
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consists of heavy charged particles (Hze) that have a high LET, and
are thus likely to have a high biological impact. We have established
that low doses of 1 GeV 56Fe particles (40–100 cGy) will
significantly impair spatial memory (Barnes’ Maze) performance.
Current estimates suggest that the RBE for spatial memory
impairment may be as great as 40, approximately 10 fold higher
than would have been predicted by cell killing estimates. Given that
learning and memory can be greatly affected by sleep disturbances,
we investigated the impact that 60, 140 and 200 cGy of 1GeV 56Fe
(let ¼ 150 KeV/um) had on the sleep patterns of Wistar rats.
Animals were implanted with metal wires to record the EEG
(electroencephalogram) and the EMG (electromyogram). Both
measurements are used to determine phases of the sleep cycle:
wake, non-REM (NREM) and REM sleep. Our results show that as
early as 5 weeks post exposure, there was an Hze-induced increase
in total sleep duration (both REM/NREM sleep duration increased
in both the light and dark periods, with a more pronounced effect in
the dark period). This increase arose due to an increase in the length
of REM sleep episodes, but not the number of episodes. These
perturbations were still measurable at 6 months post-irradiation.There may be a marked LET dependency for the level and nature of
sleep perturbation. Preliminary data with 1 GeV 37Cl, suggests that
only REM sleep is increased, specifically in the light period, and via
an increase in the number of REM sleep episodes and REM sleep
episode length. Experiments are now underway to determine the
underlying cause of the Hze-induced sleep perturbations.

(PS2.11) Persistence of gamma-H2AX and 53BP1 foci in
proliferating and non-proliferating human mammary epithelial
cells after exposure to gamma rays or Fe ions. Torsten Groesser,
Hang Chang, Gerald Fontenay, Bahram Parvin, Mary Helen
Barcellos-Hoff, Bjorn Rydberg, Lawrence Berkeley National Lab,
Berkeley, CA
We have studied gamma-H2AX and 53BP1 foci formation in
proliferating and non-proliferating human mammary epithelial cells
(HMEC) after exposure to sparsely and densely ionizing radiation.
Cells were grown either as monolayers (2D) or in a 3D culture using
an extracellular matrix (Cultrex) that provides the foundation for
epithelial cells to grow in three dimensions allowing for the
formation of ascinar structures in vitro. Foci numbers were
quantified with a computer based analysis at various time points
after exposure.Our results reveal that the disappearance of radiation
induced gamma-H2AX and 53BP1 foci in HMEC have different
dynamics as a function of radiation quality and proliferation status
but seem to be independent of the cell culture condition (2D versus
3D). Fe ion (1GeV/u) induced gamma-H2AX foci in nonproliferating cells were still present at 72 h after exposure, while
53BP1 foci were back to control levels at 48 h in both 2D and 3D
cultures. However, in proliferating HMECs both gamma-H2AX and
53BP1 foci were removed during the 24–48 h time interval after
irradiation under 2D conditions. Foci numbers after gamma-ray
irradiation were removed faster and returned to control levels at 12 h
regardless of marker, cell proliferation status, and cell culture
condition. We speculate that the persistent gamma-H2AX foci in
Fe-ion irradiated non-proliferating cells could be due to the fact that
not all DSB repair pathways for rejoining complex DSBs are
available to the cell in G0/G1-phase. Another possibility is that the
remaining gamma-H2AX foci do not represent open DSBs. Further
experiments are necessary to help understanding why gammaH2AX foci remain in non-proliferating cells while 53BP1 foci
return to control levels within 48h after Fe ion exposure. Supported
by NASA Specialized Center of Research.

(PS2.12) Effects of whole-body proton radiation on immune
response to E.coli. Farnaz P. Baqai, Daila S. Gridley, Erben
Bayeta, Melba Andres, Adeola Makinde, Xian Luo-Owen, Asma
Rizvi, Steve Rightnar, Michael J. Pecaut, Loma Linda University,
Loma Linda, CA
Radiation will potentially be a major hazard for astronauts and
is one of the most critical issues to be resolved for long term
missions to space. Low-dose radiation due to Galactic Cosmic Rays
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(GCRs) and Solar Particle Events (SPEs), composed of predominantly protons, have been shown to have an effect on the immune
system. As most spacecraft are ecologically and environmentally
closed systems, astronauts may be exposed to aerosolized
pathogens. In this study we hypothesized that whole-body proton
irradiation would alter the immune response to a peripheral immune
challenge. Female C57BL/6 mice were exposed to 0 or 3 Gy of
whole-body proton radiation. 1–16 days later, we inoculated (i.p)
mice with 5e7 colony-forming units (CFU) of live Escherichia coli.
Mice were euthanized one hour post challenge and after a peritoneal
lavage, blood, spleen and liver were removed and processed for
analysis. Blood and peritoneal lavage were tested for bacteria
clearance. Splenocytes and hepatocytes were tested for phagocytic
activity. The spleen was also used to quantify changes in MHC II
expression and both pro and anti-inflammatory cytokine production.
There were no significant changes observed in the peritoneal lavage
and blood E.coli clearance. However, significant increases due to
radiation in phagocytosis in both splenocytes (p,0.003) and
hepatocytes (p,0.001) were observed. Radiation also resulted in
an increases in zymosan-induced oxidative burst in the spleen
(p,0.001) and hepatocytes (p¼0.088). An overall radiation-induced
increase in MHC II expression was observed (p,0.001) with a
significant Radiation x E.coli interaction (p,0.001). E.coli
challenge caused the expected increases in IL-1 beta, TNF-alpha,
IL-6 and IL-10 levels (p,0.001). Radiation caused an overall
decrease in IL-1 beta (p,0.005) and increases in both TNF-alpha
and IL-6 (p,0.001 and p,0.05, respectively). This study
demonstrates that whole-body irradiation increases the pro-inflammatory peripheral immune response to a live pathogen.

(PS2.13) Effects of high and low LET radiation exposure on
DNA methylation. Wilfried Goetz, Janet E. Baulch, University of
Maryland, Baltimore, MD
The greatest heath risk to astronauts traveling in outer space
are the effects of exposure to space radiations. Among these risks
are the deleterious delayed effects of irradiation, manifesting in the
progeny of irradiated cells multiple generations after the initial
exposure. These deleterious effects are grouped together under the
term of radiation-induced genomic instability and are thought to be
an early step in the carcinogenic process. The unexpectedly high
frequency of transmission of genomic instability from the irradiated
cell to its progeny suggests the possibility that epigenetics, rather
than conventional mutagenesis, play a major role in the mechanism
underlying radiation-induced genomic instability. Deregulation of
DNA methylation is usually found to have deleterious effects. In
this study, we test the hypothesis that altered DNA methylation
status is an epigenetic effect of exposure to space radiation that has a
mechanistic role in the induction and/or perpetuation of genomic
instability. Normal human fibroblast cells (AGO1522) and human
colon carcinoma cells (RKO36) were exposed to iron ions and
protons and evaluated for genomic instability and changes in
methylation immediately following irradiation and at delayed time
points using three assays. An arbitrarily primed methylation
sensitive PCR screen was used to evaluate changes in DNA
methylation at random sites throughout the genome (AP-MSP). Reamplification and sequencing of candidate bands suggests that the
AP-MSP method can be used to identify single copy sequences in
the genome that can be characterized. Alu and LINE-1 repeat
element methylation was evaluated using combined bisulfite
restriction analysis (COBRA) and methylation sensitive specific
locus assays were used to evaluate MGMT and p16 promoter
methylation. These methods target specific coding sequences as
well as repeat elements for analysis of DNA methylation. They
provide a global, unbiased measure of genomic DNA methylation,
as well as a link between changes in methylation and radiation
induced genomic instability. This work supported by NASA grants
NNX07AT42G and NNJ05HE73G and DOE grant DE-FG0207ER64339.

(PS2.14) Proton and HZE particle radiation affect glutamate
function in various neural cellular phenotypes. Martha C.
Sanchez1, Brandon M. Bianski1, Leticia S. Ortloff1, Lora M.
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Green1,2, 1Loma Linda University, Loma Linda, CA, 2JL Pettis
Memorial Veterans Medical Center, Loma Linda, CA

(PS2.15) Effects of locoregional radiation therapy on bone and
bone marrow in a mouse model. John G. Sharp, John D. Jackson,
Barbara J. O’Kane, Susan K. Brusnahan, Timothy R. McGuire,
UNMC, Omaha, NE
Bone/bone marrow is often irradiated as an incidental
consequence of locoregional radiation therapy. Irradiation of bone
leads to structural weakness as well as long-term depression of
lymphocyte counts post-therapy, e.g. for breast cancer. Potentially,
this results from the irradiation of the bone marrow; however,
effects on blood flowing through the irradiation field cannot be
excluded. This study developed a mouse model to investigate the
consequences of regional radiation therapy on bone/bone marrow.
Mice were anesthetized, immobilized in a lucite rig and the right
femur irradiated with various fractionated radiation schemes using a
Co60 teletherapy source. The remainder of the mouse was shielded
with lead. The mice tolerated anesthesia and irradiation Mondays,
Wednesdays and Fridays each week, but not more frequently. At
necropsy the breaking strength of the irradiated right femur was
determined and compared to that of the shielded unirradiated left
femur employing the femur of an untreated mouse as control. Bone
marrow cellularities and blood cell counts were determined. Six
doses of 1 Gy transiently reduced the irradiated femur strength, but
3 doses of 2 Gy, 1 or 2 doses of 3 Gy and one dose of 6 Gy, reduced
femur strength out to 25 weeks. Surprisingly, the unirradiated left
femur showed similar decreases in strength. Bone marrow
cellularities were transiently decreased in 1 3 3 Gy, 1 3 6 Gy, 3
3 2 Gy and long-term decreased in 2 3 3 Gy irradiated femurs. The
cellularity of the bone marrow of the unirradiated femur showed
similar changes. White blood cells and platelets showed an initial
transient decline, with subsequent increases over baseline. These
data indicate that locoregional radiation therapy weakens bone and
has hematological effects. The basis of these effects appears to have,
at least in part, a systemic basis of unknown nature. Supported by
State of Nebraska, Department of Health LB506 funds.

(PS2.16) Simulation of TGF-beta activation by low-dose HZE
radiation in a cell culture. Ianik Plante1, Francis A. Cucinotta2,
1
USRA/DSLS, Houston, TX, 2NASA/JSC, Houston, TX
High charge (Z) and energy (E) (HZE) nuclei comprised in the
galactic cosmic rays are main contributors to space radiation risk.
They induce many lesions in living matter such as non-specific

oxidative damage and the double-strand breaks (DSBs), which are
considered key precursors of early and late effects of radiation.
There is increasing evidence that cells respond collectively rather
than individually to radiation, suggesting the importance of cell
signaling1. The transforming growth factor b (TGFb) is a signaling
peptide that is expressed in nearly all cell type and regulates a large
array of cellular processes2. TGFb have been shown to mediate
cellular response to DNA damage3 and to induce apoptosis in nonirradiated cells cocultured with irradiated cells4. TFGb molecules
are secreted by cells in an inactive complex known as the latencyassociated peptide (LAP). TGFb is released from the LAP by a
conformational change triggered by proteases, thrombospondin-1,
integrins, acidic conditions and .OH radical5. TGFb then binds to
cells receptors and activates a cascade of events mediated by Smad
proteins6, which might interfere with the repair of DNA.
Meanwhile, increasingly sophisticated Brownian Dynamics (BD)
algorithms have appeared recently in the literature7 and can be
applied to study the interaction of molecules with receptors. These
BD computer models have contributed to the elucidation of signal
transduction, ligand accumulation and autocrine loops in the
epidermal growth factor (EGF) and its receptor (EFGR) system8.
To investigate the possible roles of TGFb in an irradiated cell
culture, our Monte-Carlo simulation codes of the radiation track
structure9 will be used to calculate the activation of TFGb triggered
by .OH produced by low doses of HZE ions. The TGFb molecules
will then be followed by a BD algorithm in a medium representative
of a cell culture to estimate the number of activated receptors. Ref.:
1
Radiat Res Suppl 150, S109-S120 (1998); 2Crit Rev Oral Biol Med
15, 324–336 (2004); 3Cancer Res 62, 5627–5631 (2002); 4Cancer
Res 67, 1246–1253 (2007); 5Radiat Res 166, 839–848 (2006); 6Cell
113, 685–700; 7J Chem Phys 111, 3791–3799 (1999); 8Biophys J
88, 2384–2390 (2005); 9New J Phys 10, 125020 (2008)

Poster Sessions

Radiation-induced neurotoxicity is well characterized; however, the underlying mechanism is poorly understood. Glutamatetriggered excitotoxicity is believed to be a major factor in
neurodegeneration caused by glutamate transporter failure to clear
extracellular glutamate. We investigated whether radiation results in
glutamate transport dysfunction. Function of glutamate transporters
was assessed using cultures of fully differentiated neurons and
astrocytes derived from NTera/D1 cells. Cultures of each type as
well as mixed cultures were irradiated (10, 50, and 200 cGy) with
250MeV protons, 1GeV iron, and 290MeV carbon ions. Measurements were taken 3 hrs, 2 and 7 days following irradiation. Proton
irradiation of astrocytes caused a decrease in glutamate uptake at 3
hrs at all three doses. Neuronal cultures exposed to protons have an
increase in uptake 3 hrs and 2 days post exposure. Astrocytes
exposed to iron ions exhibited decreased uptake 3 hrs and 2 days
after irradiation. Neuronal cultures with all doses of iron exhibited
increased uptake at 3 hrs and 2 days. At 7 days post-exposure
glutamate uptake remained elevated in cultures exposed to 50 and
200cGy. Similar to the iron response, astrocytes displayed
decreased uptake after carbon irradiation. Neuronal cultures
exhibited increased glutamate uptake after carbon irradiation at 3
hrs and 2 days after all three doses. The results indicate that under
high energy radiation stress, neurons are capable of clearing
glutamate, whereas, astrocytes which are thought to carry the
burden of glutamate clearance are functionally impaired by
radiation. Mixed cultures of neurons and astrocytes, in general,
produced a muted response.
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(PS2.17) Low dose ionizing radiation and HZE particle effects
on adult hippocampal neurogenesis. M. Kerry O’Banion, Sean D.
Hurley, John A. Olschowka, Jacqueline Williams, University of
Rochester Medical Center, Rochester, NY
Adult hippocampal neurogenesis is postulated to play an
important role in learning and memory since manipulations that
alter neurogenesis, including radiation, have been linked to
behavioral changes. To explore low dose radiation effects on
neurogenesis, male C57BL/6J mice at 8–10 weeks of age were
subjected to single-dose whole body radiation exposure at BNL. For
gamma rays, a total of 336 mice were exposed to a static 137Cs
source with delivered doses ranging from 1 to 411 cGy. HZE
particle exposure (56Fe, 1000 GeV) was conducted at the NSRL
with 288 mice receiving 1 to 100 cGy. Controls (n ¼ 48) were sham
irradiated for each set of exposures. Beginning 2 h post-radiation,
20 mice in each dose group received 4 injections of 50 mg/kg BrdU,
spaced 2 h apart. These animals were sacrificed at 48 h and 1 month
(10 per group) for histological analysis of neurogenesis and
neuroinflammation. At 48 h, we found dose-dependent effects in
BrdU incorporation in the hippocampal subgranular zone, with
significant decreases of 55% and .90% following 137 and 411 cGy
of gamma exposure. No changes were seen at lower doses. In
contrast, significant decreases in numbers of BrdU positive cells
were seen following HZE irradiation at doses as low at 1 cCy.
Following the two highest doses (137 and 411 cGy for gamma; 30
and 100 cGy for HZE), numbers of BrdU positive cells were
significantly below control values at one month. However, at lower
doses of gamma radiation, we found a significant increase in BrdU
positive cells relative to controls, suggesting increased cell survival
or proliferation. No such increase was demonstrated for HZE
radiation. Additional histological studies revealed increased MHC
class II staining at the higher doses for both radiation types; but the
myeloid cell populations affected appeared to be distinct. In
conclusion, low-dose (1–10 cCy) radiation alters cell survival/
proliferation in the mouse dentate gyrus at 1 month post gamma
radiation exposure and DNA synthesis 48 h after HZE particle
treatment. Hippocampal RNA transcriptome analysis is underway to
better understand the microenvironmental changes elicited by
radiation. Supported by Low Dose Radiation Research Program,
DOE Grant #DE-FG02-07ER64338.
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(PS2.18) The role of intestinal inflammation in acute effects
induced by exposure to protons during solar particle events
(spes):a mouse model approach. Daniela Trani, Jiafang Sun,
Henghong Li, Evagelia C. Laiakis, Albert J. Fornace Jr., Georgetown University, Washington, DC
Poster Sessions

Sporadic and unpredictably large Solar Particle Events (SPEs)
present a serious health risk for manned exploratory missions
beyond Low-Earth Orbit (LEO), and acutely could cause prodromal
syndrome - a transient period of anorexia, nausea and vomiting that
starts within a few hours, and may compromise crew performance.
Molecular determinants of prodromal syndrome are still unknown
and their assessment is essential for development of therapies to
treat this radiation effect.Ionizing radiation (IR) activates a complex
network of stress responses that affect cellular functions and cellular
viability, and alters the expression of a variety of cytokines and
other intercellular messengers. Many of these signaling events can
impinge on processes associated with inflammatory responses.
Several studies reported a general over-expression of pro-inflammatory markers systemically and in tissues such as intestine after
IR. A major mediator of inflammatory signaling is p38 MAP kinase
(p38) which is both upstream and downstream of cytokines
including TNFa, IL-6, and IL-1ß, as well as other mediators such
as COX2 and p53. Our principal hypothesis is that inflammatory
signaling contributes to prodromal syndrome and can affect the gut
by local signaling events and/or by systemic cytokine signalling.In
the presented study we measure in vivo acute changes and
inflammation-associated responses induced in the small intestine
by total body (TBI) exposure to c-rays or protons (which provide
almost 90% of the dose equivalent produced during SPEs). We
employ a genetic approach to compare the signature of radiation
responses in wild type and p38 dominant negative mice (p38 þ/DN).
By blocking p38 signaling with a dominant-negative p38 mutant,
we are aiming to assess the potential advantages of antiinflammatory therapy to treat prodromal syndrome. Through this
approach we identified a spectrum of inflammation-associated
cytokines and other proteins, and discerned signalling pathways that
respond to IR in the small intestine.Considering the emphasis on
p38 as a therapeutic target in the treatment of inflammatory
diseases, our genetic approach should provide a guide to develop
countermeasures for gut injury responses that may contribute to
prodromal syndrome.

(PS2.19) Impact of low dose-rate solar particle event radiation
in vivo. Polly Y. Chang, Rupa Doppalapudi, James Bakke,
Abraham Wang, Sean Menda, Zoe Davis, SRI International, Menlo
Park, CA
The central focus of our project is to quantitate the potential
genotoxic load in vivo by monitoring early changes in the
hematopoietic system, and longer-term chromosome aberrations in
lymphocytes, and alterations in gene expression in tissues using a
mouse model system.C57Bl6-lacZ animals were exposed to a range
of low dose rate Solar Particle Event (SPE) simulated radiation at
the NASA-sponsored Research Laboratory (NSRL) at Brookhaven
National Laboratory (BNL). The SPE dose was achieved with 97%
from 55 MeV/u proton energy, ,2 % from 75 MeV/u, and the
balance from energies between 100 and 150 MeV/u. The average
dose rate used was about 50 cGy/h. The total accumulated doses
range from 50 - 200 cGy. Peripheral blood was harvested from
animals from 1 to 10 days after total body irradiation (TBI) for
evaluating circulating reticulocytes (%RET) and micronucleated
reticulocytes (%MN-RET). Bone marrow lymphocytes and hippocampal tissues from each animal were collected at 10 days to 2
months after exposure.Early hematopoietic changes show that the
%RET was reduced up to 3 days but recovered at 12 days post
irradiation. The % MN-RET in peripheral blood was temporally
regulated and dependant on the total SPE accumulated dose. Total
chromosome aberrations in lymphocytes increased linearly with
dose at 10 days after radiation, remained significantly higher than
the control values at 4 weeks but returned to control levels by 8
weeks post irradiation.We surveyed hippocampus for differential
transcriptional regulation of genes known to be associated with
neurogenesis. Our quantitative results showed differential expression of neurotrophin and their associated receptor genes 1 week
after 1 Gy SPE exposure. Results from 4 week animals after the
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same dose of irradiation showed continued alterations in neurotrophin-associated genes suggesting that dynamic changes in neuronal
tissues are in play long after the radiation exposure.Our results to
date suggest that radiation induced changes in the hematopoietic
system are transient. Chromosome aberrations in the lymphocytes
and alterations in gene expression in the CNS persist for up to 4
weeks after radiation exposure. This work presented in this
workshop is supported by NASA project # NNX07AV20G.

(PS2.20) The role of intercellular communication in cell killing
and repair of potentially lethal damage in human cells exposed
to energetic protons, c-rays, a-particles or HZE particles.
Narongchai Autsavapromporn1, Sonia M. de Toledo2, Manuela
Buonanno2, Jean-Paul Jay-Gerin1, Edouard I. Azzam2, 1University
of Sherbrooke, Sherbrooke, QC, Canada, 2New Jersey Medical
School-UMDNJ, Newark, NJ
We have previously shown that gap-junction intercellular
communication (GJIC) mediates the propagation of stressful effects
from irradiated to bystander cells in cultures exposed to low
fluences of a-particle. Here, we investigate the role of GJIC in
modulating killing effect and repair of potentially lethal damage
(PLDR) in cultures where every cell is traversed by an ionizing
radiation track. We focused on the effect of linear energy transfer
(LET) properties on propagation of stressful effects between
irradiated cells. Confluent normal human (AG1522) fibroblasts
were exposed, in the presence or absence of the GJIC inhibitor aglycyrrhetinic acid (AGA), to 1 GeV protons (LET ;0.2 keV/lm),
137
Cs c-rays (LET ;0.9 keV/lm), 3.2 MeV a-particles (LET ;124
keV/lm) or 1 GeV/n iron ions (LET ;151 keV/lm). They were
assayed either immediately after the exposure or following different
incubation periods. As expected, significant PLDR occurred during
the incubation period in protons- and c-irradiated cells. In contrast,
reduced survival or no PLDR was observed in cells exposed to aparticles and iron ions, respectively. Interestingly, inhibition of
GJIC attenuated the propagation of lethal events in a-particle
irradiated cultures. It did not affect PLDR in AG1522 cells exposed
to any of the 4 types of radiations investigated. These findings with
AGA, a broad spectrum inhibitor of gap-junctions, suggest that
propagation of lethal events among irradiated cells is optimal at
;100 keV/lm, and GJIC does not modulate PLDR. Studies are in
progress to validate these findings by knockdown of expression of
different connexins by siRNA approach.To examine the effects of
permeability properties of gap junction channels on survival of
irradiated cells, we used HeLa cells in which specific connexins can
be expressed in the absence of endogenous connexins. When
exposed to any of the above radiations, cells that express Cx26 were
more sensitive than cells expressing Cx32. These results correlated
with a greater induction of c-H2AX in cells that express functional
Cx26 versus Cx32 channels. These studies may help determine the
nature of molecules communicated through specific junctional
channels. They are relevant to cancer radiotherapy and our
understanding of the health risks of space radiation. Supported by
Grant NNJ06HD91G from NASA.

(PS2.21) Radiation chemical track structure and radical
formation in krypton ion-beam irradiated DNA: ESR investigations. David Becker, Deepti Khanduri, Michael D. Sevilla,
Oakland University, Rochester, MI
Ion-beam irradiation of hydrated DNA at 77 K results in the
formation and trapping of both base radicals and backbone radicals.
The absolute yields (G, lmol/J) of the base radicals are smaller than
the yields found in similarly prepared DNA samples that are gamma
irradiated although the yields of sugar radicals remain substantial.
Using these results, we have formulated a radiation-chemical model
of the track structure for these samples. Starting with a standard
physical track structure model in which there is a high energy
density, high LET core and a c-like region of low LET spurs, the
chemical processes that occur in each region of the track are
described. In this model, the base radicals, which are trapped as ionor reversibly protonated ion radicals, are formed almost entirely in
the c-like region. The lower base radical yields observed in krypton
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(PS2.22) Impact of 56Fe particle irradiation on adult neural
stem cells in vivo. Benjamin P. Chen, Nathan A. DeCarolis, Haram
Ahn, Neal Melvin, Amelia Eisch, U. Texas Southwestern Medical
Center, Dallas, TX
The high-LET HZE particles from galactic cosmic radiation
(GCR) pose tremendous health risks to astronauts, including risks to
the central nervous system (CNS) and potential cognitive
impairment. One CNS cell population that warrants close analysis
for their response to radiation is adult neural stem cells, as these
pluripotent cells may play a key role in cellular and cognitive
recovery after brain injury. The long-term goal of this project is to
provide a comprehensive analysis of the response - and potential
recovery - of adult neural stem cells in the adult mouse hippocampal
dentate gyrus after low- and high-LET irradiation. Our studies rely
on two transgenic mouse models utilized the Nestin promote.
Nestin-expressing stem cells are thought to be the source of a
continuous supply of progenitor cells, some of which eventually
mature into neurons. Hence, Nestin-GFP mouse could label neural
stem cells based on expression of green fluorescent protein and
morphology and Nestin-CreERT2/R26R-YFP (KxY) mouse allows
permanent YFP-labeling of adult neural stem cells and their
progeny. In this study, we analyze cell proliferation and adult
neural stem cells survival at dentate gyrus subgranular zone (SGZ)
after Fe particle irradiation. Nestin-GFP and Nestin-CreERT2/
R26R-YFP mice were subjected to whole body irradiation with 1Gy
56Fe particle and were harvested at 24 hours, 7 days, and 2 months
after exposure. Our analyses revealed that the number of
proliferation (BrdU þ) SGZ cells is significantly decreased at 24
hr in both mouse models. The number of Type 1 stem cells remains
constant in irradiated and sham Nestin-GFP mice. Similar result was
observed after X-ray irradiation, suggesting that the slow-proliferating Type 1 cells are more resilient than the fast-proliferating
progenitor cells. At one week after Fe particle irradiation, we
observed that the number of proliferating SGZ cells recovers in both
mouse models. However, the number of YFP þ cells (stem cells and
their progeny) was only half to that of sham mouse group. At two
months, no significant difference was observed in cell survival,
YFP þ cells, or Type 1 cells.

(PS2.23) Characterization of a murine model for radiationinduced bone loss. Laura C. Bowman1, Eric W. Livingston1,
Jeffrey S. Willey1, Mike E. Robbins2, J. D. Bourland2, Ted A.
Bateman1, 1Clemson University, Clemson, SC, 2Wake Forest
University School of Medicine, Winston-Salem, NC
Cancer patients have an increased fracture risk resulting from
atrophy of bone after local radiotherapy of the pelvis or extremities.
Factors contributing to bone loss are poorly understood. The aim of

these studies was to characterize a murine model of radiationinduced bone loss. Our goal was to describe how absorbed dose;
animal age, strain, and sex; local and systemic factors; and time
course after exposure can influence trabecular bone parameters.
Dose: 10-wk old female C57BL/6 (B6) mice received 2, 4, or 6 Gy
X-rays (140 kVp)(n¼5/group). Lower bone volume fraction (BV/
TV; microCT analysis; proximal tibia) was observed 2-wks postirradiation in all groups vs. non-irradiated control (2 Gy, 42%; 4
Gy, 39%; 6 Gy, 44%)(P,0.05). No differences were observed
between doses. 2 Gy was the lowest dose to produce bone loss
without an effect on body mass. This dose was thus used in
subsequent studies. Time Course: 20-wk-old female B6 mice were
irradiated (n¼12/group) and euthanized after either 7 or 14 days.
Lower BV/TV (day 7, 32%; day 14, 42%) was observed at both
time points (P,0.05). Based on these data, 2-wks after irradiation
was used for subsequent studies, all groups contain n ¼ 6. Age:
Skeletally immature (9-wk old) and mature (19-wk old) female B6
mice were irradiated. BV/TV was lower in both groups (9 wk,
42%; 19 wk, 35%) compared with age-matched controls
(P,0.001). Strain 1: 19-wk old female B6 and BALBc mice were
irradiated (2 Gy) and compared to strain-matched, non-irradiated
controls. Only the irradiated B6 mice had lower BV/TV (38%) vs.
control (P,0.001). Strain 2: 13-wk-old female B6 and DBA/2
(DBA) mice were irradiated and compared with strain-matched,
non-irradiated controls. BV/TV was lower for irradiated mice (B6,
35%; DBA, 29%)(P,0.01). Sex: 14-wk old male and female B6
mice were irradiated. Irradiated mice had lower BV/TV (male,
35%, P,0.05; female, 28%, P,0.01) vs. sex-matched, nonirradiated controls. Single Limb: The right hindlimb of 9-wk-old,
female B6 mice received 2, 4, or 6 Gy X-rays. The irradiated limbs
had lower BV/TV (2 Gy, 37%; 4 Gy, 39%; 6 Gy, 44%) than
non-irradiated controls. No differences between doses were
observed. These changes occurred without a change in body mass.
Funded by the National Space Biomedical Research Institute
through NASA NCC 9-58 and NIH R21AR054889.
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ion-beam irradiated samples relative to gamma irradiated samples
result from the fact that ion recombinations take place in the core
leaving few base ion radicals, and only part the energy deposited
ends up in the low LET c-like region. By comparing the yields of
base radicals in ion-beam samples to the yields of the same radicals
in gamma irradiated samples, the partition of energy between the
low LET region and the core is experimentally determined.The
model presumes that the relatively large yield of neutral sugar and
other backbone radicals found, which are not as susceptible to
recombination as are ion radicals, are formed largely in the core.
These include the oxidative path C1’, C3’, and C5’ sugar radicals
and, also, C3’dephos, and ROPO2, both immediate strand break
radicals thought to result from low energy electrons. These core
radicals show a linear dose response up to very high doses and may
have an important biological effect. Because they are neutral, they
do not recombine easily and are insensitive to radiation destruction;
their relatively high yields in ion beam irradiated samples supports
the conclusion that they are formed in the core, perhaps augmented
in yield via excited state processes. Finally we report a second, as
yet unidentified, phosphorus-centered radical is found in krypton
ion beam irradiated DNA. The phosphorus radicals found appear to
have an LET dependent yield. Thanks to the National Superconducting Cyclotron Lab at Michigan State University.
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(PS2.24) A small peptide protects cells from high LET
radiation induced damage. Hongyan Wang, Xiaoyan Yu, Ya
Wang, Emory Universioty, Atlanta, GA
Ionizing radiation (IR) induced DNA double strand breaks
(DSBs) are repaired by both non-homologous end-joining (NHEJ)
and homologous recombination repair (HRR) in mammalian cells.
Previously, we have shown that high linear energy transfer (LET)
IR (high-charge particles) when compared with low LET-IR (X or c
ray), kills more cells at the same doses due to ineffective Kudependent DNA repair. Also, we have shown that checkpoint
activation plays a more important role in protecting cells from high
LET IR than from low-LET IR-induced killing. In addition, we
showed that MEPE/OF45 protects cells from radiation-induced
killing through stabilizing CHK1, one of most important checkpoint
regulators in mammalian cells. Based on these data, we were
interested in studying whether a small peptide that mimics the key
domain of MEPE/OF45 interacting with CHK1 could protect cells
from IR, especially from high-LET IR-induced killing. We showed
here that the synthesized peptide with18 amino acids (aa) could
enter human cells when it is linked to a cell membrane permeable
fatty acid, CH3(CH2)8CO. Most importantly, the 18aa peptide
could protect human cells from IR, especially high-LET IR-induced
killing. To study how the 18aa peptide protects cells from IRinduced killing, we compared the CHK1 levels in the cells with or
without the 18aa peptide treatment. The results show that CHK1
levels are higher in the cells treated with the small peptide than
those in the cells without treatment. These results indicate that the
18aa peptide, similar to MEPE/OF45, reduces CHK1 degradation to
protect cells from IR-induced killing. Because checkpoint activation
plays a more important role in protecting cells from high-LET IR
than from low-LET IR induced killing, the role of the small peptide,
through enhancing CHK1-dependent checkpoint activation in
protecting cells from DNA damage induced killing, is more
efficient following high-LET IR exposure than that following
low-LET IR exposure. These results suggest that the small peptides
could be developed into a drug to prevent high-LET IR induced
damage. ACKNOWLEDGEMENTS: This work is supported by
NASA grant (NNX07AT40G). The authors would like to thank all
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the members in the BNL supporting group for assisting in the high
LET IR for this project.
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(PS2.25) Analysis of chromosomal aberrations after low and
high dose rate gamma irradiation in ATM or NBS suppressed
human fibroblast cells. Megumi Hada1, Janice L. Huff1, Zarana S.
Patel1, Janice M. Pluth2, Kerry A. George3, Francis A. Cucinotta4,
1
NASA-JSC/USRA, Houston, TX, 2Lawrence Berkeley National
Laboratory, Berkeley, CA, 3Wyle, Houston, TX, 4NASA-JSC,
Houston, TX
A detailed understanding of the biological effects of heavy
nuclei is needed for space radiation protection and for cancer
therapy. High-LET radiation produces more complex DNA lesions
which may be non-repairable or may require additional processing
steps compared to endogenous double strand breaks (DSBs),
increasing the possibility of misrepair. Interplay between radiation
sensitivity, dose, and radiation quality has not been studied
extensively. Previously, we studied chromosome aberrations
induced by low- and high-LET radiation in several cell lines
deficient in ATM (product of the gene that is mutated in ataxia
telangiectasia patients) or NBS (product of the gene mutated in the
Nijmegen breakage syndrome), and gliomablastoma cells that are
proficient or lacking in DNA-dependent protein kinase activity. The
yields of both simple and complex chromosomal aberrations were
significantly increased in the DSB repair defective cells compared to
normal cells. The increased aberrations in the ATM and NBS
defective lines was due to a significantly larger quadratic doseresponse term compared to normal fibroblasts for both simple and
complex aberrations. The linear dose-response term was significantly higher in NBS cells only for simple exchanges. These results
point to the importance of the functions of ATM and NBS in
chromatin modifications that function to facilitate accurate DSB
repair and minimize aberration formation.To understand the
sensitivity differences that were observed in ATM and NBS
deficient cells, in this study, chromosomal aberration analysis was
performed in normal lung fibroblast cells treated with KU-55933, a
specific ATM kinase inhibitor, or Mirin, an Mre11-Rad50-Nbs1
complex inhibitor involved in activation of ATM. We are also
testing siRNA knockdown of these proteins. Normal and ATM or
NBS suppressed cells were irradiated with c-rays and chromosomes
were collected with a premature chromosome condensation
technique at the first mitosis post-irradiation. Chromosomes were
analyzed using a multicolor fluorescence in-situ hybridization
(mFISH) method. Chromosomal exchanges appeared to increased
in the cells treated with the specific ATM inhibitor. Possible
cytogenetic signatures of acute and low dose-rate c irradiation in
ATM or NBS deficient and suppressed cells will be discussed.

(PS2.26) Effects of exposure to HZE particles on habituation
of the acoustic startle response. Bernard M. Rabin1, Kirsty
Carrihill-Knoll1, James A. Joseph2, Barbara Shukitt-Hale2, 1Dept. of
Psychology, Baltimore, MD, 2USDA-ARS, Tufts Univ., Boston,
MA
Exposure to HZE particles produces deficits in operant
responding, spatial learning and memory, and novel object
recognition. These types of learning are categorized as associative
learning: a type of learning in which the organism learns to make a
specific response to the presence of a specific stimulus in the
environment. Another type of learning is categorized as nonassociative learning: a type of learning in which a specific stimulusresponse association is not acquired. One form of non-associative
learning is habituation. Habituation is the simplest form of learning,
requiring only repeated stimulus presentation to produce a decrease
in responding. The present experiments were designed to determine
the effects of exposure to HZE particles on habituation of the
acoustic startle response in order to determine whether this type of
learning would also be affected by irradiation .Rats were exposed to
12
C (290 MeV/n), 16O (1000 MeV/n), 48Ti (1100 MeV/n) or 56Fe
(600 and 1000 MeV/n) particles at the NSRL at Brookhaven
National Laboratory and shipped to UMBC for behavioral testing.
Testing was performed in sound attenuating chambers with a
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masking noise of 65 db. The stimulus was a 40 msec noise burst of
120 db. The intertrial interval was 15 sec with a range of 8 to 23 sec.
The subjects were presented with 121 trials. For data analysis the
response on the first trial was discarded because it was considered to
be a unique event. The remaining trials were divided into 10 blocks
of 5 trials each. Habituation of the acoustic startle response is shown
as a significant decrease in responding to stimulus on the last block
of trials compared to the first block of trials.The results showed that
exposure to these HZE particles, at doses that affected other types of
neurocognitive performance, had no effect on habituation of the
acoustic startle response. The failure to find an effect on
performance may reflect the low doses of HZE particles to which
the animals were exposed, or it may reflect the fact that the
disruption of performance following heavy particle irradiation is
task specific. Because habituation is the simplest form of learning,
these results suggest that the disruption of performance following
exposure to HZE particles may only occur with more complex
neurocognitive tasks. Supported by NASA Grants NNJ06HD93G
and NNX08AM66G.

(PS2.27) Identification of hippocampal site specific proteomic
changes that are associated with neurocognitive impairment
induced by HZE particles. Shamina M. Green-Mitchell, Angela
M. Johnson, Sonia Keeney, Sylvia J. Singletary-Britten, Richard R.
Drake, Richard A. Britten, Eastern Virginia Medical School,
Norfolk, VA
One of the consequences of space travel is the exposure to
galactic cosmic radiation GCR. GCR radiation consists of heavy
charged particles (Hze) that have a high LET, and are thus likely to
have a high biological impact. One of the primary focus of our
research has been determining the biological effectiveness (RBE) of
Hze with respect to neurocognitive impairment, specifically
hippocampal-dependent spatial memory. The RBE for spatial
memory impairment following exposure to 1 GeV 56Fe (LET¼
150 kev/um) was found to be ;29, which is 10X higher than the
predicted RBE for cell killing. We hypothesize that this high RBE is
a result of both neuronal cell loss but also changes in synaptic
plasticity and overall changes of the hippocampal proteome. The
purpose of the current study is to identify the mechanistic basis of
high RBE at a protein level and to look at hippocampal site specific
changes arising from exposure to radiation.Four week old male
Wistar rats were irradiated with graded doses of 1 GeV 56Fe ions,
and 90 days later their ability to perform on the Barnes’ maze test
(spatial memory) was examined. Test subjects were sacrificed via
guillotine, and the brains excised. Half the brains were frozen for
subsequent analysis by Imaging Mass spectrometry (IMS), an
innovative technique that allows visual capture and analysis of
proteomic changes in tissue. The other brains were immediately
dissected and hippocampal protein extracts prepared. Trypsincatalyzed 18O labeling of the hippocampal protein extracts was used
to quantitatively detect differentially expressed proteins in the
irradiated brains.Using IMS and Trypsin-catalyzed 18O labeling
experiments we have identified several hippocampal proteins whose
expression is specifically altered in rats that have developed Hzeinduced spatial memory loss.

(PS2.28) Spaceflight Modulates Expression of Extracellular
Matrix, Adhesion and Pro-fibrotic Molecules in Mouse Lung.
Jian Tian, Michael J. Pecaut, James M. Slater, Daila S. Gridley,
Loma Linda University & Medical Center, Loma Linda, CA
NASA has reported pulmonary abnormalities in astronauts on
space missions, but the molecular changes in lung tissue remain
unknown. The goal of the present study was to explore the effects of
spaceflight on expression of extracellular matrix (ECM), adhesion
and pro-fibrotic molecules in lungs of mice flown on Space Shuttle
Endeavour. C57BL/6Ntac mice housed in animal enclosure
modules (AEM) during a 13-day mission in space (Flt mice) were
euthanized within hours after return. Ground controls (AEM mice)
were treated similarly for comparison. RT-PCR analysis of genes
associated with ECM and adhesion molecules revealed that Flt lung
samples had statistically significant transcriptional changes, i.e., at
least 1.5-fold, in 25 out of 84 examined genes (p,0.05); 16 genes
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(PS2.29) Stereological quantification of proton radiationinduced response of microvessels in the hippocampus. Xiao
Wen Mao1, Cecile Favre1, Tami Jones1, Mary Campbell-Beacher1,
Steve Rightnar1, Lucie Kubinova2, Greg Nelson1, 1Loma Linda
University, Loma Linda, CA, 2Institute of Physiology, Academy of
Sciences of the Czech Republic, Prague, Czech Republic
Purpose: 1) Quantify changes in the microvessel endothelial
population produced in the hippocampal dentate gyrus (DG) and
cornu ammonis region 1 (CA1) after various doses of proton
irradiation using unbiased stereological techniques. 2) Compare low
LET (proton) and high LET (56Fe) radiation-induced effects. This
was a work in progress that reported on the dose response of the
microvessels observed up to 12 months over a period of two years.
Material and methods: 250 MeV proton beam spread out bragg peak
radiation was confined to the brain using single dose schedules of 0.5,
1, 2 and 4 Gy. Age-matched controls were exposed to only anesthetic
agent without irradiation. The mice will be observed for a period of
two years. This presentation reports on the observation at 6 and 12
months. Results: At 6 months following proton irradiation, there was
no significant difference in endothelial cell density in the CA1 or DG
region between the control group and irradiated groups. Twelve
months after exposure, mice that received 1 Gy or 2 Gy of proton
showed a 15% and 7% loss of endothelial cells respectively in the
hippocampal CA1, compared to age-matched controls or mice that
received 0.5 Gy or 4Gy. Similar pattern, but with a larger magnitude
of radiation-induced changes of microvessel endothelial cell was
observed with 56Fe irradiation. In contrast to the CA1, in the DG,
there was no significant difference in microvessel cell and length
density between irradiated groups and age-matched controls.
Conclusion: The results indicate that iron ions radiation has more
effect on the microvessel population in hippocampus than that of
proton that involves cell loss and vascular changes. Vascular topology
differences between CA1 and DG may account for the variation in
dose response.These data may help define the risk of radiation
damage to brain of astronauts and patients receiving brain irradiation.

(PS2.30) Acute biological effects resulting from solar particle

event radiation. Ann R. Kennedy1, Keith Cengel1, Gary Kao1,
Drew Weissman1, James McDonough1, Stephen Avery1, Alan
Gewirtz1, Gregory King2, Erika Wagner3, Gregory Freund4,
Marcelo Vazquez5, 1University of Pennsylvania School of Medicine, Philadelphia, PA, 2Armed Forces Radiobiology Research
Institute, Bethesda, MD, 3Massachusetts Institute of Technology,
Cambridge, MA, 4University of Illinois at Urbana-Champaign,
Urbana, IL, 5National Space Biomedical Research Institute,
Houston, TX
A major solar particle event (SPE) may place astronauts at
significant risk for the acute radiation syndrome (ARS), which may
be exacerbated when combined with other space flight stressors,
such that the mission or crew health may be compromised. The
National Space Biomedical Research Institute (NSBRI) recently
funded the Center of Acute Radiation Research (CARR), which is

focused on the assessment of risks of adverse biological effects
related to the ARS in animal models of spaceflight exposed to the
types of radiation expected during an SPE. As part of this program,
FDA-approved drugs that can be used as countermeasures for the
prevention and/or mitigation of the ARS symptoms will be
evaluated, if warranted.The CARR has been established to
determine whether there are adverse acute biological effects like
those of the ARS, which are likely to occur in astronauts exposed to
the types of radiation, at the appropriate energies, doses and doserates, present during an SPE. The ARS is a phased syndrome which
often includes nausea, vomiting and fatigue. Other acute adverse
biologic effects of concern are the loss of hematopoietic cells, which
can result in immune system changes. There is also concern for a
compromised immune system resulting from high skin SPE
radiation doses that can lead to burns, which is itself a serious
concern for astronaut safety. Using 3 separate animal model systems
(ferrets, mice and pigs), the major biologic endpoints associated
with the ARS to be evaluated are: 1) nausea, vomiting and fatigue,
2) hematologic changes (with focus on white blood cells) and
immune system changes, resulting from SPE radiation with and
without reduced weightbearing conditions (produced by the Partial
G System developed at MIT), and 3) skin injury and related immune
system functions.It is expected that the results from the CARR
studies will provide critical quantitative biological data for the
NASA Probabilistic Risk Assessment (PRA) tool to identify or
categorize risks. Once the ARS specific risk has been identified to
be significant such that it requires mitigation, a step-by-step
approach will provide validated countermeasures for the management of potential ARS symptoms during an SPE. The radiation
facilities to be used for these studies are at Penn, Loma Linda and
the NASA Space Radiation Laboratory (NSRL).
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were up-regulated and 9 were down-regulated. The genes that were
up-regulated by more than 2-fold were Ctgf, Mmp2, Ncam1, Sparc,
Spock1 and Timp3, whereas the most down-regulated genes were
Hsp90ab1, Lama1, Mmp3, Mmp7 and Sele. Histology showed
more connective tissue accumulated in the zone around blood
vessels and thicker blood vessel walls in Flt mice than in AEM
controls. Immunohistochemistry was used to compare expression of
six selected proteins associated with fibrosis. Connective tissue
growth factor (CTGF) and MMP2 immunoreactivity was enhanced
by spaceflight as compared to ground controls. In addition, Flt
samples displayed more positive macrophages stained with antiMMP2 antibody than those from AEM mice. Unlike gene
expression, production of MMP7 protein was enhanced by
spaceflight, whereas neural cell adhesion molecule (NCAM) protein
was not. No difference was detected in immunoreactivity of TGFbeta1 and MMP9 between the Flt and AEM samples. Taken
together, the data demonstrate that significant changes can be
readily detected shortly after return from spaceflight in the
expression of factors that can influence lung function.
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(PS2.31) Response of primary human cells exposed to solar
particle event protons. Viktorie Stisova, William H. Abele, Paula
V. Bennett, Betsy M. Sutherland, Brookhaven National Laboratory,
Upton, NY
Space travelers will be exposed to heavy charged particles at a
very low rate. However, studies of the effects of such particles are
usually carried out using dose rates of many cGy/min. We have
investigated the effect of dose rate on survival and transformation of
human primary cells to determine whether the rate at which the
radiation is encountered by the cells affects these biological
responses to radiation. Our study focused on solar particle events
(SPEs), a significant risk for manned missions beyond low-Earthorbit. Within a short period of time the space travelers could be
subjected to protons of energies above tens of MeVs. One of the
recent largest SPEs which occurred in August 1972 was simulated
with 50 MeV and 100 MeV protons.Cultures from primary human
neonatal cells were initiated in our laboratory, grown without
antibiotics, handled only in the presence of yellow light and were
periodically tested for mycoplasma contamination. The unirradiated
cells had a plating efficiency of about 0.8. In the soft agar layers
used for assessing transformation, the cells formed about 1 colony
per 105 cells.Cultures of primary cells were exposed to protons at a
dose rate corresponding to the SPE (1.65 cGy/min) or an acute dose
rate (33 cGy/min). The damage to the cells was assessed by
measuring the clonogenic survival and the ability to grow in soft
agar. For the data overall, the survival values were in the same range
for both high and low dose rates; some experiments, however,
clearly showed the higher killing effectiveness of the higher dose
rate as well as the sparing effect of the low dose rate.
Transformation studies with 100 MeV clearly showed low levels
in the cells exposed to the low dose rate SPE simulating
radiation.*Irradiations were carried out at the NASA Space
Radiation Laboratory. We thank Drs. Adam Rusek, Michael Sivertz
and I-Hung Chiang for dosimetry and development of the low
fluence beam. Research supported by grants from the Low
Radiation Dose Program of the U.S. Department of Energy (BO089) and the Human Research Program of the Exploration Systems
Mission Directorate of the NASA (NJ07HC73I).

(PS2.32) Effects of alpha particle exposure on gene expression
in human pulmonary epithelial cells (A549). Vinita Chauhan1,
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Shifawn O’Hara1, Matthew Howland1, Sami Qutob1, Morie
Malowany1, Andrew Williams1, James McNamee1, Trevor Stocki1,
Lindsay Beaton2, Ruth Wilkins1, 1Health Canada, Ottawa, ON,
Canada, 2Carleton University, Ottawa, ON, Canada
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It has been well established that the general public receives
approximately half of its exposure to natural radiation through alpha
(a)-particles from radon gas and its decay progeny. Case-control
epidemiological studies have found a strong positive correlation
between exposure to radon and an increase in lung carcinogenesis.
An understanding of the pathways involved in these biological
effects remains limited. In this study, high through-put genomic
technology was employed to assess subtle changes in gene
expression that may be representative of an altered physiological
state. Human lung epithelial cells (A549) were exposed to 0, 0.013,
0.13 and 0.42 Gy of a-radiation from a 241Am source. In addition, 2
Gy of gamma (c) radiation from a Cs137 source was employed as a
positive control. RNA was extracted from a and c-exposed cell
cultures 4 h and 24 h after exposure. Microarray analysis was then
used to determine transcript expression levels. Four hours postexposure, a total of 96 genes were found to be statistically
significant at 0.42 Gy of a-radiation with no significant changes
observed at the lower doses. Twenty-four hours post-exposure,
dose-responsive effects were observed; low, medium and high doses
of a-radiation caused statistically significant changes (FDR,0.05)
in 5, 65 and 981 genes respectively. Of the 981 genes that were
differentially expressed at the high dose, approximately 40% were
upregulated and 60% were downregulated. Fifty-five genes showed
statistical significance at both the high and medium doses. Only 4
genes (PHIDA3, XPC, GDF15 and DRAM) were significantly
upregulated at all three doses. Interestingly, 40% of the total aresponsive genes were also expressed in the c-exposed cells with
the remaining 60% being exclusive to the a-exposed samples.
Among the unique upregulated genes, SESN2, NRG1, STOM,
GLRX and OR6Y1 exhibited expression levels higher than 2 fold.
Strongly downregulated genes included UBE2S, PTMA, RKHD,
NCAPD2 and TUBB. Overall, this gene expression profile suggests
the induction of pathways involved in cell cycle arrest, apoptosis
and cell death. The identification of these exclusive a-inducible
genes, particularly those that exhibit dose-response effects provides
a mean for determining mechanistic pathways leading to lung
carcinogenesis following radon gas exposure.

(PS2.33) The effects of alpha radiation on DNA damage and
chemokine secretion in human monocytic cells. Vinita Chauhan1,
Matthew Howland1, Shifawn O’Hara1, Barbara C. Kutzner1,
Catherine Ferrarotto1, James P. McNamee1, Pascale V. Bellier1,
Trevor J. Stocki2, Lindsay A. Beaton3, Ruth C. Wilkins1,
1
Consumer and Clinical Radiation Protection Bureau, Ottawa,
ON, Canada, 2Radiation Protection Bureau, Health Canada, Ottawa,
ON, Canada, 3Carleton University, Department of Physics, Ottawa,
ON, Canada
Radon gas (222Rn) is ubiquitous in our environment and
produce progeny that emit high energy alpha (a)-particles. Recently,
increasing evidence from a large number of epidemiological
uranium miner studies has shown that 222Rn can significantly
increase the risk of developing lung cancer. In order to obtain a
deeper insight into the molecular mechanism involved, experiments
were designed to investigate the induction and repair of DNA strand
breaks (SBs) and the release of pro-inflammatory chemokines from
human peripheral blood cells exposed to a-radiation. Human
monocytic cells (THP-1) were irradiated on six 241Am electroplated
stainless steel discs with activities averaging 68 kBq. Cell cultures
were exposed to a-radiation at doses ranging from 0–1 Gy (dose
rate¼0.42 Gy/h). Alpha-exposed and non-exposed cell cultures were
harvested and cell pellets were analyzed for various endpoints. The
detection of DNA SBs was determined by using the alkaline comet
assay. Cell culture supernatants were examined for the presence of a
series of human chemokines (RANTES, CXC-IP10, IL-8, CXC9/
MIG and CC12/MCP-1) using a cytometric bead array assay. DNA
damage and corresponding repair was assessed by examining the
formation of c-H2AX at DNA SB sites. Cells irradiated with aparticles ranging from 0.1–1 Gy showed statistically significant
dose-dependant increases (p,0.01) in c-H2AX formation, with the
highest dose tested (1 Gy) causing ;10 fold increase in c-H2AX.
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The comet assay showed no significant DNA damage following cell
irradiation at low doses (0.25, 0.50, 0.75 Gy) relative to the control
cells, potentially due to the induction of DNA repair mechanisms.
The detection of pro-inflammatory chemokine secretion in cell
supernatants was determined 24 h post-exposure following airradiation. A linear dose-dependant increase in the chemokines IL8, RANTES and CXC-IP10 was observed relative to untreated cells,
with statistically significant increases shown at the highest dose
tested. Overall, these results suggest that a-radiation induce DNA
damage but at low dose rates these effects are compensated for by
the activation of repair mechanisms. Furthermore, the release of proinflammatory chemokines involved in tumour formation suggests a
possible mechanistic basis for the association of radon gas to lung
carcinogenesis.

(PS2.34) Chromosome aberrations in DNA repair-defective
cell lines: comparisons of dose rate and radiation quality. Kerry
A. George1, Megumi Hada2, Zarana Patel2, Janice Huff2, Janice M.
Pluth3, Francis A. Cucinotta4, 1Wyle Labs, Houston, TX, 2USRA,
Houston, TX, 3Lawrence Berkeley National Laboratory, Berkeley,
CA, 4NASA, Houston, TX
Yields of chromosome aberrations were assessed in cells
deficient in DNA double-strand break (DSB) repair, after exposure
to acute doses of gamma rays or high-LET iron nuclei, or to lowdose-rate (0.018 Gy/hr) gamma rays. We studied several cell lines
including fibroblasts deficient in ATM (product of the gene that is
mutated in ataxia telangiectasia patients) or NBS (product of the
gene mutated in the Nijmegen breakage syndrome), and gliomablastoma cells that are proficient or lacking in DNA-dependent
protein kinase (DNA-PK) activity. Chromosomes were analyzed
using the fluorescence in situ hybridization (FISH) chromosome
painting method in cells at the first division post irradiation, and
chromosome aberrations were identified as either simple exchanges
(translocations and dicentrics) or complex exchanges (involving .2
breaks in 2 or more chromosomes). Gamma irradiation induced
higher yields of both simple and complex exchanges in the DSB
repair-defective cells than in the normal cells. The quadratic doseresponse terms for both simple and complex chromosome
exchanges were significantly higher for the ATM- and NBSdeficient lines than for normal fibroblasts. However, in the NBS
cells the linear dose-response term was significantly higher only for
simple exchanges. Large increases in the quadratic dose-response
terms indicate the important roles of ATM and NBS in chromatin
modifications that facilitate correct DSB repair and minimize the
formation of aberrations. Differences between the responses of
ATM- and NBS-deficient cells at lower doses suggest that important
questions should be asked about the applicability of radiation
sensitivity at high doses to low-dose exposures.For all cells
irradiated with iron nuclei, regression models preferred purely
linear dose responses for simple exchanges and quadratic dose
responses for complex exchanges. All of the DNA repair-defective
cell lines had lower relative biological effectiveness (RBE) values
than normal cells, the lowest being for the DNA-PK-deficient cells,
which had values near unity.

(PS2.35) Characterization of space radiation-induced bystander signaling between mixed cultures of human fibroblasts
and keratinocytes. Sarah Lumpkins1,2, Hongying Yang2, Nicole
Magpayo2, Kathryn D. Held2, 1Massachusetts Institute of Technology, Cambridge, MA, 2Massachusetts General Hospital/Harvard
Medical School, Boston, MA
The space radiation environment, composed of energetic
protons and heavy charged ions such as iron, poses a significant
hazard to astronauts on long duration missions to the moon and
Mars. Furthermore, the low particle fluences characteristic of this
field implicate bystander effects as potentially significant contributors to overall cell damage. The purpose of this project is to
investigate bystander effects resulting from signaling between
mixed cell types. Using a transwell insert system, AGO1522
normal diploid human fibroblasts and hTERT immortalized human
keratinocytes were irradiated with 1 GeV/n protons (at 0.1 and 2
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(PS2.36) Spaceflight-relevant radiation induces cytokine
secretion, enhances osteoclastogenesis and promotes carcinogenicity. Seema Gupta1, Mohammed M. Shareef1, Manhui Pang2,
Bernard J. Wasserlauf1, Maria A. Rodriguez-Gonzalez2, Xiaodong
Wu1, Vijay K. Singh3, Bruce R. Troen2, Mansoor Ahmed1,
1
University of Miami, Miami, FL, 2Veterans Affairs-VAMC,
University of Miami, Miami, FL, 3Armed Forces Radiobiolgy
Research Institute, Bethesda, MD
Because skeletal strength is vital for astronauts, we studied
potential impacts of spaceflight-relevant radiation upon bone cells
and their micro-environment. Utilizing two in vitro models of
osteoclastogenesis (RANKL-induced RAW264.7 cells and M-CSF
plus RANKL-induced bone marrow cells), cells were exposed to
gamma radiation using a Cs-137 source (58 and 103 mRem/h for 12
h of continuous exposure with a total dose of 6.96 and 12.36 cGy,
respectively) or X-rays (10 and 264 cGy/min at a total dose of either
0.2 or 1 Gy). Gamma-radiation enhanced osteoclast formation at
both the dose rates. A dose of 1 Gy X-ray at 10cGy/min also
enhanced osteoclastogenesis in the bone marrow cultures. Furthermore, a dose of 1 Gy at both 10 and 264 cGy/min significantly
induced IL-6 secretion by bone marrow cells. Conditioned media
obtained from the bone marrow cells exposed to high dose rate Xrays (at 0.2 Gy total dose) significantly increased the transformation
of NIH3T3 cells. While, high dose rate gamma-rays significantly
increased DNA damage in RAW264.7 cells with or without
RANKL treatment, low dose rate X-rays significantly stimulated
DNA damage only in the presence of RANKL as indicated by
gamma-H2AX staining. These data suggest that radiation can
enhance osteoclast formation and DNA damage and that these may,
in part, be secondary to increased cytokine release and proinflammatory signaling. These preliminary studies may provide
valuable clues that spaceflight-relevant radiation can potentially
induce both osteoclastogenic and oncogenic activity in the bone
micro-environment.

(PS2.37) Modulation of Intercellular interactions by Iron
Radiation: Implications for Progression Phase Determination
of Carcinogenesis Risk. Swati Girdhani, Clare Lamont, Afshin
Beheshti, Zachary Anaya, Michael Peluso, Heather Szelag, Amir
Abdollahi, Philip Hahnfeldt, Lynn Hlatky, Center of Cancer
Systems Biology, St. Elizabeth’s Medical Center, Tufts University
School of Medicine, Boston, MA

Exposure to galactic cosmic rays (GCRs) during prolonged
space flight may pose a cancer risk, but uncertainties remain large.
Carcinogenesis is not simply a matter of cancer cell creation
(initiation and transformation), but is modified as cancer cells
interact with the microenvironment (progression). Fe irradiation is
of particular interest, given large RBEs observed for many
surrogate endpoints. We have shown that tumor-host interactions
can act as bottlenecks to tumor progression, that radiation
modulates these interactions and these interactions are a major
cancer risk determinants. Tumor-host interactions we examined,
included: 1) angiogenesis; 2) proliferation; and 3) ability to invade
and metastasize. Angiogenesis gene expression 6h post Fe
irradiation was examined on cells representative of the cancer
microenvironment- human lung microvascular endothelial cells
and human dermal fibroblasts. Critical pathways in pro-angiogenic
signaling such as vascular endothelial growth factor (VEGF),
interleukin 6 and 8 (IL6, IL8) and hypoxia-inducible factor-1
(HIF-1a) were significantly upregulated after Fe irradiation.
Strikingly, lower doses of Fe radiation (, 0.2Gy) enhanced the
expression of these genes more than the higher dose (1Gy) studied.
To investigate the dose- and time-dependent regulation of these
genes in tumor cells, mRNA and protein expression were
quantified in the human cancer A549 cells (RT-PCR and ELISA)
and patterns of regulation were consistent with microarray data. Fe
irradiation was seen to enhance invasion of all cells investigated,
again with lower doses showing greatest effect. Addition of
SU11248 (VEGF inhibitor) to cell cultures following Fe irradiation
partially abrogated the pro-invasion effects, implicating riskmodifying roles for VEGF. In addition to a direct effect, Fe
irradiation enhanced the ability of bystander endothelial cells to
invade in response to factors produced by irradiated cancer or
fibroblast cells. Lastly, irradiating A549 cells accelerated tumor
growth in vivo. These results suggest Fe-irradiation promotes
carcinogenesis progression by countering the progression-level
bottlenecks to tumor angiogenesis, growth and invasion. Supported
by NASA grant NNJ06HA28G.
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Gy) or iron ions (0.1 and 1 Gy) at the NASA Space Radiation
Laboratory (NSRL) at Brookhaven National Laboratory (BNL).
Medium-mediated bystander responses were investigated using the
following cell signaling combinations: keratinocytes^keratinocytes, fibroblasts^keratinocytes, and keratinocytes^fibroblasts,
whereby the first cell type in each combination serves as the
irradiated cells with the latter type serving as the bystander cells.
Damage in irradiated and bystander cells sharing medium with the
irradiated cells was assessed as formation of 53BP1 foci and
induction of micronuclei (MN) at a range of time points from 0 to
72 hours. Although both protons and iron ions resulted in a strong
dose dependence for the induction of both endpoints in irradiated
and bystander cells, the magnitudes and time courses of bystander
responses were highly dependent on the particular cell signaling
combination analyzed. Preliminary results indicate that the
bystander responses are most pronounced in bystander keratinocytes
co-cultured with irradiated fibroblasts and in keratinocytes cocultured with irradiated keratinocytes, resulting in a 1.5–3 fold
increase in cells positive for 53BP1 foci and in MN at 48 h after
both proton and iron irradiation. In contrast, bystander fibroblasts
co-cultured with irradiated keratinocytes show only a slightly
elevated yield of foci and MN within the time points studied. These
findings suggest that the bystander signal intensity and/or the
susceptibility of a cell to be damaged by these signals is strongly
dependent upon cell type. Supported in part by NASA grant
NNX07AE40G and by the National Space Biomedical Research
Institute through NASA NCC 9-58.
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(PS2.38) Modeling biological response to log normal distributions of cellular radioactivity. Roger W. Howell, Prasad V. Neti,
UMDNJ - New Jersey Medical School, Newark, NJ
Our experimental studies on the lethality of incorporated
radionuclides in multicellular clusters demonstrate that many
variables are involved in the biological response of 3D cell
populations. Physical variables include radiation characteristics of
the radionuclides, geometry of the cell population, fraction of cells
labeled, and activity distribution among the labeled cells. Biological
variables are differential cellular response to self-dose and crossdose, biological uptake and clearance of the radiochemical, etc.
Initially we modeled the survival of a 3D population of cells with a
semi-empirical approach that took into account the cellular self-dose
and cross-dose, and the fraction of cells labeled. This simple
approach achieved some degree of success within the realm of the
first one or two logs of kill, however, it was unable to explain the
observed saturation in the experimental survival curves. Here we
create a theoretical multicellular dosimetry model to investigate how
the biological response of a 3D cell population depends on the
percent cells labeled, detailed geometry of the cluster, and activity
distribution among the labeled cells. Multicellular clusters are
modeled as 4x106 spherical cells in close-packed cubic geometry.
Cells are arranged to simulate different geometries including cones
and paraboloids. The cluster activity is distributed among a defined
percentage of cells (1, 10, 100%) according to a log normal
distribution. Several different log normal shape parameters are used
to describe the distribution. Self- and cross-dose cellular S values
are calculated for 131I and 210Po. Self- and cross-doses are tallied for
target cells and a Monte Carlo approach is used to determine
whether a given target cell survives. The surviving cells are tallied
and used to create survival curves. Our preliminary calculations
indicate that the saturation we observed in our experimental survival
curves can be modeled using this theoretical multicellular dosimetry
approach. Supported in part by NIH/NCI R01 CA83838.
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(PS2.39) Approaches to cellular imaging without stain in an
epi-illumination geometry. Oleksandra V. Lyulko, Gerhard
Randers-Pehrson, David J. Brenner, Columbia University, Irvington, NY
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In cell irradiation experiments it is important to separate
radiation-induced effects from the potential damage caused by
confounding factors, such as fluorescent stain or UV-light.
Geometry of some of the irradiation endstations precludes the use
of transmitted light, e.g., in the Radiological Research Accelerator
Facility (RARAF) microbeam endstation, where the microbeam
vacuum window is located immediately underneath the sample.
Imaging techniques used at such endstations must use epiillumination.Mirau Interferometry is an epi-illumination non-stain
imaging technique currently being developed at RARAF with
modifications discussed below. It is based on the principles of
phase-shifting interferometry. Several interferograms are acquired at
different heights with quarter-wavelength phase shifts between their
interference patterns. The interferograms contain enough information to solve for the intensity map of the sample.It is desirable that
the cells stay in the cell medium during the course of the
experiment, since this maintains cell viability and allows for more
accurate results. The presence of medium changes the pathlength of
the test beam, destroying the interference fringes. To accommodate
the use of medium, we have developed Immersion Mirau
Interferometry (IMI) when the optics is submerged under cell
medium.To facilitate IMI, a custom immersion Mirau interferometric attachment was designed and built in-house. The attachment
contains a spot mirror and a beamsplitter. The space between them
is filled with liquid to ensure identical optical paths in test and
reference arms. The interferometer can be mounted onto the
microscope objective. Experimental results show that this immersion-based interferometer produces images of sufficient quality to
perform biological experiments.We are presently developing
Simultaneous Mirau Interferometry (SIMI), which is based on
simultaneous acquisition of all interference patterns. This is a
vibration-insensitive version of IMI and has shorter image
acquisition time. This work was supported by the National Institute
of Biomedical Imaging and Bioengineering under Grant: NIBIB 5
P41 EB002033-12.

(PS2.40) Fricke and polymer gel dosimetry of femtosecond
laser pulse filamentation and radiation chemical effects of laser
irradiation on thymidine solution. Comparison with 60Co
irradiation. Daniel Houde, Ridthee Meesat, Jean-Francois Allard,
Richard J. Wagner, Jean-Paul Jay-Gerin, Luc Tremblay, Martin
Lepage, University of Sherbrooke, Sherbrooke, QC, Canada
Intense ultra-short laser pulses can propagate in water, leading
to self-focusing and filamentation. The physical origin of the
formation of filaments is well understood. Briefly, electrons
produced by multiphoton or tunnel ionization are further accelerated
by the electric field of the pulse in an inverse Bremsstrahlung effect
and, if they acquire enough kinetic energy, they give rise to a
second generation of electrons by impact ionization of other
molecules in an avalanche like process. These numerous electrons
(in the range of ;1016-1018 cm3) transfer their excess energy to the
surrounding water molecules, generating in the self-focusing region
chemically reactive species such as H., .O., and .OH, and due to the
recombination of those radicals, H2, O2, H2O2, and O2.- (or HO2.,
pKa ¼ 4.8). Here, femtosecond filamentation is studied in view of its
possible medical and biological applications. Three directions have
been explored thus far. First, we have used the Fricke (ferrous
sulfate) dosimeter, a well-known radiation chemical dosimeter, to
measure the equivalent absorbed dose in the filaments. Comparison
with 60Co irradiation provided a dose rate for the filamentation
process of about 105 times higher than that delivered by a standard
gamma irradiation source. Second, the diameter of the filaments was
estimated using a polyacylamide gel imaged by magnetic resonance
imaging. A maximum diameter of 625 lm was obtained. Lastly, we
compared the effects of gamma and laser radiation on the
decomposition of thymidine in the absence and presence of oxygen
using HPLC-UV analysis. In nitrogen bubbled solutions, the total
damage was 2-fold lower for laser compared to gamma radiation.
The release of thymine was 20% for laser radiation compared to 4%
for gamma radiation. In oxygenated solutions, total damage
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increased 3.3-fold for laser radiation while it stayed about the same
for gamma radiation. The latter results suggest an important role of
oxygen either as a reactive species that directly damages thymidine
or as co-oxidant in radical reactions following laser irradiation.

(PS2.41) Hyperthermia induces strong activation of the EGFR
pathway. Frank Wolf, Wenrong Li, Chuan-Yuan Li, University of
Colorado Health Science Centre, Aurora, CO
In this study we used a split luciferase based reporter system
(Li W. et al, cancer research, 2008) to investigate EGFR activation
in response to hyperthermia. Our EGFR reporter consists of the
EGF receptor and its downstream binding partner Shc fused to the
N- or C-terminal fragment of the firefly luciferase, respectively.
Upon activation of EGFR and subsequent binding to Shc a
bioluminescent signal is generated which can be optically
detected.We have equipped the MDA 231 breast cancer cell line
with our reporter system and tested for activation of EGFR in
response to heating in a waterbath to 438C for 30min. A massive
induction of EGFR activity could be observed peaking at 24h after
heat treatment and lasting for up to 7 days. The bioluminescence
signal of heated cells was about 25-fold stronger compared to cells
incubated with EGF at a concentration of 50ng/ml. Western Blot
analysis revealed that overall expression of EGFR protein was not
altered in heated cells; however an increase of the phosphorylated
fraction of EGFR was detected.The EGFR inhibitor Cetuximab
could not interfere with EGFR heat response whereas the small
molecule inhibitor Gefitinib could decrease activation by 1/3
suggesting that EGFR is activated in a ligand independent,
intracellular fashion.Addition of the free radical donor paraquat
or of free radical quenchers could not alter the EGFR signal
intensity and staining for free radicals using dichlorodihydrofluorescein diacetate did not show any differences between heated and
non-heated cells.In order to narrow down the mechanism of EGFR
activation in response to hyperthermia we treated cells with the NO
quencher carboxy-PTIO as well as with an NO donor. PTIO did not
show any effect but surprisingly the NO donor GSNO could
completely suppress heat induced EGFR activity. Activated
Macrophages (RAW) which were co-cultured with MDA 231 cells
and stimulated to produce NO could effectively suppress heat
induced EGFR activation demonstrating that physiological amounts
of NO are sufficient to downregulate EGFR receptor activation in
response to heat.

(PS2.42) Ionization-initiated radical reaction processes: A
computational description of proton transfers in x-irradiated
guanine systems. Nayana K. Jayatilaka, William H. Nelson,
Georgia State University, Atlanta, GA
Proton transfer is an important step among all those leading
from ionization to its biochemical / biological effects. One-electron
ionizations, loss or gain, significantly affect a molecule’s proton
donating or accepting character, usually expressed as the pKa. This
is particularly important for hydrogen bonds and hydrogens in close
contact with surrounding molecules, e.g., as within DNA and the
nucleosome. Proton transfer probabilities, following ionization,
depend on relative changes in the proton donating / accepting
character of specific atomic positions within the molecules
associated with each other. This is best investigated by computational means because measured pKa values may be the result of
protonation / deprotonation at inappropriate atomic positions.
Because it can identify specific proton transfers, EPR / ENDOR
crystallography gives a direct experimental test of the computational
methodology. To explore this, we compared computational results
to experimental observations from x-irradiated crystals of guanine
systems. Especially interesting is the role of the surrounding’s
dielectric properties on the probability for proton transfer.

(PS2.43) Influence of peptide/protein binding on the formation
of direct-type damage in DNA. Anita R. Peoples, William
Bernhard, University of Rochester, Rochester, NY
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(PS2.44) Three dimensional effusivity measurements predict
severe radiation skin reactions. Alan B. Coon1, James Chu1, J. G.
Sun2, Damion Bernard1, Rui Yao1, Alistair Templeton1, Katherine
L. Griem1, 1Rush University Medical Center, Chicago, IL,
2
Argonne National Lab, Argonne, IL
Background/Objectives: Severe skin reactions in breast
radiation patients can cause discomfort and distress, and sometimes
result in treatment interruptions. The severity is variable among
patients and difficult to predict by clinical methods. Three
dimensional thermal tomography (3DTT) has been used as a
noninvasive means of detecting defects in composite materials by
computing the spatial distribution of thermal effusivity from
measurements of the surface temperature decay following low
temperature surface flash heating. We examine the use of this
relatively new image processing methodology in identifying tissue
changes that may predict acute skin toxicities. Materials/Methods:
In five hairless female mice, the right hind leg was exposed to a
single dose of 28 Gy using a 50 kV x-ray source on day zero. 3DTT
was used to measure the apparent effusivity and compute effusivity
distributions in both irradiated and control (left) legs following
irradiation. Average effusivities for areas manifesting skin reactions
were determined for mice that developed blister formation or
desquamation (high grade group), and for the corresponding regions
of mice that did not (low grade group). The average effusivity
deviations from those of the control leg were computed and reported
as the relative average effusivity (RAE) deviation. Results: Three
mice developed evidence of desquamation or blister formation
between days 10 and 14 post-radiation. Over the first two days postradiation, the RAE deviation for the high grade group ranged from
17.3% to 45.4%, with a mean of 32.8%. For the low grade
group, the RAE deviation was significantly lower over the same
period, ranging from 2.4% to 15.2% with a mean of 7.1% (p ¼
0.011, Wilcoxon rank sum). Significant differences in RAE between
the two groups persisted through the sixth day post-radiation, with a
range of 16.8% to 48.4% and mean 34.1% for the high grade
group, compared to a range of 2.4% to 19.5% and mean 10.5%
for the low grade group (p , 0.001). Conclusions: Marked
decreases in thermal effusivity of irradiated skin occur well in
advance of the development of higher grade skin reactions. 3DTT
techniques can be used to measure these tissue property changes

noninvasively. Additional studies using this new imaging technique
to predict skin reactions in a pig model are planned.

(PS2.45) Independent generation of DNA radicals resulting
from low-energy electrons. Buthina Abdallah, Amanda C. BryantFriedrich, University of Toledo, Toledo, OH
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DNA-binding polycations, most notably histones, are known
to confer protection to DNA against radiation induced damage.
Until recently, DNA protection was believed to be entirely against
the indirect effect. The purpose of this study is to test if strong
binding between polycations and DNA confers significant radioprotection against the direct effect and to understand how
polycations modify the direct-type DNA damage. Our approach is
to quantify direct-type damage in terms of free radical trapping and
unaltered free base release by the DNA. This approach takes
advantage of the fact that deoxyribose free radicals are unstable
intermediates in the reaction pathways that lead to strand breaks and
free base release.Solid state films were prepared from the
dodecamer d(CGCGAATTCGCG)2 alone, peptide (KKKKY)
alone, and dodecamer-peptide complex. The films were hydrated
under a relative humidity of 8%, which was assumed to give C ﬃ
2.5 mole water/mole nucleotide for the dodecamer alone. Free
radical yields were measured by EPR at 4 K for films with DNAphosphate:lysine ratios of 1:0, 2:1, 1:1, 1:2 and 0:1. We found free
radical yields, in nmol/J, of 346 6 19, 598 6 8, 793 6 25, 900 6
43 and 825 6 31, respectively. The yields were calculated based on
a presumed target mass consisting of the dodecamer, 2.5 waters per
DNA-phosphate, Lys binding to up to half of the DNA-phosphates
with Cl associated with the unbound Lys, Na þ bound to the
remaining DNA-phosphates, and 5.5 waters per Lys. These results
suggest that free radical trapping in the dodecamer is enhanced by
peptide binding.Experiments are in progress using HPLC to
measure free base release in dodecamer-peptide complexes. In
addition, the effects of proteins such as histones binding to DNA,
are being studied by EPR and HPLC. A comparison of free base
release with free radical trapping is expected to provide new insights
into the mechanisms by which polycation/protein binding influences
direct-type DNA damage. Supported by PHS Grant 2-R01CA32546 of the NCI.
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Radiotherapy uses ionizing radiation to target deoxyribonucleic acids (DNA) among other biological molecules for cancer
treatment. As a result genotoxic, mutagenic and recombinogenic
lesions can be formed. It has been established that when ionizing
radiation deposits its energy in a cell the result is the formation of
secondary low energy electrons (LEE, 0–20 e V). LEE can be added
to all components of DNA leading to the formation of a transient
anion species in which an extra electron localizes in the unfilled
P¼O p* orbital on the phosphodiester bond in the DNA. This
transient anion can undergo dissociation by a process called
dissociative electron attachment (DEA) initiating single and double
strand breaks in the DNA.The postulated mechanism under
investigation that could explain this cleavage includes two
pathways; one pathway involving scission of the C-O bond giving
carbon-centered radicals (C3’ or C5’ radicals) with phosphate
anions as the opposing termini, whereas the other pathway is the
scission of the P-O bond resulting in the formation of alkoxyl anions
and phosphoryl radicals as the associate termini. It is believed that
the process primarily occurs via the C-O bond cleavage1. To support
this finding our laboratory is investigating one of the proposed
intermediates the 3’-deoxy-C3’- thymidinyl radical.The synthesis of
3’-deoxy-3 0 -(phenylseleno) thymidine as a precursor of the 3’deoxy-C3’- thymidinyl radical has been completed. Kinetic studies
regarding the estimation of the rate constant for trapping of the C3’radical are currently in progress. Reversed DNA synthesis is
currently being used to incorporate the radical precursor into
oligonucleotides. The radical of interest will be generated
photolytically using ultraviolet light 320 nm and the products
formed will be characterized using high performance liquid
chromatography (HPLC) and mass spectrometry (MS). Through
these efforts a link will be established between the products of LEE
and the deleterious effects of radiation in cancer chemotherapy. (1)
Z. Li, Y. Zheng, P. Cloutier, L. Sanche, R. Wagner, J. Am. Chem.
Soc., 2008, 130 (17), pp 5612–5613

(PS2.46) Low energy electron induced DNA damage: effect of
different base substitutions in oligomer trimers. Zejun Li1,
Pierre Cloutier1, Léon Sanche1,2, J. Richard Wagner1, 1Universite
de Sherbooke, Sherbrooke, QC, Canada, 2The Open University,
Milton Keynes, United Kingdom
DNA damage induced by low energy electrons (LEEs) is
important because LEEs represent a large percentage of the total
energy deposited by ionizing radiation and because they induce
DNA damage with simple DNA components (bases, nucleosides,
nucleotides), oligonucleotides, and plasmid DNA. Despite these
studies, the chemical steps involved in the formation of DNA
damage remain unclear. The majority of studies have examined the
desorption of small fragments (,100 a.m.u.) during irradiation of
targets in the condensed phase under ultra high vacuum. In addition,
a number of studies demonstrate the formation of single and double
strand breaks by post-irradiation analysis of damaged plasmids
using gel electrophoresis. Here, we continue our studies of probing
non-volatile damage remaining on the surface of condensed phase
irradiations using HPLC-UV. These studies are complementary to
electron desorption and strand break analyses with the goal to
identify the structure of LEE-induced DNA damage and apply this
knowledge to radiotherapy.In the present study, we examined LEEinduced damage in a series of trimeric oligonucleotides by HPLCUV. The model compounds included TpXpT where X represents
one of the four normal bases in DNA (T, C, A, G) and 5bromouracil, a potential radiosensitizer. Analysis of the trimers by
HPLC-UV permits the quantification of six known fragments,
which arise from C-O bond cleavage, as well as the release of nonmodified nucleobases. In addition, the total damage was estimated
by integrating the entirety of peaks in the chromatogram, although
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the structure of these products has not yet been elucidated. The
results show that, when trimers are irradiated with LEE (10 eV), the
total damage decreases 2-fold for the series of trimers (T . C . A
. G). Interestingly, the introduction of 5-bromouracil increased the
total damage by at least 50%. This change led to an increase in both
base release and C-O bond cleavage. These findings support the
hypothesis that LEEs are initially captured by the base and then
transferred from the base to either the N-glycosidic bond leading to
base release or to the phosphodiester bond leading to C-O bond
cleavage. Furthermore, they suggest that LEEs may preferentially
cause damage to pyrimidine bases and particularly to thymine or
clusters of thymine in DNA.

(PS2.47) The effect of a non-thermal atmospheric pressure
plasma jet on plasmid DNA. Sylwia Ptasinska, Agnieszka
Stypczynska, Blagovest Bahnev, Mark Bowden, Nicholas S. J.
Braithwaite, Nigel J. Mason, The Open University, Milton Keynes,
United Kingdom
Since the invention of the Atmospheric Pressure Plasma Jet
(APPJ) in 1998 [1], a number of devices with different
configurations have been developed and its applications in industry
and medicine is still growing [2,3]. The proposed uses of ‘‘cold’’
plasmas in the clinic include tissue sterilization, wound healing,
tissue regeneration and the treatment of melanoma skin cancer and
dental cavities [4]. However these applications are still in the
earliest stage of their development and their introduction into
general medical practice may be some years away. The main reason
for this is a lack of a deeper understanding of the physical, chemical
and biological mechanisms of the interaction between the ionized
medium of a plasma and living tissue.In the present work we have
investigated single- and double- strand breaks in DNA molecules
induced by an APPJ. The jet was created by 3.2 kHz, 8 kV
excitation of a 4 mm I.D. glass tube, carrying 10 standard litres per
minute of helium emerging into open air. The complex mixture of
plasma-generated species (e.g. excited atoms, charged particles,
electrons and UV light) gives a variety of possible pathways by
which DNA can be damaged. In order to determine the mechanisms
that lead to strand breaks, substrates were located in and near the tip
of the liminous plume of the APPJ, while various optical and
electrical filters were used to isolate the different contributions to
the damage. In our studies 62% of the damage to DNA appears to be
due to excited and reactive species existing in the plasma jet. Only
10% of the damage is due to UV light emission from the plasma and
it is determined that 20% is due to low energy electrons. The least
damage has been observed to be associated with positive ion
interactions. In the future we plan to study the effect of water and
proteins on the nature and extent of DNA damage using the present
plasma source. [1] A. Schutze, J.Y. Jeong, S.E. Babayan, J. Park,
G.S. Selwyn, R.F. Hicks, IEEE Transactions on Plasma Science
1998, 26, 1685 [2] J.F. Kolb, A.A.H. Mohamed, R.O. Price, R.J.
Swanson, A. Bowman, R.L. Chiavarini, M. Stacey, K.H. Schoenbach, Appl. Phys. Lett.2008, 92, 241501 [3] Z. Cao, J.L. Walsh,
M.G. Kong, Appl. Phys. Lett. 2009, 94, 021501 [4] G. Fridman, G.
Friedman, A. Gustol, A.B. Shekhter, V.N. Vasilets, A. Fridman,
Plasma Process. Polim. 2008, 5, 503–533

(PS2.48) The morphology and degradation of adenine films.
Gemma Vall-llosera1, Sandrine Lacombe2, Radmila Panajotovic3,
Sylwia Ptasinska3, Sarvenaz Sarabipour4, Franz Hennies5, Elisabeth
Rachlew1, Michael A. Huels4, 1Royal Institute of Technology KTH,
Stockholm, Sweden, 2LCAM - University of Paris 11, Orsay,
France, 3The Open University, Milton Keynes, United Kingdom,
4
University of Sherbrooke, Sherbrooke, QC, Canada, 5MAX-Lab
Synchrotron, Lund University, Lund, Sweden
Soft X-rays have enhanced efficiency to induce cell kill or
mutations, more similar to some heavy particles than hard X- or crays. This high genotoxicity of soft X-rays is attributed in part to
their ability to induce core specific ionizations in DNA, leading to
Auger cascades and clustered molecular fragmentation; thus they
induce more complex and unrepairable damage in DNA. Despite
this, most of the nascent damage and molecular fragmentation
84

pathways induced by core ionization of DNA, or its components,
are not well known.Here, we have studied the morphology and
degradation of adenine films as a function of film temperature (110–
300 K), thickness (3–25 nm), on Si (100), and crystalline ice
substrates, using synchrotron radiation (SR) and soft X-ray
absorption spectroscopies (XPS, NEXAFS). Except for the thinnest
films, our results suggest that p-stacking interactions between the
adenine molecules leads to ordered films with the molecules lying
almost flat on the substrates.Most importantly, contrary to published
literature to date, our results show that adenine is highly sensitive to
degradation by core specific ionizations: e.g., our time dependent
C(1s) XPS measurements, obtained at very low SR flux, show that
the low binding energy structure associated with the C5 atom in
adenine, as seen in gas phase XPS, is quickly degraded during the
first 10–30 scans, after which the XPS spectra resemble those found
in the literature for supposedly undegraded films, probed for
extended periods of time with SR, or standard X-ray sources. These
previous studies proposed that XPS spectra of adenine, and other
DNA bases, are stable even over several hours of irradiation, and
thus the molecules are quite resistant to damage by the ionizing
probes used; yet our results suggest the contrary, namely that the
molecules are quickly degraded by core ionizations, and therefore
XPS spectra in the literature represent in fact already degraded
films. This has important repercussions, since XPS spectra found in
the literature are often used to (a) make statements about the
contributions of certain atomic sites to the electronic structure of the
molecule, and (b) make comparisons to XPS spectra of single and
double stranded DNA for analytic purposes. (Funded by NSERC,
Canadian Space Agency, Swedish Research Council (VR), EU-ARI
program at MAXlab)

(PS2.49) Proton transfer in hydrogen-bonded Guanine-Cyto

sine nucleoside radical cation [dG þ-dC] base pair in excited
states: A time-dependent density functional theory study. Anil
Kumar, Michael D. Sevilla, Department of Chemistry, Rochester, MI
Inter-base pair proton transfer has been suggested to slow the
hole transfer process in DNA[1]. Excitation of holes by visible light
has been recently suggested to induce hole transfer in DNA[2]. In
order to shed some light on the interplay of excitation and proton

transfer processes, we have studied the excited states of dG þ-dC
using time-dependent (TD)-BHandHLYP/6–31 þG** level of theory. In this study, we scanned the potential energy surface (PES) of

proton transfer from N1-H site of G þ to C with the step size of 0.1 Å
and at each point on the PES we calculated the four lowest vertical
excited states. In the ground state, the PES has a barrier of ca. 6.0

kcal/mol for the proton transfer from G þ- to C. The ground state of

dG þ-dC is p in nature and delocalized on the guanine base. The
transitions (S1 - S4) are originating from the inner shell MOs to
singly occupied molecular orbital (SOMO) of b-spin. Also,
transitions (S1 - S4) correspond to np*, pp*, pp*(charge transfer
state (pp*CT)) and pp* (local excitation on G (pp*LE)), respectively.
The PESs corresponding to S1 and S2 states follow the ground state

PES and show barrier for the proton transfer from G þ - to C.
Transition pp*CT (S3) becomes quite stable as transition energy

increases during proton transfer from G þ to C. Interestingly, pp*LE
(S4) transition shows repulsive nature because transition energy

decreases as Hþ moves from G þ to C and mixes with the lowest np*
(S1) state after the complete deprotonation. Thus, we conclude that:
(i) in excited state proton transfer takes place on the np* surface
which has the lowest transition energy, (ii) the pp*LE transition

facilitates the back proton transfer from ( þHþ)C to G(-H) and (iii)

in dG þ-dC, holes transfer from G to sugar ring in the lowest S1 and
S2 states. Supported by the NIH NCI grant R01CA045424, the
Arctic Region Supercomputing center (ARSC) and a computational
facilities grant NSF CHE-0722689. 1. Steenken, S. Chem. Rev.
1989, 89, 503. 2. Adhikary A.; Kumar A.; Sevilla M.D. Radiat. Res,
2006, 165, 479.

(PS2.50) Direct experimental observation of the protonation
state and hole localization site in DNA-oligomers: An ESR and
DFT study. Deepti Khanduri, Amitava Adhikary, Anil Kumar,
Michael D. Sevilla, Oakland University, Rochester, MI
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(PS2.51) Radiation-induced decomposition of gel structure of
thick fraction of hen egg white. Bratoljub H. Milosavljevic, Keith
M. Krise, Penn State University, University Park, PA
This work expands upon studies previously presented in the J.
Serb. Chem .Soc.70 (11), 1255–1262 (2005). In the present work,
the emphasis is on the use of thermal denaturation to gain insight
into the radiolytic mechanism of protein denaturation. The thick
fraction of hen egg white saturated with either N2O or Ar was
irradiated in the dose range 1.5–45 kGy at 60Co gamma source. The
complex behavior of viscosity was observed in N2O (where the
hydrated electron was converted into the OH radical) and Ar (where
[eaq] ; [OH]) saturated samples. In both cases, an initial abrupt
decrease in viscosity followed by a gradually rise was measured. Ar
saturated samples showed both a significantly faster initial decrease
and lower minimum viscosity, demonstrating a relationship between
viscosity and average molecular mass. The combined Sephadex G200 exclusion chromatography and denaturing SDS-polyacrylamide
gel electrophoresis data revealed that the egg white threedimensional (hydrated) gel structure was (efficiently) decomposed
even in N2O saturated sample. Protein scission was detected in the
entire dose range studied, while protein agglomeration was not
observed at low doses (around 1.5 kGy), but dominated at higher
doses. In the highest dose region studied, the loss of structure in
SDS-PAGE chromatograms indicates that agglomerates are formed
from protein fragments rather than from intact proteins. Repeated
measurements in the present work are in agreement with previously
presented results. These results indicate that ionizing radiation
causes the protein network of the thick fraction of egg white to
breakdown via the reduction of S-S bridges by hydrated electrons
and protein fragmentation due to the direct action of ionizing
radiation. Protein agglomeration is initiated by the reaction of OH
radicals; inefficiency at low doses is attributed to glucose
antioxidant properties and radical immobility. Differential scanning
calorimetry performed on radiated and non-radiated samples and
fluorescence spectroscopy studies of radiated and thermally
denatured samples confirm the proposed mechanisms.

(PS2.52) Photo-excitation of one-electron oxidized ds dnaoligomers with adenine stacks: evidence for photo-induced

base-to-base and base-to-sugar hole transfer. Amitava Adhikary,
Deepti Khanduri, Michael D. Sevilla, Oakland University, Rochester, MI
Purpose: To test the hypothesis that runs of A in DNA allow
for efficient hole transfer, we have identified and characterized the
radicals formed in one-electron oxidized DNA oligomers. Materials
and methods: One-electron oxidized DNA-oligomers (ssDNAoligomer (TAT), and dsDNA-oligomers d[TAATTA]2, d[ATTTAAAT]2, d[TAAAAATTTTTA]2, d[AGAAATTTCT]2, d[AGGAAATTTCCT] 2 , and d[AGGGAAATTTCCCT] 2 ) having
consecutive adenine moieties (An, n ¼ 1 to 5) with and without
guanine stretches (Gn, n ¼ 1 to 3) were prepared by Cl2 attack in
frozen aqueous (D2O) glasses at low temperatures. ESR spectra
were recorded at 77 K before and after visible photoexcitation.
Results and conclusion: (a) Before photo-excitation: Spectral
analyses in A:T sequences without guanine show formation of
nearly constant fraction of Aþ (ca. 60 - 75%) with observable
amount (ca. 25 - 40%) of a thymine radical, UCH2, resulting from
deprotonation of Tþ. Spectral analyses of A:T sequences
containing G show increased formation of G(-H) with number of
consecutive Gs. These results answer the question as to whether
delocalization within the A stacks could lower its redox potential to
be competitive with G. A stacks are found to not compete
significantly with isolated G’s , GG or GGG sequences for the
hole.(b) After photo-excitation of Aþ in A:T sequences, spectral
analyses show predominant (ca. 80%) formation of UCH2;
whereas, in photo-excited samples of G(-H) in A:T sequences
with guanine, we observe mostly (ca.  90%) sugar radical (C1’
and C5’) formation. Thus, the hole in adenine stacks in AT DNAoligomers, on excitation undergo base-to-base hole transfer to the
thymine moiety resulting in UCH2. This result provides clear
evidence that hole transfer through A stacks becomes facile due to
its partial delocalization with the stacks. In photo-excited samples of
G containing A:T sequences, formation of neutral sugar radicals
occurs only via base-to-sugar hole transfer followed by deprotonation of the hole in the sugar moiety. Supported by the NIH Grant
RO1 CA045424.
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The incorporation of an 8-deuteroguanine (8-D-G) moiety in
DNA-oligomers is found to allow for direct determination of the
location of holes (i.e., the radical site) within dsDNA at specific
base sites, as well as, the protonation state of the hole at that site.
Selective deuteration at C-8 on guanine moiety in dGuo results in an

ESR signal from the guanine cation radical (8-D-G þ) which is

easily distinguishable from that of guanine cation radical (G þ) in

undeuterated dGuo. 8-D-G þ is also found to be distinguishable

from its conjugate base, the N1-deprotonated radical, 8-D-G(-H) .

These results clearly establish that G þ in double stranded DNA
oligomers at 77 K exists as the deprotonated neutral radical G(-H)
as a results of facile proton transfer to the hydrogen bonded
cytosine, and in ds DNA-oligomers with a GGG sequence, the hole

is preferentially located at the 5’-end. Based on the pKa’s[1]of G þ


and C a facile proton transfer from G þ to C is expected in the G þC base pair. However, the earlier theoretical studies of proton

transfer in G þ-C base pair in gas phase predicted this reaction
thermodynamically unfavorable by 1.40 kcal/mol[2]. The existing
discrepancy of the earlier theoretical work has now been resolved by

incorporating the effect of solvent on the G þ-C base pair by the use
þ
of B3LYP/6–31 G** level of calculation. These calculations

clearly show that proton (H þ) transfer from G þ to C is favored
in the aqueous environment but not in the gas phase. In the presence
of 11 waters, the zero point vibrational energy (ZPE) corrected

forward barrier for proton transfer from G þ to C is found to be

quite small (ca. 1.40 kcal/mol) and the deprotonated G (-H)-(Hþ)C

was found to be more stable than G þ-C by 1.20 kcal/mol.
Hydration is therefore found to determine the degree of proton
transfer. Supported by the NIH NCI grant R01CA045424, the
Arctic Region Supercomputing center (ARSC) and a computational
facilities grant NSF CHE-0722689. 1. Candeias, L. P.; Steenken, S.
J. Am. Chem. Soc. 1989, 111, 1094. 2. Li, X.F.; Sevilla, M.D. Adv.
Quantum Chem. 2007, 52, 59.
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(PS2.53) Radiation damage to genetic sugars: why nature
chose DNA. Gemma Vall-llosera1, Rami Sankari2, Sarvenaz
Sarabipour3, Elisabeth Rachlew1, Edwin Kukk2, Michael A. Huels3,
1
Royal Institute of Technology KTH, Stockholm, Sweden,
2
University of Turku, Turku, Finland, 3University of Sherbrooke,
Sherbrooke, QC, Canada
The presence of an OH group at the C2 position of D-ribose
differentiates the RNA from the DNA sugar. This minor difference
in the chemical composition of these two molecules has been a
starting point of debate for theories about the origin of life. One
particular hypothesis, where an ‘RNA world’ [1] is a precursor of
the DNA world, has found some experimental support by, e.g., the
catalytic properties of RNA [2, and refs therein]. Yet the main
question of why nature chose DNA instead of RNA as the molecule
for long-term storage of our genetic code is still unanswered.Our
study on the photo-fragmentation of D-ribose and 2-deoxy-D-ribose
by synchrotron photons in the VUV region (5–35 eV), demonstrates
the very different survivability of these two molecules when
exposed to ionising radiation, and thus points to an important aspect
in the early evolution of DNA and RNA. We find that while both
molecules fragment upon absorption of VUV photons, only in the 2deoxy-D-ribose spectra do we see the presence of the parent cation
molecule even well above its threshold of formation. Moreover, the
parent cation of 2-deoxy-D-ribose exists for all photon energies
from 9.5–35 eV, while it is distinctly absent in the D-ribose mass
spectra even at ionisation threshold; thus, the simple, gentle removal
of one electron causes the RNA sugar to disintegrate immediately,
while a fair fraction of the DNA sugar remains intact even after
absorption of higher energy VUV photons. This suggests that in
DNA the sugar-phosphate backbone is more resistant to strand
breaks than in RNA. We present detailed results of our study, and
discuss them in the context of their implications to the survivability
of DNA vs RNA in the radiation environment of a pre-biotic earth.
(Supported by the Swedish Research Council VR, the EU-ARI
program at MAX-Lab., Lund, SE, the Canadian Space Agency, and
NSERC) [1] e.g., W. Gilbert, Nature (1986), 319, 618; C. Woese,
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The Genetic Code. Harper & Row (1968); R. Gesteland, T. Cech,
and J. Atkins, 1999 The RNA World, 2nd ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY; G.F. Joyce, Nature
(2002), 418, 214; P. Ehrenfreund, S.S. Rasmussen, J. Cleaves, L.
Chen, Astrobiology (2006), 6, 490, and refs therein. [2] J. Vergne,
L. Dumas, J.-L. Décout, M.-C. Maurel, Planetary and Space
Science (2000), 48,1139.

(PS2.54) Simulation of secondary electron yields from thin
metal foils after fast proton impact. Anderson Travia, Michael
Dingfelder, East Carolina University, Greenville, NC
The modeling of radiation effects on materials is usually
accomplished with event-by-event Monte Carlo (MC) track
structure codes. These MC simulations require effective algorithms
and accurate interaction cross sections. Before facing simulations on
complex targets such as biological tissues and water, preliminary
tests of the accuracy of these codes can be done using thin metal
foils with better known physical properties. This allows the
researcher to focus on the MC codes and implementation of the
simulation rather than in the less well known excitation and or
ionization effects caused by this difficult to experiment systems
with limited available data.We have implemented our recently
developed interaction cross sections for electron and proton impact
on aluminum, copper, and gold, which use the plane-wave first
Born approximation and a simple delta oscillator dispersion
algorithm for the construction of the generalized oscillator strength
of these target materials together with a transport model for
electrons and protons into the Monte Carlo track structure code
PARTRAC. We will present simulated secondary electron emission
spectra from aluminum, copper, and gold isotropic and uniform thin
metal foils after fast proton impact and compare them with recent
experimental information. In case of copper we have seen
satisfactory agreement. This work is supported in part by the
National Institutes of Health, National Cancer Institute Grant No.
2R01CA093351-04A1.

(PS2.55) Dielectric and optical properties, mean excitation
energy, generalized oscillator strength for metallic calcium.
Irakli G. Jorjishvili, Michael Dingfelder, Larry H. Toburen, East
Carolina University, Greenville, NC
Exposure of astronauts to the galactic cosmic rays might cause
leukemia, an abnormal proliferation of white blood cells. Development of leukemia might threaten lives of the affected astronauts, and
jeopardize the success of the space flight mission. The laboratory
equivalent to the galactic cosmic ray particles are high energy high
charge (HZE) particles. Radiation impact of HZE particles on bone
marrow can be evaluated by Monte Carlo computer simulations of
the passage of HZE particles through bone and bone marrow. In
order to simulate passage of HZE particles through bone interaction
cross section databases of the existing Monte Carlo codes must be
extended. The goal of current work is to calculate interaction cross
sections of HZE particles with calcium, the heaviest element in the
bone material. Dielectric properties of the target material must be
known for a calculation of interaction cross sections of charged
particles with the material. Dielectric and optical properties of
metallic calcium have been evaluated from 0 to 500 keV. The mean
excitation energy has also been calculated, and has been found
equal to 172 eV for calcium. The generalized oscillator strength
function, which in fact is a surface over energy loss - recoil energy
plain, has also been evaluated for metallic calcium. The generalized
oscillator strength function along with the dielectric response
function should be sufficient for a calculation of interaction cross
sections required for Monte Carlo simulations. This research is
supported in part by the Office of Biological and Physical Research,
NASA, grant NNJ04HF39G.

(PS2.56) Measurement of DNA damage induced by low energy
(0–30 eV) electrons under atmospheric conditions. Émilie Brun1,
Pierre Cloutier2, Cécile Sicard-Roselli1, Michel Fromm3, Léon
Sanche2, 1Laboratoire de Chimie Physique, CNRS UMR 8000,
Université Paris-Sud, Bât 350, 91405 Orsay, France, emilie.bru86

n@u-psud.fr, cecile.sicard@u-psud.fr 2Groupe en Sciences des
Radiations, Faculté de Médecine, Université de Sherbrooke,
Sherbrooke Québec, J1H 5N4 Canadapierre.cloutier@usherbrooke.ca, leon.sanche@usherbrooke.ca 3Laboratoire de Microanalyses
Nucléaires - Alain Chambaudet, UMR CEA E4 Université de
Franche-Comté, Besançon Cedex, Francemichel.fromm@univfcomte.fr
Our current knowledge of the processes induced by low-energy
electrons (LEE) in biomolecules arises from theoretical studies and
experiments performed in gases and solid films under vacuum.1
However, if we are to use this knowledge in practical situations (i.e.
radiotherapy), we must understand how their mechanisms of action
are modified under the hydrated and aerobic environment of the cell.
Here we describe a technique to measure LEE damage under
hydrated atmospheric conditions.Five-monolayers DNA films were
deposited on glass and gold substrates and irradiated with 1.5 keV Al
Ka X-rays. The damage produced on the glass substrate was
attributed to energy absorption from X-rays, whereas that produced
on the gold substrate arose from energy absorption from both the Xray beam and secondary electrons emitted from the gold surface.
From energy analysis, we showed that these photoelectrons can be
used as a source of LEE. We compared the yields of damaged
plasmid DNA induced by 1.5 keV photons and LEE under vacuum,
and for the first time under atmospheric conditions. The technique
provided G values to study the direct and indirect effects of LEE on
DNA damage.Footnotes1 For a review see A. Kumar and M. D.
Sevilla. Chapter 20. J. Rak, K. Mazurkiewicz, M. Kobylecka, P.
Storoniak, M. Haranczyk, I. Dabkowska, R. A. Bachorz, M.
Gutowski, D. Radisic, S. T. Stokes, S. N. Eustis, D. Wang, X. Li,
Y. J. Ko and K. H. Bowen. Chapter 21 L. Sanche. Low-energy
electron damage to DNA. Chapter 19 In: Radiation Induced
Molecular Phenomena in Nucleic Acids; 2008. Manoj K. Shukla
& Jerzy Leszczynski, Springer Netherlands.

(PS2.57) A new technique for studying radiation induced
strand breaks in DNA: tunable filtration of DNA oligomers
through nanoporous silicon membranes. Paul J. Black, William
Bernhard, University of Rochester, Rochester, NY
We have taken advantage of the unique properties of Simpore
membranes to achieve favorable filtration cutoffs on microgram
quantities of DNA. Simpore membranes (Simpore, Inc., Rochester,
NY) are a unique nanoporous silicon material with well defined
pore size distributions and selectable maximum diameters ranging
from 10 nm to 50 nm. In addition to small pore diameters, these
membranes are extraordinarily thin (5 to 20 nm). Because the ratio
of pore diameter to pore length is . 1, these membranes have
exceptional filtration properties.The experimental setup consisted of
a membrane sandwiched between two drops of phosphate buffer
solution (PBS) containing variable concentrations of NaCl. The top
drop (retentate) contained DNA ladder, e.g., 10 to 300 base pairs
(bp), in a solution volume of 20 microliters. DNA would then freely
diffuse into the bottom drop (filtrate). This was monitored using gel
electrophoresis. In our preliminary experiments, we found that
membrane permeability was a function of DNA size and that the
permeability was tunable through adjustment of the salt concentration of the DNA solution. Salt concentration influences the
membrane surface charge, which is strongly negative in the absence
of salt. In addition, as the salt concentration is lowered, the negative
charge of DNA is increasingly exposed. Thus, at low cation
concentrations, the negatively charged membrane surface repels
DNA. At low NaCl levels, we observed a filtration cutoff at ;20
bp. At high salt levels no filtration cutoff up to 100 bp of duplex
DNA was observed.Our findings suggest that Simpore membranes
have the potential of opening doors to an exciting set of experiments
that will shed new light on the chemistry and physics of strand break
formation in DNA due to the direct effect of ionizing radiation.
Supported by PHS Grant 2-R01-CA32546 of the NCI.

(PS2.58) Direct damage to the backbone of DNA oligomers is
influenced by the OH function at strand ends, by the type of
base, and by the base context. Kiran K. K. Sharma, William A.
Bernhard, Univ. of Rochester, Rochester, NY
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(PS2.59) A novel analytical technique for analyzing nucleobase influence on DNA strand breaks caused by direct ionizing
radiation. Richard M. Watson, William A. Bernhard, University of
Rochester School of Medicine and Dentistry, Rochester, NY
Analysis of the reactions involved in the direct effect of
ionizing radiation on DNA is crucial to assessing the risks related
with exposure at low dose. The direct interaction of ionizing
radiation with DNA initially results in free radicals situated on bases
and the backbone, which eventually lead to stable end products that
include strand breaks (sb) and free nucleobase release (fbr). The
yields of these two products are thought to be related because
ejection of an electron from the DNA backbone produces a radical
cation that deprotonates to yield a neutral carbon-centered
deoxyribose radical. These neutral radicals react when dissolved
to produce one strand break and one free base each. Therefore fbr
can be used as an indicator of sb.It is commonly presumed that that
sb occur independent of the surrounding base context. However
recent studies have indicated that a base may indeed have influence
over the probability of sb at its backbone unit. In one such study,
films prepared from 10- to 30-mer DNA duplexes were irradiated at
RT under air using X-rays generated by a tungsten tube operated at
70 kV. The films were dissolved in nuclease free water and stored at
277 K. Unaltered free base release was measured using HPLC, and
the yields determined for each base were not strictly proportionate
to their presence in the DNA sequence. In fact, this study indicated
that strand breaks may be influenced by a number of factors
including position within the oligomer as well as the base and its
base context.The current study involves further analysis of these
factors; instead of using HPLC to separate and measure fbr, which
is time consuming and expensive, a novel analytical technique is
being used to determine the amount and ratio of fbr for each of the
four bases. This technique involves separation of free bases from
bulk DNA using filters followed by decomposition of the UV
spectra of mixtures of bases at different pH. Decomposition is
performed using the Levenberg-Marquardt algorithm for non-linear
optimization. To date we have been able to determine relative
amounts of nucleobase in mixtures of all four bases with accuracy
comparable to HPLC while using much smaller quantities of DNA.
Supported by PHS Grant 2-R01-CA32546 of the NCI.

(PS2.60) Carbonate radical anion as a DNA damaging species:
the sugar-to-base oxidation ratio. Yuriy Razskazovskiy, East
Tennessee State University, Johnson City, TN
Carbonate radical anion CO3 (CR) is an emerging species in
free radical biology. The CO2-catalyzed decomposition of peroxynitrite is believed to be the major source of CR in vivo while other
pathways, like photosensitized oxidation of hydrocarbonate in
seawater are known as well. The involvement of CR in radiationinduced processes is not very likely for kinetic reasons, but can not
be excluded completely. The possibility of CR-induced DNA
damage has been actively discussed in the literature. All the
damages identified so far originate from guanine oxidation while the
role of deoxyribose oxidation remains unknown. The focus of this
study is the mechanism of the deoxyribose damage inflicted by CR
and its relative significance with respect to base damages. CR were
generated by near-UV (330 , k , 400 nm) photolysis of
carbonatopentaamminocobalt(III) nitrate (1–3 mM) in 10 mM
phosphate (pH 6.9) containing salmon testes DNA (1–2 mM in bp).
The reaction products were assayed for the presence of 2deoxyribonolactones (2-dL, C1‘-pathway), C4‘-oxidized abasic
sites (oxAB), malondialdehyde, 5‘-aldehydes (C5‘- pathway), 8oxoguanines (oxG) and free base release. Analysis showed the
formation of approximately equal amounts of 2-dL and oxAB while
the yield of other sugar oxidation products was negligible.
Altogether sugar oxidations constitute about a half of the oxG
production that makes the former pathway a significant contributor
to the mechanism of DNA damage by CR.
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Radiation damage to the deoxyribose of DNA results in stable
end products consisting of strand breaks (sb) and free base release
(fbr). Understanding the reaction mechanisms that lead to these
products following the direct action of ionizing radiation with DNA
is central to determining risk due to radiation exposure at low dose.
The mechanism has been presumed to be straightforward: ejection
of an electron from the DNA backbone produces a radical cation
that deprotonates to yield a neutral carbon centered deoxyribose
radical and, in the presence of water, these neutral radicals react to
give sb and fbr. One would expect, therefore, that the fbr site should
be independent of the base at that site. By studying oligodeoxynucleotides of known sequence, we have found that this is not the
case.Transparent films were prepared from palindromic deoxyoligonucleotides of d(CTCTCGAGAG), d(CTCTCGAGAGp),
d(pCTCTCGAGAGp), d(GAGAGCTCTC), d(ACGCGCGCGT),
d(AACGCGCGCGTT), d(CTCTCTTAATATTAAGAGAG), and
d(CTCTCTTAATAATTATAATTATTAAGAGAG). The DNA in
these films was hydrated to ;2.5 waters per nucleotide. The films
were irradiated at RT in air using X-rays generated by a tungsten
tube operated at 70 kV and 20 mA. The X-irradiated oligodeoxynucleotide films were immediately dissolved in nuclease free water
and stored at 277 K for 24 hrs. Unaltered free base release was
measured using HPLC. The yields of free base release were based
on a target mass consisting of the DNA and one counterion plus 2.5
H2O/nucleotide. The yields of each base, G(C), G(G), G(T), and
G(A) were determined for each sequence.The observed changes in
yields lead to the following conclusions: (i) phosphorylating the OH
function quenches the end effect, (ii) the base at one end of the
oligomer influences base release at the other end but only in shorter
(10 bp) oligomers, (iii) the end effect is influenced by the base at the
end and by the bases proximal to it, and (iv) the release of bases
from internal positions is influenced by the base and its base
context. Supported by PHS Grant 2-R01-CA32546 of the NCI.
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(PS3.01) Effects of IL-10 gene polymorphisms and atomicbomb radiation exposure on risks of stomach and liver cancers.
Tomonori Hayashi, Waka Ohishi, Yukari Morishita, Mayumi Maki,
Keiko Sasaki, Hiroko Nagamura, Kazue Imai, Kengo Yoshida,
Saeko Fujiwara, Yoichiro Kusunoki, Kei Nakachi, Radiation
Effects Research Foundation, Hiroshima, Japan
Epidemiological studies conducted by the Radiation Effects
Research Foundation (RERF) have clearly demonstrated longlasting impacts of atomic-bomb (A-bomb) radiation on human
health, including radiation dose-dependent increases in the
incidence of, and mortality from, selected cancers such as stomach
and liver cancers. Although cancer development seems to involve
different types of immune responses such as immunosurveillance
and inflammation, role and genetic background of such immune
responses are not completely understood. Since stomach and liver
carcinogenesis involve inflammation, we have conducted casecontrol studies among A-bomb survivors in the RERF Adult Health
Study cohort and evaluated relationship between cancer risks and
past atomic radiation dose, on the basis of immunity-related gene
polymorphisms. In this study, we first examined plasma levels of
the immunosuppressive cytokine IL-10 in relation to IL-10
haplotypes. Cases were 181 and 118 patients with stomach and
liver cancers, respectively, diagnosed in 1982 or later, and 1,918
controls were selected from the same cohort for these case groups.
On the basis of a single haplotype block indicated by four htSNPs
(generating two major alleles, IL10-ATTA and IL10-GGCG), we
found that plasma levels of IL-10 increased with past radiation dose,
depending on IL-10 haplotypes. When the subjects were divided
into three subgroups relative to radiation dose, there were
remarkable increases in risks of stomach cancer (OR¼3.43,
95%CI: 1.47–8.01) and liver cancer (OR¼3.43, 95%CI: 1.24–
9.45) among A-bomb survivors with IL10-GGCG homozygotes in
the highest dose group (.0.7 Gy). Since risks of stomach and liver
cancers significantly increase with past atomic radiation dose and
are greatly affected by IL-10 haplotypes, it will become possible to
identify people at high risk of these cancers, specifically when they
are exposed to radiation.

(PS3.02) Investigations and assessments for occupational
exposures of radiation workers in Korea. Soo Yong Choi1, So
Hee Suh1, Tae Hwan Kim2, Won Chul Choi3, 1Korea Institute of
Radiological and Medical Sciences, Seoul, Republic of Korea,
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Purpose: The aim of this study is to analyze the occupational
exposure for external radiation, to manage the exposure and the
categorized illegible dose, and to evaluate radiation effects on
Korean radiation workers. Materials/Methods: The National Dose
Registry contains radiation exposure records for all monitored
radiation workers since its creation in 1983. The radiation worker
who had worn the personal dosimeter has been questioned over any
presumable cause leading to peculiar dose case. The occupational
dose of the radiation worker involved in each peculiar dose case has
been reevaluated by simulating his exposure condition, analyzing
the radiation spectrum for and measuring level of ambient dose rate
for the work place. The standard procedures for the dose
reevaluation has been prepared and applied to the peculiar dose
cases using models as follows: 1) computer simulation modeling for
hard-to-revive working conditions, 2) laboratory and on-site
assessment, 3) model of dose evaluation by job category, and 4)
model of dose evaluation by radionuclide and practice involved in
radiation work. Statistical analyses will be conducted to analyze the
exposure data and estimate the excess relative risk associated with
radiation exposure. We are carrying out epidemiological survey for
radiation workers according to structured questionnaire. Results: 1.
Analysis of doses: The total number of workers registered 2007 was
32,501 including 837 peculiar cases 2. Organization and activity of
the Dose Assessment Committee 3. Establishment of confirmation
system for dose reevaluation result 4. Epidemiological investigations on cancer risks among radiation workers including peculiar
dose cases. Conclusion: The statistical analysis was carried out in
order to understand better the occupational radiation doses in Korea.
We established in order to manage the exposure and the categorized
illegible dose. Personal dose is measured to evaluation the exposure
dose due to radiation work involved, which is necessary to confirm
that the dose is maintained under the limit dose prescribed in the
atomic law. We are carrying out epidemiological investigations in
order to evaluate radiation effects on Korean workers including
especially peculiar dose cases.

(PS3.03) An update of mortality (1950–1999) in the cohort of

Eldorado uranium miners. Rachel Lane1, Stanley Frost2, Lydia
Zablotska3, 1Radiation Protection Division, Directorate of Environmental and Radiation Protection and Assessment, Ottawa, ON,
Canada, 2Frost & Frost Consultants, Saskatoon, SK, Canada,
3
UCSF, San Francisco, CA
The mortality follow-up (1950–1999) of 17,660 Eldorado
uranium workers, employed sometime between 1932 and 1980,
assessed the radon decay product (RDP) exposure and lung cancer
relationship. Workers’ exposures came from company records, dose
reconstruction and the National Dose Registry. The mean
cumulative RDP exposure was 48.0 WLM after 553,608 personyears of follow-up. All analyses were restricted to males (N¼16,236,
92% of the cohort). Standardized mortality ratios were calculated
using corresponding Canadian specific rates. Overall, Eldorado
workers illustrated the ‘‘healthy worker effect’’, with fewer deaths
from all causes (observed¼5,148; expected¼5,284.2; SMR¼ 1.0)
and all cancers (observed¼1,406; expected¼1,425.7; SMR¼1.0)
compared with the general male Canadian population, although not
statistically significant. Lung cancer mortality (observed¼618;
expected¼470.3) was significantly elevated (SMR¼1.3; 95% CI:
1.2–1.4, p,0.01). Lung cancer deaths significantly increased with
RDP exposure (ERR¼0.55% per WLM; 95% CI: 0.37–0.78,
p,0.01). Risk significantly decreased with time since exposure
and exposure rate. RDP exposure and gamma ray dose were not
associated with any other cancer site or other cause of death. This
follow-up supports the BEIR VI model for RDP exposure and lung
cancer risk and provides more precise risk estimates and greater
statistical power than the original analyses. Future follow-up of the
cohort and joint analysis with other uranium miners studies should
shed more light on the effects of low RDP exposures as experienced
by current workers.

(PS3.04) First analysis of cancer incidence in the cohort of
Eldorado uranium miners (1969–1999) and comparison with
the results of the mortality analysis. Lydia Zablotska1, Rachel
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Lane2, Stanley Frost3, 1UCSF, San Francisco, CA, 2Radiation
Protection Division, Directorate of Environmental and Radiation
Protection and Assessment, Canadian Nuclear Safety Commission,
Ottawa, ON, Canada, 3Frost & Frost Consultants, Saskatoon, SK,
Canada
Previous studies of uranium miners provide convincing
evidence of increased risks of mortality from lung cancer but not
other cancers. Few studies analyzed cancer incidence with respect to
exposures to radon decay products (RDP) and compared it with
mortality. This paper describes the results of the first analysis of
cancer incidence between 1969 and 1999 in a cohort of 16,770
workers of the Eldorado Nuclear Limited of Canada. Both the
cohort and an RDP dosimetry system were substantially revised
since the last updates and included workers first employed at two
uranium mines (Port Radium and Beaverlodge), a radium and
uranium refinery and processing facility (Port Hope), and several
other sites sometime between 1932 and 1980 and alive at start of
follow-up in 1969. Based on a total of 2,065 individuals who
developed at least one cancer, we observed significantly lower rates
of all cancer together and separately, except for lung cancer,
compared with the age- and calendar year-adjusted rates for the
general population in Canada. We estimated a significant increase in
risk of lung cancer with increasing RDP exposure (excess relative
risk of 0.55 per 100 WLM, p,0.001), different in magnitude for
various histological types (p¼0.07). Risks of leukemia or any other
cancer were not associated with gamma ray doses. The current study
supports the use of BEIR VI-type models to predict future risk of
lung cancer from past and current RDP exposures. We plan to
continue to follow the cohort with respect to both mortality and
cancer incidence. Combined studies of uranium miners should shed
more light on the effects of exposures to low doses of RDP as
experienced by current workers.

(PS3.05) Interaction between neural stem cells and astroglial
cells following irradiation. Yongjia Yu, Tiffany Dunn, Ping Wu,
University of Texas Medical Branch, Galveston, TX
In certain regions of adult brain, such as hippocampus,
neurogenesis is active throughout life. Neural stem cells (NSCs)
play a pivotal role in this process and are potential targets of
irradiation in radiotherapy or space explorations. How these stem
cells respond to radiation may contribute to cognitive impairments
and other dysfunctions, or functional recovery of brain. Using
human fetal neural stem cells as a model, we have observed a dosedependent inhibition of neuronal differentiation by c-rays and 56Fe
ions within the dose range of 0.1 to 2.0 Gy in vitro. In addition,
inhibition of neuron generation from these cells is also evident when
transplanted into X-ray and 56Fe-irradiated rat brains with neuroinflammation. These results are in agreement with findings on
rodent neural progenitor/precursor cells by other investigators, and
clearly indicate that the effects of radiation on neural stem cells and
underlying mechanisms need to be examined in the context of
interactions between stem cells and glial cells. To this end, we
began to investigate the impact of interactions between neural stem
cells and astroglial cell in vitro on the fate of neural stem cells
following ionizing irradiation. Human neural stem cells and rat
hippocampal astroglial cells were treated with c-rays or 56Fe ions,
and then cocultured. Neuronal differentiation and molecular
responses of these cells are currently being examined. Preliminary
results shows that irradiated astroglia appear to compromise neuron
formation from non-irradiated human neural stem cells when
cocultured without direct cell to cell contact. Further in depth
investigation will contribute to a better understanding of stem cell
responses to ionizing radiation and be helpful in assessing potential
CNS risk to people exposed to radiation.

(PS3.06) Cellular damage and repair in hematopoietic stem
cells from whole-body low-dose X-irradiated mice. Sarah A.
Krueger1, Michele McGonagle1, Olga Kovalchuk2, Alvaro Martinez1, George D. Wilson1, Brian Marples1, 1William Beaumont
Hospital, Royal Oak, MI, 2The University of Lethbridge, Lethbridge, AB, Canada
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(PS3.07) Neural Progenitor Cells in the Adult Brain: Ablation
with Localized Radiation. Eric Ford, Pragathi Achanta, Lawrence
Kleinberg, Juvenal Reyes, Elwood Armour, Alfredo QuinonesHinojosa, Johns Hopkins University, Baltimore, MD
Purpose: Neural progenitor cells in the adult brain participate
in both the repair of normal tissue and inhibition of tumor growth.
Here we investigate the effects of localized irradiation on neural
stem cells in the rodent subventricular zone (SVZ) and hippocampal
dentate gyrus (DG) of the hippocampus. Method and Materials: We
selectively targeted the SVZ of the C57/BL6 mouse using an inhouse radiation device capable of sub-millimeter localization based
on CT-guidance. We delivered localized 10 Gy radiation to the right
SVZ or DG (n¼4 each). The left side serves as its own control, but
sham mice were also employed (n¼4). Mice were sacrificed 1 day
after irradiation and brain tissue was harvested, fixed, frozen and
sectioned through the entire ventricle/hippocampal region staining
each tenth section. Immunohistochemical staining was performed
for cH2Ax, a marker of DNA double strand breaks, and Ki67, a
marker of cell proliferation, as well as nestin and doublecortin to
assess the effects of specific cell populations in the SVZ. Results:
cH2Ax stains indicated that the right SVZ and DG were specifically
irradiated. A strong asymmetry was observed in the right
(irradiated) vs. left (unirradiated) SVZ with 14,1066626 vs.
2,32361094 cells (p,0.001). The data also showed that the
unirradiated (left) SVZ has the same number of Ki67 þ cells as a
sham mouse (p¼0.27) indicating that local irradiation produces no
systemic effect under these conditions. In the mice receiving
localized radiation to the right dentate gyrus a strong asymmetry
was also observed with 1,3016167 vs. 559687 cells. There is a
strong reduction in doublecortin staining at the irradiated location
while nestin staining remains stable, indicating that young migrating
neuroblasts are affected while stem cells are not. Conclusion:
Localized irradiation is capable of selectively ablating proliferating
cells in neurogenic regions of the mouse brain. This can be used to
study locoregional effects and migration of neural progenitor cells
involved in tissue repair after radiation and possible tumor
inhibition. The techniques may also be more broadly applicable
tool for selectively inhibiting neurogenesis.

(PS3.08) Is CD133 expression in colorectal cancer lines
selective for a tumor-initiating or radioresistant cell population? Claudia Dittfeld1, Antje Dietrich1, Susann Peickert1, Marian
Grade2, Thomas Ried2, Leoni A. Kunz-Schughart1, 1OncoRay Center for Radiation Research in Oncology, TU Dresden, Dresden,
Germany, 2Section of Cancer Genomics, NCI, NIH, Bethesda, MD
Poster Sessions

Stem cells are defined by their ability to produce precursor and
differentiated functional cells, and as such are widely regarded as the
most critical target of radiation-induced carcinogenesis. We
hypothesized that low levels of radiation-induced DNA damage
from low-dose low-LET exposures would evade DNA damage
detection mechanisms and would persist in bone marrow stem cells
leading to genomic instability.7–10 week old C57/Bl/6 mice were Xirradiated (0.01 Gy, 0.1 Gy, 1 Gy or 10x0.1 Gy fractions) with or
without prior immunological stress (Lipopolysaccharide (LPS)
treatment). 30 mins, 24 hrs or 4 wks post-irradiation bone marrow
cells were harvested, stained with 5 lM/mL Hoechst-33342 and
side-population stem cells isolated by flow cytometry. DNA double
strand breaks (DSBs) were assessed by cH2AX staining, apoptosis
by caspase-3/7 activation and DNA methylation by radiolabeled
[3H]dCTP extension assay. DNA DSBs were evident at all doses
compared with individually-matched sham-treated control animals at
early times.A statistically significant level of DNA DSBs persisted at
24 hrs post-irradiation after 0.01 Gy. As expected, more apoptosis
was evident after 1 Gy which may correspond to the lack of cells
with DSBs at this dose point. These data demonstrate that radiationinduced DNA dsbs do not persist in bone marrow stem cells after
doses of 0.1 Gy and above, but some breaks remain after 0.01 Gy 24
hrs post-irradiation.LPS immuno-stimulation increased the number
of detected cH2AX foci in a dose and time dependent manner. The
effect of LPS on radiation-induced apoptosis was less distinct;
differences were evident after 1 Gy and 0.01 Gy at the earliest times
but not the intermediate dose of 0.1 Gy. Animals irradiated with 0.01
Gy showed the largest increase in percent DNA hypomethylation at
4 wks, however no difference in DNA dsbs were evident. DNA
hypomethylation was also seen after 1 Gy exposures 4 wks postirradiation, and this was associated with a significant difference in
the level of cH2AX foci between irradiated and control animals
(p¼0.035). These data suggest dose dependent differences exist in
DNA methylation 4wks post irradiation. The effect of LPS treatment
on DNA methylation is on-going.
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The concept of tumor-initiating/cancer stem cells (TIC/CSC)
in colorectal cancer (CRC) and the hypothesis of such cell
populations to relate to therapy resistance and recurrence of disease
are challenging because the only, yet critical tool to identify and
isolate these cells are surrogate markers with limited causal
evidence. One of these markers is the human transmembrane
glycoprotein CD133 which was recently described to be expressed
on CRC populations with tumor-initiating potential. The selectivity
and relevance of CD133 expression, however, is still controversially
discussed.Established CRC cell lines studied in our laboratory can
be categorized into three groups: (I) those with roughly all cells
expressing CD133 on the surface lacking a distinct CD133-negative
population (II) cell lines without CD133 surface expression in 2-D
monolayer culture and (III) CRC lines containing two distinct
populations of CD133þ and CD133 cells. The HCT-116 cell line
belongs to category III (as HT29) and was chosen for further
analysis. Subpopulations were isolated via fluorescence-activated
cell sorting and analyzed in parallel to the original, mixed cells for
2-D and 3-D growth, colony formation and therapy response in
vitro. Subcutaneous tumor formation in NMRI nu/nu mice was
monitored and the distribution of CD133 þ/- populations was
determined by flow cytometry following enzymatic dissociation
of cultures and xenografts.CD133 þ and CD133 HCT-116
subpopulations neither differed in clonogenic survival, monolayer
growth, spheroid formation nor in radioresponse in vitro. Also, no
difference in xenograft formation was indicated after injection of
1x102-1x104 CD133þ vs. CD133 cells per animal. We conclude
that CD133 does NOT select for a tumor-initiating or radioresistant
HCT-116 cell population. Interestingly, the distribution of the
subpopulations during 2-D and 3-D culturing remained relatively
constant but subcutaneous xenografts developed from CD133
HCT-116 cells showed an unexpected, yet highly variable increase
in the CD133þ fraction. This phenomenon shall be further studied
to gain insight into the mechanisms that may provoke the
development/enrichment of CD133 expressing HCT-116 cells in
the in vivo environment. Supported by the BMBF (01ZZ0502) and
the DFG (KU 971/7-1 / GR 3376/2-1).

(PS3.09) New mechanisms of keratinocyte carcinogenesis
identified in stem cells and progenitor cells by a single-cell
approach. Nicolas O. Fortunel1, Emmanuelle Cadio1, Pierre
Vaigot1, Sandra Moratille1, Sylvain Baulande2, Michèle Ricoul3,
Laure Sabatier3, Michèle T. Martin1, 1CEA/iRCM/LGRK, Evry,
France, 2PartnerChip, Evry, France, 3CEA/iRCM/LRO, Fontenayaux-Roses, France
Epidermis is the first target of external irradiation received for
therapeutic or diagnosis purposes. The basal layer is the deeper part
of epidermis. It is particularly important for skin carcinogenesis, as
it contains keratinocyte stem and progenitor cells. We have
developed a new method that allows multi-parallel clonal cultures
of basal keratinocytes. Immediately after extraction from tissue
samples, cells are sorted by flow cytometry based on their high
integrin-a6 expression and plated individually in microculture
wells. At the end of the primary culture (14 days), the distribution of
clone size, which ranged from abortive clones to highly proliferative
clones containing 1.7x105 keratinocytes, was well representative of
the hierarchical organisation of the basal layer. In long-term
cultures, some highly proliferative clones could sustain extensive
expansion (150 population doublings [PD] over 25 weeks) and
exhibited epidermis reconstruction potency, thus fulfilling stem cell
functional criteria, whereas other clones exhibited the more limited
growth potential of progenitors (;50–70 PD). We have then used
the clonal microculture system to analyze the consequences of an
exposure of keratinocyte progenitor cells to a single 2 Gy dose of
ionizing radiations (c rays, 0.6 Gy/min). Irradiation caused a
marked increase of the frequency of abortive clones. However, a
significant proportion of clones were capable of preserving their
long-term growth capacity after irradiation. A majority of these
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resistant clones exhibited normal life-span and replicative senescence. However, some of them acquired characteristics of
immortalization (3 clones from a cohort of 20 resistant clones).
Cytogenetic studies performed on resistant clones revealed genomic
instability, including Non Reciprocical Translocations and deletions. Transmission of genomic abnormalities to their long-term
progeny (. 100 PD) was then investigated using comparative
genome hybridization (CGH) arrays. This approach revealed
aberrations in the progeny of individual keratinocyte clones,
including large duplications of specific genomic loci. Collectively,
these data show that progenitor cells represent major targets for
oncogenesis and point to new possible mechanisms of keratinocyte
radiation-mediated transformation.

(PS3.10) Nf-kappa-b-mediated her-2 overexpression in radioresistant breast cancer stem cells. Nadire Duru, Demet Candas,
Ming Fan, Jian Jian Li, UC, Davis School of Medicine, Dept. of
Radiation Oncology, Davis, Sacramento, CA
Tumor resistance is a major obstacle to further improve the
efficacy of anti-cancer treatments. Cancer stem cells (CSCs)
consisting of less than 1% of total tumor cells are shown to be
able to self-renew and survive the genotoxic condition of radiation
therapy. Elucidation of the role of CSCs in radiation-mediated
repopulation and tumor radiosensitivity may provide critical
insights for development of new approaches to resensitize resistant
tumor cells. In clinic, increased tumor recurrence and failure of
cancer growth control are associated with the HER-2-positive breast
cancers. Our lab reported that forced overexpression of HER-2 in
HER-2-negative breast cancer cells increased radioresistance due to
activation of pro-survival factor NF-kappa-B. Upon radiation HER2 negative cancer cells can enhance the endogenous HER-2
overexpression via NF-kappa-B regulation. The NF-kappa-B p65/
HER-2 co-activation was more frequently found in breast CSCs
(CD44 þ/CD24-/low) rather than the tumor cells without the marker
of CD44 þ/CD24-/low, suggesting that p65 þ/HER-2 þ/CD44 þ/
CD24-/low is a novel feature of radioresistant breast CSCs. In
addition, mitochondrial membrane potential, a key factor in
mitochondria-initiated apoptosis, is significantly higher in tumor
cells compared to normal cells. As these findings indicate a link
between the CSCs and mitochondrial membrane potential, we
proposed and tested the mitochondrial membrane potential and
p65 þ/HER-2 þ/CD44 þ/CD24-/low in CSCs versus non-CSC tumor
cells. Our data support a link between mitochondrial membrane
potential and the feature of p65 þ/HER-2 þ/CD44 þ/CD24-/low in
radioresistant breast CSCs.

(PS3.11) Lack of radioresistance advantage for cells isolated
using stem cell markers from different cell lines except the
MDA-MB231 breast cancer cell line. Osama Al-Assar, Ruth J.
Muschel, Tine Mantoni, W. Gillies Mckenna, Thomas B. Brunner,
University of Oxford, Oxford, United Kingdom
Cancer stem cells (CSC) are postulated to mediate tumour
radiation resistance and late relapse and could therefore be
specifically targeted to improve radiation cure rates. We aimed to
test the radiobiological differences of cells isolated using CSC
markers in a panel of eight established cell lines from different
organs. Cells isolated using CSC markers in the breast cancer cell
line MDA-MB-231, and pancreatic cancer cell lines Panc-1 and
PSN-1 all had less residual c-H2AX foci compared to the unsorted
cell lines pointing to radiation resistance of these subpopulations.
However, only MDA-MB-231 cells isolated using CSC markers
had increased post-irradiation clonogenic survival compared to
unsorted cells. The MDA-MB-231 cells isolated using CSC markers
had stem cell like properties exemplified by enhanced anchorage
independent growth and over expression of activated Notch1.
Overall, subpopulations of cells isolated using CSC markers in cell
lines failed to show a radioresistant phenotype in this model. This is
critical to consider in exploring models essential for assessing the
biological advantage of CSC.
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(PS3.12) Alterations in neural stem cells following ionizing
radiation exposures: functional magnetic resonance imaging
and live cell imaging studies. Andre Obenaus1, Stephan Ashwal1,
Evan Snyder2, Eleonora Napoli3, Elizabeth A. Kosmacek3, Michael
A. Mackey3, Fiorenza Ianzini3, 1Loma Linda University, Loma
Linda, CA, 2The Burnham Institute, La Jolla, CA, 3University of
Iowa, Iowa City, IA
Stem cells within the brain have been shown to be sensitive to
radiation effects, particularly those within the hippocampus, a
structure important for learning and memory. Lately, there has been
increasing interest in the utilization of stem cells for therapeutic
treatment of a wide range of diseases, such as stroke and trauma.
We have explored the potential of neural stem cells (NSC) for
improving these disease states. In a rat model of neonatal ischemia
we implanted both murine and human NSC within 3 days of injury,
monitored their location, migration, proliferation and effectiveness
in reducing injury. Implantation of 500,000 NSC that were labeled
with an iron-containing imaging agent (Feridex) allowed for noninvasive visualization of the NSC using magnetic resonance
imaging (MRI). When controls were implanted with NSC into the
ventricles stem cells could not be visualized anywhere within the
brain parenchyma. However, when NSC were implanted either into
the ventricle or in contralateral brain tissue there was robust
migration (125 lm/day) towards the ischemic lesion. The leading
edge of the implanted NSC reached the injured tissues within 4–7
days. In all animals at 12 weeks after injury induction there
appeared to be a band of iron-labeled NSC within the corpus
callosum of the ipsilateral tissues that slowly disappeared over the
remaining 58 weeks. While there was no apparent reduction in
ischemic volume, NSC could be immunohistochemically identified
around the periphery of the ischemic lesion. Some of these NSC had
differentiated to neurons, but the predominant phenotype appeared
to be oligodendrocytes and astrocytes. No implanted NSC were ever
seen in the un-injured tissues. Thus, NSC can mobilize, integrate,
and reduce injury. In vitro studies using the Large Scale Digital Cell
Analysis System (LSDCAS) are currently under way to quantify
changes in motility before and after radiation exposure of the NSC,
to determine the rate of cell death in exposed NSC, and to
characterize the timing of the morphological changes observed in
the in vivo experiments reported above. These measurements will
give a comprehensive mechanistic characterization of processes
occurring in NSC following densely ionizing radiation exposure.
Support: NASA Cooperative Agreement NNX08AP21G, Anonymous Donation Dept of Pediatrics at LLU; NIH CA/GM94801, UI;
NIH/NCI 2P30CA086862, UI; NASA NRA NNJ06HH68G, UI.

(PS3.13) A quantitative assay for cancer stem cell sensitivity to
treatment modalities and prediction of individual patient
outcomes. Christopher S. Lange, Shy’Ann Jie, Anna Groysman,
Kaity Sanz Melo, Justin Rineer, Davina Etwaru, Alison Lennox,
Guy Savir, Bozidar Djordjevic, Ovadia Abulafia, Marvin Rotman,
SUNY Downstate Medical Center, Brooklyn, NY
Methods: Hybrid Spheroids (HS) identify fresh tumor cells
capable of extensive proliferation and self-renewal, hallmarks of
stem cells. HS are formed by mixing cancer test cells with
fibroblasts and incubating them overnight under non-attachment
conditions. The cell mixture in the spheroids is the same as in the
original single cell mixture. Spheroids of defined sizes are selected
by filtration, distributed 1/well in 96-well ultralow attachment
plates, irradiated, and then monitored for growth. As shown
previously, pure fibroblast spheroids (PS), incubated in suspension,
shrank by 80 - 90% within three days, then remained at their
reduced size for . 2 weeks. These remaining fibroblasts rapidly and
exponentially lose clonogenicity so that the clonogenic fraction is ,
1/106 within a week. Results: 1) 170 cell HS (99% AG1522
fibroblasts, 1% HeLa cells) initially shrank, as do PS, and then grew
10–15 divisions from a multiplicity (M) of 1.7 HeLa cells/spheroid
with a 1.2 day doubling time. Morphology confirmed that HS
growth was due to test cell, not fibroblast, proliferation. 2) Initially
irradiated HS yielded spheroid and HeLa cell survival curves with
D0 ¼ 1.73 6 0.07 Gy, nsph ¼ 2.65 6 0.38 and ncell ¼ 1.56 6 0.02.
M ¼ nsph/ncell ¼ 1.7 6 0.24. 3) Using the fraction of HS that do not
grow as the zero term of a Poisson distribution provides another
independent estimate of cell survival that agrees with the
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(PS3.14) Stimulation of cell cycling enhances DNA damage
repair function in hematopoietic stem cells. Senthil Kumar
Pazhanisamy, Ningfei An, Yong Wang, Daohong Zhou, Medical
University of South Carolina, Charleston, SC
Mice with mutations in various DNA repair genes exhibit
accelerated aging due to hematopoietic stem cell (HSC) premature
exhaustion, indicating that DNA repair is crucial for the
maintenance of HSC self-renewal and hematopoietic function. In
addition, some of these mice are highly susceptible to the
development of leukemia and lymphoma due to an increase in
genomic instability in HSCs. However, how HSCs respond to
genotoxic stress and repair DNA damage has not been well
established and thus, was investigated in the present study using a
mouse model and ionizing radiation (IR). Specifically, DNA
damage and repair were analyzed by c-H2AX immunofluorescent
staining and neutral comet assay which quantify IR-induced DNA
double strand breaks (DSBs). The results showed that exposure to
IR induced a similar number of DSBs in HSCs and hematopoietic
progenitor cells (HPCs) isolated from adult mouse bone marrow
(BM). HPCs repaired the damage within 6 h after IR, whereas more
than 50% DSBs were unrepaired by HSCs even at 24 h after IR,
indicating that HSCs are highly deficient in repair of IR-induced
DSBs. The inability to efficiently repair DSBs by HSCs may be
attributable to their quiescence, because quiescent HSCs were more
deficient in repairing the damage than HSCs in cell cycle. This
suggestion is further supported by the observations that cycling
HSCs such as fetal liver HSCs and HSCs isolated from 5-FU-treated
adult mouse BM repaired the damage as efficiently as HPCs. In
addition, incubation of quiescent HSCs from adult BM with stem
cell factor and thrombopoietin for 48 h stimulated the cell cycle
entry and DNA damage repair function. These findings indicate that
stimulation of cell cycling can promote HSCs to repair DNA
damage. It will be important to determine if this approach can be
exploited as a novel strategy to reduce IR-induced genomic
instability and leukemia/lymphoma in vivo.

(PS3.15) Total body irradiation induces persistent oxidative
stress selectively in murine hematopoietic stem cells. Yong
Wang1, Lingbo Liu1,2, Senthil K. Pazhanisamy1, Aimin Meng1,3,
Daohong Zhou1, 1Medical University of South Carolina, Charleston, SC, 2Institute of Hematology, Union Hospital, Tongji Medical
College, Wuhan, China, 3Institute of Radiation Medicine, Chinese
Academy of Medical Sciences, Tianjin, China
Ionizing radiation (IR) and/or chemotherapy cause not only
acute normal tissue injury but also late effects including long-term
bone marrow (BM) suppression. The induction of residual BM
injury is primarily attributable to induction of hematopoietic stem
cell (HSC) senescence. However, neither the molecular mechanisms
by which IR and/or chemotherapy induce HSC senescence have
been clearly defined, nor has an effective treatment been developed
to ameliorate the injury. Therefore, they were investigated in the
present study using a total body irradiation (TBI) mouse model. The
results showed that exposure of mice to 6.5 Gy TBI induced a
persitent increase in ROS production only in HSCs for up to 8
weeks, primarily via up-regulation of NADPH oxidase 4. This

finding provides the foremost direct evidence demonstrating that in
vivo exposure to IR causes persistent oxidative stress selectively in
a specific population of BM hematopoietic cells, e.g. HSCs. The
induction of chronic oxidative stress in HSCs was associated with
sustained increases in oxidative DNA damage and DNA double
strand breaks, inhibition of HSC clonogenic function, and induction
of HSC senescence but not apoptosis. Treatment of the irradiated
mice with N-acetyl-cysteine after TBI significantly attenuated IRinduced inhibition of HSC clonogenic function and reduction of
HSC long-term engraftment after transplantation. These findings
suggest that selective induction of chronic oxidative stress in HSCs
by TBI leads to induction of HSC senescence and residual BM
injury; and antioxidant therapy may be used as an effective strategy
to mitigate IR- and chemotherapy-induced residual BM injury.
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multiplicity-based value. 4) Cervical carcinoma cells, from fresh
surgical samples, produced no colonies from 40,000 cells plated in
tissue culture dishes (Plating Efficiency, PE , 2.5x105). However,
when mixed 5.5% tumor cells, 94.5% fibroblasts, to form HS, some
cells were clonogenic.5) There was at least one clonogen ( 10
divisions, a putative CSC) in 3.7 6 0.6% of small spheroids (88–
105 lm) & 6.7 6 0.6% of large spheroids (105–125 lm), yielding
respective PEs or putative CSC fractions of 0.50 6 0.09% & 0.76
6 0.15%. Conclusions: These PEs are what would be expected as
CSC fractions. We are testing CSC-containing spheroids for tumor
production in NOD/SCID/Cg mice, for CSC content in second
generation HS, measuring CSC survival curves, and following
patient treatment outcomes. This assay provides a test of the CSC
hypothesis and could improve cure rates by letting us tailor cancer
treatments to the sensitivities of each patient’s CSCs.
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(PS3.16) Amelioration of radiation-induced oral mucositis
(mouse) by administration of mesenchymal stem cells. Julia
Haagen, Ruth Noack, Margret Schmidt, Annett Siegemund, Wolfgang Doerr, Radiobiology Laboratory, Med. Faculty, Univ.
Technology Dresden, Dresden, Germany
Oral mucositis is a frequent side effect of radio(chemo)therapy
of head and neck tumors, which often necessitates interruption of
the prescribed treatment. Epithelial erosions develop as a consequence of impaired proliferation of mucosal stem cells and hence a
reduction of the cellular supply to the post-mitotic compartment, in
face of continuing cell loss at the surface. Systemic administration
of bone marrow yielded a significant reduction of mucosal lesions.
The present study was initiated to define the potential of
mesenchymal stem cells (MSC) for amelioration of radiationinduced oral mucositis during daily fractionated irradiation.MSC
were isolated from bone marrow of male C3H/Neu mice. Six
million cells were administered intravenously after cell separation
and washing with PBS/FCS. All transplantation experiments were
performed in female C3H/Neu mice. Radiation-induced mucosal
ulceration was analyzed as a clinically relevant end-point. Daily
fractionated irradiation with Gy/fraction was given over 1 week
(days 0–4) or 3 weeks (days 0–4, 7–11, 14–18). Each protocol was
terminated (day 7/day 21) by graded test doses to generate complete
dose-effect curves. Based on previous bone marrow administration
experiments, MSC were administered on day 1, 2 or 4 during one
week, and on day 8 during 3 weeks of fractionation. For test
irradiation after 1 week of fractionation, the ED50 (dose, at which
ulceration is expected in 50% of the mice) was 7.562.2 Gy. MSC
application on days 1, 2 or 4 resulted in ED50s of 9.960.7 Gy
(p¼0.0109), 11.660.9 Gy (p¼0.0002), and 9.361.7 Gy (p¼0.0804).
For three weeks of irradiation and MSC administration on day 8, an
ED50 of 11.860.7 Gy was found, compared to 7.263.5 Gy in the
control experiment (p¼0.0014). In histological studies, individual
MSC could be identified, but neither transdifferentiation nor clonal
expansion was seen.In conclusion, a significant reduction of oral
mucositis was achieved by MSC administration on days 1, 2 or 8,
and a trend on day 4. The underlying mechanism requires further
investigation. Supported by the EC, contract LSHC-CT-2004503436 (’’FIRST’’). Preparation of MSC was performed in close
cooperation with Laboratoire d’Hématopoı̈èse, Université FrançoisRabelais, Faculté de Médecine, Tours Cedex, France (Prof. Dr.
Pierre Charbord, Dr. Bruno Delorme).

(PS3.17) Genetic dissection of the timing and role of p53 in
radiation-induced late effects. Chang-Lung Lee1, Yongbaek
Kim2, Laura B. Jeffords3, Scott W. Lowe4, David G. Kirsch3,1,
1
Department of Pharmacology and Cancer Biology, Duke University Medical Center, Durham, NC, 2Department of Population
Health and Pathobiology, North Carolina State University, Raleigh,
NC, 3Department of Radiation Oncology, Duke University Medical
Center, Durham, NC, 4Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY
Radiation therapy is one of the most effective forms of cancer
therapies and is used in the care of over half of all patients with
cancer. However, the ability to cure cancer with radiation is
frequently limited by acute toxicity and long-term side effects in
healthy tissues. Therefore, decreasing the acute and late effects of
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radiation therapy should improve the quality of life of cancer
patients and may increase the probability of cure if this approach
increases the amount of radiation that can safely be delivered to a
cancer. Radiation-induced apoptosis is a major cause of acute
radiation toxicity in rapidly dividing tissues and inhibitors of
apoptosis have recently been suggested as one approach to prevent
radiation sickness. The tumor suppressor p53 has been shown to
play a central role in activating the intrinsic pathway of apoptosis
following DNA damage via the BH3-only proteins, PUMA and
Noxa. Permanent deletion of p53 has been reported to prevent acute
radiation toxicity in the hematopoietic system, but accelerates other
complications of radiation, such as acute gastrointestinal injury and
radiation-induced carcinogenesis. By utilizing transgenic mice in
which an shRNA to p53 can be induced temporally in vivo, we have
shown that an anti-p53 shRNA in vivo can reduce the expression
level of p53 and protect thymocytes from radiation-induced
apoptosis. In addition, blocking p53 temporarily in mice when
given a single dose of total body radiation protected them from
death due to the hematopoietic syndrome. We are currently using
this system to determine if short-term inhibition of p53 during
radiation promotes late effects of radiation.

(PS3.18) Influence of track directions on the biological
consequences in cells irradiated with high LET heavy ions.
Takamitsu A. Kato, Akira Fujimori, Ryuichi Okayasu, National
Institute of Radiological Sciences, Chiba, Japan
We investigated the biological effects influenced by the track
directions using high LET heavy charged particles; the end points
studied include cell survival by colony formation and chromosome
aberrations in the first post-irradiation metaphase cells. Attached
synchronized CHO cells in G1 phase were irradiated either from
horizontal or vertical directions to the flasks. High LET iron-ions
accelerated by HIMAC (Initial energy: 500MeV/n and LET:
200keV/lm) delivered the same dose to cells by irradiating from
either directions. The track number analyzed by gamma-H2AX foci
by horizontal irradiation was about 10 times lower than that by
vertical irradiation. However, the number of DSBs produced by a
single heavy particle track is much higher for horizontal irradiation
than for vertical irradiation. The colony formation assay revealed
that horizontal irradiation is less effective in cell killing than vertical
irradiation, and the lower number of chromosome aberrations was
observed after horizontal irradiation than after vertical irradiation.
Detailed chromosome aberration analysis revealed that the number
of dicentrics and ring formations was identical for samples
irradiated from either directions, but slightly but significantly more
interstitial and terminal deletions were observed by vertical
irradiation than by horizontal irradiation. Suspension cells were
also irradiated by the same iron ions and their cell survival level was
intermediate between the level with horizontal and vertical
irradiation of attached cells. These results seem to indicate that
the directions of heavy ion beams have an important role in DNA
repair and cell survival. We hypothesize that vertical irradiation
gives slightly higher biological effects because vertical irradiation
induces more DNA damages in certain chromosome domains when
compared with horizontal irradiation. Our results suggest that the
most common studies with heavy charged particles carried out by
vertical irradiation to monolayer cell cultures may overestimate the
biological responses in 3D tissues in human bodies.

(PS3.19) Fast neutron induction of cH2AX foci and autophagy
in glioblastoma multiforme cells. Linda S. Yasui1, Tom Kroc2,
Christine Andorf3, Arlene Lennox2, 1Northern Illinois University,
DeKalb, IL, 2Fermi National Accelerator Laboratory, Batavia, IL,
3
NIU Institute for Neutron Therapy, Batavia, IL
Previously, we showed that fast neutron irradiation induces
type II cell death or autophagy in glioblastoma multiforme (GBM)
cells. In this study, we investigated the role of the DNA damage
response in fast neutron induced autophagy. The induction of DNA
double strand breaks (dsbs) in U87 (wild type for p53) and U251
(defective in p53) due to 2 Gy fast neutron irradiations versus 2 Gy
c irradiation using a 137Cs irradiator were determined using confocal
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laser scanning microscopy. The number of cH2AX foci per cell
were scored by eye and confirmed by 3D reconstruction using
Image ProPlus software. The average number of cH2AX foci scored
for U87 cells was significantly greater than the number of foci
scored in U251 cells at 15 minutes after fast neutron irradiation.
Even though the number of foci were lower in U251 cells than U87
cells, the size of the foci in U251 cells were considerably larger than
those found in U87 cells. The larger cH2AX foci in fast neutron
irradiated U251 cells suggests an altered molecular processing of
DNA dsbs in the p53 defective cells. Autophagy induction was
confirmed by acridine orange staining of autophagolysosomes. Cell
survival was determined using the clonogenic assay. Fast neutrons
are more effective at killing both the GBM cell lines than c
irradiation. Both cell lines had a RBE of 2.4. Do values for fast
neutron irradiation for U87 and U251 cells were 1.14 and 1.02,
respectively, meaning that the clonogenic responses to fast neutron
irradiation were approximately the same for both U87 and U251
cells. These data suggest even though a difference in size and
number of cH2AX foci exists between U87 and U251 cells, cell
killing by fast neutron irradiation in U87 and U251 cells are about
the same so this aspect of the DNA damage response may not play a
primary role in the decision the cell makes to die. Therefore, after
fast neutron irradiation, the extent or intensity of the early steps in
the DNA damage response, i.e., histone H2AX phosphorylation,
may not differentially impact inhibition of mTOR and ultimate
progression of cells through type II cell death.

(PS3.20) Using spectral karyotping to identify chromosomal
aberrations following both diagnostic radiation exposures and
the induction of an adaptive response oberved at subsequent
high gamma radiation doses. Angelica F. Asis, Douglas R.
Boreham, McMaster University, Hamilton, ON, Canada
Spectral Karyotyping is a cytogenetic assay that is used to
detect complex chromosome aberrations through the identification
of colour junctions, for example at breakpoint regions of
chromosome translocations. Previous studies from our lab have
used SKY to determine the genetic effects of chronic exposure to
low-dose radiation in cancer prone mice. After 67 and 75 weeks of
exposure to gamma rays (dose rate at 0.33 mGy/day, total
accumulated dose of 110 mGy and 120 mGy respectively) there
was no observed significant difference in the level of chromosome
aberrations between bone marrow samples from low dose irradiated
mice versus unirradiated controls. Our focus now is on the
biological effects of low-dose radiation given by diagnostic imaging
modalities such as CT or PET scans. Ongoing studies show that
mice that received a low dose CT-scan (10mGy/scan) through the
McMaster small animal imaging facility are experiencing less
detrimental effects after subsequent exposure to a high challenge
dose (1–2Gy) in comparison to control mice. The induction of what
appears to be an adaptive response is examined by looking at
various endpoints including DNA damage and repair (gammaH2AX foci and micronucleus formation) as well as apoptosis (flow
cytometry).To understand both the adaptive response and the effects
of diagnostic radiation we have exposed mice to the following
treatments: CT scan alone, multiple CT scans, a challenge dose of 2
Gy gamma radiation in vitro alone, or a CT scan followed by a 2 Gy
challenge dose in vitro; we then examined their chromosomes using
SKY. It is expected that there will be a lower frequency of
chromosome aberrations in murine hematopoietic stem cells that
have been exposed to a low-dose CT scan before receiving the
larger dose. Our results show that bone marrow cells are best for
metaphase analysis in female p53 þ/ þ wildtype mice and in our
Trp53 heterozygous mouse strain bred from male B6.129S2Trp53tm1Tyj/1 crossed with 129X1/SvJ female mice. The mitotic
index was 20% in controls and about 10% following a 2 Gy
exposure. We will report on the effects of prior CT and PET scans at
modifying the frequency of chromosome aberrations following a
high challenge dose.

(PS3.21) Cell cycle checkpoint defects contribute to genomic
instability in PTEN deficient cells independent of DNA repair.

P O S T E R
Tej K. Pandita, ARUN GUPTA, Washington University School of
Medicine, St Louis, MO

and a pprI knock-out strain (YR1) under conditions of ionizing
irradiation. Results of two-dimensional electrophoresis and MALDI-TOF MS or MALDI-TOF/TOF MS indicated that in response to
low dose gamma ray exposure 31 proteins were significantly upregulated in the presence of PprI. Among them, RecA and PprA are
well known for their roles in DNA replication and repair. Others are
involved in six different pathways, including stress response, energy
metabolism, transcriptional regulation, signal transduction, protein
turnover, and chaperoning. The last group consists of many proteins
with uncharacterized functions. Expression of an additional four
proteins, most of which act in metabolic pathways, was downregulated in irradiated R1. Additionally phosphorylation of two
proteins was under the control of PprI in response to irradiation. The
different functional roles of representative PprI-regulated genes in
extreme radioresistance were validated by gene knock-out analysis.
These results suggest a role, either directly or indirectly, for PprI as
a general switch to efficiently enhance the DNA repair capability
and extreme radioresistance of D. radiodurans via regulation of a
series of pathways.
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Chromosomes in PTEN deficient cells display both numerical
as well as structural alterations including regional amplification. We
found that PTEN deficient cells displayed a normal DNA damage
response (DDR) as evidenced by the ionizing radiation (IR)-induced
phosphorylation of Ataxia Telangiectasia Mutated (ATM) as well as
its effectors. PTEN deficient cells also had no defect in Rad51
expression or DNA damage repair kinetics post irradiation. In
contrast, caffeine treatment specifically increased IR-induced
chromosome aberrations and mitotic index only in cells with
PTEN, and not in cells deficient for PTEN, suggesting that their
checkpoints were defective. Furthermore, PTEN-deficient cells
were unable to maintain active spindle checkpoint after taxol
treatment. Genomic instability in PTEN deficient cells could not be
attributed to lack of PTEN at centromeres, since no interaction was
detected between centromeric DNA and PTEN in wild type cells.
These results indicate that PTEN deficiency alters multiple cell
cycle checkpoints possibly leaving less time for DNA damage repair
and/or chromosome segregation as evidenced by the increased
structural as well as numerical alterations seen in PTEN deficient
cells.
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(PS3.24) Characterizing the molecular interaction between

(PS3.22) A mutation in zebrafish cdc25a induces a G2/M DNA
damage checkpoint response. Daniel Verduzco, James F.
Amatruda, UT Southwestern Medical Center at Dallas, Dallas, TX
A central characteristic of cancer is the loss of cell cycle
checkpoints, which prevent cell cycle progression in the event of
DNA damage. We are using the zebrafish cdc25a mutant, standstill
(sds ; cdc25a/-), as a model to understand the role of checkpoints in
development and disease. Although the function of cdc25 at G2/M
is well characterized, other possible functions of cdc25 are less
understood.cdc25a is a phosphatase that mediates the G2/M
transition. Consistent with this function of cdc25a, we find that
cdc25a/- mutants accumulate cells in the G2 phase of the cell cycle.
Surprisingly, compounds that inhibit the G2/M DNA damage
checkpoint can rescue the G2/M accumulation. This finding
suggests that cdc25a/- mutants have activated the checkpoint,
and further suggests that other proteins may regulate the G2/M
transition in the absence of cdc25a. In our search for candidate
genes with function overlapping of cdc25a, we characterized
cdc25d, the only other zebrafish cdc25. In performing doubleknockdown experiments, we discover that embryos lacking both
cdc25s are unable to progress into mitosis even in the presence of
G2/M checkpoint inhibitors.To further characterize the DNA
damage response in cdc25a/- embryos, we developed a novel
zebrafish-specific anti-phospho-histone H2AX (c-H2AX) antibody.
Using this c-H2AX antibody, we detect DNA damage foci in
cdc25a/- embryos in the absence of genotoxic agents. Theses cH2AX foci appear in the absence of DNA damage, as evidenced
through COMET assays.In summary, our data suggests that loss of
cdc25a in zebrafish leads to an improper activation of the G2/M
checkpoint and cell cycle arrest, which implicates cdc25a in the
regulation of ATM. Our future goals are to determine the extent of
conservation of this role in mammalian cells. This study will help
establish novel roles in development and disease for cdc25, a longknown key player in cancer.

(PS3.23) Deinococcus radiodurans PprI Switches on DNA
Damage Response and Cellular Survival Networks after
Radiation Damage. Huiming Lu1, Guanjun Gao1, Guangzhi Zu1,
Lu Fan1, Longfei Yin1, Binghui Shen2, Yuejin Hua1, 1Zhejiang
University, Hangzhou, China, 2City of Hope National Medical
Center and Beckman Research Institute, Duarte, CA
Preliminary findings indicate that PprI is a regulatory protein
that stimulates transcription and translation of recA and other DNA
repair genes in response to DNA damage in the extremely
radioresistant bacterium Deinococcus radiodurans. To define the
repertoire of proteins regulated by PprI and investigate the in vivo
regulatory mechanism of PprI in response to radiation, we
performed comparative proteomics analyses on wild type (R1)

the repair protein DNA-PKcs and the telomeric PARP family
tankyrase1 in maintaining genomic stability. Ryan C. Dregalla,
Junqing Zhou, Rupa Idate, Kristin Askin, Howard Liber, Susan
Bailey, Colorado State University, Fort Collins, CO
Exposure of astronauts to ionizing radiation (IR) of both high
and low linear energy transfer (LET) in interplanetary space is of
critical concern during space travel due to the induction of severe
DNA damage. Cosmic IR is largely composed of high-charge-andenergy-particles (HZE), protons, beta particles, gamma and X-rays.
The induction of double-stranded breaks (DSBs) via IR exposure
threatens cells with high carcinogenic potential if processed
inaccurately by DNA-repair pathways such as Non-Homologous
End Joining (NHEJ). Increasing IR dose correlates with increasing
DSBs, presenting a major problem during space exploration where
IR dose is uncontrollable. The long term impact of cosmic IR
exposure on biochemical mechanisms is poorly understood;
therefore, markers for carcinogenic progression are not well
characterized. Better understanding of the underlying mechanisms
stands to provide valuable biomarkers for disease progression and
genetic screening for susceptible individuals.Maintaining genomic
stability requires not only the accurate repair of induced DNA
damage, but the preservation and stabilization of chromosomal ends
in a ‘‘capped’’ telomere formation as well. Disruption of telomeric
DNA:protein complexes results in ‘‘uncapped’’ telomeres at
chromosome ends, indistinguishable from DSBs and targeted for
processing via NHEJ. Inappropriate repair leads to telomere-based
fusions resulting in complex chromosome aberrations, a hallmark of
neoplasia.Recent experimental results from our laboratories suggest
an interaction between intracellular protein levels of the telomereassociated tankyrase1 and DNA-PKcs (DNA dependent protein
kinase catalytic subunit) of NHEJ; siRNA knockdown of tankyrase1, a member of the Poly-ADP-Ribosylating Polymerase
(PARP) enzyme family, was paired with rapid depletion of DNAPKcs protein levels at 18 hours and increased radiation-induced cell
killing and mutagenesis. This interaction may parallel the
mechanism of PARP1 in the up-regulation of DNA-PKcs kinase
activity via poly-ADP ribosylation in vitro. Furthermore, DNAPKcs is critical in the accurate formation of ‘‘capped’’ telomeres.
Here we begin to characterize the mechanics of the DNA-PKcs /
tankyrase1 interaction and investigate the impact of this complex in
preserving genomic integrity.

(PS3.25) DNA double-strand break dynamics on radiation
tracks in the context of chromatin. Gisela Taucher-Scholz, Joern
Splinter, Burkhard Jakob, Frank Tobias, Nicole Averbeck, Barbara
Meyer, Marco Durante, GSI Biophysics, Darmstadt, Germany
Analysis of heavy ion track morphology was used to study the
spatiotemporal dynamics of ionizing radiation-induced foci during
lesion processing. The immunodetection of phosphorylated H2AX
at double-strand breaks (DSB) and RPA or XRCC1 microfoci were
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applied. We observed a cell type-dependent but restricted mobility
of damaged chromatin, independent of lesion density and
irradiation.Localized ion exposure provides the opportunity of well
defined lesions and dosimetry. However at high lesion densities the
spatially defined damaged domains did not reflect DSB numbers,
but indicated chromatin structure and/or remodeling as the basis for
the pattern of damage response. In addition the signals of the repair
proteins were not detected at peaks of chromatin staining, but often
adjacent to the DNA maxima. Therefore we analyzed tracks of ioninduced damage across cell nuclei in mouse embryonic fibroblast
cells 1h after ion irradiation to compare the response in euchromatic
and highly compacted heterochromatic (HC) regions of chromatin.
We found most of the gamma-H2AX streaks (54%) bending around
the HC compartments, while about 25% were interrupted by the
HC. Only few weaker gamma-H2AX signals could be observed
within the HC. The time dependency of gamma-H2AX streaks was
analyzed at 4h post ion impact. The probability to observe a
gamma-H2AX streak bending around HC increased significantly
with time, and also the fraction of mainly HC-associated streaks
increased 1.6-fold, suggesting a slower repair of ion-induced
damage within HC. Aimed microbeam irradiation of HC compartments showed an early accessibility of HC to repair proteins and
indicated a reduced DNA staining at the hit sites, possibly related to
a local decondensation of chromatin. Ion-induced histone aceytlation and chromatin decondensation based on nuclease accessibility
are further being studied to elucidate the role of these processes as
early steps in the damage response.

(PS3.26) The non homologous end-joining (NHEJ) pathway is
dispensable for the functional recovery of hematopoietic stem
cells and progenitor cells after ionizing radiation injury. Ningfei
An, Senthil K. Pazhanisamy, Daohong Zhou, Medical University of
South Carolina, Charleston, SC
Bone marrow hematopoietic stem cells (HSCs) and hematopoietic progenitor cells (HPCs) are crucial to maintain lifelong
homeostasis. Cancer treatment by chemotherapy or radiotherapy
suppresses hematopoietic function via induction of DNA doublestrand breaks (DSBs) in HSCs and HPCs, which is one of the major
side effects to cancer patients. DSBs can be repaired by the errorfree homologous recombination (HR) and error-prone non homologous end-joining (NHEJ) pathways. However, how HSCs and
HPCs repairing DSBs has not been studies and therefore, was
investigated in the present study using ionizing radiation (IR) and a
mouse model. The repair of DSBs was analyzed by gamma-H2AX
immunofluorescent microscopy and confirmed by the comet assay.
The results showed that HPCs were highly proficient in repair of IRinduced DSBs. In addition, HPCs repairing IR-induced DSBs
appears mainly via NHEJ because the repair can be inhibited by
NU7026 (a specific DNA-PK inhibitor). In contrast, HSCs,
particularly these in quiescence (G0 phase), are deficient in repair
of DSBs. Interestingly, although HPCs can efficiently repair DSBs
via NHEJ, they exhibited higher sensitivity to IR-induced
suppression of clonogenic function determined by the week two
cobble stone area-forming cell (CAFC) assay than that of HSCs
assayed by the week five CAFC. In addition, inhibition of DNA-PK
by NU7026 only slightly potentiated IR-induced suppression of
HPC clonogenic function but had no significant effect on that of
HSCs. These findings suggest that the repair of DSBs by NHEJ is
dispensable for the functional recovery of hematopoietic stem cells
and progenitor cells after ionizing radiation injury. Therefore,
inhibitors of DNA-PK have the potential to be used as sensitizers to
enhance IR- and chemotherapy-induced tumor cell killing while
having a limited effect on HSCs and HPCs.

(PS3.27) A novel role of FANCD2 in mediating cellular
resistance to topoisomerase II poisons. Henning Willers1, Li Li1,
Loreen Fournier1, Kerstin Borgmann2, Jochen Dahm-Daphi2, Lisa
A. Kachnic1, 1Massachusetts General Hospital, Boston, MA,
2
University of Hamburg, Hamburg, Germany
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Cells derived from individuals with Fanconi Anemia (FA)
display a profound hypersensitivity to interstrand crosslinks. Since
defects in the FA pathway have been detected in a variety of
cancers, it is important to define additional types of DNA damage
that FA cells may be sensitive to. Here, we asked whether the FA
pathway mediates cellular resistance to the DNA topoisomerase
(topo) II poison etoposide, which is commonly given in lung cancer.
FANCD2-mutant (mut) PD20 fibroblasts were several-fold more
sensitive to etoposide than cells complemented with wild-type (wt)
FANCD2. We confirmed this observation by knocking down
FANCD2 in PD220 and MCF-7 cells, also causing etoposide
hypersensitivity. In addition, FANCD2-mut cells were hypersensitive to the topo II poison doxorubicin. In contrast, FANCA-mut
PD220 cells displayed the same clonogenic survival in response to
etoposide as cells expressing FANCA-wt, suggesting that FANCA
and FANCD2 do not function exclusively in a linear pathway.
Consistent with this idea, PD20 cells expressing a mutant of
FANCD2 (K561R), which is resistant to mono-ubiquitination by the
FANCA-containing FA core complex, exhibited a higher survival
after etoposide than FANCD2-mut PD20 cells. Analysis of
chromosomal aberrations and gamma-H2AX foci revealed more
etoposide-induced double-strand breaks (DSB) in FANCD2-mut
than in FANCD2-wt cells, suggesting an underlying repair defect.
However, no gross defect in homologous recombination or nonhomologous end-joining was detected using Rad51 foci or plasmid
substrates, respectively. Interestingly, etoposide caused increased
levels of radial chromosomes in FANCD2-mut cells, similar to the
effects of mitomycin C, yet radial formation was not increased in
FANCA-mut cells. In conclusion, we report here a previously
unrecognized role of FANCD2 in mediating resistance to etoposide
and doxorubicin in several cell lines. Our data reveal functional
heterogeneity in the FA pathway, suggesting that FANCD2 protects
replication forks from topo II associated DSB independently of
upstream FA pathway components. Thus, it will be important to
probe cancers specifically for FANCD2 defects in order to guide the
selection of patients for treatments with etoposide or doxorubicin.
Supported by grants from Susan G. Komen for the Cure to HW and
LAK.

(PS3.28) Mrad9B is important for the cellular response to
DNA damage and essential for embryogenesis. Corinne Leloup1,
Xiang Yuan Wang2, Kevin M. Hopkins1, Aiping Zhu1, Debra J.
Wolgemuth2, Howard B. Lieberman1, 1Center for Radiological
Research, College of Physicians and Surgeons, Columbia University, New York, NY, 2Department of Genetics & Development, and
Obstetrics & Gynecology and The Institute for Human Nutrition,
Columbia University, New York, NY
Mrad9B is a paralogue of the DNA damage response gene
Mrad9, which has been shown to be essential for embryonic
development. To determine whether Mrad9B is also involved in the
DNA damage response and potentially other essential functions, we
generated Mrad9B/- knockout mouse embryonic stem (ES) cells.
We found that Mrad9B/- ES cells are sensitive to gamma rays but
this is not due to a malfunctioning G2/M checkpoint. Mrad9B/- ES
cells are also sensitive to UVC irradiation and mitomycin C
exposure. Despite Mrad9B contributing to the cellular response to
DNA damage, Mrad9B/- ES cells do not display abnormally high
frequencies of chromosomal damage or point mutation. To
determine whether Mrad9B is important for embryonic development, we also generated Mrad9B knockout mice using the
engineered ES cells. We found that Mrad9B null is embryonic
lethal at days E8.5-E9.5, indicating that Mrad9B is essential for
embryogenesis. It appears that a reduced number of expected
Mrad9B heterozygote pups derived from Mrad9B het intercrosses
survive to become newborn pups. Analysis of the offspring from
timed matings of Mrad9Bþ/- mice revealed that some of the
heterozygous embryos grow more slowly than WT controls or
display abnormal gross morphology. In some cases, Mrad9Bþ/embryos exhibit a failed neural tube closure at E9.5 and E10.5. We
show here that Mrad9B mRNA is expressed in the neural ectoderm,
in the headfolds and in the amnion of E7.5 mouse embryos, and in
the brain of E8.5 and E9.5 mice. Taken together these data indicate
that Mrad9B has a role in brain formation during embryogenesis, as
well as in the response of cells to certain types of DNA damage.
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Metnase is a human protein that contains a protein methylase
(SET) and a nuclease (Mariner transposase) domain. It is expressed
in most human tissues, with highest levels in proliferating tissues.
Metnase interacts with DNA ligase IV and promotes both nonhomologous end joining (NHEJ) of DNA double-strand breaks and
plasmid/viral DNA integration. Metnase also interacts with
topoisomerase IIa, and promotes chromosome decatenation and
cellular resistance to topoisomerase inhibitors used in cancer
therapy. We showed previously that shRNA knockdown of Metnase
confers mild sensitivity to ionizing radiation, but the precise roles of
Metnase in cellular stress responses remain unclear. We examined
the effects of Metnase knockdown on cell sensitivity to three
replication stress agents. Metnase knockdown sensitized human
HT1080 and HEK293 cells to hydroxyurea, which depletes
nucleotide pools, the topoisomerase I inhibitor camptothecin, and
UV-B, each of which causes replication fork stalling and collapse,
producing one-ended DSBs. Defects in the NHEJ protein DNAPKcs were shown by the Helleday lab to sensitize cells to
replication stress, but it is not clear whether this reflects a direct
NHEJ role or an indirect (signaling) role. To test whether Metnase
contributes to replication fork restart after stress, we tested the
effects of Metnase under- and overexpression in a variety of assays.
Metnase knockdown in HEK293 cells slows growth and reduces
bromo-deoxyuridine incorporation, and Metnase overexpression
enhances the growth of HEK293T cells. Metnase interacts with
proliferating cell nuclear antigen in a DNA- and DNA damageindependent fashion. After exposure to hydroxyurea, c-H2AX foci
(reflecting DSBs) were resolved more slowly in Metnase knockdown cells. Positive supercoils accumulate in front of replication
forks and the Osheroff lab showed that Topo IIa relaxes positive
supercoils. We found that Metnase promotes Topo IIa-dependent
relaxation of positive supercoils. We also show by DNA fiber
analysis that replication fork restart after hydroxyurea is markedly
reduced in Metnase knockdown cells. Together, these results
demonstrate that Metnase is physically present at replication forks,
and that it plays an important role in restarting stalled or collapsed
replication forks.

(PS3.30) Processing of O6MEG lesions by the mismatch repair
system may represent a novel mechanism for low-dose
radiation hypersensitivity. Lynn Martin1, Brian Marples2, Mary
Coffey3, Mark Lawler1, Donal Hollywood1, Laure Marignol1,
1
Department of Haematology and Academic Unit of Clinical and
Molecular Oncology, St. James’s Hospital and Trinity College
Dublin, Dublin, Ireland, 2Department of Radiation Oncology,
William Beaumont Hospital, 3811 W. Thirteen Mile Road, Royal
Oak, Michigan, 4, MI, 3Division of Radiation Therapy, Trinity
College Dublin, Dublin, Ireland
Introduction: The increased use of low doses of radiation in
modern radiotherapy techniques has heightened the need to
understand cellular responses to low-dose ionizing radiation. Many
tumour cell lines have been observed to exhibit a hypersensitivity to
radiation doses ,0.5 Gy, which manifests as a significant deviation
from the clonogenic survival response predicted by a linearquadratic fit to higher doses. However, while a number of molecular
repair pathways have been implicated, the underlying processes for
this phenomenon remain unclear. Methods and Results: Using highprecision clonogenic assays to determine cell survival postirradiation, we examined the response of normal (PWR1E,
RWPE1), and malignant (22RV1, DU145, PC3) prostate cell lines
exposed to radiation doses from 0 to 1 Gy delivered at 0.75 Gy/min.
The PC3 and PWR1E cells showed marked hypersensitivity at
doses ,0.5 Gy. To further characterize the low-dose hypersensitivity, we examined the influence of mismatch repair (MMR)
proteins and the DNA repair enzyme methylguanine methyltransferase (MGMT). Using western-blotting we observed that MMR

and MGMT protein expression mirrored the survival response for
the cell lines. When HRS þ T98G, and HRS- U87-MG, U373
glioma cell lines were examined for similar patterns, this was also
found to be the case. The low-dose hypersensitivity in PC3 cells
was not eliminated by treating the cells with O6-benzylguanine, an
inhibitor of MGMT. Discussion: Our data therefore suggest that
low-dose hypersensitivity is associated with MMR proficiency. Our
working hypothesis is that O6-Methylguanine lesions may be the
primary critical DNA damage induced by low doses of radiation.
Work is ongoing to investigate the specific involvement of
mismatch repair proteins MSH2 and MLH1.
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(PS3.29) Metnase promotes restart of stalled or collapsed
DNA replication forks. Leyma De Haro1, Justin Wray2, Elizabeth
Williamson2, Lori K. Corwin2, Stephen Durant1, Robert Hromas2,
Jac A. Nickoloff3, 1Molecular Genetics and Microbiology University of New Mexico, Albuquerque, NM, 2Department of
Medicine and Cancer Center - University of New Mexico,
Albuquerque, NM, 3Environmental and Radiological Health
Sciences, Ft. Collins, CO
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(PS3.31) Responses of human lung epithelial and V79 cells
after proton irradiation within bragg curve. Xian Luo-Owen,
Melba L. Andres, Gordon P. Harding, Michael F. Moyers, James M.
Slater, Daila S. Gridley, Loma Linda University & Medical Center,
Loma Linda, CA
The tolerance of normal tissues continues to be an impediment
to optimal use of radiation for cancer. Proton radiotherapy allows
excellent dose distribution, thereby giving this form of radiation an
advantage over photons when the target is located within or next to
critical structures such as the lungs. However, the biological effects
of protons in normal cells residing at various distances from the
proton source, i.e. within the Bragg curve and immediately distal to
the peak, have not yet been quantified in detail. A major goal of our
on-going studies is to characterize changes in specific organelles
using a uniquely designed proton-OptiCellTM technology. Here we
present, for the first time, some of our initial findings. Normal
human lung epithelial cells (NHLE) and Chinese hamster lung
fibroblasts (V79–4) were irradiated (0 and 4 Gy at Bragg peak) in
OptiCellTM plates containing appropriately enriched media (;1 3
106 cells/10 ml/plate) at 40 different depths within a 378C water
phantom. Proton energy was 223 MeV at phantom entry. By using
this proton-OptiCellTM design, the whole dose-depth curve of the
proton beam, as well as several plates with cells after the peak, was
included. NHLE cells were harvested post-irradiation, dispensed
into 96-well plates and analyzed after 48 h incubation at 378C for
cell membrane function (trypan blue exclusion). NHLE cells were
also frozen in liquid nitrogen immediately after irradiation and
analyzed for expression of 84 genes for DNA damage signaling
pathway using quantitative RT-PCR (PAHS-029 array). V79–4
cells were harvested, dispensed into 10 ml petri dishes and
incubated at 378C for 7 days for clonogenic survival. For NHLE
cell membrane function and V79–4 cell survival analyses, the
greatest effect consistently occurred at the Bragg peak. Expression
of genes involved in DNA damage signaling was highly dependent
upon cell location; a total of 11 genes were significantly upregulated and 14 were down-regulated (P,0.05). Genes affected in
the region of the Bragg peak were: BTG2, GADD45A and SESN1
(up-regulated) and XRCC6BP1 (down-regulated). Additional assays
are in progress using the proton-OptiCellTM set-up.

(PS3.32) Biological effects of single and repeated diagnostic
CT scans. Nghi Phan, Douglas R. Boreham, McMaster University,
Hamilton, ON, Canada
This research is focused on assessing the biological responses
associated with diagnostic CT X-rays in mice. The endpoints used
were: micronucleated reticulocyte (MNRet) formation, cH2AX foci
and apoptosis levels. Mice were given CT scans either once or on a
repeated basis and then challenged with a large dose of cradiation.The first series of experiments investigated the acute
effects associated with a single CT scan (20mGy). A single CT scan
was given to female Trp53 þ/ þ and Trp53 þ/- mice at 7–8 weeks of
age. MNRet levels were measured 43 hours after the radiation
exposure using a flow cytometry-based kit developed by Litron
Laboratories. It was found that MNRet levels were significantly
elevated in the single CT scan group relative to controls (p¼0.006).
However, the cH2AX foci formation endpoint was not able to
detect differences between controls and a single CT. There was no
difference in cH2AX formation between Trp53 þ/ þ and Trp53 þ/mice when given doses ranging between 0 Gy and 4 Gy (p¼.923).
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Therefore, p53 heterozygosity does not seem to play a role in foci
formation in these mice.A second series of experiments studied the
effects of repeated CT scans. 17-week-old male C57BL/6 mice were
given food and water ad libitum during the 10 weeks preceding
irradiation/harvesting. Mice received single CT scans (20mGy)
twice a week for 10 wks (total dose 400 mGy). It was found that
repeated acute 20mGy CT X-rays over 10 weeks induced a
significant reduction in MNRet levels (p¼0.018) relative to controls.
Also, after a 1 Gy challenge dose of c-radiation, the mice that had
been given repeated CT scans showed a reduction in MNRet levels
compared to non-CT scanned mice (p¼0.093). Mice receiving 10
weeks of repeated CT scans showed significant decreases in
cH2AX foci formation following an in vitro challenge dose of 1 Gy
(p¼0.012) and 2 Gy (p¼0.021) compared to the control group. When
measuring apoptosis via Caspase 3 and 7 activation, it was found
that apoptosis levels were significantly lower in mice that had
received repeated CT scans (p,0.01) relative to controls. Following
a high 2 Gy challenge dose (p¼0.034) there was significantly less
apoptosis in mice that had received CT scans prior to the challenge
compared to those that received only the challenge dose. Overall,
repeated scans seem to confer resistance to larger doses in mice.

(Zheng et al, Phys. Rev. Lett. 2008, 100, 19801). The mechanism
may, at least partially, explain the efficiency of concomitant
cisplatin-radiation therapy. However, since the presence of salt in
cells plays an important role in the stabilization of the molecular
structure of DNA, further experiments were performed to elucidate
the role of the salt concentration in this enhancement. Plasmid DNA
films with and without cisplatin were prepared with different salt
concentrations and bombarded with electrons of 1, 10, 100 and
60,000 eV under vacuum. The amount of buffer TE (Tris-HCl and
EDTA) in the film was varied within the range of cellular
conditions, i.e., from ratio of 12:1 of salt to DNA base to below
2:1. The damage to the 3197 base-pair plasmid was analyzed ex
vacuo by agarose gel electrophoresis. At all characteristic electron
energies, single and double strand breaks were found to be highest
for DNA with the lowest salt concentration. The enhancement
factors (i.e., the damage with cisplatin divided by that without
cisplatin), for binding of 2 and 8 cisplatin molecules to DNA,
ranged from 1.4 to 3.6 and 1.9 to 4.3, respectively, according to
electron energy. The highest values were reached around 10 eV and
100 eV for single and double strand breaks, respectively. The results
show that the presence of salt around DNA protects the molecule
from the radiation damage, but only to certain extent.

(PS3.33) Autophagy as a determinant of the therapeutic
response in prostate cancer tumor cells. Alex Almasan, Kamini
Singh, Cleveland Clinic, Cleveland, OH
Cell death and survival signaling plays an important role in the
response to irradiation (IR) and antitumor chemotherapy. IR and
other apoptotic insults, such as the Apo2 ligand/tumor necrosis
factor-related apoptosis-inducing ligand (Apo2L/TRAIL), are used
as prostate cancer therapeutics, however cellular resistance may
hinder their effectiveness. We are interested in trying to delineate
the mechanism of cell death/resistance to these therapeutics in
prostate cancer cells. PC3 cells were more sensitive to Apo2L/
TRAIL-mediated cell death as compared to LNCaP-derived C4–2.
The cell death observed showed both apoptotic as well as nonapoptotic characteristics, raising the possibility that apart from
classical apoptosis autophagy might also contribute to cytotoxicity.
Following Apo2L/TRAIL treatment of PC3 cells, microtubuleassociated protein 1 light chain LC3 (ATG8), a classical marker for
autophagy was recruited into autophagosomes and underwent
autolysosomal degradation following its cleavage and lipid
modification. In contrast, LC3 failed to associate with the
autophagosomes in C4–2 cells. Irradiation also resulted in increased
LC3-PE (phosphatidylethanolamine) in PC3 cells whereas in C4–2
LC3 was predominantly unmodified. ATG7 levels were lower in
C4–2 in comparison to PC3 cells. ATG5–12 conjugation was
consistent in PC3 while it decreased in C4–2 cells following IR,
again suggesting that LC3 lipidation is defective in C4–2 cells.
Preliminary data also indicated that the levels of ATG16, which is
associated with the ATG5–12 multimeric complex and ATG4A,
which is required for delipidation of LC3, are different between
various prostate cancer cell lines. Moreover, apoptotic PARP1
cleavage was observed following Apo2L/TRAIL treatment in PC3,
but not in C4–2 cells. These results suggest that in TRAIL and IRsensitive PC3 both autophagy and apoptosis pathways contribute to
effective cell death, whereas defects in autophagic response might
facilitate development of resistance against TRAIL or IR treatment
in C4–2 cells. Further studies of the expression and function of
these core autophagic genes will help to understand the role of
autophagy in mediating cell death or cell survival outcomes in a cell
context dependent manner, which may lead to the design of better
therapies for prostate cancer.

(PS3.34) The effect of salt concentration on cisplatin-enhanced
DNA damage induced by high and low energy electrons. Yi
Zheng1, Leon Sanche2, 1Research Institute of Photocatalysis,
Fuzhou University, Fuzhou, China, 2Dept. of Nuclear Medicine &
Radiobiology, University of Sherbrooke, Sherbrooke, QC, Canada
It was recently found that in the presence of cisplatin, radiation
damage to DNA is considerably enhanced owing to an increase in
bond dissociation triggered by the formation of transient anions
96

(PS3.35) Towards a computer model of cell nucleus - a tool for
the investigation of radiation induced DNA damage by ionizing
radiations. Hooshang Nikjoo, Peter Girard, Karolinska Institutet,
Stockholm, Sweden
DNA damage in the form of single & double strand breaks,
base damage, chromosomal aberrations where segments of chromosomes are rearranged and mutations arising from deletion and
misrepair are universal consequences of exposure to ionizing
radiations. Biophysical calculations of DNA damage require a
description of the target. Over the past three decades various
geometrical forms of varying complexity and sophistication have
been used in biophysical calculations. These include cylinders
representing simple linear segments of DNA to very complex
structures of nucleosome, chromatin fibre, DNA loops and
chromosomal domains. This work, for the first time, presents a
more complete organization of DNA in mammalian cells. The model
was used to obtain frequencies of strand breaks and deletions when
the cell nucleus was exposed to radiations of low and high LET. The
model takes into account that the 23 pairs of chromosomes fit into a
sphere of 10 lm diameter representing the nucleus. The chromosomes were modelled in distinct domains totalling 92 arms. The
physical size of the DNA in each arm was estimated from Morton’s
1991 data, assuming the volume of a domain to be proportional to the
amount of the genetic material of the chromosome. In the model,
loops of 30nm chromatin fibres are attached to factories. The lengths
of loops are variable between 7.5 to 175 kbp with a mean of 86kbp.
The factories are modelled as spheres of radius 25nm. The number of
loops per factory is in the region of 10–20 and the number of
factories can be as high as 200 or more. The spherical region
occupied by the fibre around a factory is called a ‘cloud’. We have
used this model to study DNA damage to specific genes when the
nucleus was exposed to a specific dose of radiation.

(PS3.36) Sensitization of hypoxic cells to ionizing radiation by
inhibiting DNA double strand break repair. Kirstin E. Lindquist1, Robyn P. Seipp2, Alastair H. Kyle1, Misa Noda1, Melissa L.
Woodward1, Andrew I. Minchinton1, 1BC Cancer Research Centre,
Vancouver, BC, Canada, 2Centre for Drug Research and Development, Vancouver, BC, Canada
Hypoxic cells are relatively resistant to the damaging effects
of radiation, requiring doses up to three times greater than well
oxygenated cells for equal cell killing. The most lethal lesion caused
by ionizing radiation is the DNA double strand break (DSB) and the
role of DNA-PK in repairing these lesions is becoming increasingly
appreciated. Attempts have been made to target and inhibit DNAPK and ATM using both natural products and small molecules.
These compounds have been shown to potentiate the effects of
radiation in oxygenated cells, but their effects on hypoxic cells have
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(PS3.37) Deinococcus radiodurans PprI Switches on DNA
Damage Response and Cellular Survival Networks after
Radiation Damage. Yuejin Hua1, Huiming Lu1, Guanjun Gao1,
Guangzhi Xu1, Binghui Shen2, 1Institute of Nuclear-Agricultural
Sci, Hangzhou, China, 2Department of Radiation, City of Hope,
Duarte, CA
Preliminary findings indicate that PprI is a regulatory protein
that stimulates transcription and translation of recA and other DNA
repair genes in response to DNA damage in the extremely
radioresistant bacterium Deinococcus radiodurans. To define the
repertoire of proteins regulated by PprI and investigate the in vivo
regulatory mechanism of PprI in response to gamma radiation, we
performed comparative proteomics analyses on wild type (R1) and a
pprI knock-out strain (YR1) under conditions of ionizing irradiation. Results of two-dimensional electrophoresis and MALDI-TOF
MS or MALDI-TOF/TOF MS indicated that in response to low dose
gamma ray exposure 31 proteins were significantly up-regulated in
the presence of PprI. Among them, RecA and PprA are well known
for their roles in DNA replication and repair. Others are involved in
six different pathways, including stress response, energy metabolism, transcriptional regulation, signal transduction, protein turnover, and chaperoning. The last group consists of many proteins
with uncharacterized functions. Expression of an additional four
proteins, most of which act in metabolic pathways, was downregulated in irradiated R1. Additionally phosphorylation of two
proteins was under the control of PprI in response to irradiation. The
different functional roles of representative PprI-regulated genes in
extreme radioresistance were validated by gene knock-out analysis.
These results suggest a role, either directly or indirectly, for PprI as
a general switch to efficiently enhance the DNA repair capability
and extreme radioresistance of D. radiodurans via regulation of a
series of pathways.

(PS3.38) DNA repair deficits and radiosensitivity associated
with somatic activating mutations of EGFR in non small cell
lung carcinoma. Keqin Ren Ren, Jaeho Cho, Amit K. Das,
Benjamin P. Chen, John D. Minna, David J. Chen, Chaitanya S.
Nirodi, UT Southwestern Medical Center, Dallas, TX
Somatic, activating mutations in the epidermal growth factor
receptor (EGFR) have been clinically linked to dramatic tumor
sensitivity to EGFR tyrosine kinase inhibitors, gefitinib and
erlotinib in patients with non small cell lung carcinoma (NSCLC).
These mutations frequently manifest as a DE746-E750 deletion in
the 19th exon or a L858R replacement in the 21st exon in the

tyrosine kinase domain (TKD) of EGFR. The TKD-mutated EGFRs
exhibit elevated basal tyrosine kinase activity as well as enhanced
signaling through the MAPK/ERK, PI3K/AKT and STAT3/STAT5
pathways. These pathways have been traditionally linked to tumor
resistance to ionizing radiation (IR). Paradoxically however,
evidence from our laboratory has shown that patient-derived
NSCLC cell lines harboring DE746-E750 or L858R EGFR
mutations exhibit a pronounced radiosensitive phenotype. Here
we present multiple lines of evidence that support a model for
mutant EGFR associated radiosensitivity. In its simplest form, the
model suggests that wild type EGFR modulates the repair of IRinduced DNA damage by translocating to the nucleus in response to
IR and forming productive interactions with the catalytic (DNAPKcs) and regulatory (Ku70/Ku80) subunits of the DNA-Dependent
Protein Kinase, a key enzyme of the non-homologous end-joining
(NHEJ) pathway. By contrast, mutant EGFR associated radiosensitivity is uniquely characterized by marked deficits in IR-induced
EGFR nuclear transport, EGFR-DNA-Pkcs interaction, DNA-PKcs
T2609 phosphorylation, DNA repair and clonogenic survival. We
further demonstrate that (1) EGFR-mediated repair of IR-induced
DNA damage is ligand-independent (2) the TKD of EGFR
modulates IR-induced, but DNA-PKcs-independent EGFR nuclear
import (3) EGFR-DNA-Pkcs interactions require a functional,
catalytically active DNA-PKcs (4) IR induces the DNA-PKcsdependent phosphorylation of EGFR at serine and threonine
residues which are critically important for DSB repair and
clonogenic survival The data underscore the physiological relevance
of EGFR-mediated repair of IR-induced DNA damage and elucidate
mechanisms underlying radiosensitivity associated with TKDmutated EGFRs that do not exhibit these interactions.
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not yet been characterized. We show in both mouse and human
cells, that inhibition of DNA-PK increases the radiosensitivity of
hypoxic cells.We performed clonogenic survival assays with
CB.17DNA-PKcs w/t and SCID/st DNA-PKcs null cells irradiated
following equilibration to air or hypoxia. The surviving fraction of
CB.17 cells was increased when radiation was administered under
hypoxic conditions similarly in both CB.17 (OER 2.6) and SCID/st
cells(OER 2.4).To assess the ability of chemical inhibition of DNAPK to radiosensitize hypoxic cells, cell viability was assessed using
resazurin reduction assay in CB.17 and HeLa human cervical
carcinoma cells. Cells were pre-treated with a DNA-PK inhibitor for
1h before irradiation under 0.2%O2 or air conditions. In each case,
inhibition of DSB repair sensitized both hypoxic and oxic cells to
radiation independent of radiation dose.Using flow cytometric
analysis of cH2AX, we observed that DNA-PK inhibition results in
higher residual cH2AX levels 24h after irradiation relative to
vehicle controls. This effect was dependent on the dose of radiation,
the pO2 and the inhibitor dose used for treatment. As expected due
to the radioresistant nature of hypoxic cells, we observed that
hypoxic cells expressed lower cH2AX both 1h and 24h following
irradiation as compared to oxygenated cells treated with equal
radiation and inhibitor doses.Our data indicates that inhibition of
DSB repair may be a valid strategy to sensitize radioresistant
hypoxic cells. Further studies to assess the ability of DNA-PK
inhibitors to penetrate tumor tissue and reach the chronically
hypoxic cell population distal to vasculature are warranted to further
assess the potential of these agents as hypoxic cell radiosensitizers.
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(PS3.39) Decreased DNA-PKcs activity by interaction with
Snail1. Haeng Ran Seo1, Yun-Sil Lee1, Jong In Yook2, 1Korea
Institute of radiological & Medical science, Seoul, Republic of
Korea, 2Yonsei University, Seoul, Republic of Korea
Snail1, transcriptional factor, can confer resistance to
radiation-induced apoptosis, but the mechanism remain unclear. In
this study, snail1 suppresses DNA double strand breaks (DSBs)
repair and radiation sensitivity by down regulating DNA-PKcs
kinase activity.Protein exprssions and interactions were confirmed
by immunoprecipitation and western blotting. In vitro kinase assay
and Immunofluorescence microscopy were also performed. Recruitment of the DNA-PK complex to sites of DNA DSB damage
were confirmed by Linear dsDNA-associated protein pulldown
assay.Radiation enhanced snail expression in the nucleus, which
resulted on increased interaction with DNA-PKcs. Snail overexpressed cells decreased DNA-PKcs kinase activity and downregulated phospholylated DNA-PKcs, p53 and H2AX.Threrfore, snail1
suppress radiation sensitivity by a novel mechanism involving
active disruption of critical nonhomologous end-joining pathway,
which may lead to an accumulation fo DNA-damage and genetic
instability through inhibition of DNA-PKcs kinase activity

(PS3.40) Multiscale approach to the physics of ion-beam
cancer therapy. Eugene Surdutovich, Oakland University, Rochester, MI
For more than ten years, heavy-ion-beam cancer therapy has
been successfully used clinically in Germany and Japan. Protonbeam therapy is performed in many more centers around the globe
and even more are under construction. These therapies appear to be
a more favorable alternative to the conventional photon therapy due
to a number of advantages.Macroscopically, all therapeutic effects
are due to the energy loss of ions incident on tissue. The defining
feature of ion propagation in tissue is the Bragg peak in the
dependence of linear energy transfer (LET) on the distance along
ion tracks. The possibility of tuning the location of the Bragg peak
to the tumor depth and the resultant considerable reduction of the
dose deposition in the adjacent regions comprise the first advantage
of these therapies. Another advantage of the ion-beam therapy is
related to the type of effects that cause DNA damage. The proton/
ion beam therapies are characterized by a high LET, which means
that the production of agents of damage is highly concentrated and
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the direct and quasi-direct effects as well as effects caused by
secondary electrons dominate over indirect effects due to free
radicals, which are characteristic for the low-LET radiotherapy. The
high concentration or clustering of damage impedes the capability
of cells to repair damaged DNA. The prevalence of direct and quasidirect effects along with secondary electrons over the effects of
radicals reduces the importance of the radical-related chemistry.It is
highly desirable to calculate the rate of cell death in irradiated
regions theoretically. However, such a calculation requires an
understanding of the scenario of what happens after an ion enters
the tissue on the microscopic level, which is missing at the moment.
The main obstacle to this understanding is that microscopic events
happen on many spatial, temporal, and energetic scales. We are
developing a multiscale inclusive approach to the physics relevant
to ion-beam cancer therapy aimed at presenting a clear physical
picture of the events starting from an ion entering tissue leading to
DNA damage. We view this scenario as a palette of different
phenomena that happen on different scales. From this palette, we
choose the major effects that adequately describe the leading
scenario and then describe ways to include more details.

(PS3.41) DNA damage and involvement of p53 in the response
of tumor cells to radioimmunotherapy using 125I-labeled
monoclonal antibodies. Jean-Pierre Pouget1, Béréngère Piron2,
Samir Boutaleb2, Caroline Bascoul-Mollevi3, Manuel Bardiès4,
Pierre-Olivier Kotzki2, Monique Pèlegrin2, André Pèlegrin2, 1IRSN/
INSERM, Montpellier, France, 2INSERM, Montpellier, France,
3
CRLC Val d’Aurelle, Montpellier, France, 4NSERM, Nantes,
France
Objectives: We investigated in vitro the role played by nuclear
DNA damage and subsequent p53 activation in the response of
tumor cells to radioimmunotherapy (RIT) using either internalizing
(cytoplasmic localization) or non-internalizing (cell surface localization)125I-labeled monoclonal antibodies (125I-mAbs).Methods:
A-431, SK-OV-3 or HCT 116 p53( þ/ þ) and p53 (-/-) carcinoma
cell lines were incubated for 2 days with either internalizing (antiHER1 or anti-HER2) or non-internalizing (anti-CEA) 125I-mAbs.
Cell survival was determined by a standard clonogenic assay and
the mean nucleus dose was assessed using the MIRD cellular
approach.DNA damage, namely single and double strand breaks
together with alkali-labile sites (SSB þ DSB þ ALS) was measured
using the standard alkaline comet technique and chromosomal
aberrations were assessed using the micronuclei assay. Apoptosis
was measured by flow cytometry analysis after annexin V/7-AAD
staining. Caspase 3, p53 and p21 expressions were also measured
by the western blotting method.Results: Our study indicated that for
all the cell lines, non-internalizing 125I-mAbs were more cytotoxic
than internalizing 125I-mAbs suggesting the involvement of cell
membrane in the radiation response to Auger electrons. In order to
investigate the role of p53 in RIT cytotoxicity, we measured in HCT
116 p53 ( þ/ þ) and p53 (-/-) cells, the level of DNA damage and of
apoptosis. Our results indicated that strand breaks and micronuclei
increased as a function of the irradiation dose independently of p53
status. Western blot showed that p53 and p21 were over expressed
in p53 wild type cell line. Apoptosis was shown to be about 40% in
HCT 116 p53 wt while it drops down to 10% in p53 deficient cells.
However, no significant difference in survival was observed
between the two forms of HCT 116 cell line whatever noninternalizing or internalizing 125I-mAbs were used.Conclusions:
This study demonstrates in three cell lines that cell membrane is
sensitive to 125I decays. It also indicates that DNA damage and
subsequent activation of p53 cannot explain alone the cytotoxicity
observed either with internalizing or non-internalizing 125I-mAbs.

(PS3.42) Real-time dynamics of repair proteins recruited to
radiation induced DSBs: evidence of sub-classes for DSBs.
Pamela Reynolds1, Jennifer Anderson1, Mark Hill1, Jane Harper1,
Stanley Botchway2, Anthony Parker2, Peter O’Neill1, 1University of
Oxford, Oxford, United Kingdom, 2STFC, Rutherford Appleton
Laboratory, Harwell, Oxfordshire, United Kingdom
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When cellular lesions are induced by radiation into DNA,
numerous proteins are involved in sensing and repairing the
damage. We have used an ultrasoft x-ray (USX) irradiation (IR) setup using shielding grids which allow us to irradiate an area of 1lm
thereby producing on average one distinct stripe of DNA damage,
including double strand breaks (DSBs), per cell nucleus. Having
previously shown that the repair characteristics of DSBs induced
following USX irradiation are similar to that for DSBs induced by
low LET c-radiation, we investigated the effect of USX IR on the
recruitment and persistence of the non-homologous end joining
protein (NHEJ) Ku80 in real time. From the kinetics we aim to gain
insight into DSB complexity induced by radiation.Ku80-EGFP
tagged CHO cells (donated by D. van Gent) were irradiated at 48C,
subsequently incubated at 378C and analysed in real time using
confocal microscopy. Findings were compared with near-infrared
(NIR) laser IR carried out at 378C. Changes in fluorescence
intensity of Ku80 with time were followed as a marker of radiation
induced DSBs. We observed recruitment of Ku80 to areas of DNA
damage within 3 min of 10 Gy USX to the radiation area (compared
with 1 min following laser IR). Subsequently the fluorescence
intensity within the stripes decreases with biphasic kinetics with 65–
70% of the intensity lost by 40 mins (fast repair kinetics) and with
;35% persisting for longer times (slow repair kinetics). With NIR
laser we observed both a fast and slow component of DSB repair.
The contribution of the slow component is greater in laser induced
damage than following USX IR, consistent with at least two
subclasses of DSB. Using a specific inhibitor to the NHEJ protein
DNA-PKcs we noted no difference for loss of fluorescence by fast
repair kinetics between control and inhibitor treated cells, however
when ATM was inhibited we observed slower fluorescence decay
than in control treated cells for the initial decay.The findings will be
discussed in terms of simple and complex DSBs recruiting different
components of the NHEJ pathway. ATM and the Ku70/80
heterodimer are involved in the repair of simple DSBs independently of DNA-PKcs. Although DNA-PKcs may facilitate the repair
of simple DSBs, DNA-PKcs, along with Ku70/80, is only necessary
for the repair of complex DSBs repaired with slower repair kinetics.

(PS3.43) Mechanisms underlying radiation resistance in
glioma stem cells. Evelyn Amoah-Buahin, Salih Yildirim, Anthony
J. Chalmers, Brighton and Sussex Medical School, Brighton, United
Kingdom
Objectives: There is increasing evidence that many cancers
contain a population of cells capable of initiating or repopulating the
tumour from which they were derived. These have been termed
‘tumour-initiating cells’ or ‘cancer stem cells’ and may be responsible
for tumour recurrence after radical therapy. Glioblastoma multiforme
(GBM) are high-grade primary brain tumours that are refractory to
treatment. There is some evidence that GBM contain radioresistant
‘glioma stem cells’ that are characterised by expression of CD133.
We have generated cultures of glioblastoma cells from primary GBM
specimens and established glioma cell lines that are enriched for
CD133 expression. The aim of this study was to characterise the
response of these populations to ionizing radiation. Results:
Glioblastoma cells maintained in serum-free culture displayed nonadherent growth in neurospheres consistent with the published
‘glioma stem cell’ phenotype. CD133 expression assessed by
immunoblot or flow cytometry was upregulated in these populations
and immunofluorescence microscopy of disaggregated neurospheres
revealed cell surface and cytoplasmic CD133 expression in many but
not all cells. Glioblastoma cells cultured as monolayers in serumcontaining medium did not express CD133. Clonogenic survival
assays controlling for growth factor conditions demonstrated a
modest reduction in radiation sensitivity in CD133-enriched
populations compared with CD133-depleted or monolayer controls.
More marked differences were observed in radiation response
parameters including apoptosis and DNA repair measured by comet
assay or resolution of cH2AX foci. Upregulation and/or activation of
proteins involved in DNA repair and cell cycle checkpoint activation
was also observed. The effects of specific inhibitors of DNA repair
proteins (DNA-PKcs, ATM, PARP) on these parameters will be
presented. Conclusions: Glioblastoma cell populations enriched for
CD133 expression displayed modest radiation resistance. DNA
repair was enhanced in these populations while molecular markers
associated with radiation resistance were upregulated. These data are
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consistent with the hypothesis that radioresistant ‘glioma stem cells’
contribute to treatment failure in patients with GBM.

Introduction: High-intensity lasers have demonstrated the
potential for driving highly brilliant particle and photon beams,
whose unique properties will make a broad range of novel
applications available. One possible application may be radiotherapy of malignant tumors by high energy protons using laser driven
accelerators (LDA). The LDA dose delivery to a tissue voxel is
expected to differ from conventional irradiation by approximately 8
orders of magnitude (1ns vs. 100ms). Thus, it is mandatory to
investigate the relative biological effectiveness (RBE) of the new
beam quality. We investigated possible differences in RBE in a
human tissue model, which preserves the three-dimensional
geometric arrangement and communication of cells present in
tissues in vivo. Methods: A 3D human skin model (EpiDermFTTM)
was irradiated with 70 kV X-rays on five dose levels in order to
obtain a dose-response curve for reference and with 3 Gy of 20
MeV protons of the Munich tandem accelerator (Garching), either at
continuous or pulsed irradiation mode. After irradiation, cytochalasin B was added, 48 h later keratinocytes were isolated from the
epidermis, fixed with methanol and stained with acridine orange and
micronuclei were counted. Results: The X-ray dose response curve
for the production of micronuclei in EpiDermFTTM cells follows a
linear model. Micronuclei data for cell samples exposed to 3 Gy of
20 MeV protons at pulsed or continuous irradiation modes were
0.07 and 0.08 micronuclei per cell, respectively. The corresponding
RBE values for 20 MeV protons, which are defined as the ratio
between the absorbed dose of the reference radiation (70 kV X-rays)
and the absorbed dose of 20 MeV protons necessary to induce the
same biological effect, are 1.0860.07 and 1.2360.16 (p¼0.22) for
pulsed and continuous irradiation modes, respectively. Conclusion:
In agreement with our previous data on HeLa cells, we did not find
evidence for a different RBE based on micronucleus induction
between pulsed or continuous irradiation with 20 MeV protons in a
human 3D skin model. These are first steps in developing a routine
‘‘in vivo-like’’ assay for chromosomal damage in human tissue after
irradiation. Supported by the DFG Cluster of Excellence: MunichCentre for Advanced Photonics, by the EU-project EuroDyna and
by the Maier Leibnitz Laboratory Munich.

(PS3.45) Investigating the repair of clustered DNA damage in
reconstituted mononucleosomes. Laura J. Eccles1, Martine E.
Lomax1, Dimitar Angelov2, Peter O’Neill1, 1CR-UK/MRC Gray
Institute for Radiation Oncology and Biology, Oxford, United
Kingdom, 2Ecole Normale Supérieure de Lyon, Lyon, France
Clustered DNA damage is a unique characteristic of ionising
radiation and is defined as two or more lesions within one or two
helical turns of the DNA double helix, induced by a single radiation
track. Base excision repair is predominantly responsible for
processing lesions within clusters, with the exception of double
strand breaks (DSBs). Previous studies using two lesions, either
bistranded or in tandem, have shown that the efficiency of the base
excision repair pathway can be greatly retarded when processing
clustered damage sites and as a consequence can lead to enhanced
mutability or enzymatically induced DSBs. The majority of
published studies to date have focussed on lesion processing within
short oligonucleotide sequences. Within the cell DNA is packaged
into chromatin, therefore, we have extended our studies by
reconstituting mononucleosomes with lesion-containing DNA.
The repair of such lesions using purified enzymes or cell extracts

has been compared to that when lesions are situated within ‘naked’
DNA to determine the influence of chromatin on damage repair.
Initial findings have indicated that the efficiency of incision of a
single AP site incorporated into nucleosome-bound DNA, compared
to naked DNA, is significantly reduced when using purified AP
endonuclease. In contrast, after incubation with CHO nuclear
extract, the repair of a single AP site within nucleosome-bound
DNA is similar to that of naked DNA. It was verified that the
nucleosome structure remains intact in the presence of nuclear
extract. We will further complement these studies by incorporating
bistranded clusters containing AP sites into the nucleosome-bound
DNA at various interlesion separations. Previous studies with 40
base pair oligonucleotides have shown that bistranded clusters
containing AP sites will form DSBs from enzymatic processing.
The efficiency of DSB formation is dependent upon the interlesion
separation and orientation. We are presently investigating how
clusters containing bistranded AP sites are processed when
introduced into reconstituted DNA and with what efficiency. The
findings for these studies when clustered damage sites are in a
nucleosome context address their potential biological significance.
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(PS3.44) No evidence for a different RBE between pulsed and
continuous 20 MeV protons for induction of micronuclei in a
3D human skin model. Thomas E. Schmid1, Guenther Dollinger2,
Volker Hable2, Christoph Greubel2, Olga Zlobinskaya1, Doerte
Michalski1, Susanne Auer3, Anna A. Friedl3, Michael Molls1,
Barbara Roeper1, 1Klinikum rechts der Isar, Department Radiotherapy and Radiooncology, Muenchen, Germany, 2Institute for
Applied Physics and Metrology, Universitaet der Bundeswehr,
Neubiberg, Germany, 3Radiobiological Institute, Ludwig-Maximilians Universitaet Muenchen, Muenchen, Germany
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(PS3.46) Utility of chemotherapy-induced Rad51 foci for the
identification of homologous recombination defects in breast
cancer cell lines. Lisa A. Kachnic1,2, Loreen Fournier1, Liliana
Gheorghiu1, Carol Rosenberg2, Simon N. Powell3, Henning
Willers1, 1Massachusetts General Hospital, Boston, MA, 2Boston
University, Boston, MA, 3Memorial Sloan Kettering Cancer Center,
New York, NY
Defects in homologous recombination (HR), for example due
to alterations in BRCA1-dependent pathways, are likely present in a
subset of sporadic breast cancers. HR defects are expected to render
the affected cancers sensitive to a variety of chemotherapeutics, such
as mitomycin C (MMC), cisplatin (cis), or doxorubicin (dox),
making it important to establish predictive biomarkers to identify
patients with HR defective tumors. Here, we probed a panel of breast
cancer cell lines for their ability to mount DNA damage induced
Rad51 foci, a commonly used surrogate marker of HR activity. Cells
were exposed to 8 lM cis or 0.25 lg/ml dox for 1 hour. Control cell
lines HCC1937 (with a known BRCA1 mutation) and MCF-7 cells
(BRCA1 heterozygous) demonstrated low levels of drug-induced
RAD51 foci 5 hours after treatment, i.e., no more than 17% or 27%
of Rad51-positive cells after cis or dox treatment, respectively. In
contrast, in the majority of tested cell lines (n¼16), cells
demonstrated high levels of Rad51 foci after either cis or dox, i.e.,
an average of 39.3% positive cells (95% CL, 31.6–47.0%) or 46.1%
(37.1–55.1%), respectively. Three cell lines had an impaired Rad51
foci response to both drugs (, 10% foci), with one cell line also
showing impaired BRCA1 foci formation. However, the Rad51 foci
defect only resulted in a mild hypersensitivity to MMC using a
clonogenic survival assay, suggesting the presence of additional
DNA repair factors affecting chemosensitivity. Surprisingly, a
previously reported line with mutant BRCA1, MDA-MB-436,
showed a complete absence of Rad51 foci, and was markedly
sensitive to MMC. FANCD2 foci formation, which was reported to
be downstream of BRCA1, was normal in this line, suggesting a
compensatory mechanism to cope with the apparent absence of
Rad51-dependent HR. Follow-up analysis on expression levels of
FA/BRCA genes in the HR defective cell lines is in progress. We are
also investigating the utility of drug-induced Rad51 foci in tumor
tissues from breast cancer patients. In conclusion, the incidence of
putative Rad51 defects in a panel of unselected breast cancer cell
lines is 16% (3/19). Additional DNA repair factors are likely needed
to accurately predict chemosensitivities of breast cancers. Supported
by a grant from Susan G. Komen for the Cure to LAK.

(PS3.47) Characterization of clustered DNA damage induced
by Auger electron-emitting radiopharmaceuticals. Jody Mitchell, Katherine A. Vallis, Gray Institute for Radiation Oncology and
Biology, Oxford, United Kingdom
Objective: Auger electron-emitting radiopharmaceuticals are
attractive cancer therapies as they release a shower of low energy,
high-LET electrons with a limited range of cellular travel. One
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example of this radiopharmaceutical type, 111In-DTPA-hEGF, is in
clinical trials selectively targeting poor-prognosis tumours that
overexpress EGFR. Although in clinical trial, some of the basic
molecular actions of Auger emitters are unknown. 111In-DTPAhEGF induces DNA damage but of an unknown type and
unspecified location. The aim of this study is to understand how
Auger electron-emitting radiopharmaceuticals interact with DNA
and to characterize the DNA damage they cause. Methods: EGF has
been shown to promote gene transcription through putative EGFR
binding sites within the cyclin D1 gene. MDA-MB-468 (1.3 3 106
EGFR/cell) cells were transfected with plasmids containing wild
type or mutated cyclin D1 promoter regions coupled to a luciferase
gene, and stimulated with EGF and 111In-DTPA-hEGF to study how
luciferase transcription is altered. Neutral comet assays with
glycosylases detected the level of direct and clustered double strand
breaks (DSBs) formed in MDA-MB-468 and MCF7 cells following
111
In-DTPA-hEGF treatment. Results: EGF stimulation of plasmid
transfected cells resulted in the transcription of luciferase. Mutation
of EGFR binding sites within the cyclin D1 promoter or treatment
with 111In-DTPA-hEGF resulted in a significant decrease in gene
transcription. Combined mutation and 111In-DTPA-hEGF treatment
further decreased transcription levels. In MDA-MB-468, but not
MCF-7, cells neutral comet assays post 111In-DTPA-hEGF treatment
showed increased OTM over control levels. A further OTM increase
was observed upon addition of Fpg, Nth or endonuclease IV.
Conclusions: EGF-EGFR can act as a transcriptional activation
complex within the nucleus. 111In-DTPA-hEGF treatment damaged
specified EGFR binding regions within the DNA, decreasing gene
transcription levels to a similar extent as mutating binding sites.
Comet-FISH experiments will confirm whether DNA damage
caused by 111In-DTPA-hEGF is occurring only at specific target
DNA regions or elsewhere within the DNA. 111In-DTPA-hEGF
induced DNA DSBs in cells overexpressing EGFR and also induced
clusters of oxidized purines, pyrimidines or AP sites.

(PS3.48) Transcriptional modulation of micro-RNA in human
cells differing in radiation sensitivity. M. Ahmad Chaudhry,
Bridget Kreger, Romaica Omaruddin, University of Vermont,
Burlington, VT
The molecular basis of gene regulation in cells exposed to
ionizing radiation is not fully understood. Gene regulation occurs at
the post-transcriptional level and recent studies have suggested that
micro-RNA (miRNA) plays a significant role in this process.
miRNAs are a recently identified class of RNA molecules 18–24
nucleotides in length that have been shown to negatively regulate
the stability or translation of target messenger RNAs. We
hypothesized that ionizing radiation induced stress response is
controlled in part by miRNA and that a difference in p53 status will
correspond with altered expression in miRNA responses to ionizing
radiation. The correlation between ionizing radiation exposure and
carcinogenesis is well accepted therefore it is increasingly important
to study the process behind this relationship to further the
understanding of risks and prevention of cancer. To test this
hypothesis we investigated the relative expression of several
miRNA by quantitative real-time PCR (qPCR) in human cell lines
TK6 and WTK1, that differ in p53 status and radiosensitivity, after
exposure to high and low doses of X-radiation. Expressions of
several endogenous miRNA controls were investigated to determine
suitability for relative quantification by qPCR. Examination of the
relative expressions of several miRNA indicated the modulation of
let-7 family of miRNA, which are negative regulator of the RAS
oncogene. The hsa-let-7a, hsa-let-7b, hsa-let-7c, and hsa-let-7d
were upregulated in both TK6 and WTK1 cells. TK6 exhibited
down regulation of hsa-let-let-7e where in WTK1 this miRNA was
up regulated. Among other miRNA, the hsa-miR-18a was down
regulated in both cell lines. Alterations in the c-MYC induced cluster
of miRNAs were also observed. The target genes for selected
miRNAs were identified based on published literature and their
expression was also monitored in irradiated TK6 and WTK1 cells.
Taken together these results establish the involvement of miRNA in
radiation response and may potentially help explain the mechanisms
of gene regulation in the cellular response to ionizing radiation
exposure.
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(PS3.49) Pml nuclear bodies are juxtaposed to dna-dsbs
following ir-induced dna damage. Kenneth Chor Kin Tse1, Farid
Jalali1, Kashif Ahmed2, Ramya Kumareswaran1, Graham Dellaire3,
David P. Bazett-Jones2, Robert G. Bristow1, 1Departments of
Medical Biophysics and Radiation Oncology, University of Toronto
and Applied Molecular Oncology, Ontario Cancer Institute/Princess
Margaret Hospital (UHN), Toronto, ON, Canada, 2Hospital for Sick
Children, Toronto, ON, Canada, 3Dalhousie University, Halifax,
NS, Canada
The promyelocytic leukemia (PML) tumor suppressor protein
aggregates in discrete PML nuclear bodies (PML-NBs) that are
detectable by immunofluorescent microscopy. The number of PMLNBs can change in response to cell cycle and various cell stresses,
including DNA damage. Intra-nuclear gamma-H2AX foci form
following ionizing radiation as a function of dose and time, and
therefore, are commonly used as an indicator of DNA double strand
breaks (DNA-DSBs). However, whether PML-NBs are associated
with exogenous or endogenous (e.g. DNA replication associated)
damage was unclear. Here, using G0-G1 synchronized human
fibroblasts (GM05757) to exclude endogenous DNA damage we
have examined the intra-nuclear locale of gamma-H2AX and other
DNA repair biomarkers with respect to PML bodies. PML þ/ þ and
-/- MEFs did not vary in DNA-DSB repair based on the comet
assay. Consistent with this, PML bodies did not respond to
immediate exogenous DNA damage. However, 3D-confocal
microscopy studies showed that PML bodies associated with the
majority of residual gamma-H2AX sites at later times (24h post-IR).
Using quantitative microscopy it was shown that these associations
were distinguishable as juxtaposition and not from true colocalization, such as seen between gamma-H2AX and other DSB
markers (i.e. 53BP1). Continued presence of damage sensing and
signalling proteins (MRE11, NBS1, MDC1 and 53BP1) and
persistent kinase activity (DNA-PK, ATM and CHK2) was
observed at the residual gamma-H2AX sites. Absence of RAD51
and BRCA1 indicated that these were not replication-associated
breaks and indicated that PML-NBs associated specifically with
unrepaired exogenous DSBs. Scanning electron imaging indicated a
lower chromatin density structure near residual gamma-H2AX foci,
suggesting chromatin remodelling in the vicinity of unrepaired
breaks. In our normal human fibroblasts residual gamma-H2AX
sites were not enriched in eu- or heterochromatin. Our data suggests
that the maintenance of genomic stability may depend, in part, on
the association between PML bodies and residual gamma-H2AX
sites.

(PS3.50) Extensive repair of DNA double strand breaks in
cells deficient in the DNA-PK dependent pathway of NHEJ
after exclusion of heat labile sites. Satyendra Singh, Weizhong
Wu, Wenqi Wu, Minli Wang, George Iliakis, University of
Duisburg-Essen Medical School, Essen, Germany
Double strand breaks (DSBs) can be generated in the DNA of
mammalian cells when heat labile sites (HLS) induced by ionizing
radiation (IR) within a clustered DNA damage site are thermally
transformed to single strand breaks (SSBs) and combine with other
SSBs or HLS in the opposite DNA strand. When this thermal
transformation of HLS to SSBs occurs during DNA preparation
using high temperature lysis (HTL), the DSB yield is overestimated
by including DSBs not present in the tested cell. Low temperature
lysis (LTL) avoids this artifact but shows slower repair kinetics for
prompt DSBs than HTL. The apparent slow down of DSB repair
after LTL is particularly pronounced in mutants defective in the
DNA-PK dependent pathway of NHEJ (D-NHEJ) and has led to the
postulate that these cells may actually be entirely deficient in DSB
repair. Since our work, as well as the work of others, provides
strong evidence for DSB repair in D-NHEJ deficient cells by
alternative repair pathways operating as a backup (B-NHEJ), we reexamine here DSB repair in several D-NHEJ deficient mutants
using LTL. These results demonstrate extensive but slow repair of
DSBs after LTL, in line with a robust function of B-NHEJ. At the
same time, the results demonstrate a pronounced sensitivity of HLS
to lysis at 378C, which indicates that DSBs generated by
transformation of HLS may be in part a reality the irradiated cell
faces at all times. Supported by grants from the BMBF and the EU.
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(PS3.51) Cellular responses to clustered DNA damages
induced by high energy and high-Z particles irradiation.
Burong Hu, Asaithamby Aroumougame, David J. Chen, Division
of Molecular Radiation Biology, Department of Radiation Oncology, University of Texas Southwestern Medical Center, Dallas, TX

(PS3.53) Refining the model of DNA single-strand break
repair. Todd Mereniuk, Michael Weinfeld, University of Alberta,
Edmonton, AB, Canada
Single-strand break repair (SSBR) is the cell’s first defense
against the majority of lesions caused by many DNA damaging
agents including ionizing radiation. SSBR is important because if
left unrepaired, single-strand breaks are converted to double-strand
breaks when encountered by replication forks. Accumulation of
double-strand breaks can lead to cell death, neurological disorders
and cancers. Most of the proteins involved in SSBR have been
identified, however, the temporal relationships and degree of
functional overlap between these proteins is less well understood.
We are using a cross-linking assay first developed by Parsons et al.
(FEBS 272: 2012–2021, 2005) to shed some light on these
questions. We synthesized a series of biotinylated 68-mer
oligonucleotides containing a full hairpin and an internal single
nucleotide gap with different damaged DNA termini mimicking 3’end group damages found in vivo. We are using these oligonucleotides to further elucidate the temporal relationships between
proteins responding to single-strand breaks as well as the level of
functional overlap between proteins responsible for correcting
different 3’-end group damages. We performed this assay with
whole cell lysate from A549 human lung carcinoma cells and
observed that poly(ADP-ribose) polymerase and the 3’-end
processing enzyme polynucleotide kinase both bind the strand
break before XRCC1-DNA ligase III heterodimer. We also
examined lysate from casein kinase 2 (CK2) inhibited A549 cells.
CK2 is a protein kinase that phosphorylates the SSBR scaffold
protein XRCC1 and we show phosphorylation of XRCC1 is
important for the rate at which SSBR occurs. We are currently
focusing on the other 3’-end processing enzymes such as Aprataxin,
APE1, and Tdp1 to determine which enzyme is primarily
responsible for repairing each type of damaged 3’-end group found
in vivo. We anticipate that our data will lead to a refinement of the
current model for SSBR.

Poster Sessions

Misrepair or incomplete repair of clustered DNA damages-two
or more closely spaced damages (double strand, single strand and
base damages) on opposing strands, generated by high energy and
high Z (HZE) particles may lead to a higher relative biological
effectiveness (RBE). A number of indirect methods are available to
study the clustered DNA lesions in vitro. However, direct
examination on the frequencies, repair ability and the biological
effects of these clustered DNA lesions in cells is limiting. In this
study, we directly monitored the induction and repair of clustered
DNA damages in cells using 53BP1 (double strand-break marker)
and XRCC1 (single strand-break marker) fused to green fluorescent
protein (EGFP) as surrogate markers. Our results showed in live
cells that both 53BP1 and XRCC1 formed clear tracks as early as
three minutes after exposure of cells to Fe, Si and O particles, and
the number of 53BP1 and XRCC1 tracks and/or foci reduced
gradually with differing kinetics. Further, using OGG1 antibody, as
a surrogate marker for base damage, we found that OGG1 colocalized with EGFP-53BP1 along the dense ion particle traversal in
cells irradiated with Fe, Si and O ions. The number of cells
harboring these 53BP1 and OGG1 foci decreased with increasing
post-irradiation time. In contrast, not all the XRCC1 foci colocalized with either 53BP1 or OGG1, suggesting that not all the
DNA damages induced by HZE particles are clustered. Intriguingly, cell cycle analysis on the iron particle irradiated cells
showed perturbation in cell cycle that was associated with the
delayed repair of clustered DNA damages. Further quantitative
analyzes on the kinetics of clustered DNA damage repair is
underway. The results obtained with spatio-temporal characterization of factors associated with clustered DNA damage will allow
us to further understand how cellular responses to clustered DNA
damages contribute to higher RBE of HZE particles. This work is
supported by the NASA (NNA05CM04G and NNZ07AU42G)
and NSCOR (NNJ05HD36G).
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(PS3.54) Sphingosine phosphate lyase as a regulator of the dna
damage response. Julie D. Saba, Children’s Hospital Oakland
Research Institute, Oakland, CA
(PS3.52) Altered gene expressions and cytogenetic repair
efficiency in cells with suppressed expression of XPA after
proton exposure. Ye Zhang1, Larry H. Rohde2, Daila S. Gridley3,
Satish K. Mehta4, Duane L. Pierson5, Honglu Wu5, 1NASAJohnson Space center/UHCL, Houston, TX, 2University of
Houston, Clear Lake, Houston, TX, 3Loma Linda University
Medical Center, Loma Linda, CA, 4NASA-Johnson Space center/
EASI, Houston, TX, 5NASA-Johnson Space center, Houston, TX
Cellular responses to damages from ionizing radiation (IR)
exposure are influenced not only by the genes involved in DNA
double strand break (DSB) repair, but also by non-DSB repair
genes. We demonstrated previously that suppressed expression of
several non-DSB repair genes, such as XPA, elevated IR-induced
cytogenetic damages. In the present study, we exposed human
fibroblasts that were treated with control or XPA targeting siRNA to
250 MeV protons (0 to 4 Gy), and analyzed chromosome
aberrations and expressions of genes involved in DNA repair. As
expected, after proton irradiation, cells with suppressed expression
of XPA showed a significantly elevated frequency of chromosome
aberrations compared with control siRNA treated (CS) cells.
Protons caused more severe DNA damages in XPA knock-down
cells, as 36% cells contained multiple aberrations compared to 25%
in CS cells after 4Gy proton irradiation. Comparison of gene
expressions using the real-time PCR array technique revealed that
expressions of p53 and its regulated genes in irradiated XPA
suppressed cells were altered similarly as in CS cells, suggesting
that the impairment of IR induced DNA repair in XPA suppressed
cells is p53-independent. Except for XPA, which was more than 2
fold down regulated in XPA suppressed cells, several other DNA
damage sensing and repair genes (GTSE1, RBBP8, RAD51, UNG
and XRCC2) were shown a more than 1.5 fold difference between
XPA knock-down cells and CS cells after proton exposure. The
possible involvement of these genes in the impairment of DNA
repair in XPA suppressed cells will be further investigated.

Sphingosine phosphate lyase (SPL) is responsible for
catabolism of sphingosine 1-phosphate (S1P), a bioactive sphingolipid that promotes cell survival and inhibits apoptosis. Overexpression of SPL enhances apoptosis in response to DNA damage,
but the cellular basis of this effect is not fully understood. We found
that SPL-overexpressing 293T (SPL-T) cells exhibited enhanced
apoptosis in response to radiation compared to control 293T cells.
SPL-T cells showed a distinct cell cycle profile after radiation.
Twelve hours after radiation, control and SPL-T cells were arrested
in G2/M phase. However, after 24–30 hours, SPL-T cells exited the
checkpoint while control cells were still arrested in G2/M.
Pretreatment of SPL-T cells with nocodazole or inhibitors of aurora
kinases, p53 or PI3K corrected the cell cycle profile and rescued
SPL-T cells after radiation, indicating that SPL-T cells die by
progressing through mitosis despite the presence of DNA damage,
i.e. ‘‘mitotic catastrophe.’’ Stable shRNA-mediated SPL knockdown
corrected the cell cycle profile and abrogated etoposide and
radiation-induced cell death in SPL-T cells, whereas shRNAmediated knockdown of endogenous SPL in 293T cells reduced
apoptosis compared to control cells after radiation. SPL-T cells also
showed a delay in DNA damage repair as measured by Komet
assay. SPL-T cells also showed reduced total ATM protein levels
and attenuated ATM-Chk2 activation, as evidenced by reduced
ATM and Chk2 phosphorylation and diminished levels of gamma
H2AX. In contrast, SPL knockdown cells demonstrated reduced
DNA damage and increased ATM levels after irradiation compared
to irradiated control cells. Interestingly, ceramide accumulated in
SPL-T cells after radiation to a greater degree than irradiated control
cells, and inhibition of acid sphingomyelinase, which is responsible
for ceramide generation after radiation, protected SPL-T cells from
radiation-induced apoptosis. Addition of ceramide to cells reduced
ATM levels, whereas S1P addition enhanced ATM levels. These
cumulative findings suggest that SPL sensitizes cells to radiation by
reducing S1P levels and enhancing ceramide accumulation, thereby
reducing ATM-Chk2 signaling, abbreviating cell cycle arrest and
101
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DNA damage repair and leading to cell death by the mechanism of
mitotic catastrophe.
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(PS3.55) Functional analysis of human radiosensitive cell lines
enables molecular diagnoses of DNA repair disorders. Shareef
A. Nahas, Richard A. Gatti, UCLA Department of Pathology and
Laboratory Medicine, Los Angeles, CA
To unravel the many possible etiologies of human radiosensitivity, we studied a unique panel of radiosensitive (RS) human
lymphoblastoid cells (RS-LCLs) from individuals with undiagnosed
diseases. Our comprehensive approach tested known functional
pathways for sensing and repairs of DNA double strand breaks. We
first categorized the RS-LCLs by assessing the kinetics of
phosphorylation of SMC1 following radiation-induced DNA
damage over 24-hours. We further evaluated cell cycle checkpoints,
Non Homologous End Joining DNA ligation (NHEJ), mitochondrial respiration integrity and the chromatin ubiquitin ligase
cascade. These results implicated specific repair pathways and
protein defects. From among the cell lines with an S-phase
checkpoint defect, we identified a Chk2-related defect that impairs
degradation of the Cdc25A phosphatase protein as well as
phosphorylation of BRCA1 by Chk2. In another cell line, absence
of IR-induced 53BP1 foci implicated a portion of the recently
described chromatin ubiquitin ligase pathway. A third RS-LCL
unexpectedly lacked aprataxin, a deficiency not previously
associated with RS. These studies provide proof of principle
working model for hypothesis-driven dissection of RS mechanisms
that can lead to improved diagnosis of DNA repair disorders.

pursued. Despite being widely investigated, cell lines grown as
monolayers provide a limited insight on the biological processes
occurring under a given condition. EpiDermFT is a threedimensional skin model which is composed of normal human
epidermal keratinocytes and normal human dermal fibroblasts. This
skin model is mainly utilized for studying human skin responses to
cosmetics and topical agents. We aimed to test and validate it by
assessing its gene expression following LDIR exposure against
known responses of actual human skin irradiated in vivo.EpiDermFT skin plugs were obtained from MatTek and exposed to
ionizing radiation. Skin plugs were irradiated using clinical
irradiator with 0, 10, and 100 cGy at a dose rate of 50 cGy/min,
and harvested at 0, 3, 8, and 24 hours post irradiation. Plugs were
cut in half and one half was used for RNA extraction. RNA integrity
was verified using the 2100 Bioanalyzer. Three hundred ng total
RNA was reverse transcribed, amplified and labeled using the
Illumina TotalPrep RNA amplification kit. Resulting cRNA was
hybridized to Illumina HumanRef-8 expression beadchips (version
3) and interrogated at the UC Davis Expression Analysis Core.Gene
expression data currently being obtained from the Illumina
beadchips will be analyzed for significant up- or down-regulated
genes, groups of genes, and pathways and compared to gene
expression profiles in human skin samples previously obtained from
patients exposed to LDIR in the course of their radiotherapy. Once
this model is validated it would enhance the studies aiming at
elucidating the biological responses as well as risks in humans
following exposure to low dose ionizing radiation.

(PS4.02) Role of ephb1 as a mediator of the atm phenotype.
Chris Lominska, Mira Jung, Lawrence Kromer, Olga Timofeeva,
Anatoly Dritschilo, Georgetown, Washington, DC

(PS3.56) Identification of Novel Inhibitors of Homologous
Recombination for Cancer Therapy. Sophia B. Chernikova,
Rochelle Nguyen, Jason Wu, David Solow-Cordero, J. Martin
Brown, Stanford University School of Medicine, Stanford, CA
Homologous recombination (HR) is an important pathway of
DNA double-strand break (DSB) repair. As it requires an identical
copy of the broken DNA strand the majority of HR occurs in the
late S and G2 phases of the cell cycle. As tumors usually have a
much higher percentage of cycling cells, and consequently higher
fraction in S/G2, inhibition of HR should lead to a significant
therapeutic gain, sparing the non-dividing or slowly dividing normal
tissues responsible for the dose-limiting late effects following
radiotherapy. In the current study, we designed a cell-based
screening strategy to identify small-molecule compounds that
would potentiate the effect of chlorambucil, as this bifunctional
alkylating agent produces lethal DNA interstrand crosslinks that
require HR for their resolution. We have performed the initial screen
with ;130,000 compounds available through Stanford HighThroughput Bioscience Center and have found .400 hits. Our
immediate goal is to find the inhibitors of HR that would
specifically impair the homology-based repair of radiation-induced
DNA DSBs, therefore in the secondary screen the compounds will
be subjected to the gene conversion assay using the well
characterized DR-GFP construct from Maria Jasin. We are currently
testing the hits with the second gene conversion screen and will
describe our progress to date.

(PS4.01) Genomic characterization of three dimensional skin
model following exposure to low dose ionizing radiation. Reem
Yunis1, Karen M. Kalanetra1, Huguette Albrecht1, Shiquan Wu1,
Monika Ray1, Zelena Goldberg2, David M. Rocke1, 1UC Davis
School of Medicine, Sacramento, CA, 2OXiGENE, Inc., South San
Francisco, CA
A great research effort is being invested in studying the
biological effects and assessing the risk of low dose ionizing
radiation (LDIR) in humans. To study such effects, human subjects
serve the best experimental units, however, they are hard to obtain
due to ethical complexities. Therefore, a reliable model should be
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Objective: The ataxia telangiectasia (AT) syndrome is a
human genetic disease characterized by ionizing radiation sensitivity, lymphoid abnormalities, and ataxia with cerebellar degeneration. The molecular responses to ionizing radiation via ATM (the
gene mutated in AT) are mediated by a variety of receptor tyrosine
kinases. The mechanism underlying cerebellar degeneration has not
been fully characterized. However, our studies of global gene
expression in a model cell system identify regulation of the receptor
tyrosine kinase EphB1 by ATM. EphB1 is a member of the Eph/
Ephrin family of cell membrane receptor tyrosine kinases and
ligands, which play an important role in regulating neural
development. Methods: To investigate ATM dependent gene
expression, a full-length ATM in a pcDNA vector was introduced
into human AT fibroblasts and clones were selected for ATM
expression and correction of the radiation sensitive phenotype.
Using global gene expression analysis and a bioinformatics
approach in studies of these genetically defined, AT fibroblastderived model cells we discovered ‘‘outlier’’ transcriptional products
not previously attributed to ATM regulation, including EphB1.
Microarray findings were verified by quantitative RT-PCR.
Examination of the role of this gene in cerebellar anatomy is under
investigation in EphB1 knockout mice.Results: This work in
progress has led to identification of EphB1 as a candidate gene in
the ATM signaling pathway. EphB1 expression is .20 fold
increased in both microarray and quantitative RT-PCR assays in
ATM expressing as compared to deficient cells. EphB1 expression
also has been found to be elevated in normal human fibroblasts.
Ongoing investigation of the cerebellar anatomy in an EphB1
knockout mouse model will be compared to changes in brain tissue
from AT patients. Conclusions: EphB1 deserves further investigation as a mediator of the AT phenotype. Histopathological studies
will clarify potential roles of EphB1 in the AT phenotype.

(PS4.03) Agent-based model predicts radiation-induced increase in the outgrowth of p16ink4a-negative human mammary
epithelial cells from primary cultures. Sylvain Costes1, Rituparna
Mukhopadhyay1, Paul Yaswen1, Mary Helen Barcellos-Hoff2,
1
Lawrence Berkeley National Laboratory, Berkeley, CA, 2NYU
School of Medicine, New York, NY
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(PS4.04) Evidence for reduced nitrosative stress in the

radioresistant Sf9 insect cells. Shubhankar Suman1,2, Sudhir
Chandna1, Rakesh K. Seth2, 1Institute of Nuclear Medicine and
allied Sciences, Delhi, India, 2Department of Zoology, Delhi, India
Present understanding of insect cell radioresistance implicates
reduced DNA damage, enhanced DNA repair, lack of chromosome
breakage, resistance against radiation-induced apoptosis and antioxidant mechanisms. Besides oxidative stress, radiation induces
nitrosative stress through increased nitric oxide synthase (NOS)
expression and/or activation of Caþþ-Calmodulin dependent NOS.
NO reacts with superoxide radical and leads to formation of
potentially lethal peroxynitrite that causes DNA damage, protein
nitration and lipid oxidation. Since nitrosative stress contributes to
radiation-induced cellular damage, we investigated the role of
radiation-induced ROS/RNS as well as NOS activity in the
radioresistance of Sf9 cells derived from ovaries of Spodoptera
frugiperda (order Lepidoptera).Gamma-radiation induced ROS/RNS
was measured using DCFDAH2 dye by flow cytometry at 2Gy100Gy with or without NOS inhibitor L-NMMA. NO-specific
DAF2DA was used to study radiation induced NOS activity using
flow cytometry and fluorescence microscopy. Cellular calcium
distribution was studied using Fluo-3AM by confocal microscopy.
Nitrate/nitrite level was measured in culture medium using Griess
assay. Western blot was used to study changes in the levels of NOS,
calmodulin and Mn-SOD proteins.Radiation induced significantly
less ROS/RNS in Sf9 cells than BMG-1 human cell line. Presence of
L-NMMA significantly reduced DCFDA fluorescence in BMG-1
cells and not in Sf9 cells, indicating negligible NO generation in Sf9
cells which was confirmed by DAF2 measurement and Griess assay.
Cytosolic Caþþ level was unchanged in irradiated Sf9 cells and was
associated with slight increase in level of NOS that is primarily Caþþ
dependent in insects. A higher constitutive calmodulin level in Sf9
cells additionally supports maintenance of intracellular Caþþ level
following irradiation. Further, higher basal/ induced Mn-SOD in Sf9
cells can help maintain lower superoxide levels in Sf9 cells, which,
combined with negligible NO generation would lead to reduced
induction of peroxinitrite formation.Our study shows that Sf9 cells
undergo reduced induction of oxidative stress and negligible

nitrosative stress by radiation, which may contribute to their
radioresistance. Supported by DRDO (India) grant INM-301.

(PS4.05) The unfolded protein response protects cells during
hypoxia through preservation of autophagic capacity. Kasper M.
A. Rouschop1, Twan van den Beucken1,2, ludwig dubois1, Hanneke
niessen1, Johan Bussink3, Kim Savelkouls1, Hilda Mujcic1, Philippe
Lambin1, Albert J. van der Kogel3, Marianne Koritzinsky1,4, Bradly
G. Wouters1,2, 1University of Maastricht, Maastricht, Netherlands,
2
Ontario Cancer Institute, Princess Margaret Hospital, Toronto, ON,
Canada, 3Radboud University Nijmegen Medical Centre, Nijmegen,
Netherlands, 4Ontario Cancer Institute, Princess Margaret Hospital,
Toroto, ON, Canada
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We introduce here an agent-based model (ABM) to predict
senescence and growth kinetics of primary human mammary
epithelial cells (HMECs) exposed to ionizing radiation (IR). ABMs
are computer simulations that represent systems as collections of
autonomous decision-making entities called agents. When representing cultured cells, agents may execute various behaviors
appropriate for the system such as proliferation, transient growth
arrest, or permanent senescence.In this work, we hypothesize that
HMECs which cannot express the cyclin-dependent kinase
inhibitor, p16INK4a, are present as a minority in primary cultures.
To test our hypothesis in silico, three types of agents were
considered: Type1-p16( þ) agents undergo the first p16-dependent
senescence barrier (stasis) within ;5 population doublings; Type2p16(-) agents escape stasis and only undergo telomere crisis after
.40 doublings; Type3 agents simulate irreversibly growth-arrested
senescent cells. Basic agent properties were obtained experimentally
by time-lapse microscopy. The system was defined by imposing the
following primary rules on the agents’ behavior: 1) agents can
divide until limits on available space constrain further growth; 2)
agents can reinitiate division when space is made available; 3) when
an agent has reached the maximum number of divisions allowed, it
stops dividing and changes permanently to Type 3.Using these rules
and conditions, the model showed good correspondence to the
actual behavior of non-irradiated human breast cells cultured over
140 days. It showed that the number of cells observed escaping
stasis could be explained by selection of p16(-) cells pre-existing in
the population, rather than de novo generation of p16(-) cells during
stasis. The ABM predicted that p16(-) cells were present at ratios of
1/200 to 1/2000 in primary cultures, depending on the donor. In
addition, challenging the ABM with IR accelerated the outgrowth of
p16(-) agents during stasis by selectively reducing the fitness and
inducing the early senescence of p16( þ) agents, a result confirmed
experimentally.Finally, the model was instrumental in identifying
the dependence of stasis duration on culture conditions and
radiation doses. Modeling the radiation responses of more complex
biological systems is now possible with this tool.
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Hypoxia is a common feature of tumors that contributes to
malignancy and treatment resistance. The basis for these effects
derives in part from a transcriptional response mediated by the HIF
family of transcription factors. Hypoxia also has been shown to
activate the unfolded protein response (UPR) which induces a
protective response against hypoxia induced cell death both in vitro
and in xenografts in vivo. Here we show that the UPR is required
for autophagy during hypoxia, and that autophagy represents an
important survival mechanism during oxygen deprivation. We
discovered that the UPR induces the transcription of the essential
autophagy genes LC3B and ATG5 during hypoxia through its
ability to regulate the transcription factors ATF4 and CHOP
respectively. LC3B and ATG5 are not required for the initiation of
autophagy, but instead mediate phagophore expansion and
formation of the autophagosome. Transcriptional induction of
LC3B during hypoxia functions to replenish LC3B protein levels
which are normally turned over during the process of autophagy,
and thus allow autophagy to continue during extended hypoxic
exposures. We show that cells engineered with various defects in
UPR signalling fail to transcriptionally induce LC3B and thus
become rapidly depleted of LC3B protein during hypoxia.
Activation of autophagy and induction of LC3B was also observed
in hypoxic areas of tumor xenografts derived from cell lines and in a
series of 12 human head and neck xenografts established directly
from tumors. Importantly, pharmacological inhibition of autophagy
sensitized cells to hypoxic exposure, reduced the viable fraction of
hypoxia in xenografts, and sensitized tumors to irradiation.
Likewise, genetic disruption of the UPR in established tumor
xenografts prevented LC3b expression, decreased hypoxic fraction
and increased radiation response. These data suggest that regulation
of autophagy via the UPR facilitates cell survival during hypoxia
and that this pathway is an interesting therapeutic target in
combination with radiotherapy.

(PS4.06) Radiation-induced differential expression of genes
associated with cardiovascular pathogenesis in prostate carcinoma cells. Sanjeewani T. Palayoor, Molykutty John-Aryankalayil,
David Cerna, C. Norman Coleman, NCI, Bethesda, MD
One of the delayed side effects of radiotherapy is radiationinduced cardiovascular events. Our laboratory has been studying
gene expression changes in prostate cancer cells exposed to single
and multi-fractionated radiation. Here we report that an evaluation
of the microarray data by Ingenuity Pathway Analysis (IPA)
identified cardiovascular disease as a functional category in the top
networks in PC3 cells within 24h of radiation. Methods: PC3 and
DU145 cells were exposed to 10Gy radiation either as a single dose
radiation or multi-fractionated (2Gyx5 and 1Gyx10) radiation. RNA
was extracted at 2, 6 and 24h after the final dose of radiation and
microarray analysis was done using CodeLink whole human
genome arrays. Data were analyzed using GeneSpring software
(Agilent technologies). The functional significance of differentially
expressed genes perturbed by radiation was evaluated using
Ingenuity Pathway analysis (IPA) software (Ingenuity Systems
Version 6.3-1402, Redwood City, CA). For network generation
GenBank IDs of the selected genes (.2-fold change, p,0.05) were
uploaded into the IPA, which were next mapped to the functional
networks available in the Ingenuity Pathway Data Base. Results: Of
the total 55,000 genes represented in the array, 435 genes were
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differentially expressed by the 3 radiation protocols with high
confidence. IPA analysis revealed that in PC3 cells, cardiovascular
disease was one of the major functional categories in the top
networks in all the three treatment protocols and 42 genes belonged
to this category. In cardiovascular diseases these genes are
implicated in hypertrophy, vasodilation and constriction, blood
pressure regulation, atherosclerosis, hemorrhage, fibrosis, infarction, cholesterol and lipid homeostasis, and cell death and apoptosis.
Interestingly, many of the genes associated with cardiac and
vascular function are over expressed in cancer cells. This study
demonstrates that radiation alters an array of genes associated with
cardiovascular events.

(PS4.07) Alternative spicing in hypoxic head and neck
carcinoma samples: identification and validation. Guy N. J.
Betts, Carla S. Moller - Levet, Crispin J. Miller, Catharine M. L.
West, Paterson Institute for Cancer Research, Manchester, United
Kingdom
Introduction: Alternative splicing is a powerful mechanism for
control of gene expression and has already been implicated in
tumorigenesis. Several well known hypoxia associated genes are
already known to be alternatively spliced. We aimed to identify and
validate genes which are alternatively spliced in response to hypoxia
in head and neck cancer samples. Methods: Exon arrays were
performed for ten head and neck squamous cell carcinoma
(HNSCC) samples. These samples were part of a larger series of
59 HNSCC samples, stratified by their expression of a hypoxia
associated gene profile, termed hypoxia score. Five samples
represented high and five low hypoxia scores. Genes identified as
being alternatively spliced between the two groups of samples were
validated using quantitative RT-PCR in two HNSCC cell lines and
across the original ten clinical samples. Cell line hypoxia was
defined as 1% oxygen for 24 hours. Results: Three genes of interest
were selected for investigation. Carbonic anhydrase 9 (CA9)
showed differential exon expression in normoxic samples at low
levels of expression but under hypoxia the full length transcript was
expressed. NDUFA4L2 (NADH dehydrogenase homologue) demonstrated increased expression under hypoxia however no alternative splicing was detected. Laminin alpha 3 (LAMA3) showed
increased expression of an alternatively spliced transcript under
hypoxic conditions. Solute carrier family 2 (facilitated glucose
transporter), member 1 (SLC2A1) was used as a control gene to
demonstrate increased expression under hypoxia but without
differential exon expression. Subsequent informed analysis of
Affymetrix plus 2 microarray data showed expression of a specific
LAMA 3 transcript was prognostic for overall survival in our
HNSCC dataset. Conclusions: Exon arrays have the ability to
identify alternative splicing and increase our sensitivity of detection
of hypoxia induced genes. NDUFA4L2 is a novel hypoxia induced
gene related to mitochondrial respiration. CA9 is highly hypoxia
inducible as a full length transcript although splice variants appear
to be expressed under normoxic conditions in HNSCC cell lines.
Exon arrays were able to identify an alternatively spliced form of
LAMA3 that is hypoxia inducible in cancer cells and prognostic for
overall survival in a head and neck cancer dataset.

(PS4.08) Identification and characterization of senescenceassociated microRNAs induced by ionizing radiation. Yong
Wang, Melissa N. Morris, Daohong Zhou, Medical University of
South Carolina, Charleston, SC
MicroRNAs (miRNAs) have emerged as important regulators
of gene expression and have been implicated in the regulation of a
myriad of biological processes. However, the roles of miRNAs in
regulation of cellular responses to ionizing radiation (IR) have not
been well characterized. Using microarray analysis, we identified a
set of 8 senescence-associated miRNAs (SA-miRNAs) whose
expression was differentially altered in both replicatively and
prematurely senescent cells. Among these SA-miRNAs, 4 miRNAs
(miR-152, 410, 431, and 493) were up-regulated and 4 (miR-15a,
20a, 25, and 155) were down-regulated (p,0.01). To evaluate
the specificity of these SA-miRNAs, first we validated their
differential expressions in senescent fibroblasts by TaqMan Micro104

RNA Assays and confirmed that 7 of the 8 SA-miRNAs (all but miR431) were differentially expressed in senescent fibroblasts, and then
we profiled their expressions in quiescent and SV40 transformed WI38 cells and found that overexpression of miR-493, 410 and 152
were also associated with the quiescence or transformation of WI-38
cells. Therefore, we excluded all the up-regulated SA-miRNAs.
Next, we performed gain-of-function and loss-of-function assays for
the 4 down-regulated SA-miRNAs by transfecting WI-38 cells with
miRNA precursors or their antisense oligonucleotides prior to IR,
respectively. It was found that gain-of-function of miR-155 and miR20a markedly attenuated IR-induced cellular senescence, whereas
loss-of-function of miR-155 and miR-20a significantly promoted the
induction of cellular senescence by IR. Taken together, our studies
demonstrate that miR-155 and miR-20a play a critical role in
regulation of cellular response to IR, at least for the induction of
senescence. The mechanisms by which these SA-miRNAs regulate
IR-induced cellular senescence are under investigation.

(PS4.09) Increased [Ca2þ]i and [cAMP]i in crypt cell region
stimulate IR-induced anion secretion. Liangjie Yin, Kunzhong
Zhang, Mei Zhang, Paul Okunieff, Lurong Zhang, Sadasivan Vidyasagar,UniversityofRochesterMedicalCenter,Rochester,NY
Symptoms of AGS include malaise, anorexia, severe diarrhea,
fever, dehydration, and electrolyte imbalance. Death is due to
infection, dehydration, and electrolyte imbalance. In many disease
states, secretagogue-stimulated anion loss in stool is largely
mediated by an increase in intracellular cAMP and/or Ca2 þ. We
therefore tested whether IR induced anion loss is mediated this
mechanism. Transepithelial electrical measurements were recorded
using Ussing chamber. Short circuit current (Isc) was used as a
measure of anion secretion. Ionizing radiation (IR) produced a dosedependent increase in anion secretion at lower doses (0–5 Gy) and
higher doses (.7) compared to that at 5 Gy. Forskolin stimulation
resulted in significant increases in Isc at all IR doses. Basal and
forskolin-stimulated [cAMP]i levels are significantly higher is crypt
than in villus epithelial cells. Irradiation increases [cAMP]i levels
several fold higher in crypt cells (296 6 8 pmol/mg protein) than in
villus epithelial cells (38 6 3.3 pmol/mg protein). Addition of
forskolin stimulated cAMP levels in villus epithelial cells 59 6 4.3
pmol/mg protein but not in crypt epithelial cells. To measure Ca2þ in
isolated villus or crypt fractions, tissues were incubated with 2 lM
fura-2 AM and cells were placed in a closed recording chamber and
mounted on the stage of an Eclipse TE200 microscope (Nikon)
equipped with a Nikon Super Fluor 403, oil immersion objective.
Cells were alternately excited at 340/380 6 15 nm and the
fluorescence emission collected through a 510 6 25-nm band pass
filter. Mean gray values in user-defined areas of interest were used to
compute 340/380 ratios. Higher levels indicated increased [Ca2 þ]i.
Irradiation increased [Ca2 þ]i levels in crypt cell region but not in
villus cells. Western blot analysis were done to determine if the
increased [Ca2 þ]i stimulated anion secretion occurs via EP1. Non-IR
villus and crypt cells did not show EP1 expression. IR resulted in a
dose-dependent increase in EP1 reaching a peak expression at 5 Gy
and then gradually decreased with increasing IR. Together these
studies suggest 1) increased [cAMP]i and [Ca2þ]i appear to regulate
IR-induced anion secretion; 2) [cAMP]i and [Ca2 þ]i are most
responsive in crypt cells; and Ca2 þ-stimulated increase in anion
secretion appears to be dependent on the EP1 pathway.

(PS4.10) Allografted sarcoma cell growth results in microenvironments similar to pre-implantation conditions. Arnulf G.
Mayer1, Michaela Steimel2, Alexander Wree2, Debra Kelleher3,
Peter Vaupel1, 1Department of Radiooncology and Radiotherapy,
University Medical Center, Mainz, Germany, 2Institute of Physiology and Pathophysiology, University Medical Center, Mainz,
Germany, 3Institute of Anatomy and Cell Biology, University
Medical Center, Mainz, Germany
Hypoxic tissue areas are a common finding in solid tumors and
they contribute to the malignant phenotype at various pathophysiological levels, leading to malignant progression, therapeutic
resistance and, subsequently, poor patient prognosis. Tumor hypoxia
is commonly regarded to be the consequence of a disturbed
homeostasis of the blood supply, which is considered to be
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(PS4.11) Assessment of plasma inflammatory molecules with
bead array:murine acute response to ionizing radiation. Mei
Zhang1, Bingrong Zhang1, Yongbing Cao1, Yeping Tian1, Liangjie
Yin1, Kunzhong Zhang1, LuLu Zhang2, Aiguo Zhang2, Steven
Stwarts1, Paul Okunieff1, Lurong Zhang1, 1University of Rochester
Medical Center, Rochester, NY, 2DiaCarta, Foster City, CA
Total body radiation (TBI) is a severe insult that damages cells
and triggers a host response, leading to changes in circulating
proteins. The alteration of circulating inflammatory molecules (IM)
reflects a complicate pathological process from acute damage to
repair, secondary damage and immune response. In this study, we
explore the alteration of circulating IM as a function of time after
TBI. Balb/C mice (6 weeks old male, 5 mice / group) received 5 Gy
or 9 Gy TBI. The dose was delivered with a Shepherd Mark-I unit
with a 137Cs source at a 1.84 Gy/min dose rate. The mice were
sacrificed at 6 hours, or day 1, 2 or 4. The bead array was set up by
conjugation of capture antibodies onto Luminex beads. The plasma
from each mouse was diluted 1:4 with saline and incubated with
capture antibody coated bead at 48C overnight. After washing, the
biotinylated detection antibody mixture against the IMs were added
and followed by streptavidin-PE. The data was acquired using a
Luminex 200 system. The standard curve was generated by mixing
recombinant IMs purchased from R&D. The CV(%) of detected
IMs was 5–20%. The 23 IMs were classified into 6 categories:
growth factor, interleukines, chemokines, TNF family, cytokines,
MMPs, and others. Three categories of IM change post-radiation
were defined: increase, decrease or unchanged. The data demonstrate that: 1) 6 hours after IR, most of the detected IMs showed
differences compared with the normal control, with most changes
showing a decrease; 2) on day 1, most of the detected IMs ‘‘calmed
down’’ to control level; 2) on day 2 and day 4, there was a rebound
with half of IMs, showing an increase, while others decreased. In
conclusion, there are brisk and dramatic changes in IM expression
over time after a irradiation exposure. The changes are variable over
time with a complex pattern. These changes could allow for an
estimate of the time after radiation, and may indicate which organs
are damaged. Multiple measurements over time might provide a
surrogate marker for radiation toxicity.

(PS4.12) Endothelial cells exposed to neutron/gamma mixed
field radiation secrete factors involved in chemotaxis, angio-

genesis, and cell survival. Lynnette H. Cary, Xiang Hong Li, Mark
Whitnall, USUHS, AFRRI, Bethesda, MD
Animals or cells irradiated with a combination of neutrons and
photons (mixed field) exhibit reduced survival compared to the
same absorbed energy (Gy) from photons alone. Injury mechanisms
are different for neutrons vs photons, requiring different repair
processes. It has been proposed that apoptosis in intestinal
microvascular endothelial cells (EC) leads to radiation-induced GI
syndrome, and recovery of bone marrow hematopoietic stem and
progenitor cells (HSPC) after radiation involves interaction with EC
within the periosteal as well as the perivascular niche. EC express
adhesion molecules, cytokines, and chemokines involved in
migration and homing, recruitment, and stability of many cell
types, including HSPC. We are developing an in vitro model of the
perivascular niche of bone marrow hematopoiesis. In the present
study, as expected from studies with other cell types, human
umbilical vein endothelial cells (HUVEC) exposed to mixed field
radiation (2:1 neutron/gamma) exhibited decreased survival compared to cells irradiated with gamma photons alone, at the same
dose in Gy. HUVEC did not undergo apoptosis after 6 Gy, the
highest dose tested, 24 h post-irradiation, and secreted several
factors involved in chemotaxis and proliferation of HSPC and
leukocytes, including IL-8, GRO-a, GRO-b, TIMP-1, and TIMP-2.
In addition, the secretion of Angiopoietin-2 (Ang-2), an autocrine
endothelial ligand, was enhanced after mixed field irradiation, while
expression of its receptor (Tie-2) was constitutive. Ang-2 may act as
either an agonist or an antagonist to control endothelial cell
responsiveness to radiation injury. Supported by NIAID IAA YIAI-5045.
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quantitatively and qualitatively inadequate in terms of the tumor
cells’ metabolic demands. However, since this demand is both poorly
defined and subject to high inter-tumoral variation, we have to
consider the possibility that tumor-specific vascularization patterns
and resulting microenvironments are in fact adequate for malignant
cells in a state of hypoxic adaptation. To address this possibility, DSsarcoma cells were preconditioned in either normoxic cell culture or
hypoxic / anoxic rat ascites. These cells were then implanted into the
subcutis of rats and the microenvironments of the resulting tumors
compared. Oxygenation parameters (median pO2, hypoxic fractions
 2.5 and  5 mmHg) were determined in invasive measurements
using polarographic needle electrodes (Eppendorf probe). Vascularization, activation of hypoxia-inducible factor (HIF)-1 dependent
gene expression and proliferation were assessed by morphometric
analysis of immunohistochemical marker detection [CD31, HIF-1a,
glucose transporter (GLUT)-1 and Ki-67] in tissue sections. Results
show that cells preconditioned in ascites form relatively poorly
vascularized, hypoxic tumors showing strong activation of HIF-1a
and GLUT-1. Conversely, tumor-initiating DS-cells derived from
normoxic cell culture form highly angiogenic, normoxic solid tumors
with significantly lower expression of HIF-1a and GLUT-1. These
data indicate that the intensity of angiogenesis and the resulting
microenvironments in this model are primarily determined by the
state of metabolic adaptation of tumor-initiating cells, rather than
being a function of HIF-activation during solid tumor growth.
Despite these differences, volume growth rates and the fraction of
Ki-67 positive cells of both types of tumors were comparable. In
conclusion, therapeutic modalities targeting the tumor vasculature
may be rendered ineffective by the high plasticity of the metabolism
of cancer cells.
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(PS4.13) Multi-functional optical microscope for monitoring
cycling hypoxia in tumors. Melissa Skala, Andrew Fontanella,
Joseph Izatt, Mark Dewhirst, Duke University, Durham, NC
Hypoxia is important in regulating tumor aggressiveness and
treatment resistance, and thus important for tumor treatment
outcome. Dynamic imaging of hemoglobin oxygen saturation and
blood flow velocities in tumor vessels, combined with oxidationreduction ratio imaging of tumor cells would provide valuable
insight into the mechanisms and distribution of cycling hypoxia in
growing tumors. We have combined hyperspectral imaging with
Doppler optical coherence tomography (OCT) and epi-fluorescence
to image changes in hemoglobin saturation, blood flow, and
metabolic demand, respectively, with tumor growth. Hyperspectral
images were collected between 500 and 610nm, and hemoglobin
saturation maps were calculated by linear least squares regression.
Doppler OCT volumes were acquired with a spectral domain system
(790nm center wavelength) in a common-path geometry for
increased phase stability, and microvessel blood velocity was
calculated from three-dimensional renderings of phase changes
within perfused vessels. Epi-fluorescence images of NADH and
FAD, an electron donor and acceptor, respectively, in the electron
transport chain provided information on the tumor metabolic
demand. Hyperspectral, Doppler OCT and epi-fluorescence images
were acquired every six hours for 36 hours in FaDu tumors
implanted into a mouse window chamber. All endpoints (blood
flow, blood oxygen saturation and oxidation-reduction ratio)
changed with time for all regions of interest within a tumor.
Dynamic relationships between the hemoglobin saturation and
blood flow velocity were found, with both positive and negative
correlations between these variables within different microvessels of
the same tumor. There was a moderate correlation (Rho ¼ 0.5,
p,0.05) between the hemoglobin saturation of a vessel segment
and the oxidation-reduction ratio of a small (,60 micron) region of
interest adjacent to the vessel segment. These preliminary results
indicate a complex relationship between oxygen supply (blood flow
and blood oxygen saturation) and oxygen demand (oxidationreduction ratio) in growing tumors.

(PS4.14) The tumor microenvironment and repair modulation
of radiation-induced DNA damage by EGFR inhibition in
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human tumor xenografts. Hanneke Stegeman, Johannes H. A.
Kaanders, Paul N. Span, Johannes P. W. Peters, Albert J. Van der
Kogel, Jan Bussink, Radboud University Nijmegen Medical Center,
Nijmegen, Netherlands
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The epidermal growth factor receptor (EGFR) and downstream signaling pathways are associated with major radiation
resistance mechanisms, including DNA-damage repair. Blockage of
EGFR signaling improves the effect of radiotherapy significantly in
head and neck cancer. However, a significant proportion of these
patients do not benefit from the addition of new molecular targeted
therapies. Identification of biological tumor characteristics that
affect treatment response will allow a better selection of patients for
these treatments.In search of predictive biological tumor characteristics, we investigated the effect of radiotherapy (10 Gy), Cetuximab
(C225, monoclonal antibody against EGFR), and concurrent C225
and radiotherapy on the expression of various proteins involved in
these pathways in two human larynx carcinoma xenograft models
(SCCNij167 and 202).SCCNij202 tumors showed extensive
membranous EGFR and cytoplasmic pAKT expression. In this
tumor, EGFR expression did not match with pAKT nor with
hypoxia. In contrast, SCCNij167 showed low EGFR and pAKT
expression also in this tumor with minimal co-localization.
Radiotherapy alone did not affect EGFR or pAKT expression.
However, C225, alone or in combination with radiotherapy, induced
nuclear translocation of EGFR in SCCNij167 tumors, while these
treatments induced an overall higher EGFR expression in
SCCNij202 tumors without specific translocation to the nucleus.
Differential effects of C225 on DNA-damage repair were noted
between the two tumor models. One day after radiotherapy, a strong
increase of cells expressing RAD51 foci was observed in both
xenograft lines, with the number of foci-positive cells decreasing
over time. This repair process was not affected by C225 in the
SCCNij202 tumor, while in SCCNij167 tumors concurrent C225
treatment the number of RAD51-positive cells did not decrease
between one and four days after radiotherapy. This suggests C225
to inhibit DNA-repair mediated by RAD51, which is now further
investigated using other repair proteins.These results show that
tumors of similar origin and histology can have different molecular
profiles. As a result, the potential of targeted drugs to reduce
radiation resistance mechanisms varies between these tumors
indicating the need for optimization of these combinations.

(PS4.15) Ionizing radiation down-regulates cholesterol biosynthesis enzymes in hippocampal neurons. Dinesh Kumar
Thotala, Dennis E. Hallahan, Eugenia Yazlovitskaya, Zeljka
Korade, Vanderbilt University, Nashville, TN
Neurocognitive deficits are devastating consequences in
cancer patients undergoing cranial irradiation. The pathophysiology
of these changes includes radiation-induced apoptosis in the subgranular zone of hippocampus. Our previous studies showed that
irradiation affects the lipid profile of hippocampal neurons. Since
hippocampal neurons express high intrinsic level of cholesterol
biosynthesis enzymes and changes in this pathway lead to neuronal
and glial apoptosis, we designed experiments to test if irradiation
affects cholesterogenic and lipid biosynthesis. The expression levels
of lipid and cholesterol biosynthesis enzymes were analyzed in
primary cultures of embryonic hippocampal neurons and hippocampal tissues of 6-day old mouse pups. The qPCR analysis of the
RNA isolated from the hippocampal cultures prepared from mouse
embryos at E16-E18 showed the cholesterol biosynthesis genes
were down-regulated at 6 h after irradiation with 3 Gy. The
statistically significant changes of up to 50% decrease were
observed for such genes as 3-hydroxy-3-methylglutaryl-coenzyme
A reductase (Hmgcr), the first and rate limiting enzyme in
cholesterol biosynthesis; 7-dehydrocholesterol reductase (Dhcr7),
that catalyzes the last step in cholesterol biosynthesis; sterol
regulatory element-binding protein 2 (SREBP2), the transcription
factor that regulates transcription of all cholesterol enzymes;
SREBF chaperone (SCAP); fatty acid synthase (FASN), the sole
enzyme capable of the reductive de novo synthesis of long-chain
fatty acids from acetyl-CoA and malonyl-CoA; and acetyl-coA
carboxylase (ACC). Similar changes were detected in hippocampal
tissue isolated from pups at 6 h after treatment with 7 Gy of cranial
irradiation. Immunoblot analyses of ACC and FASN have further
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confirmed qPCR results at the level of protein expression (1.5- and
3-fold lower compared to sham-treated cultures, respectively). The
observed decrease in the level of cholesterol and lipid biosynthesis
enzymes correlated with radiation-induced apoptosis. In summary,
our data indicate that multiple enzymes of the cholesterol and lipid
biosynthesis pathways are down-regulated in response to irradiation
and suggest this down-regulation as a part of regulatory mechanisms
of apoptosis in irradiated hippocampal neurons.

(PS4.16) Radiation induced cell killing and apoptosis after in
vivo or in vitro exposure of bone marrow cells. Debayan
Mukherjee, Sally Lorimore, Philip J. Coates, Eric G. Wright,
University of Dundee, Dundee, United Kingdom
Cell kinetic studies suggest that the production of haemopoietic cells is regulated by the balance between cell proliferation and
cell death by apoptosis. However, it is generally accepted that it is
difficult to detect dead or dying cells in steady state conditions in
vivo using conventional apoptosis measurements because of the
rapid removal cells by phagocytic clearance. In this study we have
examined the apoptotic responses of bone marrow exposed in vivo
and in vitro to doubling doses of ionizing radiation (0.25 Gy - 2Gy)
to investigate the use of different assays in assessing cell death. We
have measured the tissue cellularity at various times (up to 24h)
after initial exposure in vivo and compared the rate of cell killing,
assessed by tissue cellularity, with various classical assays used for
measuring apoptosis (flow cytometry and immunohistochemical
assays for TUNEL and Caspase 3). Reduction in bone marrow
cellularity shows a dose- and time-dependent response after in vivo
exposure to c-irradiation. However, apoptosis measurements differ
from tissue cellularity and under represent the actual cell killing in
bone marrow particularly at low doses (0.25Gy and 0.5Gy). Using
apoptosis assays there are significant differences detected in
comparative studies of in vitro versus in vivo irradiation.
Measurements of lysosomal enzyme activity associated with
phagocytosis are consistent with these differences being due to
the phagocytic clearance of apoptotic cells in vivo. Thus, our studies
demonstrate the difficulties of accurately assessing cell death by
commonly used apoptosis assays particularly in an in vivo system.

(PS4.17) Biological effects in rats from internalized polonium210. Diana Wilkinson1, Chunsheng Li2, Aimee Jones1, Heather
Wyatt3, Michelle Bugden3, 1Defence R&D Canada, Ottawa, ON,
Canada, 2Health Canada, Ottawa, ON, Canada, 3AECL Chalk River
Laboratories, Chalk River, ON, Canada
During a radiological-nuclear (RN) emergency, first responders and civilians face the danger of contamination by radionuclides
through inhalation, ingestion, or wounding. Currently, there is no
rapid bioassay method available for polonium-210 (Po-210), a highrisk radionuclide that can be released during an RN event. The
primary goal of this study was to establish rapid radiobioassay
methods capable of measuring Po-210 in urine samples and
therefore to predict the resulting radiation dose. The study also
examined the biological response to the presence of the internalized
radionuclide. Control and intravenously injected (Po-210) rats were
maintained for five days in metabolic chambers. At the end of the
five-day experiment blood samples were collected for protein profile
analysis, including cytokines. All animals were sacrificed and soft
tissues and organs were analysed for Po-210 retention. The resulting
data on the induction of protein biomarkers of exposure has led to a
better understanding of biological responses to an internal dose from
an alpha emitting radionuclide. The information gained may
ultimately lead to better management of short and long term
biological health effects from internalized radionuclides. Funded by
CRTI-06-0230RD, DRDC Ottawa, Health Canada and AECL.

(PS4.18) The effect of total body irradiation on the availability
of the NOS cofactor tetrahydrobiopterin. Maaike Berbée1, Qiang
Fu1, Ernst R. Werner2, Martin Hauer-Jensen1,3, 1University of
Arkansas for Medical Sciences, Little Rock, AR, 2Biozentrum der

P O S T E R
Medizinischen Universitaet, Innsbruck, Austria, 3Central Arkansas
Veterans Healthcare System, Little Rock, AR

(PS4.19) Thoracic irradiation depletes clara cell secretory
protein expressing murine lung progenitor cells. Malolan S.
Rajagopalan1, Michael W. Epperly1, Barry R. Stripp2, Susan D.
Reynolds3, Hongmei Shen4, Tracy Dixon1, Darcy Franicola1,
Xichen Zhang1, Yunyun Niu1, Joel S. Greenberger1, 1Department
of Radiation Oncology, University of Pittsburgh Cancer Institute,
Pittsburgh, PA, 2Division of Pulmonary, Allergy, and Critical Care,
Duke University Medical Center, Durham, NC, 3Department of
Pediatrics, National Jewish Medical Research Center, Denver, CO,
4
Thomas E. Starzl Transplantation Center, University of Pittsburgh,
Pittsburgh, PA
Purpose: Clara cell secretory protein (CCSP) expressing cells
include the progenitor cells for airway epithelium renewal following
injury. Damage to CCSP expressing cells was quantitated
comparing known lung toxicants with thoracic irradiation. The
potential for transplanted bone marrow to home to and repopulate
this lung stem cell population was assessed. Methods: Female FVB/
n and FVB/n background clara cell secretory protein-herpes simplex
thymidine kinase transgenic (CCtk) mice were studied. Lung
toxicants included treatment with 200 mg/kg naphthalene, exposure
of CCtk mice to 25 or 50 mg/mL ganciclovir (GCV) over 24 hours
by subcutaneously implanted miniosmotic pump to selectively
deplete CCSP-expressing cells, or 15 Gy thoracic irradiation. A
cohort of naphthalene treated mice was given 107 GFP þ male bone
marrow and/or inhalational radioprotective MnSOD-PL and was
followed for 21 days. CCtk and irradiated mice were followed for 7
days. mRNA expression of CCSP was quantitated for all groups by
real-time polymerase chain reaction using the DDCT method and a
standard total lung RNA preparation as the calibrator. In mice
receiving bone marrow, single cell suspension of lung tissue were
prepared and sorted for GFP þ cells. Results: CCtk mice treated with
GCV demonstrated the greatest loss of CCSP expressing cells. In
those receiving 25 or 50 mg/mL, there was a 95.69 6 1.60% or
97.71 6 2.08% decrease compared to control (p¼0.0005, 0.0003
respectively). Naphthalene treatment also reduced CCSP expression
to 79.99 6 4.01% compared to control after 3 weeks (p¼0.003). 15
Gy radiation reduced CCSP expression by 37.19 6 9.35%
compared to control after 1 week (p¼0.02). Bone marrow transplant
in naphthalene treated mice after 3 weeks demonstrated no
significant increase in CCSP mRNA expression; however, cell
sorting revealed a mean of 26.5 6 7.6 GFP þ cells per 106 nonhematopoietic cells compared to a control of 0.25 6 0.25 (p¼0.04).

Discussion: These results show that 15 Gy thoracic irradiation
destroys CCSP expressing lung stem cells as does GCV in CCtk
mice and naphthalene. Marrow derived cells home to the toxicant
damaged lung. Studies of BMT after lung toxicant exposure or
irradiation with longer duration for engraftment are ongoing.
Acknowledgement: The project was supported by NIH R01
CA11927 & T32 AG21885.
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Background: Tetrahydrobiopterin (BH4) is an essential
cofactor for all NO synthase (NOS) enzymes and a critical
determinant of NOS function. Under conditions of oxidative stress,
BH4 availability might be reduced due to the rapid oxidation of
BH4 to dihydrobiopterin (BH2). Inadequate BH4 availability leads
to NOS ‘‘uncoupling’’, where NOS may produce the highly reactive
radicals, superoxide and peroxynitrite, instead of NO. Hence, BH4
deficiencies may prolong and amplify oxidative stress. The present
study determined the effect of total body irradiation (TBI) on BH4
availability and analyzed the effect of the radioprophylactic agent
gamma-tocotrienol (GT3) on post-irradiation BH4 levels. Methods:
Male CD2F1 mice were exposed to 8.5 Gy uniform TBI in a cesium
irradiator. GT3, 400mg/kg bodyweight, in a mixture of polyethylene
glycol (PEG-400) and a proprietary emulsifying agent, was
administered as a single subcutaneous dose 24 hours before TBI.
Mice were euthanized at different time points after TBI (0, 3.5, 7,
14, 21 days). Lung BH4 and total biopterin concentrations were
determined using differential oxidation followed by HPLC. BH4
and total biopterin was expressed as pmol per mg protein. Results:
Lung BH4 concentrations were decreased at 3.5 days after TBI. The
BH4/total biopterin ratio was moderately, but highly significantly,
reduced at both 3.5 and 7 days after TBI. At 14 and 21 days after
TBI an increase in BH4 and total biopterin was observed. The effect
of GT3 on post-TBI BH4 levels did not reach statistical
significance. Conclusion: TBI induces a marked reduction in lung
BH4 concentrations and BH4/total biopterin ratios in the early postirradiation phase, followed by an increase in BH4 levels. Further
research is needed to assess the functional consequences of
radiation-induced changes in BH4 availability and to investigate
the potential of BH4 as a therapeutic agent after radiation exposure.
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(PS4.20) Mitochondrial translocation of cyclin B1 inhibits
p53-mediated apoptosis. Danupon Nantajit1, Ming Fan1, David
Gius2, Jian Jian Li1,3, 1Purdue University, West Lafayette, IN,
2
National Institute of Health, Bethesda, MD, 3Purdue Cancer
Center, West Lafayette, IN
Elucidating molecular events underlying cell resistance to
ionizing is crucial for developing better strategy to improve efficacy
for cancer treatment. The G2/M phase cell cycle regulator, cyclin
B1 has been identified to localized in mitochondria in resting cells;
by exposing to ionizing radiation, this localization is significantly
enhanced. Coupled with its catalytic partner Cdk1, also localized in
mitochondria, cyclin B1/Cdk1 complex has shown to have kinase
activity in mitochondria. Cyclin B1/Cdk1 complex directly binds
and phosphorylates the tumor suppressor p53 already localized in
mitochondria induced by irradiation. In p53 wild-type human colon
carcinoma cells, enforcing cyclin B1 into mitochondria by
mitochondrial targeting sequence can provide additional radioresistance to the cells. The phosphorylation of mitochondrial p53 at
serine-315 site by cyclin B1/Cdk1 inhibits the apoptotic functions of
p53 resulting in less apoptotic cells induced by ionizing radiation.
Conclusively, mitochondrial localization of cyclin B1 along with
Cdk1 has pro-survival effect by suppressing p53 activation of
apoptotic cascade.

(PS4.21) Aneuploidy cause cell transformation. Hisakatsu
Nawata, Kyoto University, osaka, Japan
Aneuploidy or chromosome imbalance is the most massive
genetic abnormality of cancer cells. It used to be considered the
cause of cancer when it was discovered more than 100 years ago.
Since the discovery of the gene, the aneuploidy hypothesis has lost
ground to the hypothesis that mutation of cellular genes causes
cancer.Here we re-examined the aneuploidy hypothesis in view of
the fact that nearly all solid cancers are aneuploid, that many
carcinogenesis are nongenotoxic, and that mutated genes from
cancer cells do not transform diploid human or animal cells.In this
study, we used the primary cells derived from 13-days embryo of
C57BL mouse with or without p53 gene functions. Both p53 ( þ/ þ)
and p53 (-/-) cells were spontaneously and easily immortalized, but
only p53 (-/-) cells became tumorigenic. All of tumorigenic cells
were aneuploid. Instability of chromosome of p53 (-/-) cells was
greater than that of p53 ( þ/ þ) cells. On the other hand, nontumorigenic cells were tetraploid, this phenotype was stable. And
we also examined the effects of aneuploidy on expression of
transforming phenotypes in human cells by generating human
embryonic fibloblasts that carried an additional chromosome.
Aneuploid human cells decreased their ability of contact inhibition.Considering these results, we conclude that aneuploidy is the
cause rather than a consequence of transformation.

(PS4.22) Does Tribbles-3 mediate the ER stress-induced poor
prognosis in breast cancer? Marloes Wennemers, Fred C. G.
Sweep, Jan Bussink, Paul N. Span, Radboud University Nijmegen
Medical Centre, Nijmegen, Netherlands
Cells can launch different ‘‘do or die’’ programs that determine
whether cells will survive severe hypoxic stress. The Unfolded
Protein Response (UPR) results from so-called Endoplasmatic
Reticulum (ER) stress caused by misfolding of proteins in the ER,
and can result in apoptotic cell death when the ER stress persists.
Often, tumor cells are more refractory to hypoxia induced apoptosis
than normal cells. This can be attributable to differences in the
107

P O S T E R

S E S S I O N S

Poster Sessions

apoptotic set point of the UPR. One of the factors that determines
this set point is Tribbles-3 (TRB3). It is strongly upregulated by ER
stress and can have both pro- and anti-apoptotic roles. We
hypothesized that TRB3 might also be relevant for breast cancer
prognosis.TRB3 was up-regulated, HIF-1 independently, after ERstress, hypoxia and nutrient starvation in breast cancer cell lines. In
xenografts in nude mice TRB3 is highly expressed in hypoxic
regions and colocalizes with pimonidazole. A correlation between
TRB3 and HER2 expression was found in a series of breast cancer
cell lines suggesting a role of TRB3 in growth factor signaling. In
addition, lowering TRB3 levels using stabile expression of
shRNA’s reduced the sensitivity for ER-stress (thapsigargin)
induced apoptosis. In addition, the alteration of the phosphorylation
levels of PKB/Akt in response to ER-stress was changed after TRB3
knockdown. Importantly, in at least three other breast cancer celllines TRB3 knockdown proved lethal. Conversely, stable overexpression has so far not succeeded, possibly due to enhanced
proteosomal degradation. GFP-tagged TRB3 vizualization experiments were performed. Immunohistochemical staining of TRB3
protein in human breast tumors revealed that TRB3 exhibited
abundant nuclear staining in epithelial cells from normal ducts, with
infrequent up-regulation in epithelial hyperplasia or carcinoma in
situ (CIS), whereas in high grade lobular carcinoma the pleomorphic nuclei show irregular staining intensities. Importantly, we
found that high levels of TRB3 mRNA in the primary tumor
denoted a poor prognosis in breast cancer patients.In conclusion,
TRB3 is an important regulator of growth factor signaling and ER
stress pathways, with significant consequences for breast cancer
patient prognosis.
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(PS4.24) Integrin b1 Sialylation is involved in radiationinduced migration and metastasis. Minyoung Lee, Hae-June Lee,
Yeung Bae Jin, Jung-Jin Park, Sangwoo Bae, Yun-Sil Lee, Korea
Institute of Radiological and Medical Sciences, Seoul, Republic of
Korea
Previously we reported that radiation induced ST6Gal I gene
expression that was responsible for increase of integrin b1
sialylation. Here we further investigated the functions of radiation-mediated integrin b1 sialylation. Radiation increased both the
protein level and sialylation tendency of integrin b1, which resulted
in the increase of protein stability. Particularly, increased sialylation
of integrin b1 by radiation augmented cellular adhesion, migration
and metastasis of cancer cells. However, sialylation site mutant of
integrin b1 on I like domain (Mu3) which showed inhibited
sialylation of integrin b1 dramatically attenuated these phenomena,
as well as inhibition of integrin b1 protein stability. In addition,
integrin b1-mediated radioresistance was not observed in the case of
this mutant expression. Moreover, sialylation of integrin b1
potentiated downstream pathways of integrin b1, such as phosphorylation of MEK1/2 ERK1/2, and p130Cas but mutant form of
integrin b1 did not. We also found that binding affinity of integrin
b1 with adaptor molecule, talin was increased by integrin b1
sialylation, while in the case of Mu3, it was not. In vivo metastasis
assay indicated that ST6GalI and integrin b1 overexpressed cell
lines of B16F10 melanoma showed the increased patterns of
metastasis to the lung of mice, which were similar pattern of
irradiated cells. However, Mu3 stable cell lines did not. From these
data, it suggested that the increase of integrin sialylation by ST6GalI
was critically involved in radiation-mediated adhesion, migration
and finally metastasis.

(PS4.23) Radiation-mediated crosstalk between ER-a and
eNOS contributes to breast cancer cell invasion and migration.
Richard C. Tamfu1, Aravindan Natarajan2, Hui Yu1, Sumathy
Mohan1, Kathigayan Shanmugasundaram1, Mohan Natarajan1,
1
Univiversity of Texas Health Science Center at San Antonio, San
Antonio, TX, 2Oklahoma University Health Science Center,
Oklahoma City, OK

(PS4.25) Hypoxia may participate in disease progression and
radioresistance through the induction of Notch-3 and upregulation of DNA repair genes in prostate cancer. Laure H.
Marignol1, Antoinette Perry1, Lynn Martin1, Thomas Lynch2, Mark
Lawler1, Donal Hollywood1, 1Trinity College Dublin, Dublin,
Ireland, 2St James Hospital, Dublin, Ireland

The objective of this study is to decipher the potentials of
breast cancer cells that survive radiation exposure at clinical doses
to acquire invasive and metastatic determinants. In this study we
exposed estrogen receptor positive (MCF-7) and negative
(MDAMB-231) breast cancer cells to clinical doses of low LET
radiation including doses used as single fraction (2Gy), cumulative
dose (10Gy) and scattered dose (10cGy).The cells were exposed to
137
Cs source at a dose rate of 1.27 Gy/min. The mock irradiated
cells were used as controls. The mRNA transcript level, protein
expression and protein-protein interaction were analyzed by QPCR /
RT-PCR, immunoblotting, immunoprecipitation and mammalian
two hybrid system, respectively. The level of intracellular nitric
oxide (NO) was determined by immunofluorescence and electron
spin resonance spectroscopy using DAF-FM and Fe-MGD as NO
traps. NO-dependent ER-a s-nitrosylation which determined
through immunoprecipitating s-nitrosylated proteins from the cell
lysates with an s-nitrosylated-cysteine IgG antibody followed by
ER-a western blot analysis. Transactivation of ER-a was measured
by EMSA and luciferase reporter assay. Cell Migration Assay
utilizes polycarbonate membrane inserts (8 lm pore size) to assay
the migratory properties of cells. Cell Invasion Assay utilizes
basement membrane-coated inserts to assay the invasive properties
of tumor cells. For both cell invasion and migration assays, we
stained and quantified the cells that passed through the polycarbonate membrane of the insert to the bottom side. Radiation induces
eNOS activity resulting in increased NO in a dose and time
dependent manner. The NO produced s-nitrosylates ER-a leading to
increased binding of ER-a to the ERE. Paradoxically, this binding
did not translate into the transcriptional activation of ER-a
dependent gene expression regulation. Altered structure due to snitrosylation of ER-a contributes to enhanced cell invasion and cell
migration. Radiation, while controlling tumor growth, could
simultaneously play significant role in breast cancer relapse and
metastasis through the activation of eNOS and the generation of NO
leading ER-a s-nitrosylation thereby compromising its genomic
function and enhancing metastatic potentials.

Introduction: We hypothesized that deregulation of the Notch
pathway may facilitate prostatic tumorigenesis and proposed to
investigate a link with hypoxia. We next exploited hypoxia-induced
radioresistance to identify a molecular signature of DNA repair
genes that may be involved in transition to androgen-independence
(AI). Materials and Methods: RNA extracted from a series of pooled
samples from prostate cancer patients (N¼4) with similar clinical
features (Low grade (Gleason score ,¼6); High grade (Gleason
score .¼7); non-hypoxic (low HIF, low VEGF); hypoxic (high
HIF, high VEGF)) were used in a low density array (LDA) approach
to determine the gene expression patterns of Notch signaling
pathway family members with disease progression and hypoxia.
Androgen sensitive 22Rv1 and AI DU145 and PC3 prostate cancer
cells were exposed to hypoxia prior to irradiation (2–10Gy).
Survival was measured using clonogenic assays. A LDA approach
was used to identify a potential signature of DNA repair genes
involved in radioresponse of aerobic and hypoxic cells. Results: The
expression of Notch family members was either similar or
downregulated (,2-fold) in the tumour, compared to benign pools
except for Notch-3, whose gene expression was upregulated (2.2fold) in high grade compared to benign pooled material. Notch 3
was also upregulated in the hypoxic tumour pool. Differential
Notch-3 gene expression was observed in selected prostate cell
lines. Notch-3 was upregulated in primary androgen sensitive (AS)
22Rv1 (4.1-fold) cells, both metastatic androgen-independent PC3
(3-fold), and DU145 (3.8-fold) prostate cancer cell lines but
downregulated in metastatic AS LnCaP prostate cancer cell line (12fold), when compared to the normal cell lines (PWR1E, RWPE1).
Notch-3 expression was further increased in response to hypoxic
exposure in DU145 (2-fold) and LnCaP (2-fold) but downregulated
in 22Rv1 (15-fold) and PC3 (20-fold) cells.Hypoxia-induced
radioresistance appeared to be time-dependent and cell type
specific. LDA data suggest that transition to AI is associated with
upregulation of genes involved in double strand breaks detection
(MRE11A) and repair (XRCC3, XRCC6). Conclusions: These data
support a role for hypoxia in transition of prostate cancer cells to
androgen independence and radioresistance.
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(PS4.26) Response of Intestinal Paneth Cells to Total-Body cIrradiation. Nikolai V. Gorbunov, Juliann G. Kiang, Armed Forces
Radiobiology Research Institute, Bethesda, MD

(PS4.27) Hsf1-mediated aneuploidy is dependent on a
defective function of p53. Eun-Ho Kim1, Yoon-Jin Lee1, Sangwoo
Bae1, Jae Seon Lee1, Joon Kim2, 1Korea Institute of Radiological
and Medical Sciences, Seoul, Republic of Korea, 2Korea Univ.,
Seoul, Republic of Korea
HSF1 phosphorylation by Plk1 has been reported to be
involved in mitotic regulation. We have further examined HSF1
functions in mitotic regulation according to p53 status. Nocodazolemediated aneuploidy was increased in p53 defective (p53 Mut)
cells; however, it was not in p53 wild type (p53WT) cells.
Phosphorylation of HSF1 at ser216 was increased in p53 Mut cells
with increased stability of securin and cyclin B1 in mitosis as
compared to p53WT cells. The interaction of p53 with Plk1 shown
in p53WT cells was not observed in p53 Mut cells, instead the
binding of HSF1 with Plk1 was seen in p53 Mut cells. Moreover,
interaction affinity of Cdc20 with Mad2 was inhibited in p53 Mut
cells, instead the interaction between Cdc20 and HSF1 was
increased. Therefore, HSF1 functions were more facilitated in p53
defective cells, which indicates the importance of novel mechanisms
for p53 function in HSF1-mediated mitotic regulation and genomic
instability.

(PS4.28) Genotoxic stress induces P38-mediated endothelial
cell death through ceramide generation and membrane
remodeling. François Paris1, Colin Niaudet1, Stéphanie Bonnaud1,
marie-hélène Gaugler2, Isabelle Corre1, 1Centre de Recherche en
Cancérologie Nantes-Angers, Nantes, France, 2IRSN, Fontenay aux
Roses, France
Despite involvement of ceramide and acid sphingomyelinase
(ASM) in endothelial cells (EC) radiosensitivity, molecular
mechanisms involved are poorly understood. Recently, MAPK
p38 has been considered as a crucial actor in EC radiosensitivity
(Kumar et al., JBC, 2004). p38 activation through its phosphorylation has been shown to be dependent of DNA damage induction in
tumor models. However, cytoplasmic origin of p38 activation after
genotoxic stress exposure remains undefined.In the present study,
we highlighted a direct relationship as p38 phosphostaining detected

in intestine’s EC from wild-type mice exposed to different
genotoxic agents such as radiation, cisplatin or doxorubicin was
not observed in EC from ASM knockOut mice exposed to the same
treatment. To understand the potential link between ceramide and
p38 pathways, we used the microvascular HMEC-1 cells, which
showed, after 15 Gy, ceramide generation within 5 minutes, rapid
p38 phosphorylation and apoptosis within 24 hours inhibited by
treatment with pharmacological ASM inhibitors (Bonnaud et al.,
Cancer Res., 2007), or with p38 blockade by MAPK inhibitor III or
p38 shRNA. Relation between ceramide generation and p38
activation has been made under fluorescent miscroscopic observation of raft microdomain organisation into the cell membrane. A
raft-marker ganglioside GM1 relocalisation from a discrete pattern
in the cell surface, to large and polarised areas, was detected
following irradiation. The 2 concomitant phenomena, i.e. ceramideinduced raft coalescence and p38 death-pathway activation, has
been connected by use of drugs, such as desipramine (ASM
inhibitor), and nystatin (cholesterol scavenger), which inactivated
p38 and the subsequent EC death. Furthermore, adding exogenous
C16-ceramide or bacterial sphingomyelinase (bSM) mimicked
radiation by inducing raft microdomain reorganisation, followed
by p38 activation and cell death.
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Ionizing irradiation (IIr) causes programmed cell death and
failure of IIr-sensitive systems and tissues such as small intestine
(SI). The molecular mechanisms underlying compensatory response
to supporting immunochemical homeostasis and SI barrier function
damaged by acute IIr are poorly understood. Using a mouse model
of total-body c-irradiation, we assessed IIr-induced response of the
crypt host-defense Paneth cells by monitoring the protein levels of
MAP-LC3 (a macro-autophagy specific protein) and a-defensin 4
(AD4). Then, these data were correlated with oxidative/nitrative
stress and damage to the villus enterocyte barrier function in the
irradiated SI. The IIr injury was produced in CD2F1 mice exposed
to 9.25 Gy c-radiation. SI tissue samples were collected at the 1st,
3rd, 5th, and 7th days of post-IIr. Pathomorphology, oxidative/
nitrative stress, expression of AD4, MAP-LC3, and iNOS were
assessed using confocal immunofluorescence imaging, transmission
electron microscopy, light microscopy, and immunoblotting
techniques. The conducted analyses of the irradiated tissue revealed
appearance of massive oxidative stress in SI, suppression of cell
proliferative activity and protein nitration in crypt cells developed
during the observation period. The following pro-apoptotic
alterations in villus enterocytes occurred at the 7th day post-IIr
(36% SI cells). These effects were accompanied by 1) appearance of
bacteria in crypt lumens, 2) increase in bacterial transmigration
through enterocyte layer along villus-crypt axis, and 3) expression
of AD4 and MAP-LC3 in the CD15-positive Paneth cells. The
results suggest that observed alterations in Paneth cells, a radioresistant population of crypt cells, can be a part of host defense
response to decrease in villi/crypts barrier function in the irradiated
SI. Supported by AFRRI RAB2CF.
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(PS4.29) Melanoma cells exhibit a wide range of radiosensitivity that correlates with a defect in G1 arrest but not
mutational status of B-RAF or N-RAS. Eldon C. Peters, Maria J.
Sambade, Patrick M. Tompkins, Craig C. Carson, Randall J.
Kimple, Janiel M. Shields, University of North Carolina, Chapel
Hill, NC
Advanced melanoma is often reported to be relatively resistant
to conventional radiotherapy fractionation schemes (1.8–2.0 Gy per
fraction). Multiple retrospective reports suggest that better control
rates can be obtained with large doses per fraction. However,
randomized controlled trials have failed to show a benefit for high
dose per fraction compared to a standard dose per fraction. Large
doses per fraction can result in high late toxicity in critical normal
tissues underlying a need for better data supporting an optimal
fractionation scheme in melanoma radiotherapy. We have analyzed
35 melanoma cell lines for radiation sensitivity using traditional
colony formation assays. We show that melanoma displays a
heterogeneous radioresponsiveness with the mean SF2¼0.52. In
addition, a large proportion (31%) of these lines exhibit intrinsic
radiosensitivities with SF2,0.39. Resistance to radiation correlated
with a defective G1 arrest, but did not correlate with mutational
status of B-RAF, N-RAS, p53, or origin of metastatic tissue site
(lymph node or distant metastasis). Finally, we show that melanoma
cells with a high SF2 are radiosensitized by inhibition of the
Raf.MEK.ERK pathway with a MEK1 inhibitor. Our data
suggest that melanoma exhibits a wide range of radiation sensitivity
suggesting that while some melanomas may benefit from high dose
per fraction, many may unnecessarily be exposed to this potentially
more toxic treatment. In addition, relatively resistant cell lines can
be made more sensitive via inhibition of the Raf.MEK.ERK
pathway, suggesting a potential role for biologic radiosensitizers in
melanoma. Establishment of molecular intrinsic ‘‘radioresistant’’ vs.
‘‘radiosensitive’’ signatures by microarray analyses of our cell lines
for selection of treatment strategy for individual melanoma patients
could enable personalized therapy.

(PS4.30) Determination of buildup factors and linear attenuation coefficient of mcp-96 alloy for its use in radiation
protection. Deidre Hopkins, Muhammad Maqbool, Mohammad
Islam, Ball State University, Muncie, IN
Build-up factors and linear attenuation coefficient of MCP-96
alloy are determined for dose correction in radiation oncology and
radiation protection, using Co60 and Cs137 gamma emitters. A
narrow collimated beam of c rays obtained from Co60 and Cs137 are
passed through various thickness of MCP-96 alloy and the
attenuation in the intensity of the beam is determined for every
block of MCP-96 alloy. The thickness of the blocks varies from 0.5
cm up to 6 cm in a 4cm x 4cm shape. Plotting the thickness of the
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alloy and the corresponding intensity of the beam allowed us to
determine its linear attenuation coefficient. The narrow beam
geometry is then replaced by broad beam geometry by removing the
collimator and the radiation beam is able to interact with the MCP96 alloy at all possible positions facing the radiation source.
Additional radiations obtained by the detector as a result from the
scattering of radiation develops the build-up factor. The buildup
factor is then calculated using the attenuated beam received by the
detector in the broad beam geometry and in the narrow beam
geometry. The buildup factor is found to be dependent on the
thickness of the MCP-96 attenuator, the solid angle and the source
to attenuator distance. Buildup factor is plotted against the thickness
of MCP-96 alloy, energy of the radiation beam and the solid angle
of the geometry. These values are providing ways for dose
correction in radiation oncology and radiation protection when
MCP-96 is used as tissue compensator or for radiation protection
purposes.

reticulocytes in irradiated mice compared to vehicle-injected
irradiated controls. Hematopoietic cytokines are known to promote
the proliferation and differentiation of blood cell progenitors. Serum
cytokines measured by Luminex indicated that GT3 induced very
high levels of IL-6 and G-CSF (p , 0.01 vs vehicle treated groups)
in both unirradiated and irradiated groups. GT3 also reduced IRinduced DNA damage in mouse marrow as measured by micronucleated erythrocytes in bone marrow smears. Frequency of
micronucleated erythrocyte was significantly less (p , 0.03, n¼ 3)
in GT3-treated mice compared to control mice 1 h post irradiation.
The difference was more evident in polychromatic erythrocytes
(PCE) than in normochromatic erythrocytes (NCE). Our results
demonstrate that GT3 protected hematopoietic tissue and reduced
IR- induced DNA damage. Our data also indicates that protection of
mice from radiation induced hematopoietic death is mediated by
cytokines GCF and IL-6. These studies indicate that GT3 may be
used in combination with chemo/radiotherapy of neoplastic
diseases, where myelosuppression is the limiting factor.

(PS4.31) Administering the PPARalpha agonist fenofibrate
preserves hippocampal neurogenesis following whole-brain
irradiation in mice. Sriram Ramanan, Mitra Kooshki, Weiling
Zhao, Fang-Chi Hsu, David R. Riddle, Mike E. Robbins, Wake
Forest University School of Medicine, Winston-Salem, NC
Whole-brain irradiation (WBI) is the primary mode of
treatment for brain metastases; 170,000 patients receive WBI in
the USA each year. However WBI can lead to a progressive,
cognitive impairment several months to years after irradiation. At
present, there are neither long-term treatments nor any preventive
strategies for this significant radiation-induced late-effect. Previous
studies indicate that WBI leads to impairments in hippocampaldependent spatial learning and memory that are associated with
neuroinflammation characterized by an increase in the number of
activated microglia. Preserving hippocampal neurogenesis and
inhibiting microglial activation following WBI represent key
strategies to minimize WBI-induced morbidity. Peroxisomal proliferator-activated receptors (PPARs) are ligand-activated transcription factors that possess anti-inflammatory properties and upregulate
antioxidant enzyme expression. We hypothesized that the PPARa
agonist, fenofibrate, would prevent the deleterious effect of WBI on
ongoing hippocampal neurogenesis. WBI (10 Gy of 137Cs c rays) of
adult 129S1/SvImJ mice lead to a 60% reduction in the number of
newborn hippocampal neurons (BrdUþ/ NeuNþ) 2 months postWBI. Dietary administration of fenofibrate (0.2 % w/w) prevented
this WBI-mediated decrease in neurogenesis by promoting the
survival of newborn dividing cells in the granule cell layer/subgranular zone. WBI also lead to a 70% increase in the number of
activated microglia, indicative of a radiation-induced neuroinflammatory response at 1 week post-irradiation. This was
significantly inhibited by fenofibrate administration. Of note, the
neuroprotective/ anti-inflammatory effects of fenofibrate were
abolished in PPARa knock-out mice, indicating a PPARadependent mechanism(s). These data highlight a novel role for
PPARa ligands in improving neurogenesis following WBI, and
offer the promise of improving the quality of life for brain cancer
patients receiving radiotherapy. Supported by grant numbers
CA112593 [MER] and PO1 AG11370 [DRR].

(PS4.32) Hematopoietic recovery by Gamma-tocotrienol in
total-body irradiated mice. Sanchita P. Ghosh1, Shilpa Kulkarni1,
Merriline M. Satyamitra2, Kevin Hieber1, Lyudmila Romanyukha1,
Kristen Gambles1, Raymond Toles1, Martin Hauer-Jensen3, K. Sree
Kumar1, 1AFRRI, USUHS, Bethesda, MD, 2AFRRI,USUHS,
Bethesda, MD, 3University of Arkansas for Medical Sciences,
Little Rock, AR
Administration of c- tocotrienol (GT3) 24 h before exposure
to total body irradiation (TBI) protected mice from lethality. We
report here that GT3 treatment induced hematopoietic recovery in
sublethally irradiated mice.Protection from radiation induced
pancytopenia was determined by enumerating peripheral blood
cells from GT3-treated mice irradiated at 7 Gy. GT3 accelerated
recovery of white blood cells, neutrophils, monocytes, platelets, and
110

(PS4.33) Micro-CT and MRI evaluation of the lung in
different mouse strains receiving whole thorax irradiation.
Julian D. Down1, Gregory R. Wojtkiewicz2, 1Harvard–Massachusetts Institute of Technology Division of Health Sciences and
Technology, Cambridge, MA, 2Center for Molecular Imaging,
Massachusetts General Hospital, Boston, MA
Two waves of pulmonary dysfunction and lethality have been
commonly described following whole thorax irradiation (WTI) in
certain strains of mice: an early pneumonitis /alveolitis phase at 3–6
months followed by a late phase that is often assumed to be
attributed to chronic pulmonary fibrosis. The C57BL/6J (B6) mouse
strain has attracted interest in being assigned ‘‘fibrosis-prone’’ and
lacks an early phase of salient lung injury. The aim of this study was
to characterize in more detail the post-irradiation changes in the
thorax of this strain in comparison with C57L/J and CBA/J mice
through micro-computerized tomography (micro-CT) and magnetic
resonance imaging (MRI). WTI was delivered using a Cs-137
gamma-irradiator at doses ranging from 10 to 15 Gy. In vivo microCT and MRI was performed during the early and late phases and the
findings were related to autopsy measurements (lung tissue and
pleural fluid weights). As expected, CBA mice demonstrated a
dose-dependent increase in lung density on micro-CT at 16 weeks
that was associated with increased lung mass from a pneumonitis
reaction. B6 mice, on the other hand, did not exhibit significant
changes in lung density at this time point. Later assessment of B6
mice at 30–32 weeks after 15 Gy WTI showed an elevation in CT
lung density but in most animals this was associated with large
accumulations of pleural fluid (0.3–1.8 cc) and a concomitant
decrease in lung volume. The development of bilateral pleural
effusion above the diaphragm causing an anterior-directed compression of the lung was confirmed on T2 weighted MRI. The
presentation of pleural effusion rather than fibrosis as a predominant
feature of the late response from WTI supports previous functional
and pathological studies on these mouse strains and is in accordance
with earlier low resolution CT findings in CBA/Ca and C57BL/Cbi
mice (Nicholas and Down, Radiother Oncol. 4:253–63, 1985).
These results also caution against the routine use of B6 mice as
radiation-induced pleural effusions are a very rare phenomenon in
patients receiving thoracic radiotherapy. Further micro-CT analysis
will be presented on the C57L mouse strain as this appears to
contrast with the B6 mouse in being exquisitely sensitive to
radiation pneumonitis, similar to humans.

(PS4.34) Transforming growth factor-beta and radiationinduced heart disease in rats. Marjan Boerma1, Kerrey A.
Roberto1, Junru Wang1, Martin Hauer-Jensen1,2, 1University of
Arkansas for Medical Sciences, Little Rock, AR, 2Central Arkansas
Veterans Healthcare System, Little Rock, AR
Background: Radiation-induced heart disease (RIHD) is a
potentially severe side effect after radiation therapy of thoracic and
chest wall tumors. Manifestations of RIHD include reduced cardiac
function and adverse myocardial remodeling. Transforming growth

P O S T E R

progenitor cells, and to mobilize those progenitors from hematopoietic tissue into the circulation.We studied the dose response and
time course of G-CSF induction by TS. Six to eight week old male
CD2F1 mice were injected with various doses of TS (50, 100, 200,
400, 800, and 1600 mg/kg) sc. Cytokine analysis was carried out
with serum samples collected at 2, 4, 8, 12, 24, 36, and 48 h after TS
injection, by multiplex Luminex. Our results suggest that the
highest levels of G-CSF were induced 24 h after TS administration.
Further, we investigated the survival enhancement role of G-CSF
induced in response to TS administration after total body irradiation
by treating CD2F1 mice with a protective dose (400 mg/kg) of TS
24 h before exposure to a lethal dose (9.2 Gy, 0.6 Gy/min) of cobalt60 c-radiation. The treated mice were then administered neutralizing
antibody to G-CSF 16 h before total body irradiation (TBI). TS
significantly protected mice against an LD90/30 dose of ionizing
radiation when administered 24 h prior to irradiation. However,
when TS-treated mice were injected with neutralizing antibody to
G-CSF, TS protective efficacy was completely abrogated. Our
results suggest that G-CSF induced in response to TS administration
is responsible for its radioprotective efficacy against ionizing
radiation.

Poster Sessions

factor-beta (TGF-b) is known to be involved in radiation-induced
remodeling in many organs. These studies address the role of TGFb in RIHD, by examining the effects of TGF-b induction and TGFb receptor inhibition on cardiac radiation injury in the rat. Methods:
Male Sprague-Dawley rats received localized heart irradiation with
a single dose of 18 Gy or a daily dose of 9 Gy for 5 consecutive
days. Rats were treated orally with a small molecule TGF-b
inducing compound or a small molecule inhibitor of the TGF-b type
I receptor kinase (SM16), from 2 weeks before until 6 months after
irradiation. At 6 months, cardiac function was examined in vivo
with echocardiography and ex vivo with Langendorff perfused heart
preparations. Structural changes were examined with quantitative
immunohistochemistry. Results: Local heart irradiation resulted in
myocardial fibrosis and left ventricular diastolic dysfunction, as
indicated by increases in in vivo E/A ratios and ex vivo diastolic
pressures. TGF-b induction caused increases in left ventricular
diastolic pressures and myocardial collagen deposition in hearts of
both irradiated and sham-irradiated rats. While TGF-b receptor
inhibition significantly reduced ex vivo coronary pressures, it did
not affect radiation-induced diastolic dysfunction or myocardial
fibrosis. Conclusions: Although TGF-b overexpression aggravates
manifestations of RIHD in the rat, a role for TGF-b at physiological
post-irradiation levels still needs to be established.
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(PS4.37) Ars severity-response and ‘‘early humane endpoint’’
(PS4.35) Development of a radiation injury model based on
1

Gottingen minipig (Sus scrofa domestica). Maria Moroni , Thea
V. Coolbaugh1, Krinon D. Moccia1, Jennifer M. Mitchell1, Vitaly
Nagy1, Diana Wilkinson2, Paul Pace2, Mark H. Whitnall1, 1AFRRI,
Bethesda, MD, 2Defence R&D Canada - Ottawa, Ottawa, ON,
Canada
We are characterizing Gottingen minipigs as an alternative
large animal model to study the acute radiation syndrome (ARS).
Minipigs were implanted with subcutaneous vascular access ports
(VAPs) for multiple blood collections in thrombocytopenic animals.
Dosimetry was performed using alanine pellets and water-filled
Plexiglas phantoms. Anesthetized animals were exposed to total
body gamma radiation (0.6 Gy/min). Doses to determine LD50/60
followed an ‘‘up-down’’ design, minimizing animal numbers. At
present, doses of 1.6 and 2.0 Gy (two animals/dose) have been used.
To approximate conditions of a mass casualty scenario, no
supportive care was provided. Injury to the hematopoietic and
gastric systems, lungs, and skin was assessed through hematology,
clinical chemistry, microbiology, and histopathology. Infrared skin
images were taken before and after irradiation. VAP design and
placement were critical to successful blood sampling in nonanesthetized animals. We observed expected declines in circulating
blood elements after irradiation; and radiation-induced lipid changes
during sepsis were similar to what was observed in a previous
minipig study at AFRRI. After 1.6 Gy, both animals recovered.
Both animals died after 2.0 Gy, with extensive organ damage
observed at necropsy. The progression of ARS in minipigs
(prodromal, latent, and manifest phases) was similar to what has
been observed in humans. Analysis of infrared images was able to
discriminate between control and irradiated animals during the first
day after irradiation. Infrared imaging of skin temperature changes
may be a useful bio-indicator tool for post-irradiation triage.

(PS4.36) Role of granulocyte-colony stimulating factor in
radioprotection by alpha-tocopherol succinate. Vijay K. Singh,
Darren S. Brown, Armed Forces Radiobiology Research Institute,
Bethesda, MD
Tocols are a family of eight isomers consisting of four
tocopherols (a, b, c, d) and four tocotrienols (a, b, c, d). atocopherol is the most prominent among them and is commonly
referred to as vitamin E, an important lipid-soluble antioxidant in
vivo. Recently, we found the administration of a-tocopherol
succinate (TS) significantly protects mice against c-irradiation
when administered subcutaneously (sc) 24 h before irradiation,
reduces neutropenia and monocytopenia, and increases serum levels
of granulocyte-colony stimulating factor (G-CSF), a cytokine that
has been shown to enhance marrow production of hematopoietic

scoring system for nonhuman primate radiation dose-response
model. Gregory L. King1, Vilmar Villa1, Arifur Rahman1, Jennifer
Mitchell1, Ann M. Farese2, Thomas J. MacVittie2, William F.
Blakely1, 1AFRRI/USUHS, Bethesda, MD, 2University of Maryland, School of Medicine, Baltimore, MD
A clinical assessment tool was developed for nonhuman
primate (NHP) radiation models in order to: 1) quantify severity
response for ARS sub-syndromes (i.e., hematopoietic, gastrointestinal, neurovascular, etc.) and 2) determine the point of euthanasia.
The ARS severity response scoring tool was based largely on the
METREPOL scoring system, developed by T.M. Fliedner (Ulm
University, DE), but adapted to include other indices (e.g.,
hydration measures, stool hemoglobin, leukocytes and behavior)
for NHP studies with limited medical intervention (Fante et al., Lab.
Animals 41: 456, 2007).11 male and 11 female rhesus macaques
(Macaca mulatta) (4 groups, con¼4; 1.0 Gy¼6; 3.5 Gy¼6; 6.5 Gy¼6)
received bilateral 60Co c-irradiation at 0.6 Gy/min. Blood was
withdrawn, feces were collected, and ARS severity response scores
were obtained before and ;6-h to 60 d after irradiation. Minimal
supportive care such as supplemental nutrition, subcutaneous fluids,
loperamide, acetaminophen and topical antibiotic ointments were
prescribed based on clinical observations and ARS severityresponse scores.Preliminary results showed that multiple parameters
of the ARS severity-response scoring tool were useful for
assessment of severe morbidity or moribundity in the high-dose
(6.5 Gy) irradiated NHPs. One NHP died unexpectedly, whereas
clinical signs (based on the scoring system) determined the point at
which humane euthanasia was elected for the remaining NHPs in
this group. In these cases, the useful clinical signs included: lack of
response to stimuli, extreme weakness, anorexia/adipsia, severe
anemia and/or thrombocytopenia, and signs of severe GI dysfunction. These results can also be useful for validation of novel
biodosimetry assays. Research was supported by DARPA’s
Radiation Biodosimetry Program - MIPR entitled: Nonhuman
Primate Testing for Biodosimetry and under AFRRI work unit
RBB4AR.

(PS4.38) Deployable radiation biodosimetry system. David J.
Sandgren, Natalia I. Ossetrova, Ira H. Levine, Sergio Gallego,
William F. Blakely, AFRRI, Bethesda, MD
Medical management of suspected radiation casualties
necessitates use of multiple parameter biological-dosimetry assessment. In cases of mass casualties and radiological terrorism military
and civilian first-responders need the ability to triage individuals in
the field. Multiple parameters presently useful for dose assessment
triage include the assessment of radioactivity contamination, clinical
signs and symptoms, physical dosimetry, and early-response
changes in hematology, blood chemistry, and protein biomarker111
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s.Efforts to assemble a deployable radiation biodosimetry system
are underway and include validation of equipment, establishment of
SOP protocols, and development of medical recording worksheets
and software tools. Our system includes equipment to measure
various radiation blood biomarkers including: amylase activity, Creactive protein, lymphocytes, and neutrophils. Each of these
devices is either small enough to fit in a backpack, or can be
packaged and transported via an Anvil case on wheels. Another
component of deployable dosimetry includes the equipment
protocols and procedures to run the tests. Deployable biodosimetry
can also be assisted by a set of tools to aid responders and others
responsible for dynamic recording of medical data of suspected
irradiated patients. AFRRI’s Biodosimetry Assessment Tool (BAT)
and our First-responder Radiological Assessment Triage (FRAT)
software can be loaded onto laptops or handhelds, respectively, to
rapidly record and assess dose estimations in a field deployable
setting. A deployable multi-parameter biodosimetry system will aid
the collecting and diagnosing and treating of irradiated individuals
in a field deployable environment. Research was supported by
AFRRI work units RBB4AR and RAB4AL.

(PS4.39) A rat model for assessing in-field and out-of-field late
brain injury after focal gamma knife irradiation. Weiling
Zhao1, Amy Braden1, Xuan-feng Ding2, Zhiyong Deng1, Kenneth
T. Wheeler1, J. Daniel Bourland1, 1Wake Forest University School
of Medicine, Winston-Salem, NC, 2Department of Physics, Wake
Forest University, Winston-Salem, NC
The goal of this study was to develop a rat model for assessing
the in-field and out-of-field late brain injury, including cognitive
impairment, which occurs after focal Gamma Knife (GK)
irradiation. To accomplish this, each individual rat was held in
the same position for stereotactic CT simulation and GK irradiation
using a custom-built immobilization platform. After simulation, the
GK treatment planning software, adjusted for rat head size, was
used to design a 2-isocenter GK treatment plan for each anesthetized
300–330 g male Fischer 344 rat. This plan delivered a 20 Gy
maximum dose (10 Gy to the 50% isodose line) to the prefrontal
cortex or to the hippocampus using the GK 4 mm collimator helmet.
The loss of Ki67þ cells in the hippocampus at 24 h postirradiation,
and the increased NF-kB DNA binding activity in both the
hippocampus and prefrontal cortex at 3 and/or 6 h postirradiation,
were used to assess the acute radiation damage from these GK
treatments.When the prefrontal cortex was irradiated, NF-kB DNA
binding activity increased in the prefrontal cortex without a
detectable increase in NF-kB DNA binding activity or loss of
Ki67þ cells in the hippocampus. When the hippocampus was
irradiated, Ki67þ cells were virtually eliminated, and NF-kB DNA
binding activity increased in the hippocampus without a detectable
increase in the prefrontal cortex. Thus, it should be possible to
clearly separate the in-field and out-of-field molecular, cellular, and
behavioral late effects of these focal GK irradiations using this rat
model.
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exposed to Cobalt-60 gamma radiation in the current study. Single
and multiple (5 once daily doses) drug regimens (2 mg/kg, sc) were
administered to mice exposed to 9 Gy (0.6 Gy/min dose rate) and
30-day post-irradiation survival assessed. Alxn4100TPO injected
pre-irradiation as either a single (24 h) or multiple daily (5 to 1
d) regimen resulted in 80–95% survival, while a single administration post-irradiation ( þ6 h) showed 44% survival. In a separate
time course study, single drug schedules confirmed 100% survival
when administered 24 h or 48 h prior to radiation. The drug was also
effective at 6 and 12 h post-irradiation with 55 and 70% survival,
respectively. The drug dose optimization study was carried out at 12
h post-irradiation with doses ranging from 0.1 mg to 8 mg/kg. The
results demonstrate that Alxn4100TPO was effective in increasing
30-day survival at low (0.5 mg/kg) as well as at higher drug doses (8
mg/kg).

(PS4.41) Ang(1-7): A Mechanism for the Efficacy of ACE
Inhibitors in the Mitigation of Radiation Nephropathy? Brian L.
Fish, John E. Moulder, Marylou Mader, Ashley Schock, Eric P.
Cohen, Medical College of Wisconsin, Milwaukee, WI
We have shown that FDA-approved ACE inhibitors and AT1
blockers can be used to mitigate and treat experimental radiation
nephropathy. It has also been shown that ACE inhibitors and AT1
blockers can be used to treat radiation nephropathy in humans and
the ACE inhibitor Captopril has been evaluated as a mitigator of
radiation-induced renal injury in humans. The mechanism of action
has not been elucidated. The most obvious explanation for the
efficacy of these agents would be that radiation causes up-regulation
of the renin-angiotensin system (RAS). To date, however, we have
found no evidence for radiation-induced up-regulation of the RAS
at the level of renin, angiotensin 2(A2) or A2 receptors. An
alternative hypothesis is that A2 metabolites such as Ang(1-7) have
beneficial effect via anti-fibrotic and/or anti-proliferative activity.In
the rat total body irradiation(TBI) model of radiation nephropathy
we tested three approaches to this hypothesis. First by directly
infusing Ang(1-7), using subcutaneous osmotic mini pumps at 0.6
mg/kg/day, to increase levels of Ang(1-7). Second by blocking the
Ang(1-7) receptors with A779 using subcutaneous osmotic mini
pumps at 0.6 mg/kg/day. Both Ang(1-7) and A779 were started 2
weeks after irradiation and continued for 8 weeks. Third using the
Ang(1-7) agonist AVE-0991 given in the diet at two different
doses(14 and 42 mg/kg/day) started by 6 hours after irradiation.At 9
weeks after 10 Gy TBI, rats had significantly elevated BUNs
compared to unirradiated controls. Infusion of Ang(1-7) showed a
slight but non-significant decrease in BUN compared to irradiated
alone. Infusion of the receptor antagonist A779 had no effect on
BUN compared to irradiation alone. No effect on systolic blood
pressure was measured. Rat will be followed to uremia. Rats
receiving AVE-0991 at 14 mg/kg/day started immediately after 10
Gy TBI irradiation show no benefit, as measured by BUN at 17
weeks after irradiation, when compared to irradiation alone. The
higher dose is being evaluated.Ang(1-7) requires further evaluation
as a mechanism for the efficacy of ACE inhibitors and AT1
blockers. This work was supported by NIAID cooperative
agreement AI067734.

(PS4.40) A novel TPO agonist, Alxn4100TPO mitigates
radiation induced lethality in CD2F1 mice by increasing
thrombopoiesis. Merriline M. Satyamitra1, Conor Mullaney1,
Patrick Ney1, Krista Johnson2, Jeffery Hunter2, Paul Tamburini2,
Yi Wang2, Jeremy Springhorn2, Venkataraman Srinivasan1, 1SRD,
AFRRI, Bethesda, MD, 2Alexion Pharmaceuticals, Inc, Cheshire,
CT

(PS4.42) Countermeasure evaluations for combined injury. G.

The hematopoietic tissue is highly susceptible to cytotoxic
effects of ionizing radiation, resulting in thrombocytopenia and/or
neutropenia, followed by mortality. Thrombopoietin (TPO) has
been indicated for the clinical treatment of thrombocytopenia;
unfortunately its administration causes adverse side-effects. Small
molecular weight TPO mimetics have been synthesized that
enhance platelet counts as effectively as TPO, without the
accompanying deleterious effects. Alxn4100TPO (Alexion Pharmaceuticals, CT), one such TPO agonist, is a short chain peptide
incorporated in both light and heavy chains of human IgG.
Alxn4100TPO was evaluated as a countermeasure agent in mice

Combined injury (CI) is defined as radiation injury (RI)
combined with tissue trauma from burns and wounds. At Hiroshima
and Nagasaki, 60% to 70% of victims sustained burns, wounds, and
RI. Thus, therapies are needed for CI. As both RI and tissue trauma
activate inflammation and perturb hematopoiesis, we hypothesized
that agents with anti-inflammatory activity and hematopoietic
stimulatory potential would be of value for CI therapy. We tested
this in an Animal Care and Use Committee approved study with
B6D2F1/J female mice given 9.75 Gy 60Co gamma radiation at 0.4
Gy/min. Within 2 h after RI, mice anesthetized with methoxyflurane, which has an analgesic effect, received 15% total body skin-

D. Ledney, Wan Jiao, T. B. Elliott, J. G. Kiang, Scientific Research
Department, Armed Forces Radiobiology Research Institute,
Bethesda, MD
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lipopeptide from Mycoplasma arginini. It was selected for dosedependent activation of a TLR2/TLR6-dependent NFkB reporter in
293 cells. CBLB613 provided 100% survival in mice given 1.8 mg/
kg sc 24 hr before Cobalt 60 gamma total body irradiation (TBI) at a
LD90/30 dose (9.0 - 9.25 Gy). The drug was also effective (50% 30
day survival, compared to 25% in vehicle-treated mice) when a dose
of 0.22 mg/kg was administered 6 hr after 9.6 Gy irradiation. The
drug dose optimization studies, with drug doses ranging from 0.11
mg/kg to 1.8 mg/kg, revealed the drug was effective even at 0.11
mg/kg when given 24 hr prior to TBI. Radiation dose reduction
factor (DRF) studies were carried out using 0.22 mg/kg given 24 hr
prior to TBI in mice receiving 7.5 to 12.5 Gy (7.5 to 10 Gy for PBS
vehicle groups, 9.5 to 12.5 for drug groups, N per group ¼ 20). The
DRF was 1.34 (p,0.0001, 95% CI 1.316 to 1.367). Hematological
studies in mice administered an optimal drug dose, 0.22 mg/kg, 24
hr before 7.0 Gy TBI, indicated that WBCs and platelets recovered
significantly faster compared to the controls. In addition cytokine
content in serum was measured using Luminex at time points before
and after TBI (7.5 Gy). Among cytokines G-CSF showed
significant increases 4 and 24 h after drug administration in
unirradiated animals. In drug-treated irradiated animals G-CSF was
significantly elevated 4 h post-irradiation. These results indicate that
CBLB613 is a potential radiation countermeasure agent.
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area wounds. After RI and CI, groups of 20 mice each were given
appropriate control, vehicle, or drug treatments. Drugs evaluated
compared to vehicles were celecoxib (p.o. 7 days in 1% DMSO),
meloxicam (p.o. 7 days in H2O), L-NIL-6 (p.o. in H2O), 5androstenediol (AED) (s.c. 33 over 2 days in PEG-400), and 17DMAG (s.c. 13 in PEG-400). Water consumption, body weight,
wound closure, and 30-day survival were used to indicate signs of
recovery from CI or toxicity to the drugs. The results were as
follows: In all control, vehicle, or drug treatments, water intake was
increased after CI and was decreased after RI. Body weights after CI
were acutely reduced after control, vehicle or drug testing and were
reduced starting 10 days after RI. In all control, vehicle, or drug
trials wounds did not close in CI-mice. Wounds closed by 20 days
in all unirradiated mice after control, vehicle, or drug therapies.
There were no 30-day survivors after therapy for CI with the test
drugs. PEG-400 and 1% DMSO vehicles contributed to mortality of
CI-mice. In conclusion, the drugs tested did not provide benefit for
CI. Studies are ongoing to determine the molecular responses found
in CI and to evaluate agents that might counteract their effects.
Supported by NIAID YI-AI-5045-04.
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(PS4.43) Development of SOM230 as a radiation mitigator:
post-radiation time window and mechanism of action. Qiang
Fu1, Maaike Berbée1, Marjan Boerma1, Junru Wang1, Herbert A.
Schmid2, Martin Hauer Jensen1,3, 1University of Arkansas for
Medical Sciences, Little Rock, AR, 2Novartis Institutes for
Biomedical Research, Basel, Switzerland, 3Central Arkansas
Veterans Healthcare System, Little Rock, AR
Background: The somatostatin analog, SOM230, has potent
radioprophylactic and radiation mitigating properties that may relate
to suppression of exocrine pancreatic secretion. This study was
performed to a) determine the post-radiation time window for
administration, and b) to obtain information about mechanisms of
action, as required by the US Food and Drug Administration (FDA).
Methods: Male CD2F1 mice were exposed to 7–15 Gy uniform
total body irradiation (TBI) in a cesium irradiator. SOM230 (0.5, 2,
or 5 mg/kg) or vehicle were given by twice daily subcutaneous
injections, beginning either 2 days before, 4 hours after, or 24 hours
after TBI and continued for 14 days. Separate experiments were
performed with or without co-administration of pancreatic enzymes.
Animal survival was monitored for up to 30 days. Intraluminal
proteolytic activity was assessed using a protease fluorescent
detection kit. Bacterial translocation was assessed in liver tissue
with 16S rRNA gene-targeted primers. The contribution of the gut
to systemic cytokine levels was estimated by analyzing plasma
samples obtained simultaneously from the portal vein and carotid
artery. Results: SOM230 decreased bacterial translocation and
substantially increased overall post-TBI survival, even when started
24 hours after irradiation. SOM230 reduced intraluminal proteolytic
activity, and replacement of pancreatic enzymes by gavage reversed
the radioprotective effect. The intestinal release of several cytokines
induced by TBI was also reversed by SOM230. Conclusion:
SOM230 is a promising radiation mitigator with a post-radiation
time window of at least 24 hours. The mechanism of action likely
involves reduction of intraluminal pancreatic enzymes and preservation of intestinal barrier function. Experiments to further extend
the post-exposure time window are ongoing.

(PS4.44) Radiation countermeasure studies in mice with
CBLB613, a TLR 2/6 agonist. Venkataraman Srinivasan1,2,
Donald Condliffe1, Vijay K. Singh1, Alexander Shakhov2, Elena
Feinstein2, Mark Whitnall1, 1Armed forces Radiobiology Research
Institute, Bethesda, MD, 2Cleveland BioLabs, Inc. (CBLI),
Buffalo, NY
Cleveland Biolabs, NY, has developed a series of drugs using
the concept that toll-like receptor agonists, which trigger activation
of NF-jB, can be radioprotective. Recently, CBLB502, based on
truncated flagellin (a TLR5 agonist) from S. typhimurium,
significantly reduced radiation-induced mortality in mice and nonhuman primates. We evaluated CBLB613, a rationally designed
drug based on a naturally occurring TLR 2/6 agonist, an N-terminal

(PS4.45) Overexpression of cks1 is associated with poor
survival by inhibiting apoptosis in breast cancer. Xiao-Chun
Wang, Ai-Min Meng, Institute of radiation medicine, Chinese
Academy of Medical Science, Tianjin, China
Purpose: The present study was undertaken to examine the
amplification and expression status of Cks1 in breast cancer and its
significance.Methods The amplification and expression status of
Cks1 gene was examined by FISH, Real-time PCR and immunohistochemistry, respectively. RNA interference was used to detect
the effects of Cks1 on migration, invasion, cell cycle progress and
apoptosis of breast cancer cells.Results Cks1 gene amplification was
highly correlated with protein overexpression. Overexpression of
Cks1 was strongly associated with lymph node metastasis and poor
prognosis. Knockdown of Cks1 expression by RNA interference
inhibited the cell cycle progress, migration and invasion ability of
breast cancer cells. Moreover, overexpression of Cks1 inhibited
apoptosis of breast cancer cells through MEK-Erk pathway.
Conclusion Cks1 may be considered as potential novel prognostic
markers and targets for the future development of specific
therapeutic interventions in breast cancer.

(PS4.46) Rhesus macaque dose-response model for validation
of multiple parameter biodosimetry assays: Dosimetry characterization and early-phase radioresponse of hematology and
blood chemistry biomarkers. Arifur Rahman, Natalia I. Ossetrova, David J. Sandgren, Sergio Gallego, Harley Clinton, Katya
Krasnopolsky, Vitaly Nagy, William F. Blakely, Armed Forces
Radiobiology Research Institute, Uniformed Services University of
Health Sciences., Bethesda, MD
In vivo validation studies need to support ongoing efforts to
develop triage, clinical, and definitive biodosimetry assays for
emergency medical response in radiation accidents and radiological
terrorism. Our earlier use of Rhesus macaque (Macaca mulatta)
nonhuman primate (NHP) model system showed significant
changes in serum amylase activity and blood cell counts 1 d after
total-body irradiation to 6.5 Gy 60Co-c-rays (Blakely et al. Radiat.
Measurements 42(6–7): 1164, 2007). Here we report our efforts to
establish a Rhesus macaque (Macaca mulatta) nonhuman primate
(NHP) radiation dose-response model. NHPs in pairs (male and
females; 4.4 to 7.8 kg; 3.6 to 5.9 y) were exposed bilaterally to
60
Co-gamma rays to whole-body nominal doses of 0, 1, 3.5, and 6.5
Gy at 60 cGy/min (n ¼ 6 animals/dose). Exposure times necessary
for the desired doses to the cores of the abdomens were calculated
from dose rates determined by alanine/Electron paramagnetic
resonance measurements (traceable to the National Institute of
Standards and Technology). Blood was sampled for measurement of
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hematology and blood chemistry radioresponses prior to irradiation
and up to 60 d after exposure. Early-phase results from
hematological (lymphocytes, neutrophils, neutrophils to lymphocytes) and blood chemistry (amylase activity) biomarkers will be
reported. For example, exposure to 3.5 Gy causes a dramatic
increase in amylase activity at 1 d after exposure along with a 17 %
decrease in lymphocytes, and 5.5-fold increase in neutrophil to
lymphocyte ratio. Multiple biomarkers will be evaluated using
multivariate data analysis. Research was supported by DARPA’s
Radiation Biodosimetry Program - MIPR entitled: Nonhuman
Primate Testing for Biodosimetry and under AFRRI project BD14 (RBB4AR).

(PS4.47) Protection and rescue of mice from abdominal
irradiation-induced acute death by antioxidant NAC. Dan Jia,
Nathan A. Koonce, Robert J. Griffin, Jessica S. Webber, Peter M.
Corry, U Arkansas for Medical Sciences, Little Rock, AR
We have found previously that acute death in mice following
local abdominal irradiation (AI) is preceded by profound suppression of stromal cell activity in the non-irradiated bone marrow. We
report here the involvement of oxidative stress in this form of GI
death. Ten-week-old male C57BL/6 mice were given single dose (0,
15 or 20 Gy) abdominal x-ray irradiation at dose rate of 1 Gy/min.
Mice were treated with daily s.c. injection of antioxidant N-acetylL-cysteine (NAC, 300 mg/kg)) or vehicle solution for 7 days,
starting either 4h before irradiation (NAC/-4h) or 2h after irradiation
(NAC/ þ2h). Body weight of the mice was monitored daily and
survival rate determined for up to 30 days. In a parallel experiment,
a small number of animals from each group were sacrificed at day 3
and 5 post irradiation for bone marrow oxidative stress assessment,
ex vivo bone marrow stromal cell colony formation, as well as
histological assessment of jejunum crypt survival. In the groups
receiving 20 Gy AI, body weight loss started 1 day after irradiation
and progressed for 9 days. NAC treatments under either schedules
slowed the pace of weight loss. The first death in the vehicle-treated
group occurred at day 6, and survival rate dropped to 6% by day 10.
In contrast, NAC treatment delayed the time of the first death by 2
days and improved the 30-day survival rate to 50% (NAC/ þ2h) and
62.5% (NAC/-4h), accompanied by steady recovery of body weight
between day 10 and day 30. Mice receiving 15 Gy AI suffered
milder body weight loss and all survived. NAC showed no
beneficial effective on body weight after 15 Gy AI. In parallel, AI
caused a time- and dose-dependent induction of oxidative stress and
suppression of stromal cell number in the un-irradiated bone
marrow, as well as crypt cell death in jejunum at day 3 and 5 postradiation in vehicle-treated mice. These changes were diminished by
NAC treatments. Our data established the involvement of oxidative
stress in AI-induced cellular responses in unirradiated bone marrow
and in AI-induced acute death in mice. In light of the crucial role
bone marrow stroma plays in supporting virtually all progenitors
required for tissue repair, we propose that NAC protects/rescues
mice from AI-induced acute death in part through preserving the
bone marrow stromal cell pool.

(PS4.48) Manganese superoxide dismutase plasmid liposome
complex protects irradiated esophageal cells from homologous
recombination. Yunyun Niu1, Hong Wang1, Dominika WiktorBrown2, Rebecca Rugo2, Hongmei Shin1, Saiful Huq1, Bevin
Engelward2, Michael Epperly1, Joel Greenberger1, 1University of
Pittsburgh Cancer Institute, Pittsburgh, PA, 2Massachusetts Institute
of Technology, Boston, MA
We tested the effect of intraesophageal MnSOD-PL (100 lg
plasmid DNA) administration 24 hours prior to 29Gy upper body
irradiation on homologous recombination (HR) in explanted
esophageal epithelial cells from fluorescent yellow direct repeat
(FYDR) mice. These mice contain the promoter and a portion of the
EYFP transgene on one chromatid with the remaining portion of the
EYFP transgene on the adjacent chromatid of chromosome 1. Upon
recombination, the mice produce a complete EYFP protein, which
fluoresces yellow. Single cell suspensions from FYDR, positive
control FYDR-REC mice where the recombination occurred in
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embryonic cells, and negative control C57BL/6NHsd mouse
esophagus were evaluated by flow cytometry for the number of
EYFP positive cells representing homologous recombination.
Following irradiation there was a significant increase in the number
of EYFP þ cells in the 29 Gy irradiated esophagus with a median of
2.2 EYFP cells per 106 esophageal cells (inter-quartile range of 0 6.8) compared to a median of 0 (IQR 0 - 1.6) EYFP þ cells in
nonirradiated FYDR mice or mice ameliorated by MnSOD-PL (IQR
0 - 1.1) 24 hr before irradiation (p ¼ 0.0026 or 0.0008, respectively).
To determine if irradiation also increased HR in bone marrow,
C57BL6/NHsd mice were irradiated to 8 Gy to one hind leg. Some
mice were injected intravenously with MnSOD-PL (100 lg plasmid
DNA) 24 hr before irradiation. The bone marrow was isolated seven
days after irradiation and single cell suspensions analyzed for
EYFP þ cells. In both the 8Gy irradiated as well as the MnSOD-PL
þ 8 Gy mice, there was a significant increase in the number of
EYFP positive cells in the bone marrow with a median of 0.5 (IQR
0.2 - 1.5) and 0.7 (IQR 0.3 - 3) EYFP þ cells per 106 bone marrow
cells compared to a median of 0 (IQR 0 - 0.3) in nonirradiated mice
(p , 0.0001). There was no difference in the number of EYFP þ
cells between the 8 Gy irradiated mice and mice receiving MnSODPL 24 hours before 8 Gy. Thus, irradiation of both FYDR mouse
esophagus and bone marrow increases detectable homologous
recombination, and administration of MnSOD-PL 24 hours before
irradiation significantly reduces homologous recombination positive
cells in the esophagus. Supported by NIH Grant NIH - RO1CA83876-01.

(PS4.49) Analysis of chromosomal aberrations involving
human chromosome 1 and 2 in interphase- and metaphasespreads after 60Co c-irradiation. Rupak Pathak, Adarsh Ramakumar, Uma Subramanian, Pataje G. S. Prasanna, Armed Forces
Radiobiology Research Institute, Bethesda, MD
Radiation-induced chromosome aberrations lead to a plethora
of detrimental effects at cellular level. Chromosome aberrations
provide broad spectrum of information ranging from probability of
malignant transformation to assessment of absorbed dose. Studies
mapping differences in radiation sensitivities between human
chromosomes are seldom undertaken. Consequently, health risk
assessment based on radio-sensitivities of individual chromosomes
may be erroneous. Our efforts in this article, attempt to demonstrate
differences in radio-sensitivities of human chromosome-1 and/or
2, both in interphase and metaphase spreads.Upon blood
collection, dosimetry and irradiation were performed. Lymphocytes
were isolated after whole-blood irradiation with 60Co c-rays in the
dose range of 0–5Gy for both interphase, and metaphase aberration
studies. Induction of premature chromosome condensation in
interphase cells was accomplished using a phosphatase inhibitor,
calyculin-A. Metaphase spreads were harvested from short-term
peripheral blood lymphocyte cultures following colcemid arrest and
using an automated metaphase harvester and spreader. Aberration
analysis in both interphase and metaphase spreads were done using
FISH.In interphase, aberrant cell and aberration frequency involving
chromosome 1 and/or 2 increased linearly with radiation dose. In
metaphase, aberrations increased in a linear-quadratic manner with
dose. Our studies ascertain that chromosome-2 is more radiosensitive than chromosome-1 in both interphase and metaphase
stages, albeit the DNA content of chromosome-2 is lesser than
chromosome-1 by almost 10 million base pairs.Differences in radiosensitivities of chromosomes have implications in genetic damage,
chromosome organization, and chromosome function. Designing
research experiments based on our vital findings may bring benefit
to radiation-induced risk assessment, therapeutics and development
of chromosome specific biomarkers.

(PS4.50) Investigation of the effects of aging on homologous
recombination in long term bone marrow cultures. Michael
Epperly1, Rebecca Rugo2, Shaonan Cao1, Hong Wang1, Darcy
Franicola1, Julie Goff1, Hongmei Shin1, Xichen Zhang1, Dominika
Wiktor-Brown2, Bevin Engelward2, Joel S. Greenberger1, 1University of Pittsburgh Cancer Institute, Pittsburgh, PA, 2Massachusetts
Institute of Technology, Pittsburgh, PA
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(PS4.51) c-tocotrienol protects hematopoietic stem cells and
induces G2 arrest in mouse marrow after total body
irradiation. Shilpa S. Kulkarni1, Sanchita Ghosh1, Steven Mog1,
Kevin Hieber1, Lyudmila Romanyukha1, Kristen Gambles1,
Raymond Toles1, Martin Hauer-Jensen2, Sree Kumar1, 1AFRRI,
Gaithersburg, MD, 2University of Arkansas for Medical Sciences
and Central Arkansas Veterans Healthcare System, Little Rock, AR
Administration of c-tocotrienol (GT3) subcutaneously 24 h
before exposure is shown to protect mice from total body irradiation
(TBI- 10.5 Gy)-induced lethality. We investigated mechanisms of
protection of GT3 by (a) flow cytometric analyses of hematopoietic
stem and progenitor cells, (b) sternal bone marrow histopathology,
and (c) cell cycle analysis.GT3 moderately increased HSC and HPC
24 h post-treatment. Radiation also increased HSC (c-Kit þ, Sca1 þ,
Lin) by 30 and 8 fold at days 2 and 4 respectively post-TBI; in
contrast, radiation depleted HPC (c-Kit þ, Lin) by 2-and 4-fold (P,
0.02) at same time points. HSC in vehicle-treated mice remained 5fold (P, 0.02) higher even at day 7 post-TBI; whereas, HPC
remained 7-fold (p, 0.02) lower compared to naive. HSC and HPC
in GT3-treated mice returned to normalcy by day 7 post-TBI. HPC
remained severely depleted in vehicle-treated mice at day 13 postTBI even though HSC returned to normal levels. Sternal bone
marrow histopathology of GT3-treated mice indicated more
regenerative microfoci for myeloid cells and megakaryocytes, and
restoration of overall cellularity to 50% (10% in controls) and 80%
(20% in controls) at days 7 and 13 respectively post-TBI. Vehicletreated mice exhibited poor self-renewal capacity and consequent
lack of regenerative microfoci in all lineages. Cell cycle analysis
indicated that GT3 treatment increased marrow leukocytes in G2
phase at 4 h (17% compared to 2% in sham controls) and at 24 h
(26%) post-TBI. Vehicle- treated mice also displayed significant G2
(6%) accumulation at 24h post-TBI. Radiation induced G2 arrest
was extended far more significantly by GT3 treatment. Interestingly, G2 arrest was relieved 72 h post-TBI; marrow samples from
GT3-treated mice were indistinguishable from the sham-irradiated
controls.Our results demonstrate that GT3 protected hematopoietic

tissue partly by stimulating hematopoiesis, by preserving the self
renewal and differentiative capacity of HSC, and by arresting
damaged cells in G2 phase.
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Ionizing irradiation accelerates aging by mechanisms involving increased oxidative stress. Fluorescent yellow direct repeat
(FYDR) mice carry a transgenic reporter for homologous
recombination (HR) and have been used to reveal an age dependent
increase in HR in the pancreas. An established in vitro model
system for accelerated aging of the marrow is the mouse long-term
bone marrow culture (LTBMC) system. To determine whether the
FYDR system, in which an HR event can lead to a fluorescent cell
can be used to study the effects of aging in LTBMCs, we analyzed
clonally expanded hematopoietic and marrow stromal cells in
FYDR, positive control FYDR-Recombined (FYDR-Rec) and
negative control wild-type C57BL/6J (WT) LTBMCs. All groups
of cultures demonstrated equivalent parameters of continuous
hematopoiesis including generation of multilineage colony forming
CFU-GM progenitor cells for over 22 weeks and age associated
senescence of hematopoiesis. Results indicate that low expression
of the FYDR transgene in bone marrow cells in vivo and in vitro
prevents the use of the FYDR mice to study rare combination events
in aging bone marrow. Using the sister chromatid exchange (SCE)
assay, we observed a statistically significant increase in the number
of SCEs per chromosome in adherent cells subcultured from 20
weeks compared to 4 week old LTBMCs. Adherent cells from
LTBMCs from C57BL/6NHsd mice were collected at weeks 4, 8
and 20 after the cultures were established. The cells were transferred
to liquid culture and incubated in BUDR (10 lM) for two cell
divisions (24–30 hr) with colcemid added for the final 4 hrs. The
cells were fixed dropped on wet slides to obtain metaphase spreads
which were stained with Hoechst 33258 and 5% Giemsa solution.
At least 26 metaphases per time point were examined for sister
chromatid exchange (SCE). There was no significant difference in
the number of SCE in the 4 and 8 week old cultures (10.98 þ 1.24
and 10.59 þ 0.98% SCE/chromosome, respectively), but there was
a significant difference at 20 weeks (27.06 þ 2.00% SCE/
chromosome, p , 0.0001). These data indicate that adherent
marrow stromal cells from LTBMCs become increasingly susceptible to HR events during aging and substantiate the effects of
ionizing irradiation on bone marrow aging. Supported by NIH Grant
NIH - RO1-CA83876-01.
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(PS4.52) Using proteomics to predict the severity of radiationinduced lesions. Thibault Chaze1, Christophe Chambon2, Marc
Benderitter1, Olivier Guipaud1, 1IRSN, Fontenay aux Roses,
France, 2INRA, Saint Genes Champanelle, France
Radiation-induced lesion outcomes of normal tissues are
difficult to predict. In particular, the severity of skin injury triggered
by radiotherapy or local exposure to a radioactive source by
accident is currently not possible to assess. The finding of
prognostic biomarkers is of fundamental relevance since it could
help for the prediction of the lesion severity and, consequently, for
the settlement of therapeutic strategies.In order to discover new
predictive radiation biomarkers, we developed a mouse model in
which the dorsal skin was selectively exposed to ionizing radiation.
In this model, mice developed reproducible clinical symptoms
ranging from erythema to skin necrosis. The goal is to define sets of
serum proteins whose variations could help to predict the severity of
the future lesion.Global proteomics approaches were performed to
look for serum proteins altered in expression during the early postirradiation phase. Two different proteomic methodologies (twodimensional difference gel electrophoresis (2-D DIGE) and surfaceenhanced laser desorption-ionization time-of-flight (SELDI-TOF)
mass spectrometry), in association with a statistical unsupervised
multivariate analysis technique (Principal Component Analysis),
were used to establish protein profiles that could be relevant for
discriminating between groups developing different lesions.Proteins
including some isoforms and likely post-translational variants that
exhibited significant kinetic expression changes were identified
using mass spectrometry and database interrogation. A number of
proteins were down- or up-regulated from 1 to 7 days postirradiation, i.e. during the latency phase. In addition, we observed
shifts in isoelectric point (pI) of several spot trains, revealing
potential post-translational modification changes, which could also
serve as indicators of irradiation. Finally, the potential of serum 2-D
DIGE and SELDI-TOF proteomics coupled to multivariate analysis
in the selection of protein profiles for the early prediction of the
lesion severity was evaluated.In conclusion, our results indicate that
serum protein content is early modified after a local irradiation of
the skin, showing that investigation of the serum proteome can be of
great relevance to find out diagnostic or prognostic bioindicators.

(PS4.53) Low molecular weight catalytic metalloporphyrin
antioxidant AEOL 10150 improves survival and protects lungs
from radiation. Zahid Rabbani, Isabel L. Jackson, Ines BatinicHaberle, Zeljko Vujaskovic, Duke University Medical Center,
Durham, NC
Clinical experience and experience with nuclear accident
victims points out that one of the primary concerns associated with
the exposure to upper half body irradiation (UHBI) or total body
irradiation is an acute but delayed onset of radiation pneumonitis
with an incidence that rises very steeply at relatively low radiation
doses. The objective of this study is to determine the optimum dose
of AEOL10150, a catalytic antioxidant that will achieve maximum
mitigation of acute radiation-induced lung injury in mice after
exposure to UHBI.C57BL/6 female mice were randomized into six
groups to receive AEOL10150 delivered s.c. beginning 2 hours after
irradiation at 20 and 40 mg/kg loading dose followed by a
maintenance dose of half the loading dose given 3 times per week
for 4 weeks. Animals received 15 Gy of UHBI. Survival, lung wet
weights and body weights, histopathology and immunohistochemistry were used to assess lung damage.The survival data displayed
that there were no deaths in the sham-irradiated animals and animals
receiving drug alone. In contrast, 9/20 (45%) of the animals that
received 15 Gy UHBI died during the 6 weeks follow up period.
Treatment with low/high doses of AEOL 10150 markedly reduced
radiation-induced mortality to only 10 % (2/20). UHBI alone mice
demonstrated significant weight loss beginning 3 weeks postexposure compared with UHBI þ low/high doses of AEOL10150
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groups. Wet lung weights were measured as an index of pulmonary
edema and consolidation. UHBI alone mice had significantly higher
wet lung weights than did the UHBI þ low/high doses AEOL10150
groups. Lung histology at 6 weeks revealed a significant decrease in
lung structural damage in UHBI þ low/high doses of AEOL10150
groups, in comparison to UHBI alone. Immunohistochemistry
studies, also revealed a significant reduction in oxidative stress (8OHdG and Nitrotyrosine), in animals receiving RT þ low/high
doses of AEOL10150. This study demonstrates that AEOL 10150
reduces the mortality following UHBI irradiation. Administration of
AEOL10150 after radiation exposure results in significant lung
tissue protection. Both 20 and 40 mg/kg doses of AEOL10150 have
beneficial radioprotective effects with no significantly improved
benefit with 40 mg/kg. Acknowledgement: AEOLUS Pharmaceutical and NIH-5U19-AI-067798-04.

(PS4.54) Triptolide Reduces Radiation-induced Skin Damage
via Inhibition of Inflammatory Molecules. Shanmin Yang, Mei
Zhang, Ying Su, Zhengyu Xiao, Wei Wang, Hengshan Zhang,
Bruce M. Fenton, Peter Keng, Steven Stwarts, Lurong Zhang, Paul
Okunieff, University of Rochester Medical Center, Rochester, NY
Skin damage during radiation treatment is unavoidable. The
radiation-induced skin inflammation is associated with immune
response. Triptolide (TPL), a diterpenoid triepoxide purified from
Tripterygium wilfordii Hook F, possesses strong inhibitory effects
on proliferating cells, including tumor cells and activated
lymphocytes. To determine effect of TPL on IR-induced skin
toxicity, the right hind legs of C57BL/6 mice (10 mice/group) were
irradiated with 10–30 Gy and treated with vehicle (as control) or
TPL (0.25 mg/kg twice a week). The results were: 1) Skin score in
the TPL-treated group was significantly reduced at day 28 compared
with the vehicle group; 2) skin inflammation (as described by area
under curve) decreased from 39.4262.95 to 30.8565.19 in mice
treated with TPL; 3) At 3 months, irradiated right hind legs of mice
treated with TPL showed a reduced limb contraction compared with
controls; 4) Skin samples taken from irradiated hind right legs
showed a hyperkeratotic epithelium with complete loss of epidermal
rete pegs and dermal papillae, while the Irradiated skin from the
TPL group showed normal epidermis and less inflammation cells; 5)
The IL-1a/b secretion was increased in both 10 Gy irradiated skin
tissues harvested at 48 hours and 4 Gy irradiated Raw 264.7
(macrophage cells) and/or Ly-2 (epithelial cells), which could be
reduced by TPL; 6) Several cytokines (TGF-b, TNF-a and IL-6)
were increased by IR in Raw 264.7 and/or Ly-2 cells, and these
were significantly inhibited by TPL in a dose- dependent manner; 7)
Conditional media from irradiated LY-2 epithelial cells stimulated
the secretion of IL-1a and IL-6 from Raw 264.7 macrophages and
L929 fibroblast cells, which could be partially blocked by Anakinra
(IL1RA analog) and TPL, indicating that there is a positive loop of
IL-1 a blocked by Anakinra and TPL that blocks the secretion and
cytokine ligand function; 8) Both the RNA protection assay and
ELISA showed that TGF-b RNA and protein in irradiated skin of
mice treated with TPL were significantly decreased as compared
with control group. As a result, TPL blocked the augmentation of
acute inflammation and skin fibrosis in C57BL/6 mice after
irradiation.Taken together, the data strongly suggest that TPL, a
potent anti-tumor agent, is likely to provide a novel means to
prevent radiation side effects at the same time.

(PS4.55) Mechanism of radioprotection by methylproamine.
Roger F. Martin, Pavel N. Lobachevsky, Tom Karagiannis,
Vasireddy Rajasekhara, Carl N. Sprung, Peter MacCallum Cancer
Centre, Melbourne, Australia
Methylproamine is a new DNA-binding radioprotector which,
on the basis of published pulse radiolysis studies, acts by repair of
transient radiation-induced oxidative species on DNA. To further
investigate this hypothesis, we studied protection by methylproamine of both clonogenic survival and radiation-induced DNA
damage, assessed as cH2AX foci, in the human keratinocyte cell
line FEP1811.Clonogenic survival curves were established following irradiation (137Cs c-rays) of keratinocytes exposed to various
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concentrations of methylproamine. The extent of radioprotection,
expressed as dose modification factor (DMF), increased with
methylproamine concentration up to a maximum DMF of 1.97 at 10
lM. Counterpart studies, involving the measurement of the number
of cH2AX foci per cell nucleus 45 minutes after irradiation,
demonstrated a drug concentration dependent decrease in foci yield
with a DMF of up to 3.5.Uptake of methylproamine into cell nuclei
was measured in parallel, enabling the relationship between drug
uptake and extent of radioprotection to be established. The study
demonstrated that at least 0.1 fmole of methylproamine per nucleus
is required to achieve a substantial level of radioprotection at the
clonogenic survival endpoint (DMF of 1.3) with maximum
protection (DMF of 1.97) achieved at 0.23 fmole per nucleus.These
results are consistent with the hypothesis that radioprotection by
methylproamine is mediated by attenuation of the extent of initial
DNA damage.

(PS4.56) KZ-41 exhibits radiomitigating activity in a murine
combined radiation and vascular injury model. Chaela S.
Presley1, Karin E. Thompson1, Christy M. Wilson1, M. W. Gaber2,
Kui Zeng1, Duane D. Miller1, Charles R. Yates1, 1UTHSC,
Memphis, TN, 2Baylor College of Medicine, Houston, TX
Purpose: Radiation exposure combined with wounds of
varying severity is likely following a nuclear accident. Our goal
was to develop a combined radiation vascular injury model for preclinical efficacy testing of the novel radiomitigant KZ-41. Methods:
Mice surgically fixed with dorsal windows for dermal vasculature
imaging received total body irradiation (TBI; 6 Gy). Post-capillary
venule injury was induced at 24, 48, 72, and 96 hours post-TBI
followed by image acquisition at 5 minutes after injury to assess
thrombus formation. The effect of KZ-41 (100 mg/kg i.p.
administered 12, 36, and 60 hours post-TBI) on following injury
at 72 hours post-TBI was compared to irradiated and unirradiated
controls. Results: Injury 72 hours post-TBI was optimal for
assessing the effects of radiation on clotting. TBI significantly
reduced thrombus formation in irradiated vs. unirradiated mice (1/6
vs. 5/6; p , 0.05). Thrombus formation in KZ-41 treated mice (7/8)
was significantly higher than irradiated mice (p , 0.05), but was no
different than unirradiated mice (p . 0.05). Conclusions: Herein,
we report the development of a murine combined radiation and
vascular injury model for pre-clinical efficacy testing of novel
radiomitigants. Our lead molecule KZ-41 restored clot formation
when administered 12 hours after TBI. Further pre-clinical
development studies including those designed to elucidate the
radiomitigating mechanisms of KZ-41 are on-going.

(PS4.57) Hydroxypyridonate Chelators: A Perspective on the
Development of Orally Active Decorporation Agents. Rebecca J.
Abergel1, Polly Y. Chang2,1, Eleanor A. Blakely1, David K. Shuh1,
Kenneth N. Raymond1,3, 1Lawrence Berkeley National Laboratory,
Berkeley, CA, 2SRI International, Menlo Park, CA, 3University of
California, Berkeley, CA
In the last several years, a sense of urgency and a renewed
interest in the study of radionuclide chemistry and biology have
emerged, as threats of nuclear terrorism have become more
plausible, and the risk of environmental contamination and human
exposure to radioisotopes consequently increased. The only
practical therapy to reduce the dramatic health consequences of
internal actinide/lanthanide contamination is treatment with chelating agents that form excretable complexes, although fission product
lanthanides and the actinides are among the most intractable
radionuclides to decorporate. While diethylenetriaminepentaacetic
acid (DTPA) has been the standard therapy for actinide/lanthanide
decorporation for several decades, it has limited efficacy and is not
yet orally available.Using a biomimetic approach based on the
similar biochemical properties of Pu(IV) and Fe(III), siderophoreinspired multidentate hydroxypyridonate ligands have been designed and are unrivaled in terms of actinide-affinity, selectivity and
efficiency. Two of these actinide decorporation agents have been
selected for preclinical development.The chemical syntheses of both
candidate compounds, achieved by coupling the 1,2-HOPO or Me-
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(PS5.01) LDIR induced proteomic changes in human skin.
Huguette Albrecht, Reem Yunis, Karen M. Kalanetra, Zelanna
Goldberg, David M. Rocke, UCDMC, Davis, CA
The true risks of low dose ionizing radiation (LDIR) are
fundamentally undefined in humans, since it remains unclear
whether the molecular level information gathered in cell culture
experiments can be extrapolated to human tissue. Toward the
identification/confirmation of such risks, we have chosen to study
the effect of LDIR on ex-vivo human skin tissue samples. Previous
studies in our laboratory have shown that exposure of in vivo
human skin to LDIR results in a definable response, analyzed at the
transcriptional level. Current studies aim at defining proteomic
changes in human skin in response to low and high radiation doses,
as well as in the adaptive response, a poorly understood
phenomenon which is described as an LDIR induced protective
response that mitigates the effects of high doses of radiation.We use
a focused proteomic approach based upon ELISA, multiplexed bead
capture immunoassays and western blot techniques. Tissue lysates
and tissue culture supernatants are evaluated for the presence of
proteins corresponding to previously identified gene groups
involved in cell cycle regulation, DNA repair, cell-cell signaling,
apoptosis, inflammation and signal transduction.Results from our
ongoing data collection will be presented, as well as comparisons
with proteomic changes characterized in monolayer single cell-type
skin cells (keratinocytes, fibroblasts) and 3D bioengineered skin
(Mattek Corp.).

(PS5.02) Thermal injury causes lethality and DNA damage in
unheated surrounding cells: Active thermal bystander effect
(ATBE). Martin Purschke, Rox Anderson, Dieter Manstein,
Massachusetts General Hospital, Boston, MA
Purpose: Direct heat exposure to cells causes protein
degradation and DNA damage, which can lead to genetic alteration
and cell death. But little is known about heat-induced effects on the
surrounding tissue. After burns or laser surgery, loss of viability in
the surrounding tissue has been explained by a temperature gradient
due to heat diffusion. Therefore we tested the effects of heat
exposure on surrounding unheated cells. Materials & Methods:
Human fibroblasts cells (HFF1) and human skin samples were
grown/cultured in a special transwell insert system. After defined
heat-exposure within the temperature range of 37–65 8C for 10 min,
heat and non-heated cells were combined and shared the medium
for up to 72 h. Any cell-to-cell contact and heat diffusion was
excluded by the experimental set up. The viability was assessed by
using the MTT assay, DNA damage and apoptosis were analyzed
morphologically after fluorescence staining (DAPI) of the DNA.
Results: This study demonstrates that, in the absence of any direct
heating, heat diffusion, or cell-to-cell contact, surrounding ‘‘bystander’’ cells, which share the medium with heat-exposed cells
exhibit DNA damage (MN), apoptosis and loss of viability. We coin
this phenomenon ‘‘active thermal bystander effect’’ (ATBE). The
ATBE was induced by fibroblasts exposed for 10 minutes to a
temperature range of 44 to 54 8C (p , 0.025) with a maximum at
around 48 8C. The ABTE was not induced by cells heated to
lethality above 55 8C. Conclusion: Our data showed that heat
exposed cells in the absence of any heat diffusion or cell to cell
contact can generate in surrounding bystander cells loss of viability,
apoptosis and DNA damage. The mediator for such process in not
yet defined. The ATBE and its clinical implications for acute burn

trauma, hyperthermic treatments and for laser or electrosurgical
procedures deserves further investigation.

(PS5.03) Non-targeted effect after low LET radiation exposure
involves tumor-type -dependent differential regulation of NFjB
signaling. Natarajan Aravindan1, Rakhesh Madusoodhanan1, Jamunarani Veeraraghavan1, Terence S. Herman1, Mohan Natarajan2,
1
University of Oklahoma Health Sciences Center, Oklahoma City,
OK, 2University of Texas Health Sciences Center at San Antonio,
San Antonio, TX
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3,2-HOPO chelating units to polyamine backbones, have been
optimized for scale-up. Baseline preparation and analytical methods
suitable for manufacturing large amounts under GMP guidelines
have been established. Both ligands show higher in vivo actinideremoval efficacy than the currently approved agent, DTPA, with
different selectivity for the tested isotopes of Pu, Am, U and Np. No
toxicity is observed in cells derived from three different human
tissue sources treated in vitro up to ligand concentrations of 1 mM,
and both compounds were well tolerated in rats when orally
administered daily at high doses (. 60 mg/kg/day) over 28 days
under GLP guidelines.
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Bystander effect has been implicated on early and late effects
of radiation response. Findings from several studies have clearly
pointed out the involvement of soluble factors in mediating the
responses from irradiated to neighboring un-irradiated cells. Other
studies have shown that majority of those soluble factors are under
the transcriptional control of the nuclear factor kappa B (NFjB). It
is not clearly demonstrated that the NFjB dependent trans signal
mediators secreted from the irradiated cells are common across all
the tumors or tumor-specific depending on the type of tumor. This
information is important to develop targeted therapy. In this study
we therefore, determined the modulation of NFjB signaling
pathway molecules and NFjB DNA binding activity in various
epithelioid cancers and neuroblastomas. Human neuroblastoma
(SK-N-MC), breast (MCF-7, MDA-MB-468), lung (A-549),
prostate grade IV (PC3), gastric (AGS) adenocarcinoma, squamous
cell carcinoma (SCC4) and pancreatic duct epithelioid carcinoma
were either sham treated or incubated with conditioned medium
(RCM) from cells exposed to c-radiation (5Gy). Transcriptional
responses of 89 NFjB-dependent signaling mediators were
analyzed using real time QPCR profiling. QPCR profiling
demonstrated a differential pattern of NFjB-dependent gene
expression in different tumor cell type. In SK-N-MC, MCF-7,
MDA-MB468, AGS, PC3, SCC4, A549 and Panc1 cells the number
of NFjB signaling pathway genes induced were 37, 63, 79, 28, 31,
54, 56, 47, respectively. We observed relatively a high number of
molecules upregulated in breast cancer cells compared to other cells.
A total number of 57 genes were commonly upregulated in both
breast cancer cell lines (MCF-7, MDA-MB-468). NFjB DNA
binding activity analyzed using electrophoretic mobility shift assay
was consistent with gene profiling data. These results clearly
suggest that radiation exposure at 5 Gy induced bystander effect
through NFjB signaling pathway. Second, the NFjB controlled
genes that are involved in transmiting the signals from irradiated to
un-irradiated bystander cells are tumor-type dependent.

(PS5.04) Development of new radiobiological models for
evaluating cellular responses to intensity-modulated radiation
fields. Karl T. Butterworth1, Conor K. McGarry2, Alan R.
Hounsell2, Kevin M. Prise1, 1Queens University Belfast, Belfast,
United Kingdom, 2Medical Physics Agency, Northern Ireland,
Belfast, United Kingdom
Intensity-modulated radiation therapy (IMRT) is a new
approach in radiotherapy which involves the use of spatially and
temporally modulated radiation fields to deliver highly conformal
doses across a tumour volume. Recent studies have shown
differences in the radiobiological responses of cells to spatially
modulated fields. The aim of this study was to determine the effect
of different intensity-modulated fields on cell survival responses as
part of the development of new radiobiological models. Clonogenic
assays were performed using human glioma (T98G) and prostate
(DU-145) cells irradiated with a 6 MeV photon beam produced
using a Varian clinical linear accelerator at the Northern Ireland
Cancer Centre. Flasks containing cells were filled with culture
medium, submersed in a perspex water bath and placed on top of a
solid water phantom to allow full scatter conditions. Survival curves
were determined for 3 different radiation fields which each received
the same total dose; a uniform open field, a single segmented (step
wedged) intensity-modulated field and a combined segmented
(equal and opposite step wedged) intensity-modulated field.
Surviving fractions were also determined for each uniform area of
the single modulated field within the same flask. Cell survival
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curves for each of the different field conditions suggest variable
responses for the different radiation fields receiving the same total
dose particularly in the low dose region (, 1Gy) and high dose
region (.4Gy). Cells exposed to a single segmented intensitymodulated field showed typical dose dependency for regions
receiving different doses within the same flask. These results
provide further evidence for differences in responses in cells
exposed to spatially modulated radiation fields which are not
accounted for by existing radiobiological models.

radiation qualities at medium to high doses, radiation quality is
important at low doses and fraction of cells irradiated. The results
indicate that the stimulation of IIA by ionising radiation require both
sufficient energy deposition within irradiated cells and fraction of
cells irradiated. Recent results show that the IIA response is not just
restricted to the fibroblast cells originally studied but is a more
general effect as it is also observed in epithelial cells, where nontransformed epithelial cells could induce apoptosis in transformed
fibroblast cells highlighting the generality the system could have.
Radiation-induced apoptosis may represent a natural anticancer
mechanism stimulated by extremely low doses of ionising radiation,
selectively removing transformed cells.

(PS5.05) Adrenal axis response to total body irradiation. Eric
P. Cohen1, Hershel Raff1, Eric D. Bruder2, Barbara M. Jankowski2,
1
Medical College Wisconsin, Milwaukee, WI, 2Aurora Medical
Center, Milwaukee, WI
Increased secretion of corticosteroids has been reported after 6
to 15 Gy total body irradiation (TBI). Preliminary studies showed
increased urinary corticosterone and aldosterone in rats undergoing
single fraction 10 Gy TBI. The mechanism of this effect is
unknown. Increased aldosterone in this model may explain the
benefits of angiotensin-converting enzyme inhibitors and angiotensin II blockers, because those drugs may reduce aldosterone
levels.Male WAG/Rij/MCW rats underwent 10 Gy TBI with head
shielding. Rats had daily handling for 3 days to reduce stress when
the rats were sacrificed by decapitation. Trunk blood was obtained,
and brains, pituitaries, and adrenal glands were harvested. At eight
days after TBI, there were no differences in plasma levels of
adrenocorticotrophic hormone (ACTH), corticosterone, or aldosterone. Pituitary glands showed an enhanced ACTH response to
corticotrophin-releasing hormone (CRH) in vitro. qPCR analysis of
mRNAs for adrenocortical genes encoding for proteins involved in
steroidogenesis did not differ in irradiated rats compared to controls.
mRNAs encoding for enzymes in the adrenomedullary catecholamine synthetic pathway were significantly increased in irradiated
rats compared to controls. Our preliminary findings suggest an
augmentation of CRH-stimulated ACTH release and an increase in
adrenal medullary catecholamine synthesis. Results are pending for
study of brain controllers of CRH and for plasma catecholamines.
Studies of TBI without head-shielding are in progress, as are studies
at 70 days after TBI. This work was supported by NIAID
cooperative agreement AI067734.

(PS5.06) The role of radiation quality in the stimulation of
intercellular induction of apoptosis in transformed cells by very
low doses. Abdelrazek B. Abdelrazzak1,2, Daniel I. Portess1, Georg
Bauer3, Peter O’Neill1, Mark A. Hill1, 1University of oxford,
oxford, United Kingdom, 2National Research Centre, Cairo, Egypt,
3
University of Freiburg, Freiburg, Germany
Cell-cell communication may modify the biological consequences observed in not only irradiated but also in non-irradiated
(non-targeted) cells. This is referred to as the ‘bystander’ effect,
which has called into question the validity of the LNT model. An
important stage in tumourgenesis is the ability of precancerous cells
to escape natural anticancer signals. We have characterised a system
of intercellular induction of apoptosis (IIA) system in which nontransformed normal cells can induce apoptosis in co-cultured
transformed cells through cytokine and ROS/RNS signalling. IIA
was found to be enhanced after extremely low doses of both low
and high-LET ionising radiation. Although a dose response is
observed at low doses, the enhancement is independent of dose and
radiation quality at medium to high doses. The use of ultrasoft xrays (USX) with a range of irradiation masks has allowed us to not
only vary the dose to the cells, but also the percentage of normal
cells irradiated and compared results with those obtained for aparticles. The IIA response for USX was similar to that observed for
c-rays. Enhancement of IIA was observed when 1% of the nontransformed cells were irradiated by high-LET a-particle, with an
equivalent increase when ;3% of the cells were irradiated by lowLET USX. The enhancement increases with increasing percentage
of cells irradiated until ;9 % (for a-particle) and ;13 % (for USX)
where the response reached the plateau. Although no difference was
observed in the IIA response of transformed cells between different
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(PS5.07) Adaptive response in bystander AG01522 human
fibroblasts sharing medium with cells irradiated with iron ions.
Hongying Yang, Nicole Magpayo, Kathryn D. Held, Massachusetts
General Hospital, Charlestown, MA
There are few data on the interactions of adaptive responses
with bystander effects induced by ionizing radiation. Although at
higher doses the overall biological effects of radiation are
dominated by the direct effects in irradiated cells, bystander
effects may make significant contributions to the overall biological
effects at lower doses (i.e., ,10 cGy). Moreover, another low dose
effect, adaptive response, may also affect cellular outcomes. This
applies in the scenario where astronauts receive low doses of
mixed radiation fields at very low dose-rate during space flight.
Thus it is essential to study the possible interactions of adaptive
responses and bystander effects in space radiation biology.
Exponential AG01522 human fibroblasts were exposed to 1
GeV/n protons or iron ions then co-cultured with naı̈ve cells using
a transwell insert system. Induction of micronuclei (MN) was used
to measure the damage in bystander cells. Our results show MN
formation in non-irradiated cells sharing medium with cells
irradiated with 1 cGy protons or iron ions. However, when the
bystander cells were irradiated with 1 cGy protons then cocultured with iron ion-irradiated cells at different times (0, 0.5 and
3 h), no bystander effect was observed. This suggests that the cells
became adapted to the bystander signals after a low dose of
protons. However, the bystander response was restored when the
bystander cells were co-cultured with Fe ion-irradiated cells 24 h
after the 1 cGy protons, suggesting the adaptation disappeared
with time. Since reactive oxygen species (ROS) are believed to be
involved in bystander signaling, we tested the hypothesis that
pretreatment of bystander cells with low level hydrogen peroxide
could alter bystander responses induced by radiation. Our data
show that pretreatment of bystander cells with 5 lM hydrogen
peroxide did not induce adaptation against the bystander effect in
cells sharing medium with cells irradiated with Fe ions or X-rays.
This is in contrast to the results when we pretreated bystander
cells with low dose radiation. The findings suggest that ROS may
not be involved in the pathways of the adaptive response induced
by low dose radiation in bystander cells, although further studies
are needed to address the underlying mechanisms. Supported by
NASA grant NNX07AE40G.

(PS5.08) Examining serotonin as a potential modulator of
bystander effectcommunication in vivo in zebrafish. Rohin
Saroya, Richard W. Smith, Colin B. Seymour, Carmel E. Mothersill, McMaster University, Hamilton, ON, Canada
Abstract: Serotonin (5-HT) has been implicated as a potential
modulator of the bystander effect using in vitro models. This study
examined the role of 5-HT in the bystander effect in an in vivo
model, using zebrafish (Danio rerio), a species that has recently
been proven upon irradiation to transmit the bystander effect to nonirradiated fish. The animals were injected with reserpine, a drug that
depletes monoamines, at a dose of 80lg/kg of body mass. Irradiated
fish were given an X-ray equivalent to 0.5 Gy. Skin tissue explants
were collected and cultured in cell culture medium. It was
hypothesized that by injecting fish with reserpine, serotonin would
be reduced in the zebrafish. Consequently, X-rayed fish would be
unable to transmit the bystander effect to partner fish. Control fish
given reserpine but no X-ray had a reduction in 5-HT, equal to 27%
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(PS5.09) The role of radicals in bystander effect through the
1

secreted factors from irradiated cells. Genro Kashino , Jun
Kumagai2, Koji Ono1, Masami Watanabe1, 1Research Reactor
Institute, Kyoto University, Osaka, Japan, 2Nagoya University,
Nagoya, Japan
To know the mechanisms of bystander effects through the
secreted factor from irradiated cells, we examined the involvement
of radicals induced by the conditioned medium from the irradiated
cells. Bystander effects were detected by the co-culture method
and medium transfer method. Inductions of DNA double strand
breaks and mutations at HPRT locus by bystander effects were
examined in CHO cells or human fibroblasts. Suppressive effects
of bystander effects by some radical scavengers were analyzed by
the treatments of irradiated cells or recipient bystander cells. The
radicals induced by conditioned medium in bystander cells were
determined by ESR method. Inductions of DNA double strand
breaks and mutations at HPRT locus were observed by bystander
effects. In the analysis with some radical scavengers, ascorbic acid
was not effective for the suppression of the response in irradiated
cells, but effective for the suppression of bystander responses
when recipient bystander cells were treated. Slow releasing longlived radicals (SRLLR) were identified by ESR method in the cells
treated with conditioned medium from irradiated cells, suggesting
that the different types of radicals from reactive oxygen species
(ROS) are involved in the bystander responses. These results
suggest that an indirect induction of SRLLR play an important
role for the inductions of bystander response in recipient of
secreted factors.

(PS5.10) Radiation induced bystander effects in mice given
priming doses before irradiation in vivo. Harleen Singh,
McMaster University, Hamilton, ON, Canada
Radiation induced bystander effects arise in cells that have
never been exposed to radiation tracks, but rather receive signals
from cells that have been directly hit. Such effects have been
thoroughly documented to be inducible in vivo, however, the
transmission of an adaptive effect has been relatively unexplored.
Our group exposed 13 female C57 mice to a range of low doses
using a Cobalt 60 source at the Chalk River facility. Currently, we
have looked at four sets of mice, the first of which received 20 mGy
only, the second received 20 mGy priming dose followed by a 2 Gy
challenge dose 4 hours later, the third which received 20 mGy
followed by 2 Gy after 24 hours, and finally the fourth which
received 20 mGy, 20 mGy, and 20 mGy priming doses followed by
2 Gy at 48 hour intervals. The mice were sacrificed 24 hours later
and shipped overnight to McMaster University. Explants were
incubated in culture medium and then harvested 48 hours later,To
investigate the in vivo production of bystander signals, the
harvested explant medium was transferred to unirradiated skin
keratinocytes that have been documented to produce reliable
bystander response in vitro. The explant medium was also examined
for pro-apoptotic response using ratiometric calcium measurements
with fura-2 dye. Results showed a significant reduction in

clonogenic cell survival after receiving explant medium that was
exposed to 20 mGy. Cell survival increased when exposed to
explant medium that had been exposed to a priming dose four hours
before a challenge dose. Cell death was spared up to 41% when the
interval between the priming and challenge dose was increased to
24 hours. No further change in the magnitude of cell survival was
observed when a series of priming doses were given before a
challenge dose at 48 hour intervals. The responses to these in-vivo
generated bystander signals also exhibited differences in calcium
signaling. Cells exposed to 20 mGy explant medium showed a
transient increase in extracellular calcium, however, some of the
cells did not respond when exposed to explant ICCM that was
initially primed before receiving a challenge dose. Our results
indicate a protective effect that was maximal when priming and
challenge dose were 24 hours apart. This study reveals that in vivo
production of bystander signals that can be modified using adaptive
response protocols.
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of the 5-HT levels in untreated control fish. Fish pretreated with
reserpine before given an X-ray also had lower 5-HT levels, 59% of
the 5-HT in fish given only an X-ray and no reserpine pretreatment.
Clonogenic survival in reporter cells given medium from skin tissue
explants showed reserpine: (a) negates the normal X-ray effect and
(b) negates the normal bystander effect. Intracellular calcium was
also measured upon the addition of the medium from the skin
samples. Medium from fish injected with only reserpine and its
bystander fish had increased calcium levels, whereas medium from
X-ray only fish and its bystander, produced prolonged oscillations
and a short oscillation respectively. Samples from X-rayed fish
pretreated with reserpine displayed a chaotic pattern of random
fluctuations, while its bystander fish showed increased calcium, but
no oscillations. Growth around the skin explants showed no trends
and produced inconclusive data. From these results, there is
evidence to suggest 5-HT does modulate the bystander effect in
vivo in zebrafish, and by decreasing the amount of 5-HT the
bystander effect can be lowered.
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(PS5.11) Abscopaleffect in subcutaneously implanted tumors
(N29 glioma) in rats treated with combined radiation therapy;
and/or immunization with tumor cells. Bertil R. Persson1, Catrin
Bauréus Koch2, Gustav Grafström1,2, Crister Ceberg1, Henrietta
Nittby2, Bengt Widegren3, Leif G. Salford2,3, 1Medical Radiation
Physics, Lund, Sweden, 2Dept of Neurosurgery, Lund, Sweden,
3
Dept of Tumor Immunology, Lund, Sweden
The Abscopal effect was studied in a rat model with N29
glioma cells subcutaneously implanted on both hind legs of Fischer344 rats. The exponential tumor growth rate (TGR % per day) was
estimated by consecutive measurements of tumor size. The
Abscopal effect was evaluated by comparing the average tumor
growth rate of the unirradiated tumors in the groups of treated rats,
TGRtreat , with average TGRCtrl of the corresponding tumors in the
group of untreated controls. Radiation therapy (RT) was given to the
right lateral tumor with 60Co gamma radiation at 4 daily fractions of
5 Gy each. Immunization was performed by weekly i.p. injections
of syngeneic IFNc secreting N29 cells.In the radiation therapy (RT)
group, the TGRRT (6.260.4 % per day) of the left-lateral
unirradiated tumor is significantly reduced (p,0.001) compared
the TGRCtrl (8.360.5 % per day) of the untreated control group.
Neither in the groups treated with immunization (IMU) alone with
TGRIMU (9.260.7 % per day) or combinations of immunization and
radiation therapy of the right tumor (RT þIMU) with TGRRTþIMU
(7.4 61.0 % per day), there was any significant difference of the
TGR of the unirradiated left lateral tumor compared to the control
group.The specific Abscopal effect (SAE ¼ 1 - TGRRT/ TGRCtrl ) of
the contra lateral unexposed tumors in rats treated with RT only are
significantly different from zero (p,0.001) with an average SAE
value of 0.3360.04. For immunization with IFNc secreting tumor
cells only (IMU) and for the combination of RT and immunization
IFNc (RT þIMU) the SAE values, however, (0.1 and 0.14
respectively) were not significant different from zero.Thus in the
present study the radiation induced abscopal effect was not
significantly affected by immunization therapy, which might
indicate that mechanisms other than immunogenic might be
involved in the abscopal response.

(PS5.12) Dynamics of gene expression in the radiation
bystander response in normal human fibroblasts cells. Shanaz
A. Ghandhi1, Anshu Sinha2, Ben Yaghoubian1, Hongning Zhou1,
Vladimir Vladimir1, Tom K. Hei1, Marianthi Markatou2, Sally A.
Amundson1, 1Center for Radiological Research, Columbia University Medical Center, New York, NY, 2Department of Biostatistics,
Mailman School of Public Health and Department of Biomedical
Informatics, Columbia University Medical Center, New York, NY
Radiation bystander responses comprise the collective cellular
and molecular changes that occur in cells that are not directly
irradiated, but that are in proximity to irradiated cells. Previously,
we performed whole genome expression analyses of normal
fibroblasts that were directly irradiated with 0.5 Gy alpha particles
and their bystanders. Those studies focused on the response 4 hours
post-irradiation, and we found that the NFkB and p53 pathways
were invoked at this time point. We have now extended our studies
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to cover a range of time points, from 0.5 hour to a day after
irradiation of cells. This approach helped elucidate the early
responses of gene expression in both cell populations, and
surprisingly there was a very dramatic early response in
inflammation and cytokine family genes in both irradiated and
bystander cells followed by a sharp decline and secondary rise to the
4 hour expression levels.Gene ontology analysis of the genes with
significant expression changes at the various time points revealed
that different pathways and processes dominated the early response
as compared to 4 and 6 hours after treatment. This was expected
because the later responses probably comprise the integration of the
earlier signaling pathways triggered immediately after treatment and
subsequent activation of secondary pathways. Pathway analysis
using the Ingenuitye database identified several important
signaling hubs in both the irradiated and bystander cells, albeit
with different degrees of activation and non-identical transcription
target sets. We also validated about 40 genes by quantitative real
time PCR analysis of gene expression across the time course and
applied a novel clustering approach to differentiate between the
various patterns of gene expression and identify potentially coregulated genes. We used a correlogram function for hierarchical
and PAM algorithms to account for gene dependence over time in
the data. Using this approach we found a high degree of
reproducibility between microarray and PCR data. The clustering
analysis will help us to understand the more prominent patterns of
the gene expression components of the radiation bystander response
and their underlying mechanisms. Supported by NIH grants
CA049062 and AI067773.

(PS5.13) Ionizing radiation-induced bystander mutagenesis
and adaptation: Quantitative and temporal aspects. Howard L.
Liber1, Ying Zhang1, Kevin M. Prise2, Robert W. Redmond3,
Kathryn D. Held3, 1Colorado State University, Fort Collins, CO,
2
Queen’s University Belfast, Belfast, United Kingdom, 3Massachusetts General Hospital, Boston, MA
These experiments explored various quantitative aspects of
ionizing radiation-induced bystander mutagenesis in WTK1 human
lymphoblast cells. Gamma-irradiation of the cells was used to
generate conditioned growth medium containing bystander signals,
and that medium was transferred onto naı̈ve recipient cells. Kinetic
studies revealed that it required up to one hour to produce sufficient
signal to induce the maximal level of mutations at the thymidine
kinase locus in the bystander cells receiving the conditioned
medium. Furthermore, it required at least one hour of exposure to
the signal in the bystander cells to induce gene mutations. Bystander
signal was fairly stable in the medium, requiring 12–24 hours to
diminish. Growth medium that contained bystander signal was
rendered ineffective by a 4-fold dilution; however, a greater than
20-fold decrease in the cell number irradiated to generate bystander
signal was needed to eliminate bystander-induced mutagenesis. This
suggested that there may be some sort of feedback inhibition by
bystander signal which prevents cells from releasing more. Finally,
an ionizing radiation-induced adaptive response was shown to be
effective in reducing bystander mutagenesis; furthermore, low
levels of exposure to bystander signal in the transferred medium
induced adaptation that was effective in reducing mutations induced
by subsequent gamma-ray exposures. Work supported by NIH grant
2 P01 CA095227 (K.D.H.).

(PS5.14) Effect of physical and/or soluble factor inhibition on
cellular damage post irradiation. Virginia G. Serra1, Leticia
Ortloff1, Kim Chapman2, Munira Kadhim2, Lora Green1, 1Loma
Linda University, Loma Linda, CA, 2Oxford Brookes University,
Oxford, United Kingdom
Ionizing radiation is beneficial when used to help eradicate
tumors as in radiotherapy, however accidental exposure can have
damaging biological effects on the neighboring normal cells/tissues.
Cellular communication can occur through physical factors, i.e. gap
junctions, and/or through soluble factors that are released into the
surrounding medium. We questioned if shut Cx43 gap junctions at
the time of irradiation plus/minus an SOD mimetic could result in
less cellular damage due to the reduced exchange of toxic signals.
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We investigated two human cell lines, an immortalized epithelial
and a primary fibroblast cell line that were Cx43 gap junction
positive. Two systems were employed where cellular communication occurred predominantly through physical factors (monolayer
system) or soluble factors (co-culture system). Cx43 gap junctions
were inhibited with heptanol and the superoxide mediated soluble
factors were inhibited with an SOD mimetic, a key player in
decreasing damage induced by potential soluble factors. We
employed a monolayer system in the epithelial cell line and
measured potential soluble factors, i.e. cytokines/growth factor
levels, and determined how the above treatments impacted their
release. The experiment was repeated with a protein synthesis
blocker to determine if these soluble factors were already present in
the cellular environment or if they were synthesized de novo. We
employed a co-culture system for the fibroblast cell line, where
irradiated and non-irradiated cells communicated by sharing the
same medium, and assessed how shutting gap junctions at the time
of irradiation impacted the level of DNA damage and delayed
cellular response, i.e. genomic instability.

(PS5.15) In vivo Bystander Effects in the C. elegans Intestine.
Tamako Jones, Leticia Ortloff, Celso Perez, Gregory A. Nelson,
Loma Linda University, Loma Linda, CA
We measure genotoxic damage in the C. elegans intestine by
irradiating larvae and quantifying anaphase bridges in DAPI-stained
young adults. The endpoint shows a robust dose-response and LET
dependence and analysis of dose-responses for individual intestinal
(E) cells shows that they have unique radiosensitivities not
correlated with their lineages. We present evidence that germline
signaling may modulate E cell radiosensitivity leading to the
observed patterns. Thus, mutations in dig-1, mes-1, and glp-4 which
alter cell fates or shift gonad position change the E cell
radiosensitivity patterns. A statistical analysis of responses for pairs
of E cells shows that neighboring cells influence each other such
that damage to one E cell substantially enhances the probability of
damage in its neighbor. Such bystander effects have been observed
in cultured cell systems and are thought to be propagated by reactive
oxygen species and cytokines. An RNAi and mutant screen was
initiated to identify genes required for the signaling. The screen
includes genes for DNA repair systems, cell junctions, extracellular
matrix components and signal transduction. So far, we have shown
that mutations or knock-down in components of the nonhomologous end joining DNA repair pathway (cku-70, cku-80,
and lig-4) and the MAP kinase sek-1 result in strong (up to 7-fold)
overall sensitization of the cells but do not influence their relative
sensitivity patterns. An up-to-date summary will be presented.
Precision irradiations of body segments with alpha particles
confirms that middle and anterior E cells react to damage in
posterior E cells but irradiation of the head from the posterior
margin of the pharynx does elicit a response from the intestine.
Work is in progress to conduct single cell irradiations with a particle
microbeam at Texas A&M University to test individual cells and the
topology of the putative bystander signaling.

(PS5.16) Radiation induced bystander mutagenesis in the gpt
delta transgenic mouse model. Yunfei Chai1, Sarah X. Huang1,
Gloria M. Calaf2, Tom K. Hei1,3, 1Department of Environmental
Health Sciences?Columbia University, New York, NY, 2Biology
and Health Department, Tarapaca University, Arica, Chile, 3Center
for Radiological Research?Columbia University, New York, NY
Although radiation-induced bystander effects have been
defined in a variety of in vitro models using a range of endpoints,
the mechanism(s) as well as the presence of such an effect in vivo
are not well described. In this study, our aims are to examine
radiation-induced bystander mutagenesis in vivo and to determine
the mechanism involved using the gpt delta transgenic mouse
system. We hypothesize that TGF-b initiates mutagenesis via the
induction of cyclooxygenase 2 (COX-2) in bystander, nonirradiated tissues. We irradiated a 1cm X 1cm unshielded area in
the lower region of the abdomen of the mice using 5 Gy X-ray. Our
results showed that COX-2 was induced in the lung of the gpt mice
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(PS5.17) Characterization of protein expression profiles
associated with adaptive response induced by low-dose
radiation. Kanokporn Rithidech1, Xian Yin2, Louise Honikel1,
Paiboon Reungpatthanaphong1, Frank Witzmann2, 1Stony Brook
University, Stony Brook, NY, 2Indiana University School of
Medicine, Indianapolis, IN
Many studies using a variety of biological endpoints have
shown that exposure to low doses (,0.1 Gy) of low linear energy
transfer radiation can protect against damage induced by a
subsequent exposure to a high dose of radiation. However, the
molecular mechanisms underlying such protection are poorly
understood. The goal of this study was to fill this knowledge
gap.We used a conventional in vitro approach with human
lymphocytes to determine the protection given by 0.03 Gy of
137
Cs c rays before a high dose of 1.0 Gy of 137Cs c rays 4 hr later.
The frequencies of micronuclei in binucleated lymphocytes were
evaluated to assess the protection induced by 0.03 Gy of 137Cs c
rays. The data indicated the induction of adaptive response by this
low dose of c rays. We further identified proteins potentially
involved in this process. To do this, we used mass spectrometrybased proteomics to characterize protein expression profiles in the
medium collected from lymphocyte cultures with (protected group)
or without (unprotected group) a treatment of 0.03 Gy 137Cs c rays
prior to 1 Gy of 137Cs c rays. Protein identification (limited to
human proteins with .0.9 confidence), quantification, and Gene
Ontology were performed. Among the 154 identified proteins, there
were: (a) 92 proteins with similar abundance in media from both
groups (e.g. hemoglobin, immunoglobulin); (b) 11 proteins with
higher abundance in the medium from the protected group than
those in the unprotected group (e.g. gelsolin, Vit D-binding protein),
while 17 proteins had higher abundance in the unprotected group
(e.g. Fetuin A); (c) 23 proteins found in the protected group only
(e.g. clusterin), and (d) 11 proteins found in the unprotected only
(e.g. Keratin 2). In summary, the results provide an important
molecular basis for improving our understanding and ability to
detect proteins potentially involved in the induction of adaptive
response by low-dose radiation. Research Supported by Pathology
Department, SUNY at Stony Brook, NY, and Dept. of Cellular &
Integrative Physiology, Indiana Univ. School of Medicine.

(PS5.18) Detecting intercellular induced apoptosis of cancerprone cells stimulated by low dose radiation in vivo. Alexander
H. Staudacher1, Rebecca J. Ormsby1, Benjamin J. Blyth1, Georg
Bauer2, Pamela J. Sykes1,3, 1Flinders University and Medical
Centre, Adelaide, Australia, 2Abteilung Virologie, Institut fur
Medizinische Mikrobiologie und Hygiene, Universitaetsklinikum
Freiburg, Germany, 3SA Pathology, Adelaide, Australia

High doses of radiation are mutagenic and ultimately increase
cancer risk. In contrast, studies have shown that low dose radiation
can reduce cancer formation and increase cancer latency in vivo.
The mechanism of low dose radiation-induced protection from
cancer is not known. One possibility is that low dose radiation
removes DNA-damaged (cancer-prone) cells which have not
progressed through the final stages of carcinogenesis. This
mechanism, shown to occur in vitro, is known as intercellular
induced apoptosis. Our aim is to determine whether this mechanism
occurs in vivo.To do this, our laboratory has developed an in vivo
experimental method which involves isolating lymphocytes from
the spleens of normal and cancer-prone mice. These cells are then
labelled with two different non-toxic fluorescent dyes, mixed
equally and injected into normal recipient mice where a proportion
of the cells lodge in the spleen. The recipient mice are then
irradiated with low dose radiation, and spleen tissues analysed to
determine whether the cancer-prone donor cells are preferentially
removed via apoptosis.In initial experiments, p53-/- splenic
lymphocytes were used as the cancer-prone donor cells. Lodged
donor cells were detected in recipient spleens up to 8 days after
adoptive transfer. Irradiating recipient mice with low dose Xradiation (10 mGy) one day after adoptive transfer did not alter the
ratio of normal to cancer-prone donor cells remaining in recipient
spleens 3 days after irradiation. If intercellular induced apoptosis is
occurring in vivo, the p53-/- donor cells may not display the
phenotype required to be targeted for intercellular induced
apoptosis. Future experiments will examine different times of
analysis, different cancer-prone donor cells, and the use of donor
cell lines which have been shown to be susceptible to intercellular
induced apoptosis in vitro.Identification of radiation-induced
intercellular apoptosis of cancer-prone cells in vivo would provide
the first mechanistic evidence to support the concept that low dose
radiation is protective from cancer. Manipulation of the mechanism
involved could potentially be used for cancer prevention. Research
Funded by the Low Dose Radiation Research program, Biological
and Environmental Research, U.S. Department of Energy, DEFG02-05ER64104.
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that were not directly irradiated. Interestingly, induction of COX-2
was detected within 1 hour after partial, out of field, irradiation
whereas liver showed no induction of COX-2 at all. Immunohistochemistry staining showed that COX-2 was highly expressed in
bronchial epithelial cells of non-targeted lung tissues relative to
other stromal cells of the region. Furthermore, the bystander lung
tissues show a 3–4 fold increase in Spi mutations 24 hours after
partial body irradiation relative to non-irradiated controls. Lower
abdomen irradiation also induced inflammation in bystander lung
tissues including neutrophile infiltration, increase in TGF b and
TGF b receptor I and activation of MAP kinases (ERK and JNK),
NFKB and AKT pathway. Finally, the 8oxdG expression levels in
the bystander lung tissues was higher than in the non treatment
group and the observation was coupled with a decrease in
mitochondrial DNA copy numbers in bystander lung tissues. These
data suggest that out of field irradiation induces bystander effect in
lung tissues especially the bronchial epithelial cells and COX-2 may
involve in the mutagenesis in the bystander tissues. As such, the
data imply that the relevant target for radiation mutagenesis is larger
than an individual cell and suggest a need to reconsider the validity
of the linear extrapolation in making risk estimate for low dose
radiation exposure.
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(PS5.19) Spatially fractionated radiation therapy (GRID) on
implanted tumors using SACRTD. Sunil Sharma, Jessica Webber,
Nathan Koonce, Robert J. Griffin, Jose A. Penagaricano, Eduardo
G. Moros, Peter M. Corry, University of Arkansas Medical
Sciences, Little Rock, AR
The small animal conformal radiation therapy device
(SACRTD) developed at UAMS can deliver high dose spatially
fractionated radiation therapy (GRID) treatments precisely to target
tumors. The SACRTD is a ‘‘gantry’’ based image-guide system with
a special collimating assembly that allows field sizes down to 0.5
mm in diameter at isocenter. The system is also equipped with
variable aperture collimation system which can give field up to
1mm2 at 20 cm from the X-ray source. Adept viper S650 robot with
six-degrees of freedom can precisely position the target/beam and
the system can deliver an accurate and quantifiable conformal
radiation dose to selected targets within small animals in single or
multiple fractions. A group of C57 mice implanted with B16 murine
melanoma tumors were irradiated with a GRID pattern at 225 kV,
13mA to give about 10 Gy at 1 cm depth. The Gafchromic film used
to record GRID radiation pattern and exit dose shows the radiation
was delivered with a high degree precision. The histology of tissue
sample showed that there were a significant numbers of cells with
radiation induced DNA strand breaks in the regions corresponding
to the irradiation pattern. Approximately 55% of clonogenic cells in
the B16 tumors were killed by the single GRID dose. The mice
receiving GRID alone did not have significant tumor growth delay
compared to untreated tumors but the group that received GRID
therapy followed by administration of Anginex, an anti-angiogenic
peptide, for 5 days there was a noticeable delay in tumor growth
compared to tumors receiving 10 Gy GRID alone. The result shows
that the system can be effectively used to deliver high dose GRID
radiation therapy treatments to small tumors grown in mice. The
SACRTD is a research tool for general radiobiophysiological
research, and in particular, for translational research in radiation
oncology in an academic laboratory. Acknowledgements: This
research was supported by the Arkansas Biosciences Institute (ABI)
and Central Arkansas Radiation Therapy Institute (CARTI).
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(PS5.20) The bystander effect to intercellular communication
of damage. Jennifer S. Dickey, Brandon J. Baird, Christophe E.
Redon, Mykyta V. Sokolov, Olga A. Sedelnikova, William M.
Bonner, NIH, Bethesda, MD

Poster Sessions

The bystander effect (BE) is now well accepted as a
consequence of exposure to ionizing radiation which leads to
persistent genome destabilization of unirradiated adjacent neighboring and distant cells. An early event in this effect is the induction
of DNA damage in bystander cells that may initiate downstream
pathways leading to increased genomic instability and decreased
viability. We hypothesized that the radiation-induced BE may be a
specific instance of a general intercellular communication pathway
between damaged cells and their neighbors. Therefore, we
examined BEs to a variety of cellular assaults, such as UV radiation
and media conditioned on tumor or aging cells. We transferred
media that had been conditioned on stressed cells and also cocultured stressed and bystander cells. We then detected bystander
DNA DSB formation by scoring c-H2AX foci co-localized with
53BP1. Similar to the radiation-induced BE, a distinct DNA DSB
response was seen in bystander cell populations proximal to or
when exposed to media from damaged cells. Similar mechanistic
pathways, involving NO, TGF-b, and other inflammatory cytokines
seem to be responsible for bystander effects from all these events,
based on ELISA and inhibitor experiments. Also, these bystander
effects are closely related to cell cycle, operating mainly during Sphase. However, by examining lymphocytes that were either
quiescent or 1 day post-activation, we found that while quiescent
lymphocytes did not display a bystander response, activated
lymphocytes were able to both transmit and respond to the BE.
Lymphocytes one day post-activation have entered the cell cycle but
have yet to reach S-phase. Therefore, S-phase may not be necessary
for the induction of the effect, though progression through the cell
cycle might be essential. Our results show that damaged cells
transmit signals that result in increased DNA DSB levels in their
undamaged neighbors. Since DSBs are precursors to increased
genomic instability, these results indicate that damaged cells may
increase the risk for cancer in cells with which they share media or
contact directly. Additionally, cell cycle data offer interesting
insights into which tissues are vulnerable to the bystander effect in
vivo.

(PS5.21) Acute and chronic neuroinflammation with delayed
infiltration of peripherally-derived immune cells in C57BL/6J
mouse brain following cranial irradiation. Michael J. Moravan,
Sean D. Hurley, Elizabeth W. Sorensen, Eric Hernady, Lee A.
Trojanczyk, John A. Olschowka, Jacqueline P. Williams, M. Kerry
O’Banion, Michael Wu, University of Rochester School of
Medicine and Dentistry, Rochester, NY
Cranial irradiation can result in numerous acute side effects
such as blood-brain barrier disruption, nausea, vomiting, and
fatigue. Over time, memory and cognitive problems, leukoencephalopathy, and necrosis can also develop. The successful use of
corticosteroids in the treatment of these CNS radiation sequelae
suggests that neuroinflammation is an important factor in their
development. To investigate this process, we characterized radiation
responses in the male C57BL/6J mouse brain. Mice were cranially
irradiated (or sham) with doses from 0 to 45 Gy and sacrificed at
multiple time points ranging from 4 hours to 12 months. Acutely,
we observed increases in RNA levels of the proinflammatory
cytokines TNF-alpha, IL-1alpha, ICAM-1, and CCL2 starting after
doses between 15 and 25 Gy. This acute response subsided by 3
days, but increased again at 6 months, when elevated IL-1beta
expression was also seen. At one month, there were increases in
GFAP staining and mRNA levels for GFAP, consistent with
astrocyte activation. There was also increased staining for several
microglial activation markers and a dose-dependent increase in the
number of MHCII þ cells seen first at one month. Evidence of
microglial activation was present at all time points examined up to
12 months post-radiation. Endothelial activation was also seen as
early as 4 hours post-radiation and appeared to persist, as
demonstrated by increased ICAM-1 vascular staining.Similar to
the increases in cytokines and glial activation, bone marrow chimera
experiments revealed a dose-dependent increase in the recruitment
of peripherally-derived immune cells into the brain that began after
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doses between 15 and 25 Gy and as early as 1 month post-radiation.
Infiltrating cells were shown to be positive for CD3, MHC II, and
Iba-1, indicating the presence of T cells and myeloid cells. These
findings are consistent with an acute and chronic inflammatory
response together with peripheral immune cell recruitment in the
brain’s response to radiation. Understanding the role of these
peripheral immune cells could help in the development of methods
for increasing normal CNS tolerance to radiation, therapies to
ameliorate radiation injury, or new radiotherapy applications to treat
other neurologic disorders. This work was supported by NIH RO1
CA114587.

(PS5.22) Bystander effects of alpha particles in a 3-dimensional tissue model. Alexandre Mezentsev, Sally Amundson,
Columbia University, New York, NY
Ionizing radiation (IR) not only affects cells that are directly
irradiated but also their non-irradiated neighbors, which show
responses known as bystander effects. While bystander and direct
responses have several common end points including apoptosis and
micronucleation, chromatin remodeling and altered levels or
activities of regulatory proteins, they can be quantitatively and
qualitatively different. The majority of studies of radiation
bystander effects have utilized 2-dimensional in vitro systems, but
we have recently demonstrated such effects in EPI-200 (Mat-Tek,
Ashland, MA), a 3-dimensional tissue model that precisely imitates
the structure and function of human epidermis.Global gene
expression is a powerful tool for uncovering both fundamental
signaling processes and the mechanistic basis of cellular or
physiological effects. By exposing only a thin strip across the
center of the EPI-200 tissue, we have been able to measure global
gene expression responses in directly irradiated and bystander cells
located at 0, 0.25, 0.5, 0.75 and 1mm from the irradiation line. The
data were analyzed using BRB-Array Tools (NIH), and further
network analysis was performed with IPA (Ingenuity). Significantly
responding genes were identified at all distances and included sets
common to both direct and bystander responses. For instance, all
sets demonstrated upregulation of a major component of the drug
metabolism pathway, CYP1B1, and dowregulation of MMP1, an
enzyme involved in degradation of extracellular matrix. In contrast,
PTGS2, a gene strongly implicated in the bystander response was
upregulated in directly irradiated tissues, but actually downregulated
in bystander cells. This effect may be time dependent, but may also
suggest activation of bystander signaling mechanisms different from
those observed in 2-dimensional cell cultures. According to network
analysis of our results, the genes responding in bystander tissue fell
into 5 major categories: cell death, cell communication, cell
differentiation, stress response, and response to wounding, suggesting active intracellular communication in bystander tissue. This
work was supported by the Office of Science (BER), U.S. DOE,
Grant No. DE-FG02-07ER46336, and by NIH Grant CA 49062.

(PS5.23) Novel role of the translationally controlled tumor
protein in DNA repair and the protective effects of low dose cRays. Jie Zhang1,2, Sonia M. de Toledo1, Guozheng Guo2, Edouard
Azzam1, 1Department of Radiology,University of Medicine and
Dentistry of New Jersey, Newark, NJ, 2Department of Radiation
Medicine, Fourth Military Medical University, Xi’an, China
We have previously shown that exposure to low dose c-rays
induces significant adaptive responses in normal human and rodent
cells. Exposure to doses in the range of 0.1 to 10 cGy delivered at
low dose rates reduced micronucleus frequency to levels similar or
lower than occurs spontaneously in human fibroblasts, and reduced
the frequency of neoplastic transformation by 3- to 4-fold from the
spontaneous level in mouse embryo fibroblasts. To gain deeper
insight into the mechanisms underlying low dose radiation effects,
we used amine-specific isobaric tags for relative and absolute
quantitation (iTRAQ)-based approach to identify induced proteolytic events. The Translationally Controlled Tumor Protein (TCTP)
was significantly up-regulated after 10cGy exposure, but not after
400 cGy in human fibroblast strains maintained in 3D architecture
and in mouse tissues. TCTP is highly conserved and abundantly
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(PS5.24) Radiation induced changes in mitochondrial genome
copy numbers. Tatjana Paunesku, Qiong Wang, Michuel B.
Wanzer, Gayle E. Woloschak, Northwestern University, Chicago, IL
In addition to their role in apoptosis and cell death,
mitochondria have been implicated in regulating cell-survival
responses to irradiation. To investigate if an increase in the number
of mitochondria can be associated with response to protracted and
highly fractionated irradiation, we used some of the tissue samples
generated during the long running JANUS Radiological Research
Program conducted at Argonne National Laboratory from the
1960 0 s to 1992. For this study we selected spleen tissues from mice
who received 0 or 6 Gy in 60 fractions delivered once a week. At
the time of natural death, tissues were collected and pathological
evaluation was done. To be assured that the changes we may
observe are not a result of neoplastic changes, we used for this study
both healthy spleens and spleen tumors from irradiated mice and
non-irradiated controls. We did quantitative PCRs for mitochondrialy encoded mitochondrial genes COX1 and ND1 and for
nuclear-encoded mitochondrial genes COX4 and NDUFV1.
According to average Q-PCR data for groups of three mouse
spleens, irradiated mice have higher copy numbers of mitochondrial
genomes than the non-irradiated mice. It is possible that
mitochondrial genome numbers increase corresponds to increased
numbers of mitochondria induced in response to irradiation stress.

(PS5.25) Two- and three-dimensional models of radiationinduced direct and bystander signalling and interaction
pathways between primary astrocytes and glioma cells. Shahnaz
T. Al Rashid, Stephanie Mashal, Kevin M. Prise, Centre for Cancer
Research & Cell Biology (CCRCB), Queen’s University Belfast,
Belfast, United Kingdom
Gliomas are aggressive, invasive brain tumours that are
highly resistant to chemo- and radiation therapies. Even with
improved radio-therapeutic dose-escalation and tumour-targeting,
recurrence is almost inevitable, with a survival rate rarely beyond
24 months from diagnosis. Currently the preservation of normal
brain tissue is a limiting factor for therapy. The mechanisms of
resistance, invasion and metastasis remain poorly understood.
Molecular interventions are required to improve the efficacy of
treatment, quality of life and survival of patients. Recent studies
have shown that in addition to direct radiation cell killing, nontargeted (bystander) effects can lead to cell death within the tumour
and surrounding normal tissues. The ATR, ATM and DNA-PK
kinases (involved in DNA damage sensing, checkpoint activation
and repair) have been shown to be mediators of these effects.
Further insight into mechanisms of radiation-resistance and
bystander effects were investigated by determining the relative

sensitivities and signalling pathways enacted following X-ray
irradiation of primary astrocytes and glioma cell lines grown as
single and co-cultures in 2D and 3D (to mimic tumour conditions
in vivo) matrices. Bystander effects were examined in 2D cultures
that were treated with media from irradiated cultures. Radiationinduced dose-response, signalling and death pathways were studied
based on long-term clonogenic survival and short-term death
assays (e.g. flow cytometry, immunofluorescence microscopy and
WB analyses). Our results suggest that gliomas with higher
radioresistance and tumorigenicity exert higher levels of lethal and
protective bystander effects. Normal astrocytes have intermediate
bystander effects. Co-culture and 3D experiments are underway to
delineate the pathways in an in vivo model setting. These results
may have implications for the therapeutic exploration of peripheral
tumour margin interactions and normal tissue-mediated toxicity.
By comparing the differential molecular factors involved in
mediating bystander effects and the mechanisms of radiationresistance, death and invasion, we aim to find molecular targets
that will allow differential modulation of targeted and non-targeted
effects of radiation to enhance tumour killing while preserving
normal tissue.
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expressed in many eukaryotes. Whereas low dose 137Cs c-rays or
proton (1GeV/n) radiation stabilized TCTP, high doses enhanced its
degradation. TCTP levels were increased by 2-fold in cells exposed
to doses as low as 1cGy. Cell fractionation studies showed that in
nuclei of irradiated cells, TCTP is increased by ;9-folds. Strikingly,
knockdown of TCTP expression by siRNA approach abolished the
low dose c-ray-induced adaptive response against chromosomal
damage, and highlighted a role for TCTP in DNA repair.
Knockdown of TCTP expression did not alter DNA repair in high
dose-irradiated cells. In low dose-exposed siTCTP cells, reduced
TCTP was associated with significant decrease in p53. In contrast,
in high dose-irradiated cells, down-regulation of TCTP did not
interfere with p53 expression, but attenuated the radiation-induced
G1 checkpoint. We show that regulation of TCTP by low dose crays is dependent on ATM and other members of the PI3K family,
but p53 and HDM2-independent. Collectively, our studies reveal
the complexity of low dose radiation effects. They indicate that
carcinogenic effects at low doses cannot be extrapolated from
effects observed at high doses as currently adopted in radiation
protection protocols. TCTP may be an excellent biomarker of
radiation exposure. Supported by Grant DE-FG02-07ER64344 from
the U.S. Department of Energy, Low Dose Radiation Research
Program and by Grant NNJ06HD91G from NASA.

S E S S I O N S

(PS5.26) Effects of Radiation on NF-jB and tumor hemodynamics in Breast Tumors. Keith M. Stantz1, Ning Cao1, Bo Liu1,
Helen Chin-Sinex2, Marc Mendonca2, Jian Jian Li3, 1Purdue
University, West Lafayette, IN, 2Indiana University School of
Medicine, Indianpolis, IN, 3University of California School of
Medicine, Sacramento, CA
The purpose of this study is to monitor in vivo the IR dose
dependent response of NF-kappaB and tumor hemodynamics as a
function of time.An MDA-231 breast cancer cell line was stably
transfected with a firefly luciferase gene within the NF-kappaB
promoter (MDA-231NF-kappaB/Luc). These cells were used to form
tumors (7–9 mm) in the left and right flanks of six athymic nude
mice. Three of these mice had their tumors on the right flank
irradiated (320 kVp x-ray machine) with a single fractionated dose
of 5Gy, and the second group was irradiated with 10Gy. NF-kappaB
expression was monitored over two week time. This was done by
imaging the peak bioluminescence signal (fluence rate) after
injecting each mouse with D-Luciferin (120 mg/kg, i.p.) and
comparing this value to baseline levels. Tumor hemodynamics was
measured using dynamic contrast-enhanced CT (DCE-CT) and
photoacoustic spectroscopy (PCT-S), where DCE-CT was used to
measure tumor physiology (blood perfusion and fractional plasma
volume (fp)), and PCT-S was used to monitor the vascular
hemoglobin status (hemoglobin concentration and oxygen saturation levels (SaO2)).From the bioluminescence imaging, an increase
in NF-kappaB expression was observed in both the right
(irradiation) and left (non-irradiated) tumors, which peaked at 8–
12 hours, returned to basal levels after 24 hours, and increased a
second time from 3 to 7 days. This data identifies both a radiationinduced bystander effect and a bimodal longitudinal response
associated with NF-kappaB-controlled luciferase promoter. The
physiological results from DCE-CT measured an increase in
perfusion (26%) two days after radiation and both a decrease in
perfusion (50%) and an increase in fp (20%) by week 1 (10Gy
cohort). PCT-S measured increased levels of oxygen saturation
(30%) two days post IR, which did not change after 1 week (higher
variance). Initially, NF-kappaB would modify hemodynamics to
increase oxygen delivery after IR insult. The secondary response
appears to modulate tumor angiogenesis.A bimodal response to
radiation was detected with NF-kappaB-controlled luciferase
reporter with a concomitant hemodynamic response. Additional
experiments are being conducted to identify dose dependent NFkappaB activation by in vivo radiation exposure, tumor hemodynamics, and tumor growth rates.

(PS5.27) Radiation-induced non-targeted effect in tumor
angiogenesis is mediated by IKK-b activation. Karthigayan
Shanmugasundaram1, Aravindan Natarajan2, Richard C. Tamfu1,
Randal A. Otto1, Mohan Natarajan1, 1University of Texas Health
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Science Center at San Antonio, San Antonio, TX, 2University of
Oklahoma Health Sciences Center, Oklahoma City, OK
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Understanding the mechanism of tumor angiogenesis after
treatment is essential to develop therapeutic intervention targeting
the key signaling mediators and achieve disease free survival. The
overall objective is to determine whether the surviving cancer cell(s)
after radiotherapy can initiate bystander response that results in
tumor recurrence at the treatment site. In this study we evaluated
whether radiation at doses used in fractionated radiotherapy (2 Gy)
can induce angiogenic growth factors in human squamous cell
carcinoma (SCC-4 cells) and concordant expression of angiogenic
receptors in the vascular endothelial cells to initiate neovascularization and support tumor growth. Second, we examined whether
the angiogenic interplay between cancer cells and neighboring
endothelial cells is mediated by IKK-b -dependent regulation. The
transcript level of angiogenic growth factors including VEGF,
VEGFC, FGF, PDGF, IGF and endolgin in irradiated SCC-4 cells
and receptor expression in co-cultured primary human endothelial
cells were examined by real time Q-PCR. Corresponding protein
levels were examined by immunobloting. Endothelial cell migration
was assayed by scratch wound model and transmembrane migration
assay. Initiation of neovascularization was examined by matrigelTMtube net-work formation. IKK-b-dependent angiogenic signaling in
irradiated cancer cells and non-targeted endothelium was examined
by blocking with genetic and pharmacological inhibitors and
overexpression studies. The results showed an upregulation of
VEGF, VEGFC, FGF, PDGF, IGF and endolgin expression (both at
transcript as well as protein levels) in SCC-4 cells and corresponding increase in their receptors in co-cultured endothelial cells.
Similarly, the extent of migration and tube net work potential were
augmented in cells co-cultured with irradiated SCC-4 cells
compared to either mock-irradiated cells or cells in static culture.
Inhibition of IKK-b activation in irradiated SCC-4 and co-cultured
endothelial cells confirmed the involvement of IKK-b-mediated NFkB regulated transactivation of target genes is responsible for the
radiation-triggered angiogenic signals.

(PS5.28) Role of TNF-alpha and TRAIL in high dose
radiation-induced bystander signaling in lung adenocarcinoma.
Mohammed M. Shareef, Seema Gupta, Mansoor M. Ahmed,
University of Miami, Miami, FL
Ionizing radiation (IR)-induced bystander effects were investigated in two lung cancer cell lines. A549 cells were found to be
more resistant to radiation-conditioned medium (RCM) obtained
from A549 cells when compared to the H460 exposed to RCM
procured from H460 cells. Significant release of Tumor Necrosis
Factor-alpha (TNF-a) was observed in A549 cells following IR/
RCM exposure and the survival was reversed with neutralizing
antibody against TNF-a. In H460 cells, significant release of TNF
Related Apoptosis-Inducing Ligand (TRAIL) but not TNF-a was
observed in response to IR, RCM exposure or RCM þ2Gy and
neutralizing antibody against TRAIL diminished clonogenic
inhibition. Mechanistically, TNF-a present in RCM of A549 was
found to mediate NFjB translocation to nucleus, whereas, the
soluble TRAIL present in RCM of H460 cells mobilized the nuclear
translocation of PAR-4 (a pro-apoptotic protein). Analysis of IRinducible EGR1 function demonstrated that EGR-1 was functional
in A549 cells but not in H460 cells. A significant decrease in RCM
mediated apoptosis was observed in both A549 cells stably
expressing siRNA EGR-1 and EGR-1-/- MEF cells. Thus, the
high-dose IR-induced bystander responses in A549 may be
dependent on the EGR-1 function and its target gene TNF-a. These
findings demonstrate that the reduced bystander response in A549
cells is due to activation of NFjB signaling by TNF-a, whereas,
enhanced response to IR-induced bystander signaling in H460 cells
was due to release of TRAIL associated with nuclear translocation
of PAR-4. The molecular mechanism involved in the regulation of
TRAIL expression and release will be discussed.

(PS5.29) Microbeam induced stress response in the C. elegans
nematode. Antonella Bertucci, Roger D. J. Pocock, Gerhard
Randers-Pehrson, David J. Brenner, Columbia University, New
York, NY
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Proposed mechanisms to explain the biological effects of
ionizing radiation in un-exposed neighboring cells to an irradiated
cell or group of cells are centered on the importance of intercellular
communication. Therefore, the use of advanced tools to study interand intra-cellular mechanism of damage signal transduction is of
critical importance. Such inter-cellular studies have often been
undertaken using microbeam irradiation of individual cells plated in
2-D monolayers and 3-D tissue-like construct with extensive and
complex cell-to-cell communication. Studies using whole organisms, targeting specific cells, cell groups or organs are needed to
elucidate mechanisms of radiation-induced long-distance effects in a
realistic model. C. elegans shares cellular and molecular structures
and control pathways with higher organisms, thus, biological
information learned from C. elegans may be directly applicable to
more complex organisms. We have reported the use of a nematode
C. elegans transgenic strain as an in vivo model for microbeam
radiation studies. Here we present the generation of a new C.
elegans transgenic strain that has both a Green Fluorescent Protein
(GFP) transcriptional gene reporter for the heat shock protein-4
(HSP-4) and a Red Fluorescent Protein (RFP) gene reporter for the
dopaminergic neurons. The goal of these studies is to characterize
the stress response after microbeam irradiation of sub-cellular worm
areas in distant regions to the targeted area. Using 3 MeV proton
(LET ; 8.5 keV/lm) microbeams, generated at Radiological
Research Accelerator Facility (RARAF), we irradiated individual
PDEL or PDER neurons, located at the posterior half of the body, of
young adult worms. After exposure we evaluated the radiation
induced stress response by monitoring HSP-4 expression at 24
hours post irradiation. Preliminary results indicate that microbeam
irradiation of single neurons induced a strong heat shock stress
response in the posterior intestine up to 150 lm from the irradiated
area. In summary, our preliminary results show that sub-cellular
proton microbeam can induce distal stress response in un-irradiated
areas. Work supported in part by the Grant: NIBIB 5 P41
EB002033-12 and by the Grant: 5P01-CA049062-16.

(PS5.30) A neutron microbeam. Y Xu, G. Randers-Pehrson, S.
Marino, D. J. Brenner, Columbia University, Irvington, NY
Radiation exposure to neutrons, especially to low-energy
neutrons (from about 1 keV to 100 keV), is a significant
contribution to the radiation exposure of many nuclear workers
and researchers around sources of neutrons. Also, current extended
use of high-energy X ray radiation therapy exposes patients and
health workers to secondary neutron radiation from medical
accelerators. The biological effects of low-energy neutrons are
presently poorly understood. Columbia University RARAF Microbeam facility has been using for bystander biological effectiveness
for years. Having developed microbeams for charged particles and
X rays, our users have been requesting a neutron microbeam, which
is an entirely novel concept. We start to develop a novel neutron
microbeam which based on the 7Li(n,p)7Be near- threshold
reaction. It has a relatively high neutron yield and a very narrow
neutron emission angular distribution. Using the primary a focused
proton microbeam with this nuclear reaction, neutron beam can be
confined in a narrow forward solid angle, then making a neutron
microbeam is possible. The neutron flux will be roughly 6000 per
second based on the RARAF singleton accelerator operation and
proton microbeam parameter. The dose rate will be about 4cGy/min.

(PS5.31) Radiation quality and the induction of long-term
biological effects in irradiated normal human cells and
neighboring bystanders: the role of oxidative metabolism.
Manuela Buonanno1, Sonia M. de Toledo1, Roger W. Howell1,
Debkumar Pain2, Edouard I. Azzam1, 1UMDNJ-NJMS, Cancer
Research Center, Newark, NJ, 2UMDNJ-NJMS, Newark, NJ
Coupled with epidemiological studies, mechanistic investigations have been considered critical to our understanding of the
health risks of exposure to ionizing radiation. To determine whether
exposure to different linear energy transfer (LET) radiations induces
differential delayed stressful effects, we investigated the role of
oxidative metabolism in the biological responses of irradiated
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(PS5.32) Soft x-ray microbeam at columbia university. Andrew
Harken, Gerhard Randers-Pehrson, David Brenner, Columbia
University, Irvington, NY
There has been much demand for x-ray microbeams, in large
part stimulated by the fact that the majority of human ionizingradiation exposure is via x rays, with the rapid increase in CT
scanning being a current issue. We have developed a soft x-ray
microbeam based on Proton Induced X-ray Emission (PIXE) using
characteristic titanium K x-rays (4.5 keV) produced by bombarding
a titanium target with a 20 micron diameter 4.5 MeV proton
microbeam. This technique gives us several advantages over other
x-ray systems: very low bremsstrahlung background radiation, x
rays that have little Compton scattering giving localized effects, x
rays that can penetrate into tissues (1/e depth of 146 lm), and
mono-energetic x rays that allow our users accurate dose
determination for the samples. The x-ray microbeam irradiation
end station is based upon our particle irradiation end station design
allowing irradiation procedures and specimen handling protocols to
be identical between different types of radiation for comparative
studies. We use a Fresnel zone plate to focus the x rays into a 2 lm
spot size with a delivered dose rate of 30 cGy/min. This work
supported by NIH grant number EB-002033 and CA-049062.

(PS5.33) Corrupting the microenvironment: Cancer cells
induce repair foci, indicative of DNA damage, in neighboring
stromal cells. Afshin Beheshti, Heiko Enderling, Matthew Perkins,
Aaron Burg, Clare Lamont, Janusz Weremowicz, Michael Peluso,
Heather Szelag, Philip Hahnfeldt, Lynn Hlatky, Tufts Univ. School
of Medicine/St. Elizabeth’s Medical Center, Boston, MA
We investigated in vitro and in vivo influences of cancer cells
on modulation of repair foci in neighboring stromal cells, as one
aspect of multicellular interaction during carcinogenesis. c-H2AX
(phosphorylated H2AX from the core histone H2AX) and 53BP1
(p53 binding protein 1) play critical roles DNA damage repair of
DNA double strand breaks (DSBs). Although induction and
visualization of c-H2AX foci and 53BP1 foci are frequently
utilized as assays to investigate radiation-induced DSB, little is
known about the constitutive generation of such repair foci in
cancer cells and in cells within the tumor microenvironment. We

investigated the constitutive level of DNA damage/repair (that
present in cells without irradiation), as indicated by standard cH2AX and 53BP1 foci assays, in cancer cells and adjacent stroma.
In vitro studies were done on a panel of murine tumor cells (glioma
and lung carcinoma), in both direct and indirect co-cultures with
primary, nontransformed, stromal cells (murine lung fibroblasts).
Cancer cells demonstrated higher constitutive levels of 53BP1 foci
than non-transformed cells examined, and the levels in stromal cells
increased if they were placed in co-culture with tumor cells. It was
also found that that when conditioned media from tumor cells was
placed on stromal cells, specific genes related to DNA DSBs (i.e.
53BP1, ATM, NBN, MDC1, etc.) were upregulated in the stromal
cells. Examination of tumor sections from in vivo studied
demonstrated a pattern of diffusive pattern of DNA DSB repair
foci in stroma adjacent to the tumor. We demonstrated that the
presence of cancer cells is sufficient to induce increased DSB foci
and activate repair proteins in neighboring stromal cells, both in
vitro and in vivo. This finding can be compared to the radiation
bystander effect, where DNA damage is communicated among
cells. This constitutive process may enable the tumor to corrupt the
microenvironment to facilitate the breakdown of host barriers to
tumor expansion and thus tumor progression. This work was
supported by NASA grant NNJ06HA28G.
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normal human diploid fibroblasts (AG1522), their neighboring
bystander cells and their progeny. Six to twenty population
doublings after exposure, the micronucleus frequency in progeny
of AG1522 fibroblast cultures exposed to mean doses of 10 or 100
cGy from 1 GeV/n 56Fe ions (LET 151 keV/lm) was higher (p ,
0.01) than in respective control. This correlated with higher level of
reactive oxygen species (ROS) and inactivation of the redox
sensitive metabolic enzyme, aconitase. In contrast, progeny of cells
exposed to high or low doses from 1 GeV/n 1H ions (LET ; 0.2
keV/lm) or 137Cs c-rays (LET ;0.9 keV/lm) delivered chronically
or acutely harbored similar levels of micronuclei as control, which
correlated with normal ROS levels and aconitase activity.We also
examined the persistence of stressful effects in progeny of
bystander cells co-cultured with cells exposed to 1 GeV/n iron
ions or protons. Following 20 population doublings, the progeny of
bystander cells co-cultured with cell populations exposed to mean
doses of 25 or 100 cGy from 1 GeV/n 56Fe exhibited higher level of
stressful effects. Chromosomal damage in progeny cells was higher
(p , 0.01) than in respective control, which correlated with higher
levels of ROS, increase in protein oxidation and decrease in
antioxidant enzyme activity. In contrast, progeny of bystander cells
co-cultured with cells irradiated with 20 or 400 cGy from 1 GeV/n
1
H harbored similar level of micronuclei as the progeny of control.
This was associated with increased antioxidant enzyme activity and
similar pattern of protein and lipid oxidation as control.Collectively,
our data support the concept that perturbations in oxidative
metabolism play an important role in the health risks of ionizing
radiation, which depends on radiation quality, dose and dose rate.
Supported by Grants DE-FG02-07ER64344 from the U.S.
Department of Energy, Low Dose Radiation Research Program,
and NNJ06HD91G from NASA.
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(PS5.34) Impact of dose-rate on the adaptive response incho
cells. Dwight M. Chambers, An T. Vu, Matthew A. Davidson,
Jacquelyn Yanch, Massachusetts Institute Of Technology, Cambridge, MA
The impact of low-dose-rate radiation on the adaptive
response observed in CHO cells is under investigation as part of a
wider investigation of low-dose-rate effects. CHO-K1cells (K1-g)
were serially cultured for ten weeks on an unencapsulated 241Am
source, with a dose-rate of 1.8 cGy/hour and a spectrum containing
both 241Am g-rays (59.5 keV) and 237Np x-rays (10–30 keV). The
total dose over the 10 weeks was 30 Gy. These conditioned cells
were then plated at a low density in 6 well plates, and, 4 hours after
plating, the cells were treated with either 3 Gy delivered chronically
via 1 week incubation on the 241Am source or 2–8 Gy delivered
acutely using a 250 kVp x-ray field at a dose-rate of 1 Gy/min. One
week after plating, the samples were stained with crystal violet and
colonies with more than 50 cells were scored. Similar experiments,
using the same challenging doses, were performed using freshly
thawed CHO-K1 cells and cells serially cultured for 10 weeks but
not irradiated (K1-NR). After one week on the 241Am foils, the K1gs retained 104% 6 10% of their clonogenicity compared to a K1-g
culture that had been pre-irradiated but not challenged; that is, an
additional week at 3 Gy did not significantly change their
clonogenicity. In contrast, the previously unirradiated K1-NR cells
retained 79% 6 10% of their clonogenicity, compared to its
unchallenged control after a week of chronic irradiation. The
difference in clonogenic survival between the K1-NR and K1-g
populations is significant (p , 0.021) as is the clonogenic survival
difference between the exposed K1-NR cells and their unchallenged
K1-NR controls (p , 0.004). In contrast, little to no adaptation is
seen when K1-gs are challenged to doses between 2 - 8 Gy acutely.
While the K1-gs have greater clonogenic survival at most, but not
all, doses, the increased clonogenic survival of the K1-gs is
significant only at 6 Gy (p , 0.016). The clonogenicity of K1-gs,
pre-irradiated to 30 Gy by a dose-rate 105 times natural background,
is unaffected by an addition of a chronic 3 Gy dose whereas
unirradiated, passaged-matched cultures show decreased clonogenicity to this 3 Gy challenge. Since modest or no adaptation is seen
at a dose-rate roughly 6000 times the dose-rate of the pretreatment
radiation, dose-rate seems to have a significant role in the
magnitude of the adaptive response.

(PS5.35) Evidence of influence from bystander effect and
adaptive response radio-protection on human lung cancer risks
from radon based on case-control studies. Bobby E. Leonard1,
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Since the publication of the BEIR VI report in 1999 on health
risks from radon, new data has been published showing mechanisms
that may affect the ultimate assessment of radon as a carcinogen, in
particular the potentially deleterious Bystander Effect (BE) (230
papers) and the potentially beneficial Adaptive Response radioprotection (AR) (241 papers). It has been readily premised that
human lung cancer is caused, at least partially, by BE damage to
lung cells. Recent analysis of AR research results with a Microdose
Model, developed by Leonard, show that single (only one) low LET
induced radiation charged particles traversals through the cell
nucleus activates AR. Using the Leonard composite BE and AR
Microdose Model, published as a review article in Dose-Response
Journal, the microbeam and broad-beam alpha particle data of Zhou,
Sawant, Miller, Hei, Nagasawa and Little and others is analyzed in
terms of alpha particle traversals. The shape of the cellular response
to alphas is relatively independent of cell species and LET of the
alphas in the range of radon progeny alpha energies. The same alpha
particle traversal dose response should be true for human lung tissue
exposure to radon progeny alpha particles. There is a transition
region between the Bystander Damage Region and Direct Damage
Region of between one and two alpha particle traversals indicating
that perhaps two alpha particle ‘‘hits’’ are necessary to produce the
direct damage, as earlier suggested by Miller et al. The case-control
radon lung cancer risk data of the pooled 13 European countries
radon study and the 8 North American pooled study show a large
variation in the odds ratio radon lung cancer risk, which is
reconciled, based on the large variation in geological and ecological
background radiation conditions and hence a large variation in the
degree of AR radio-protection for humans against the bystander
effect induced lung damage. The analysis clearly shows BE radon
lung cancer induction and clearly AR reduction in lung cancer in
some geographical regions world-wide. It is estimated that for radon
levels up to about 400 Bq m3 there is about a 30% probability that
no human lung cancer risk from radon will be experienced and a
20% probability that the risk is below the zero-radon, endogenic
spontaneous or perhaps even genetically inheritable lung cancer risk
rate.

(PS5.36) Endothelial cells as targets of low-dose radiation in
cardiovascular diseases. Franka Pluder1, Sylvia Steininger1,
Reetta Nylund2, Michael J. Atkinson1, Dariusz Leszczynski2, Soile
Tapio1, 1Helmholtz Centre Munich, Neuherberg, Germany, 2BioNIR Research Group, STUK – Radiation and Nuclear Safety
Authority, Helsinki, Finland
Cardiovascular diseases represent one of the main causes of
morbidity and mortality in the world. Recent epidemiologic
evidence suggests that medium and low radiation doses to the
heart result in a moderate, but significant increase in cardiovascular
mortality. The aim of this study is to identify via a proteomic
approach new molecular targets involved in the pathogenesis of
radiation induced cardiovascular disease. Since the vascular
endothelium plays a pivotal role in the regulation of vascular
function it is therefore addressed as the target tissue in this study.As
model system we studied the human endothelial cell line Ea.hy926.
To characterize the impact of low dose radiation induced changes
we investigated different time points (4h and 24h) as well as dose
rates of radiation (Co-60 gamma ray total dose 200mGy; 4
mGy*min-1 and 40 mGy*min-1). Subfractionation of the whole
cell lysate was performed by differential detergent fractionation.
The chosen proteomic strategy is based on two-dimensional gel
electrophoresis enhanced by the use of the Difference gel
electrophoresis (DIGE) technology. Differentially expressed proteins were identified by in-gel trypsin digestion, MALDI-TOF/TOF
tandem mass spectrometry, and peptide mass fingerprint analyses.Out of more than fifty protein spots that showed significant
alterations in their expression we were able to identify 22 proteins,
11 of which were up-regulated and 11 down-regulated; 17 proteins
showed more than þ 1.5-fold difference compared to the unexposed
cells. Among the pathways affected by the low dose of ionising
radiation are Ran and Rho/Rock pathways, stress response and
glycolysis. The 2-way-Anova analysis shows that some protein
alterations are time-, dose-rate-, or interaction-dependent whereas
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others occur in a general, independent manner.We are able to show
that the relatively low dose of 200 mGy gamma radiation alters the
endothelial cytoplasmic proteome significantly during the first 24 h.
These results demonstrate the importance of proteomics in finding
new biological target molecules of a low-dose radiation response in
a critical tissue.

(PS5.37) Analysis of treatment of prostate cancer with
radiotherapy in a private setting, with an emphasis on toxicity.
Adam Jones1, Joshua T. McKenzie2, John Pablo3, Morris Geffen3,
1
Mercer University School of Medicine, Macon, GA, 2University of
Cincinnati, Cincinnati, OH, 3Private, Savannah, GA
Purpose: In the treatment of low to intermediate risk prostate
cancer utilizing Radiation Therapy (RT) or Surgery, control and
survival rates have been very good. The purpose of this study is to
review radiobiological changes associated with toxicity in prostate
treatment. The purpose is also to analyze toxicity rates in patients
treated in a private setting with RT and to review the pertinent
literature concerning toxicity rates and the reporting there of.
Materials and Methods: In a private practice, outpatient setting in
Savannah Georgia, eighty-five consecutively treated patients were
studied retrospectively by chart review analysis to determine the
frequency and type of toxicity occurring. Patients were treated with
brachytherapy alone, external beam RT (EBRT), and combination
therapy, consisting of EBRT followed by brachytherapy. For the
purpose of this study, patients were followed up at a minimum of
three years. Toxicities were categorized as either urinary, bowel, or
sexual and were graded 1–5. A literature review was performed to
equate and discuss results with those accepted on a national level
from major academic institutions. Results: Of twenty-one patients
treated with brachytherapy alone, five developed toxicities. Of
thirty-eight patients treated with external beam RT alone, six
developed toxicities. Of twenty-six patients treated with combination therapy, eleven developed toxicities. Only two had grade 4 or
grade 5 toxicities. Discussion: Based on the results gathered in this
particular private practice, outpatient setting, and toxicity rates
experienced are comparable with those observed nationally.
Toxicity rates vary somewhat when comparing RT and surgery.
Underreporting of toxicities may be true in some instances. This
study indicates that it may be better to include subjective patient
data when accounting for toxicity rates used in addition to objective
clinical data. Conclusion: Complication rates in patients with
prostate cancer in a private setting with RT are comparable to those
widely accepted. Urinary, bowel, and sexual complications in
patients treated with RT may be underreported.

(PS5.38) The use of radiosensitizers with low dose rate
radiation in the treatment of liver cancer. Mary A. Davis,
Theodore S. Lawrence, University of Michigan, Ann Arbor, MI
Treatment options for diffuse hepatocellular carcinoma
(HCC) are extremely limited; the only established therapy is
sorafinib which improves survival by only 2 months. Therefore,
the use of low dose rate radiation delivered by 90Yttrium labeled
glass microspheres administered directly into the hepatic artery,
from which HCC derives most of its blood supply, is being
investigated as a treatment option. As we have successfully
combined radiosensitizers with external beam radiation (Ben Josef,
et al J Clin Oncol, 34:8735–8739, 2005), we hypothesized that
sensitizers could improve the response of HCC to low dose rate
radiation as delivered by 90Yttrium microspheres. We used a
custom built device which is housed in a cell culture incubator and
which delivers gamma radiation (137Cs) at a dose rate of 0.18 Gy/
h. Exposing HepG2 cells for 16 h to low dose rate radiation
resulted in a surviving fraction of 0.35 þ/-0.06. We then examined
the effect of gemcitabine and of 5-fluorouracil (5-FU) on radiation
sensitivity as well as the effect of schedule of delivery of the
radiosensitizer. Gemcitabine was added at nontoxic doses for 2
hours, either 24 h or 2 h, before the cells were placed in the low
dose rate device. For 10 nM gemcitabine, the enhancement ratios
were 1.99 þ/-0.39 and 1.33 þ/-0.09, respectively. Likewise, 5-FU
was added 24 h or 15 min prior to the start of radiation but was left
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(PS5.39) Gene expression time course response of human
tissue exposed to low dose ionizing radiation in vivo. Karen M.
Kalanetra1, Susanne R. Berglund2, Reem Yunis1, Huguette
Albrecht1, Shiquan Wu1, Ruixiao Lu3, Joerg Lehmann1, Heather
Witt1, Robin Stern1, David M. Rocke1, Zelanna Goldberg4,
1
University of California, Davis, CA, 2Siemens, Sacramento, CA,
3
Affymetrix, Santa Clara, CA, 4OXiGENE, Inc., San Francisco, CA
Evaluating effects of low-dose ionizing radiation (LDIR) on
humans is important in order to define potential effects of radiation
on normal tissue. Precise effects and molecular mechanisms
remain unclear. Thus, consistent and reliable human translational
data must be obtained with which to correlate in vitro experimental
findings. Biopsies from tissues exposed to radiation in vivo gives
the best possible snapshot of gene expression. With this study we
continue to address the information gap using a model developed
in our lab to evaluate effects of LDIR on normal, healthy human
tissue.Skin punch biopsies (4 total each patient, 4mm; split and
treated as duplicates) measured to have been exposed to 10 cGy xray irradiation taken prior to and post-IR were taken from men
undergoing radiotherapy for treatment of early stage prostate
cancer. We determined genes significantly differentially expressed
over time using Illumina Human Ref-8 Expression Beadchip
analysis of amplified / labeled cRNA. Gene expression profiles of
timepoints 3, 8, and 24 hours were compared to the baseline (0
hour). MetaCore by GENEGOt was used to map differentially
expressed genes to functional signaling and metabolic pathways (p
 0.05).2009 total genes were significantly differentially expressed
over all timepoints. When significant genes from all 3 timepoints
were compared the 10 most significantly affected functional
pathways include: apoptosis and survival (caspase cascade, p53dependent apoptosis, TNF-family, and TNFR1 signaling), development (angiotensin and WNT signaling), neurophysiological
(receptor-mediated axon growth repulsion), cell adhesion (ephrins
signaling and chemokines), and cell cycle (chromosome condensation). The most significant pathways were involved in apoptosis
and survival. Our results are consistent with gene groups known to
be radiation sensitive. Many pathways were shown to be affected
at the 8 hour timepoint (52 total) then decrease. At 24 hours 5 of
the 14 significant pathways were involved in apoptosis and
survival. Our goal is to define characteristic gene expression
profile changes in non-cancerous human cells following 10 cGy
LDIR exposure by comparing comprehensive gene expression in
human skin samples obtained during therapeutic irradiation over a
24 hour time period.

(PS5.40) Filgrastim administration significantly improves
survival in nonhuman primates following a 50% lethal dose of
total body irradiation. Ann M. Farese1, Melanie V. Cohen1,
Allison M. Gibbs1, Cassandra P. Smith1, Alexander W. Bennett1,
Barry Katz2, James Nguyen2, Thomas J. MacVittie1, 1University of
Maryland, Baltimore, MD, 2Indiana University, Indianapolis, IN
The treatment of individuals exposed to lethal TBI is of
paramount concern to health professionals and government
agencies. We evaluated the efficacy of filgrastim (Neupogent)
in a lethal, NHP model of the hematopoietic syndrome (HS). On
day 0, rhesus macaques (n¼6 to 10 per irradiation day) were
exposed to TBI of 750cGy (LD50/60) delivered at 80 cGy/min,
using linear accelerator 6 MV photons. Beginning on day 1, NHPs
were administered filgrastim (10lg/kg, n¼24) or control (n¼22)
daily, until the absolute neutrophil count (ANC) was .1,000/lL
for 3 consecutive days. All animals received medical management.

Hematopoietic and physiologic parameters were evaluated for 60
days post-TBI. The primary endpoint was survival; secondary
endpoints included the mean survival time (MST) of the
decedents, and hematopoietic-related parameters, e.g., ANC nadir,
duration of neutropenia (ANC,500/lL and ,100/lL), day of
ANC recovery (ANC.500/lL and 1000/lL), febrile neutropenia
(FN) (ANC,500/lL and core body temperature .1038F), and
number of transfusions. An interim analysis was performed and
the study was terminated based on the demonstration of efficacy.
Filgrastim significantly (P,0.004) reduced 60-day all-cause
mortality (20.8% [5/24]) as compared to the controls (59.1%
[13/22]). Filgrastim significantly (P, 0.009) decreased the
duration of the days the ANC,500/lL (18.6 vs 14.3) or ,100/
lL (12.3 vs 10.4), and improved the day of recovery of ANC to
.500/lL (23.3 vs 18.7) and .1000/lL (25.8 vs 19.7) but did not
affect the ANC nadir (1.5/lL vs 5/lL) (P ¼0.115) in the controls
versus the filgrastim-treated cohorts, respectively. FN was
experienced by 90.9% (20/22) of controls vs 79.2% (19/24) of
filgrastim-treated animals (P¼0.418). Filgrastim administration also
improved the duration of thrombocytopenia although not statistically significant (platelet count , 20,000/lL) from 17.1d in the
controls to 12.6d (P¼0.077). This data demonstrated that filgrastim
administered daily, beginning at 24hrs following lethal TBI
significantly improved survival and key neutrophil-related parameters relative to control. Survival was increased by 38.3% over
controls. Filgrastim, administered at this dose and schedule can
effectively mitigate the lethality of the HS. Funding provided by
NIAID Contract #HHSN266200500043C.
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on throughout the 16h of radiation treatment. Under these
conditions, 1 lM 5-FU treatment resulted in enhancement ratios
of 1.91 þ/-0.04 and 1.42 þ/-0.13, respectively. Experiments are
underway to confirm these data in another cell line and to examine
the effects of this combination treatment on cell cycle progression
and DNA damage and repair. These data suggest that radiosensitizers may be useful in combination with treatment with
90
Ymicrospheres and will form the preclinical rationale for a
proposed clinical trial to treat HCC.
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(PS5.41) Gamma Knifee radiosurgery treatment planning for
small animals using high resolution 7T micro-magnetic
resonance imaging. David Wiant1, Todd Atwood1, John Olson2,
M. Papagikos1, M. E. Forbes3, David Riddle3, J. D. Bourland1,
1
Department of Radiation Oncology, Wake Forest University
School of Medicine, Winston-Salem, NC, 2Center for Biomolecular
Imaging, Wake Forest University School of Medicine, WinstonSalem, NC, 3Department of Neurobiology and Anatomy, Wake
Forest University School of Medicine, Winston-Salem, NC
Gamma Knife stereotactic radiosurgery is capable of providing small, high gradient dose distributions to a target with a high
level of precision, which makes GK SRS an excellent choice for
studies of focal irradiations with small animals. However, the GK
SRS process makes use of a human sized fiducial marker system
that requires a field of view of at least 200 mm2 to relate computed
tomography and magnetic resonance images to the GK treatment
planning software. Thus, the GK fiducial marker system is 5–6
times larger than a typical small animal subject. The required large
field of view limits the spatial resolution and structural detail
available in the animal treatment planning image set. In response to
this challenge we have developed and validated a custom-designed
stereotactic jig and miniature fiducial marking system that allow
small bore high resolution micro-imaging techniques, such as 7T
MR and micro-CT, to be used for treatment planning of small
animal GK SRS focal irradiations.

(PS5.42) Effects of TNF-a inhibition on radiation-induced oral
mucositis (mouse). Sophie Roellig, Julia Haagen, Margret Schmidt,
Kathrin Wolfram, Wolfgang Doerr, Radiobiology Laboratory, Dept.
Radiotherapy and Radiat. Oncology, Medical Faculty Carl Gustav
Carus, Dresden, Germany
Oral mucositis is a frequent, dose-limiting side effect of
radiotherapy of advanced head-and-neck tumors. Epithelial ulceration is associated with inflammatory changes; however, the
relevance of the inflammatory processes remains unclear. In earlier
studies, radiation-induced over-expression of TNF-a, an inflammatory mediator, was demonstrated. The role of this growth factor in
the manifestation of epithelial ulceration was defined in the present
investigation by administration of a specific inhibitory antibody
(Infliximab).Confluent mucosal ulceration was analyzed as a
clinically relevant endpoint. Infliximab was administered b.i.d. at
a dose of 10 lg/inj. intraperitoneally. With single dose irradiation
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(graded doses), the growth factor was given daily from day 5 or 0
until healing of all ulcers. Fractionated irradiation with 5x3 Gy/
week was administered over 1 (days 0 to 4) or 2 weeks (days 0 to 4,
7 to 11), followed (day 7 or 14) by graded test doses to generate
complete dose effect curves. With fractionation over 1 week,
infliximab was given on days 5 to 6 or 0 to 6, with two weeks of
fractionation on days 5 to 6, 5 to 13, 0 to 7, 0 to 13 or 7 to 13.The
ED50 (dose, at which ulceration is expected in 50% of the mice) for
single dose irradiation alone was 11.961.9 Gy. Administration of
Infliximab did not result in significant changes. After fractionation
over 1 week or 2 weeks, the ED50 for the terminating test
irradiation was 7.261.3 Gy and 9.462.0 Gy, respectively. In none
of the protocols tested, Infliximab did significantly alter the
isoeffective test doses. Similarly, no changes in the time course of
the response were observed.In conclusion, administration of
Infliximab did not modulate the manifestation of oral epithelial
ulceration. As Infliximab in similar doses was effective in studies in
a diabetic mouse model, an effective inhibition of TNF-a can be
assumed. The results hence suggest that the TNF-a related
inflammatory processes are irrelevant for epithelial denudation.
An alternative explanation could be an insufficient local efficacy of
Infliximab, which must be clarified in further studies into TNF-a
activated signaling cascades or by administration of alternative
TNF-a inhibitors.

(PS5.43) Partial silencing of KCNMA1 attenuates glioma
growth. Divya Khaitan, Joseph Mazar, Umesh Sankpal, Ranjan
Perera, Nagendra Ningaraj, Memorial Health University Medical
Center, Savannah, GA
Glioma cells exhibit constitutive expression of the KCNMA1
gene which encodes for the pore-forming alpha-subunit of the largeconductance calcium- and voltage-activated potassium (BKCa)
channels. These channels are implicated in cell proliferation,
invasion and metastasis. Nevertheless, little is known about the
biology and function of BKCa channels over-expression in cancer
cell growth. Experimental evidence had previously demonstrated
that total KCNMA1 silencing is lethal in cancer cells. Thus, to
investigate the role of KCNMA1 in tumorigenesis, we employed a
shRNA-mediated silencing of KCNMA1 in U-87 cells using a
tetracycline-regulated gene-expression vector (pcDNA4/H1-3TetR,
utilizing Zeocin selection) to induce a down-regulation of
KCNMA1, not a total inhibition of KCNMA1 expression. The
effect of KCNAM1 down-regulation on U-87 cell biology was
studied by changes in morphology, cell size, and membrane
potential, as well as assays involving RT-PCR, western blot, cell
proliferation, cell cycle, cell death, invasion, and an examination of
apoptotic machinery by analyzing bax, bcl-2, and Annexin V levels
in vitro. A tumorogenecity assay with KCNMA1 shRNAexpressing U-87 cells was performed in nude mice by developing
subcutaneous tumors. Down-regulation of KCNMA1 resulted in a
2.5 fold reduction in cell growth and a profound G0/G1 block in the
U-87 cell cycle. This reduction in cell growth was due to an increase
in cell death accompanied by a decrease in bcl-2 and an increase in
bax levels. The shRNA-expressing U-87 cells also showed a 2-fold
increase in cell length and an 87% decrease in invasion capability.
Furthermore, the tumorigenic potential of these KCNMA1 downregulated cells was significantly subdued compared to that of the
wild type (control). We have for the first been successful to develop
and regulation of KCNMA1 silencing in a cancer cell line (U-87)
using Tet-on inducible systems of gene expression. The generation
of this KCNMA1 inducible knockdown in a cancer cell line may
help us to understand the role of KCNMA1 in glioma biology and
offer a potential therapeutic target in gliomas.

(PS5.44) The influence of TBFB1 polymorphisms and acute
effects on the incidence of late radiation toxicity of the breast:
preliminary results of the RAPPER study. Gillian C. Barnett1,
Neil G. Burnet1, Charlotte E. Coles1, Catharine M. L. West2,
Rebecca M. Elliott2, Caroline Baynes3, Paul D. P. Pharoah3, Jenny
Wilkinson1, Alison M. Dunning3, 1Addenbrooke’s Hospital, Cambridge, United Kingdom, 2Academic Radiation Oncology, Cancer
& Imaging Sciences, University of Manchester, Manchester, United
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Kingdom, 3Strangeways Research Laboratory, Cambridge, United
Kingdom
Introduction: RAPPER is a large radiogenomics study to test
for associations between common genetic variation and patient
variability in radiation toxicity. RAPPER completed its target
recruitment in November 2008; clinical data and blood samples
have been collected on 2414 patients (110% of target). Recruitment
is continuing for a phase II study. Small studies have reported a
correlation between SNPs in the transforming growth factor beta-1
(TGFb-1) gene and late radiotherapy toxicity in breast cancer
patients. We sought to confirm this relationship using a tag SNP in
TGFb-1 (rs4803455) which is correlated with those previously
studied. Methods: TGFb-1 SNP rs4803455 was genotyped in 778
breast cancer patients who were treated with conformal or intensitymodulated radiotherapy to the breast. Late radiation toxicity was
assessed at two years using a validated photographic technique,
clinical assessment and patient questionnaires. Acute toxicity was
assessed at week 3 using the RTOG scale. Polychotomous logistic
regression was used to assess the relationship between patient- and
treatment-related factors and late toxicity. Results: On photographic
assessment, 208 patients (29.9%) showed some degree of breast
shrinkage, whilst 44 patients (6.3%) showed marked breast
shrinkage. There was no significant association between SNP
rs4803455 genotype and late toxicity. There was a significant
correlation between acute toxicity and the development of
telangiectasia, breast oedema, breast induration, pigmentation and
breast pain. After adjustment for multiple testing, the association of
acute effects with telangiectasia (P ¼ 0.0078) and with breast
oedema (P , 0.00065) remained. Conclusions: We were unable to
confirm recent reports of significant associations between the
TGFB1 (C-509T) SNP and increased risk of radiation fibrosis. In
this preliminary study we have found a correlation between acute
and late effects in a large group of breast cancer patients. Genome
Wide Association Study (GWAS) have proved much more effective
than candidate gene studies at identifying common genetic variants
associated with traits and diseases. When funding becomes
available, GWAS should be used in the RAPPER study.
International collaboration would be required to generate sufficient
patient numbers for replication.

(PS5.45) The effect of thalidomide treatment in a rat radiation
brain tumor model. Janice A. Zawaski1, M. Waleed Gaber2,
Omaima M. Sabek3, Christy M. Wilson4, Thomas E. Merchant5,
1
University of Tennessee, Health Science Center, Memphis, TN,
2
Baylor College of Medicine, Houston, TX, 3The Methodist
Research Institute, Houston, TX, 4Duke University, Durham, NC,
5
St. Jude Children’s Research Hospital, Memphis, TN
The standard of care for gliomas typically involves radiation
therapy (RT), however, the therapeutic ratio of RT is limited by
damage to the normal tissue. We have previously shown that
treatment with tumor necrosis factor antibodies was able to abrogate
RT induced damage to the brain. Thalidomide is a drug that has
been reported to have anti-inflammatory as well as anti-angiogenic
properties and is currently in numerous phase II clinical trials in the
brain. In this work we investigate the use of thalidomide as an antiinflammatory agent that could protect the brain from RT-induced
damage in a clinically relevant rat brain tumor model. Intravital
microscopy was used in combination with a cranial window tumor
model in rats to assess the effect of thalidomide treatment (100mg/
kg/day given concomitantly with RT) and RT (40Gy total, 8Gy/day
starting on day 5 post implant) on the peritumoral tissue.
Permeability of the blood-brain barrier (BBB) was determined by
measuring the rate of extravasation of Texas red dextran from the
vasculature and endothelial-leukocyte interactions, an indicator of
inflammation, were counted in the vasculature. Our results indicate
that treatment with thalidomide significantly increased tumor
growth following the end of RT but did not affect survival. In
addition, following combined treatment the permeability of the
peritumoral BBB was significantly increased at 16 days compared
to sham but was not significantly different from treatment with RT
alone. Leukocyte rolling was also unaffected by thalidomide
treatment and was not different from RT. However, after combined
treatment we did not observe a significant change in the number of
adhered leukocytes in the peritumoral region unlike the increase
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(PS5.46) Prediction of local recurrence after radiotherapy in
head and neck cancer by expression profiling. Monique C. de
Jong1, Adrian C. Begg1, Jimmy Pramana1, Marie-Louise van
Velthuysen1, Martin Lacko2, Ed Schuuring3, Lambert J. C. van den
Broek4, Reidar Grenman5, Robert P. Takes6, Frank J. P. Hoebers1,
Michiel W. W. van den Brekel1, 1Netherlands Cancer Institute,
Amsterdam, Netherlands, 2University Medical Center, Maastricht,
Netherlands, 3University Medical Center, Groningen, Netherlands,
4
Leiden University Medical Center, Leiden, Netherlands, 5University of Turku, Turku, Finland, 6Radboud University Medical Center,
Nijmegen, Netherlands
Purpose: To improve prediction of outcome by adding gene
expression information on relevant biological processes to current
clinical models. This will provide insight into the molecular
processes underlying treatment failure and will enable individualization of treatment, leading to increased survival and less
morbidity. Material and methods: We studied patients with early
larynx cancer treated by radiotherapy alone. Patients with a local
recurrence within 2 years after diagnosis were matched for T-stage,
subsite, treatment, gender and age with patients without a
recurrence. RNA was extracted, amplified and hybridized to
Illumina bead arrays. Expression data were transformed and
normalized using the Lumi package in R and analyzed with
Biometric Research Branch (BRB) array tools. Gene sets for
hypoxia, proliferation, intrinsic radiosensitivity and stem cells were
tested for their potential to predict local recurrence. Results: 49 T1–
2 larynx cancer patients were studied, including 20 patients with a
local recurrence and 29 matched controls. For each gene set,
patients were split into three groups, based on expression of genes
in that set, with equal numbers of recurrences. Gene sets for
hypoxia, proliferation and intrinsic radiosensitivity did not show
significant predictive potential, while the ‘stem cell’ marker CD44
did, with odds ratio between the lowest and highest expression
groups being 28 (p¼0.002). Each of the three splice variants of
CD44 on the array significantly predicted local recurrence. In
addition, we found that CD44 expression across the 49 tumors
significantly correlated with expression of genes representing acute
hypoxia. Conclusions: Prediction of outcome after radiotherapy
appears to be feasible using expression profiling. The ‘stem cell’
marker CD44 was the only biological factor tested that predicted
response to radiotherapy in early larynx cancer. Since we analyzed a
matched series, this is independent of clinical factors. These
findings need validation in a larger and independent series. Possible
mechanisms why CD44 predicts outcome are being investigated.

(PS5.47) Tumor pO2 as prognostic marker for vessel
normalization during metronomic chemotherapy: Therapeutic
window and its consequence on outcome. Mohammad N. Khan,
Sriram Mupparaju, Huagang Hou, Jean P. Lariviere, Harold M.
Swartz, Dartmouth Medical School, Hanover, NH
Despite several improvements in surgical techniques and in
dose delivery for radiotherapy; the prognosis of glioma patients
remains dismal. The standard of care after surgical resection is
combined metronomic chemotherapy1 and radiation for 6 weeks
followed by adjuvant chemotherapy. Unfortunately, the lack of
markers that can be used to monitor therapeutic effects during
treatment has restricted therapeutic optimization. If available, such
markers could be potentially used to predict outcomes, and
synergize multimodal approaches.We have investigated the potential of tumor pO2 as a prognostic marker to identify tumor vessel

normalization during metronomic chemotherapy. Non-invasive and
repeated measurements of tissue pO2 of 9L glioma were
successfully carried out using multi-site in vivo EPR oximetry2, 3
in SCID mice treated with metronomic cyclophosphamide (CPA).
The subcutaneous 9L tumors were hypoxic with a tumor pO2 of 7.6
6 1 mm Hg (mean 6 SE, n ¼ 7). The tumor pO2 significantly
increased to 19.7 6 3 mm Hg from day 10 in the group treated with
weekly CPA (140 mg/Kg) as compared to untreated group. The
tumor volume in the control group increased significantly with no
change in tumor pO2. Experiments were designed to investigate the
effect of enhanced tumor pO2 during metronomic CPA (therapeutic
window as a result of vessel normalization) on the radiotherapeutic
efficacy. A significant tumor growth delay in the group treated with
radiotherapy (4Gy x 5) and metronomic CPA was observed as
compared to metronomic CPA alone, radiotherapy alone and control
groups.These results signify the potential of tumor pO2 as a marker
to identify vessel normalization during metronomic chemotherapy
and how this information could be used to synergize this approach
with radiotherapy. The ability to non-invasively identify therapeutic
windows using EPR oximetry is likely to have a significant impact
on the optimization of clinical protocols. In vivo EPR oximetry is
currently being tested for repeated pO2 measurements in patients
with superficial tumors3. 1. Laquente B, Viñals F, Germà JR. Clin
Transl Oncol. 2007; 9(2):93–8. 2. Khan N, Li H, et al. Int J Radiat
Oncol Biol Phys. 2009; 73(3):878–85. 3. Khan N, Williams BB, et
al. Antioxid Redox Signal 2007; 9(8):1169–82. Acknowledgements: NIH grants CA120919, CA118069 and P01EB002180.
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observed in the RT group, compared to sham. In conclusion, the use
of thalidomide administered concomitantly with RT did not protect
against RT-induced damage as measured by permeability and
leukocyte interactions. Further our preliminary studies using C6 rat
gliomas seems to indicate that thalidomide reduced RT efficacy in
the short term, as measured by tumor surface area, but did not affect
the increased survival benefit following RT. Our future research will
extend our studies to other rat and human cells lines and will use our
model to test potential therapeutics that may protect against RT
damage.
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(PS5.48) Identification and characterization of a novel splice
variant of KCNMA1. Umesh T. Sankpal, Divya Khaitan,
Nagendra Ningaraj, Memorial University Medical Center, Savannah, GA
Large-conductance, Ca2 þ-activated Kþ channels (BK) is a
major member of Ca2 þ-activated Kþ channels (Kca) family. BK
channels play an important role in diverse cellular functions in
normal as well as cancer cells. BK channel expression is shown to
be up-regulated in human gliomas and these channels are actively
involved in cell proliferation and invasion. The post-transcriptional
process of alternate splicing is among the many alterations
occurring in cancer cells which lead to a greater diversity of
mRNAs and proteins. The KCNMA1 gene encoding for the asubunit of BK channels is known to undergo alternate splicing
producing variant BK channels with diverse physiological properties. We hypothesize that KCNMA1 alternate splice variants are
responsible for the increased BK channel activity in gliomas
resulting in increased proliferative and invasive phenotype. In this
regard, we have identified and cloned a novel splice variant from
high grade human glioma cells. Sequencing of the full length
KCNMA1 revealed that the variant (KCNMA1vE22) has a 108 base
pair deletion in exon-22 corresponding to the region between S9 and
S10 of the protein. Stable expression of KCNMA1vE22 in LN229
and HEK-293 cells resulted in higher BK channel activity as
measured by membrane potential assay and increased cell
proliferation. Tumor growth in vivo was measured by injecting
LN229 stable cell lines subcutaneously in nude mice. We observed
increased tumor growth rate in cells transfected with KCNMA1vE22
compared to control. In summary, we have identified a novel
KCNMA1 variant in human gliomas which appears to directly
effect tumor growth. We propose that, KCNMA1vE22 may be used
as a biomarker of tumor transformation to high grade and also as a
potential diagnostic, prognostic and therapeutic target.

(PS5.49) Temperature sensitive liposomes: the impact of
intravascular release on drug delivery and physiology. Ashley
Manzoor, Ji-young Park, David Needham, Mark Dewhirst, Duke
University Medical Center, Durham, NC
Current chemotherapy is hindered by poor drug delivery and
normal tissue toxicity. Liposomal therapies attempt to combat these
issues by encapsulating drug and relying on increased extravasation
in tumor. However, these approaches result in heterogenous
accumulation and slow drug release. We have developed a low
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temperature-sensitive liposome loaded with doxorubicin (DoxLTSL) that releases large amounts of drug within 20 seconds of
reaching its transition temperature. This formulation delivers up to
30 times more drug to tumor than free dox. While preliminary
studies have illustrated an anti-vascular effect, physiological
mechanisms of Dox-LTSL are still largely unknown. We hypothesized that contrary to the traditional paradigm of liposome
extravasation and slow release, these liposomes release intravascularly, increasing vascular drug concentration gradients and causing
increased drug uptake by endothelial cells to yield the anti-vascular
effect.Confocal microscopy was used to evaluate compartmentalization of drug and liposomes over time with Dox-LTSL and free
doxorubicin, using xenografts implanted in mouse dorsal window
chambers. We show that Dox-LTSL releases drug intravascularly,
altering drug delivery kinetics and dramatically decreasing drug
efflux from tumor tissue. Free doxorubicin shows an initial increase
into the extravascular space, followed by immediate reabsorption
into the vasculature. Dox delivered with LTSLs, however, exhibits
an extended period of increasing accumulation, increasing the time
the tumor is exposed to maximum drug levels. We also demonstrate
that LTSL delivered doxorubicin is preferentially taken up by
endothelial cells, a trait not detectable with free drug. This work is
significant as it demonstrates the ability of intravascular liposomal
release to improve drug delivery kinetics and influence uptake of
endothelial cells. Work supported by NIH/NCI CA42745 and DOD
W81XWH-09-1-0115.

(PS5.50) Imaging radiation-induced tissue apoptosis using
Tc-Duramycin. Zhixin Li1, Xiaoguang Zhu1, Joseph Capacete2,
Ming Zhao1, 1Medical College of Wisconsin, Milwaukee, WI,
2
Marquette University, Milwaukee, WI
99m

Objective: Radiation exposure at dosages relevant to radiation
terrorism and radioactive accident causes extensive apoptosis in
susceptible tissues. The dynamics of radiation-induced apoptosis
will be characterized, using a novel, non-invasive apoptosis imaging
technique with 99mTc-Duramycin as a target-specific imaging agent.
99m
Tc-Duramycin binds dead and dying cells by recognizing
externalized phosphatidylethanolamine (PE) with high affinity and
specificity, thus allowing the non-invasive imaging of tissue cell
death. Method: Rats were irradiated in a whole-body fashion with
15 Gy X-ray, and were imaged at 24 and 48 hr post-irradiation. For
imaging, 99mTc-Duramycin was injected intravenously. Dynamic
whole-body planar images were acquired using a GE XRT gamma
camera. The rats were sacrificed, and the level of 99mTc-Duramycin
uptake was measured using gamma counting. Histology was
prepared to determine the apoptotic index on a cellular level.
Results: In whole-body imaging of rats at 24 hr after 15 Gy total
body irradiation, the most prominent tissue of 99mTc-Duramycin
uptake was the thymus. Other notable changes include major bones,
particularly the femurs. At 48 hr post-irradiation, the thymus signal
had receded. In contrast, 99mTc-Duramycin uptake in the femurs
remained sustained. Other major organs, including the brain, lung,
heart, liver, kidneys, stomach, muscle, fat, and skin had no major
change in 99mTc-Duramycin uptake. Significant atrophy was seen in
the thymus and spleen. Conclusion: The significant points are: 1)
We were able to demonstrate the feasibility of imaging tissue
apoptosis in a non-invasive, whole-body fashion, using 99mTcDuramycin. 2) The profile of early apoptosis consists of spatially
and temporally distinct waves of cell death in response to high-dose
irradiation. 3) The lack of early apoptosis in organs like the brain,
lungs, and the heart, is consistent with a delayed onset of symptoms.
However, it remains important to capture the peak of cell death in
these vital organs. 4) By characterizing the early waves of cell death
in well-defined tissues, a ‘‘diagnostic signature profile’’ as a result of
high-dose radiation exposure is likely to be identified. Such a profile
will have translational implications.

(PS5.51) Protectan CBLB612 - a new agent for radical
improvement of hematopoietic stem cell proliferation and
mobilization for treatment of cancer and acute radiation
syndrome. Alexander Shakhov1, Eugenia Strom1, Petro Ryabokon1, Katerina Gurova1, Frederick Bone1, Eugene Kononov1,
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Troitza Toshkova1, Vijay Singh2, Elena Feinstein1, 1Cleveland
BioLabs, Inc., Buffalo, NY, 22Armed Forces Radiation Research
Institute, Bethesda, MD
Bone marrow transplantation (BMT) is widely used for
treatment of hematopoietic cancers and acute radiation syndrome
(ARS). Shortage of antigen-matched donors or lack of the
possibility to perform autologous transplantation limits the
procedure applicability. Use of hematopoietic stem cells (HSC)
instead provides an attractive therapeutic alternative. Collection of
HSCs from adult donors requires their stimulation and mobilization
from the bone marrow (BM) into peripheral blood (PB). The
approved HSC mobilizing agents are incapable to mobilize
sufficient for transplantation number of HSC into a single donor
blood portion. Hence, collection of necessary quantities of HSC
requires a multi-hour aphaeresis in highly specialized hospital
conditions. We have developed a new pharmacological agent named
CBLB612 that cardinally facilitates HSC amplification and
mobilization to PB. CBLB612 is a synthetic proprietary lipopeptide
agonist of TLR2/TLR6 heterodimer. Single CBLB612 dose exceeds
HSC-mobilizing potency of four daily administrations of Neupogen.
Combined use of CBLB612, Neupogen, and Mozobil provides a
synergistic effect eliciting an unprecedented concentration of HSCs
in circulation both in mice and monkeys. Only 3% of total PB
mononuclear cells from treated mouse were sufficient to provide a
full and long-term BM repopulation in lethally irradiated recipients.
This novel treatment combination may enable getting enough adult
human HSC for either autologous or allogenic transplantation from
a single donor blood draw which allows avoiding a costly
aphaeresis procedure while substituting it with a simple ex corpora
HSC separation. Moreover, use of CBLB612 may open a possibility
for creation of blood banks where HSC-enriched blood from
individuals can be stored for an ad hoc use in case they become
victims of radiation accidents, or develop cancer or any other
pathology in which the use of HSC is beneficial. In addition to HSC
collection indication, CBLB612 ability to stimulate HSC proliferation in the BM may be utilized for its development as
chemotherapy adjuvant. In syngeneic mouse tumor model,
administration of CBLB612 in combination with chemotherapy
significantly increased white blood cells counts compared to control
without compromising the anticancer effect of chemotherapy.

(PS5.52) A nonhuman primate model of radiation-induced
cognitive impairment. Sam Deadwyler, Kenneth T. Wheeler, J D.
Bourland, Mike E. Robbins, Wake Forest University School of
Medicine, Winston-Salem, NC
With ongoing improvements in cancer therapy and health
care, the population of long-term cancer survivors continues to
grow; 67% of adult and 75–80% of pediatric cancer patients survive
.5 years. For these ; 11 million long-term survivors, late effects
remain a significant risk. In the United States, ;1,550,000 patients
were diagnosed with cancer in 2008. Of these, ;20,000 will have
primary brain tumors, and ;30% will develop brain metastases over
the course of their disease. The majority of these patients will
receive partial or whole-brain irradiation (WBI) as part of their
treatment, and ; 100,000/year will survive long enough (.6
months) to experience radiation-induced cognitive impairment.
Presently, there are no proven long-term treatments or preventive
strategies for radiation-induced cognitive impairment.Although
results from rodent models of hippocampus-dependent, radiationinduced cognitive impairment have translated well to the clinic,
rodent models of higher order cognitive function are less robust and
are translated with difficulty. A well-characterized nonhuman
primate (NHP) model of radiation-induced cognitive function
would allow, i] identification of impairments in the higher order
executive functions that are more likely to occur in humans, and ii]
clinically relevant testing of interventions to prevent/ameliorate
them. To establish such a model, 3 adult male rhesus monkeys
previously trained in a visual, multi-object, delayed match to sample
(DMS) memory task received WBI (40 Gy delivered as two 5 Gy
fractions/week for 4 weeks) using opposed right and left lateral
fields, a mid-brain distance of 100 cm, and a 6 MV x-rays from a
clinical linear accelerator. The DMS testing over the first 6 month
postirradiation indicates that cognitive impairment is, i] measurable
and progressive during the acute phase (1–3 months postirradiation)
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(PS5.53) Changes of Gene Expression in the Apoptosis
Pathway in Lncap and PC3 Cells Exposed to X-Rays or
Protons. Ye Zhang1, Larry H. Rohde2, Satish K. Mehta3, Duane L.
Pierson4, Honglu Wu4, 1NASA Johnson Space Center/UHCL,
Houston, TX, 2University of Houston, Clear Lake, Houston, TX,
3
NASA Johnson Space Center/EASI, Houston, TX, 4NASA
Johnson Space Center, Houston, TX
Radio-resistant or recurrent prostate cancer represents a
serious health risk for approximately 20%-30% of patients treated
with primary radiation therapy for clinically localized prostate
cancer. In our current studies, we investigated the expressions of
apoptosis related gene expression profile (84 genes) in two distinct
prostate cell lines Lncap (P53 þ and AR þ) and PC3 (P53- and AR-)
before and after exposure to X-rays or protons, using cDNA PCR
arrays. In Lncap cells, 10Gy X-ray radiation significantly induced
the expression of 19 out of 84 genes at 4h after irradiation. The
changed genes were mostly in death and death receptor domain
families, TNF ligand and receptor families, and apoptotic group of
the BCL2 family, especially in P53 related genes, such as FAS,
BAX, BAK1 and GADD45A. In PC3, X-rays only induced the
expression of 3 genes, including an increased expression of BIRC3.
There was no difference of the X-ray mediated cell killing in both
cell lines using the cell cycle analysis. However, these X-rayinduced gene expression differences between PC3 and Lncap may
explain the phenotype of PC3 cells that shows more tolerant not
only to radiation, but also to other apoptosis inducing and
sensitizing reagents. To compare the effectiveness of cell killing
with X-rays, we also exposed PC3 cells to 10Gy protons at the
Bragg peak region. Protons did not induce more apoptosis than Xrays for the same dose. In comparison to X-rays, protons
significantly altered expressions of 13 genes in PC3, which
included decreased expressions of anti-apoptosis genes (BCL2
and BCL2L2), and increased expressions of death and death
receptor domain family genes, TNF ligand and receptor family and
several kinases (FAS, DAPK1 and RIPK2). These data suggest that
proton treatment is more effective in influencing the apoptosis
pathways in PC3 cells than X-rays, thus protons may be more
effective in the treatment of specific prostate tumor.

(PS5.54) Antiangiogenic therapy (Pazobanib-VEGF-R1-3 and
PDGFR inhibitor) increases tumor hemoglobin saturation and
decreases interstitial pressure (IFP) and microvessel density(MVD). Gabi Hanna, Melanie Wergin, Tina Tailor, Joseph
Herbert, Gregory Palmer, Thies Schroeder, Gordana Vlahovic,
Mark Dewhirst, Duke university, Durham, NC
Title: Antiangiogenic therapy (Pazobanib-VEGF-R1-3 and
PDGFR inhibitor) increases tumor hemoglobin saturation and
decreases interstitial pressure (IFP) and microvessel density(MVD).
Methods: We evaluate the effects of Pazopanib, a novel multitargeted tyrosine kinase inhibitor, by examining its effects on tumor
oxygenation, IFP, and vascularity as compared to an untreated
control group. Nude mice (n¼35) were injected with A-549 NSCLC
tumor cells. Tumors reached a volume of 600–800 mm3 before
treatment with pazobanib 100mg/kg/day, Pazobanib 30mg/kg/
day.or Vehicle. Animals were treated daily for 14 days. Spectroscopic Measurements: A novel Skinskan spectrofluorometer was
used to obtain non-invasive measurements of hemoglobin saturation
(Hbsat) and total Hb for each tumor. Measurements were performed
every other day, starting the day of treatment. These values were
analyzed by a custom MATLAB program. IFP Measurements: IFP
was measured on the last day of treatment, prior to sacrifice.
Immunohistochemical staining: The number of vessels, determined
by positive CD31 staining, was averaged over 6–8 image fields to

obtain MVD. Results Optical Spectroscopy: A significant increase
in Hbsat was observed at day 8 for the low and high pazopanib dose
groups, compared to control (p¼0.0109, p¼0.0290, respectively).
After the 10th treatment day, Hbsat trended downward toward
baseline. Tumor IFP: Tumor IFP for animals treated with pazopanib
100mg/kg was significantly reduced, compared to control
(p¼0.0026). Treatment with pazopanib 30mg/kg also demonstrated
a strong trend towards IFP reduction, compared to control
(p¼0.0645). MVD: MVD was significantly reduced in mice treated
with low and high dose pazopanib, compared to control (p¼0.0271,
p¼0.0107, respectively). Conclusions: Treatment with pazopanib
lead to a significant reduction in IFP, MVD, and increase in tumor
Hb sat. This result demonstrates that pazopanib enhances the tumor
perfusion which could lead to better drug distribution into the
tumor, and increased of tumor Hb saturation would correlate with
better oxygenation and predicts better response to radiotherapy.
Work supported by a grant from GlaxoSmithKline.
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and ii] stable or recovers slightly during the early delayed phase (3–
5 months postirradiation). It is expected that deterioration will begin
at 6 months postirradiation and continue thereafter. These changes
in cognitive function are being correlated with changes in taskrelated cerebral glucose metabolism measured by PET. Supported
by funds from the Kulynych Interdisciplinary Cancer Research
Fund, the Sticht Family Foundation, and the BTCOE, WFUSM.
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(PS5.55) Aplidin as a Potential Adjunct to Radiotherapy: In
Vitro Studies. Sara Rockwell, Yanfeng Liu, Department of
Therapeutic Radiology, Yale University School of Medicine, New
Haven, CT
Aplidin (plitidespin) is a novel cyclic depsipeptide, originally
isolated from the murine tunicate Aplidium albicans but now
synthesized chemically, which is currently in Phase II clinical trials
for both solid and hematologic malignancies. In these studies, we
used exponentially growing EMT6 cells in cell culture to examine
two aspects of the cytotoxic effects of Aplidin that have not been
studied previously: the dependence of the cytotoxic effects of
Aplidin on the oxygen concentration and the interactions between
Aplidin and radiation, both of which will be important if Aplidin is
used in patients who also receive radiation therapy. The cytotoxicity
of Aplidin to exponentially-growing EMT6 cells in vitro was not
altered either by prolonged incubation in moderate hypoxia
throughout a 24 hr drug treatment or by a 4 hour incubation in
very severe hypoxia before and during a 2 hr drug treatment. A 2 hr
treatment of EMT6 cells with a cytotoxic concentration of Aplidin
before and during graded doses of radiation produced additive
cytotoxicities. A 24 hr treatment with a cytotoxic concentration of
Aplidin before, during and after graded doses of radiation produced
cytotoxicities compatible with additive or supra-additive cytotoxicities. However, our studies also revealed that cells that had been
treated with this intensive treatment with Aplidin and then killed by
a high dose of radiation were toxic to untreated cells that were cocultured with the dying cells. These data suggest that Aplidin, or an
active metabolite, is retained in the irradiated cells and later released
as these cells die, producing a bystander-like effect that kills nearby
cells that were not directly treated with either the drug or radiation.
This effect is similar to that reported previously by our laboratory
for Gemcitabine [Rockwell and Grindey, Oncol. Res. 4:151–155
(1992)] and merits further study in solid tumor systems.This
research was funded by a grant from PharmaMar.

(PS5.56) Inhibition of glutathione and thioredoxin metabolism
enhances sensitivity to perifosine in head and neck cancer cells.
Andrean L. Simons1, Arlene D. Parsons1, Katherine A. Foster2,
Kevin P. Orcutt1, Melissa A. Fath1, Douglas R. Spitz1, 1University
of Iowa, Iowa City, IA, 2Lincoln University, Lincoln University, PA
Cancer cells with enhanced Akt activity are believed to be
more sensitive to ROS-induced cell killing compared to other cancer
cells. The hypothesis that the Akt inhibitor, perifosine (PER),
combined with inhibitors of glutathione (GSH) and thioredoxin
(Trx) metabolism will induce cytotoxicity via metabolic oxidative
stress in human head and neck cancer cells (HNSCCs) was tested.
PER induced increases in glutathione disulfide (%GSSG) in FaDu,
Cal-27, and SCC-25 HNSCCs as well as causing significant
clonogenic cell killing in FaDu and Cal-27, which was suppressed
by simultaneous treatment with N-acetylcysteine (NAC). An
inhibitor of glutathione synthesis, buthionine sulfoximine (BSO),
sensitized Cal-27 and SCC-25 cells to PER-induced clonogenic
killing as well as decreased total GSH and increased %GSSG.
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Additionally, inhibition of thioredoxin reductase activity (TrxRed)
with auranofin (AUR) was able to induce PER sensitization in SCC25 cells that were initially refractory to PER. These results support
the conclusion that PER induces oxidative stress and clonogenic
killing in HNSCCs that is enhanced with inhibitors of GSH and Trx
metabolism.

(PS5.57) Repetitive in vivo multi-site EPR oximetry measure-

tion higher than its IC50. The concomitant treatment of F98 cells
with carboplatin and radiation produced the highest radiosensitizing
effect (30-fold increase). Our preliminary data also show that
LipoplatinTM and LipoxalTM reduce the toxicity observed with their
liposome-free analogs and improve the median survival of Fisher
rats implanted with a F98 tumour. In conclusion, among the five
platinum compounds tested, LipoplatinTM and carboplatin showed
the best radiosensitizing effect in vitro. LipoplatinTM seems the
most promising since it led to the best cellular incorporation. It also
reduced to toxicity in the Fischer rat implanted with a F98 tumour
and significantly increased the median survival.

ments of regional oxygenation in RIF-1 murine tumor following
carbogen and 100% oxygen inhalation. Huagang Hou, Jean P
Lariviere, Harold M. Swartz, Nadeem Khan, Dartmouth Medical
School, Hanover, NH
Hypoxic tumor cells are an important factor in radioresistance.
Several strategies have been developed to modulate tumor hypoxia
and/or to alter the type of treatment in order to enhance
radiotherapeutic efficacy. One of the limiting steps in the
optimization of these strategies is the lack of non-invasive
techniques that can measure and follow tumor pO2 as frequently
as desired. We have used multisite EPR oximetry to non-invasively
and repeatedly measure tissue pO2 of the tumors and sought to
reduce tumor hypoxia by inhalation of carbogen (95% O2 þ 5%
CO2) and normobaric oxygen (100% O2) for 10 subsequent days.
The oximetry probes, lithium phthalocyanine (LiPc) crystals, were
implanted in the subcutaneous RIF-1 tumors at a distance of 4 mm
between implants and at a depth of 2 mm from the tumor surface.
After 30 minutes of baseline pO2 measurements, the animals
breathed carbogen or 100% O2 and the pO2 measurement was
continued for another 60 minutes. The experiments were repeated
on day 1 to day 5 and day 10. Repetitive multisite EPR
measurements of tissue pO2 from the same tumors showed that
the tumors were hypoxic. The carbogen or 100% O2 inhalation
resulted in an increase in the tumor oxygenation, although there
were variations in the magnitude of change among the animals. The
time to reach the maximum pO2 after carbogen or 100% O2
inhalation varied during the 10 days of the experiment. A maximal
increase in tumor pO2 was observed at 23.8 6 3.6 to 31.2 6 4.1
min during carbogen and at 31.3 6 6.3 to 36.1 6 5.7 min during
100% O2 inhalation. The maximum tumor pO2 varied from 28.3 6
4.6 to 16.6 6 1.4 mm Hg and 38.7 6 10.4 to 6.2 6 1.9 mm Hg
after inhalation of carbogen or 100% O2 on day 1 to day 5 and day
10, respectively. The response of tumors to both carbogen and
100% O2 declined on day 10, compared with the maximal pO2 at
day 1 (p,0.05). The effect of carbogen or 100% O2 inhalation on
tumor pO2 varied over days. This approach provides dynamic
information on the effectiveness of hypercapnia hyperoxia and
hyperoxia alone in enhancing tumor oxygenation. Such information
could be exploited to enhance the efficacy of radiotherapy. Studies
to determine the radiotherapeutic efficacy when the tumors are
irradiated at times of increased tumor oxygenation are being carried
out in our lab. This work was supported by NIH grants CA118069,
P01EB002180, and P41 EB002032.

(PS5.58) New liposomal platinum compounds to improve the
concomitant treatment of F98 glioma cells with ionizing
radiation. Gabriel Charest, Benoit Paquette, David Fortin, David
Mathieu, Léon Sanche, Université de Sherbrooke, Sherbrooke, QC,
Canada
Concomitant radiotherapy with platinum compounds to treat
patients with glioblastoma has been hampered by severe adverse
effects. To limit them, a potential approach consists in incorporating
the platinum agents in a liposome. In this study, LipoplatinTM and
LipoxalTM (the liposomal formulations of cisplatin and oxaliplatin)
and carboplatin were tested on the F98 glioma cells for their ability
to improve the cell uptake and increase the synergic effect when
combined with ionizing radiation. They were also assessed in Fisher
rats implanted with a F98 malignant glial tumour. Our results
demonstrated that LipoplatinTM, the liposomal formulation of
cisplatin, improved the cell uptake by 3-fold, and its radiosensitizing
potential was enhanced by 14-fold, while treatment with cisplatin
did not result in a synergic effect. Regarding the LipoxalTM, a
synergic effect was measured only when incubated at a concentra132

(PS5.59) Diagnostic imaging and high precision gene therapy
of mesothelioma using nontoxic nanocarriers. Munima Haque,
G. L. Liu*, University of Illinois, Urbana, IL
A prominent obstacle in Mesothelioma treatment is how to
precisely and exclusively deliver effective amount of therapeutic
agents into tumors without harming surrounding benign lung
tissues. Here a new enhanced diagnostic imaging and high precision
genetic interference method is proposed to improve Mesothelioma
diagnosis and treatment efficiency by using nontoxic multifunctional nanocarriers. The nanocarrier particles carry antisense DNA
or small interfering RNA (siRNA) strands and can release them in
cultured Mesothelioma tissues and at desired moments with remote
electromagnetic wave activation. The nanocarriers can also serve as
contrast enhancing agents in optical and magnetic diagnostic
imaging. The enhanced imaging information guides the remote
activation of the therapeutic DNA and siRNA release exclusively
from the nanocarriers in Mesothelioma tissues to suppress the
targeted oncogene translation. Localized and rapid repression of
Mesothelioma cell proliferation is expected without negative side
effects of conventional gene therapy.

(PS5.60) Dynamics of focus formation and co-localization
analysis of proteins of the Mre11 complex in heated, irradiated
cells. Bogdan Gerashchenko, Gerirose Gooding, Joseph R.
Dynlacht, Indiana Univ School of Medicine, Indianapolis, IN
Radiosensitization of mammalian cells by heat is believed to
involve the inhibition of repair of radiation-induced DNA double
strand breaks (DSBs). The Mre11 complex (composed of Mre11,
Rad50, and Nbs1 proteins) is directly involved in DSB repair, and
normally forms foci at the sites of radiation-induced DSBs. We have
previously shown that heat induces the translocation of proteins of
the Mre11 complex from the nucleus to the cytoplasm. However,
little is known about how heat affects the integrity of the Mre11
complex and alters the formation of foci in heated, irradiated cells.
Here we show that hyperthermia alters the interaction between
proteins of the Mre11 complex in irradiated human U-1 melanoma
cells, and inhibits the induction of repair foci. Cells were irradiated
with various doses of X-rays (0–12 Gy) and then heated for 2 h at
41.58 C or 42.58 C. At various times after the treatment, cells were
fixed and stained for Mre11, Rad50, and Nbs1. Co-localization of
the proteins and focus formation in heated, irradiated cells was
compared with cells which were only irradiated or heated.
Measurements of co-localization of proteins and detection of
fluorescent nuclear foci was performed using confocal microscopy
and image correlation analysis of stained proteins (Gerashchenko
and Dynlacht, Cytometry 75A, 245–252, 2009). Hyperthermia
treatments significantly inhibited focus formation for up to 12 h
post-treatment. Heating at 42.58 C resulted in greater inhibition of
foci than 41.58 C. Hyperthermia also considerably reduced colocalization of all three proteins of the Mre11 complex up to 24
post-treatment. Interestingly, within 0–1 h after hyperthermia
treatment, Nbs1/Rad50 co-localization was considerably lower than
Mre11/Rad50 co-localization. This finding suggests that Nbs1 may
be more vulnerable to heat-induced structural changes than Mre11
and Rad50, and that these latter two proteins may form a more
stable association in heated, irradiated cells.
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(PS5.61) Mechanism of Cytoplasmic Irradiation: A Signaling

It has generally been accepted that direct damage to DNA is
the main initiator of mutation and cancer induction caused by
exposure to environmental carcinogens or ionizing radiation.
However, evidence from recent studies suggests that extracellular/
extranuclear targets may also play a role in mediating the genotoxic
effects of radiation. Since the possibility of a particle traversal
through the cytoplasm is much higher than through the nuclei in
environmental radiation exposure, the contribution of cytoplasmic
irradiation towards genotoxicity should not be ignored in risk
estimation. Although targeted cytoplasmic irradiation has been
shown to induce mutations in mammalian cells, the precise
mechanism(s) underlying the mutagenic process is largely
unknown. In this study, we demonstrated the induction of 8-OHdG
in human-hamster hybrid (AL) cells irradiated through their
cytoplasm by a defined number of alpha particles. The induction
of 8-OHdG was suppressed by concurrent treatment with the free
radical scavenger, dimethyl sulfoxide (DMSO). As an entwined
event associated with ROS, the role of reactive nitrogen species
(RNS), especially peroxynitrites, in cytoplasmic irradiation-induced
mutagenesis was also investigated. Peroxynitrite levels were
elevated after cytoplasmic irradiation. Inhibition of nitric oxide
synthase with NG-methyl-L-arginine suppressed the mutant fraction
induced by cytoplasmic irradiation. Furthermore, cytoplasmic
irradiation induced lipid peroxidation in AL cells, and pretreated
with the lipid peroxidation blocker butylated hydroxytoluene (BHT)
suppressed the radiation-induced mutant yield. More importantly,
AL cells that were cytoplasmically irradiated with alpha particles
showed enhanced expression of COX-2. This induction was
downstream of the induction of lipid peroxidation. As a critical
event of the COX-2-related signaling pathway, there is evidence
that extracellular signal-related kinase (ERK) was activated in
cytoplasmic irradiated cells.

(PS6.01) Interaction of EGFR pathway with ATM mediated
homologous recombination. Huichen Wang1, Linlin Tian1, Zarana
Patel2, Minli Wang1, Janice L. Huff2, Francis A. Cucinotta3,
1
Emory University School of Medicine, Atlanta, GA, 2USRA,
NASA JSC, Houston, TX, 3NASA JSC, Houston, TX
Radiation may induce cell proliferation, apoptosis, and
differentiation and contributes to cancer initiation and progression.
These changes not only depend on radiation type, but also on cell
lineage and the tissue microenvironment. Modification of growth
factors and their receptors signaling pathways are the early step in
cancer development. Epidermal growth factor receptors (EGFR) are
highly expressed or mutated at their kinase domain in many human
cancers. Therefore, the EGFR deregulated pre-malignant cells may
exist in adult health persons and act as a sensitive target of radiation.
To address the effect of EGF and EGFR on radiation risk, we
examined radiation response in carcinoma human epithelial cells
(A549), normal human fibroblast cell line (AG1522), and a null
EGFR Chinese hamster ovary (CHO) cells, in which wild type
EGFR constructs were introduced using a retrovirus vector to
express EGFR, and EGFR kinase inhibitor (AG1478) was used to
inhibit EGFR kinase activity. We found that exogenous EGFR
enhanced cellular proliferation following exposure to gamma
radiation. Clonogenic survivals of exogenous EGFR expressing
cells were mildly increased following gamma irradiation. Inhibition
of EGFR kinase significantly reduced the survival of cells
expressing EGFR at high doses of radiation. These effects were
clearly showed in the shoulder region of the cell survival curve. To
examine the effect of EGFR on DNA damage formation and DNA
repair, we detected the foci formation of phosphorylated H2AX (a
surrogate marker of DNA double strand breaks (DSBs), p53BP1
(DSB sensing protein), and DNA repair proteins including
phosphorylated ataxia Telangiectasia mutated (ATM) and DNA-

PK. Our results show that ATM and DNA-PK foci are increased in
EGFR cells at the early phase of radiation, while less gamma H2AX
foci and p53 foci remained in EGFR cells compared to that of its
partner cells at the late phase. Furthermore, EGFR expression
increased homologous recombination in CHO cells. These suggest
that interaction of EGFR signaling pathway with DNA repair
pathway contributes to radiation response in pre-malignant cells,
and likely will play a role in cancer progression.
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Pathway Involving 4-HNE and COX-2 in its Genotoxic Effect.
Mei Hong1, An Xu1,2, Hongning Zhou1, Lijun Wu2, Gerhard
Randers-Pehrson1, Rigina Santell3, Zengliang Yu2, Tom Hei1,3,
1
Center for Radiological Research, College of Physicians &
Surgeons, Columbia University, New York, NY, 2Key Laboratory
of Ion Beam Bioengineering, Institute of Plasma Physics, Hefei,
China, 3Dept of Environmental Health Sciences, Mailman School of
Public Health, Columbia University, New York, NY
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(PS6.02) Imaging the response to microbeam irradiation in an
intact vertebrate. Wendy Kuhne1, Antonella Bertucci2, Gerhard
Randers-Pehrson2, Stephen Marino2, David Brenner2, William S.
Dynan1, 1Medical College of Georgia, Augusta, GA, 2Radiological
Research Accelerator Facility, Irvington, NY
The cellular effects of ionizing radiation can be classified as
direct or indirect, depending on whether the cell is traversed by a
radiation track. Indirect, or bystander, effects have been studied
most extensively in two-dimensional cell culture systems, which
have evident limitations as a model for a three dimensional
organism, where paracrine, endocrine, and immunological influences come into play. Here we report direct and indirect biological
effects of partial volume irradiation of the developing animal brain,
using a 4.5 MeV proton microbeam at the Radiological Research
Accelerator Facility (RARAF) at Columbia University.Studies were
performed using the embryo of the Japanese medaka fish (Oryzias
latipes), which was chosen because its small size allows penetration
of the beam deep within the developing organs and its optically
clear chorion allows precise targeting of anatomical structures.
Embryos were positioned in the well of a 35 mm microbeam dish
with the developing brain in apposition to the polypropylene
window. Protons were delivered at fluences of 10,000 or 20,000
particles using beam sizes of 25, 50 and 100 lm. Embryos were
fixed at 24-hours post-irradiation and subjected to a TUNEL
procedure using a digoxigenin-labeled nucleotide. Confocal image
stacks were collected using a 20X water objective and rendered as
three-dimensional models using Volocity software. Histological
sections were taken from a subset of the embryos at a thickness of 5
lm and stained using anti-gamma-H2AX antibody or standard
histological stains to investigate damage within and outside the
radiation field.Initial experiments showed dose-responsive induction of apoptotic cells within the volume of the predicted proton
Bragg peak. Analysis is in progress to analyze the shape of the dose
response curve, the effect of beam diameter, and the nature of
indirect, or bystander responses.

(PS6.03) Regulation of DNA-dependent protein kinase (DNAPK) by protein phosphatase 6 (PP6). Nahum Meller, University
of VA, Charlottesville, VA
DNA-dependent protein kinase (DNA-PK) plays a critical role
in DNA damage repair, especially in non-homologous end-joining
repair of double-strand breaks such as those formed by ionizing
radiation (IR) in the course of radiation therapy. Regulation of
DNA-PK involves multisite phosphorylation but it is incompletely
understood. PP6 is a heterotrimeric enzyme that consists of a
catalytic subunit (PP6c), plus one of three PP6 SAPS regulatory
subunits (PP6R1,R2,R3) and one of three ankyrin repeat subunits
(ARS-A,-B,-C). Our lab recently demonstrated that DNA-PK
interacts with PP6 SAPS subunit, PP6R1, in glioma cells. IR
increases PP6R1 association with DNA-PK and promoted DNA-PK
import into the nucleus. Knockdown of either PP6R1 or PP6c
decreased IR activation of DNA-PK and increased the sensitivity of
glioblastoma cells to radiation-induced cell death. The data
demonstrate that PP6 associates with and activates DNA-PK in
response to ionizing radiation and is therefore a potential molecular
target for radiation sensitization by chemical inhibition. To further
characterize the interaction between PP6 and DNA-PK we tested
association of ankyrin repeat subunits with DNA-PK. We detect
association between ARS-C and DNA-PK in cells, characterization
of this interaction and its consequences and the mechanism by
which PP6 regulates DNA-PK are in progress.
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(PS6.04) Effects of Bcl-2 and Bcl-XL on genomic instability in
breast cancer cell lines. Caitlin Mills, Tony Collins, David
Andrews, Doug Boreham, McMaster University, Hamilton, ON,
Canada
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The effects of Bcl-2 and Bcl-XL expression on the radiation
sensitivity and adaptive response of MCF-10A (non-tumourigenic
human breast epithelial) and MCF-7 (human breast adenocarcinoma) cells have been investigated. Clones of the MCF-10A and
MCF-7 cell lines were transfected to cause elevated expression of
Bcl-2 and Bcl-XL. Karyotypes of the various clones were
characterized using array comparative genomic hybridization
(aCGH). MCF-10A cells had several important deletions and
amplifications (1q, 3p, 5q, 8q, 9p, 13q) most of which were
previously known. Characterization of the remaining MCF-10A and
MCF-7 cell lines is in progress and the impact of genomic stability
by altered Bcl-2 and Bcl-XL expression will be determined. Fully
automated micronucleus (MN) and 53BP1 foci formation assays
were used to assess the radiation response of the cell lines following
gamma irradiation. The complete assays, from tissue culture to
imaging, were performed in 384 well plates. A Thermo SPWorkCell, a fully contained and automated liquid handling robotic
workstation, executed the tissue culture and successive cell staining
and fixing. The workcell is capable of performing dual immunofluorescence staining on forty 384 well plates (over 15,000 wells) in
eight hours. The plates were imaged with a high speed, high
resolution Perkin Elmer Opera confocal microplate imager.
Approximately 10 wells (5 fields of view per well, 40x objective)
and 1500 nuclei (at most 30,000 foci) were scored per minute for
the 53BP1 foci assay. Automated scoring of the images was
performed using Acapella software. Apoptosis was assayed using
flow cytometry. Low doses ranging from 10–100 mGy and high
doses ranging from 1–4 Gy were administered independently as
well as sequentially (low dose followed by high dose) using a 137Cs
source at dose rates of 14.5 mGy and 0.25 Gy for the low and high
doses respectively. The MCF-10A and MCF-7 cell lines were able
to adapt to low doses of radiation and Bcl-2 and Bcl-XL expression
significantly modified the response.

(PS6.05) Cells carrying radiation induced transmissible
exchanges may have a selective growth advantage. Bradford
D. Loucas, Michael N. Cornforth, University of Texas Medical
Branch, Galveston, TX
We measured radiation induced chromosome aberrations in
normal human fibroblasts derived from an artificial skin model.
Cells were irradiated with 137-Cs as part of intact ‘‘skin’’ (in situ),
or, conversely, as single cells after enzymatic dissociation from said
skin constructs (in vitro). Bulk populations of cells were then
expanded in order to acquire a sufficient number of cells for
cytogenetic analysis, which required between 3 to 4 weeks of
growth post irradiation. Metaphase cells were scored using mFISH,
which revealed the presence of clonal subpopulations. These were
defined as three or more cells containing the same simple exchange,
or two or more cells having the same complex exchange and/or
multiple exchanges.By the above criterion, we found that significant
numbers of cells irradiated under the 2 Gy in vitro protocol, as well
as cells irradiated with 4 or 6 Gy (under either condition) belonged
to identifiable clonal subpopulations. In fact, nearly all the cells
grown from the population irradiated with 4 Gy under in vitro
conditions contained the same complex exchange. Apart from the
treatment groups already mentioned, the fraction of cells scored
from the various groups belonging to identifiable subpopulations
ranged from 0.14 to 0.55.The combination of radiation and
collagenase (part of the enzymatic treatment used to release cells
from the model tissues) reduced survival appreciably. During the 3
to 4 week growth period it therefore appears that the growth rate of
individual surviving clones largely determined the frequency of
identifiable clones in the resulting postirradiation surviving
population. This is to say that cell progeny growing at a faster
rate are present at a greater frequency than slower growers in bulk
cultures, and that our system allowed us to distinguish individual
clones by virtue of them carrying unique karyotypic rearrangements. It was somewhat surprising to us that cells containing
radiation-induced chromosome exchanges would out-grow cells
expressing no such damage. Nevertheless, our results imply that
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changes in certain aberration-bearing cells provide a selective
advantage to members of these subpopulations during expanded
growth of bulk cultures. This work was supported by Office of
Science (BER) U.S. Department of Energy DE-FG02-07ER64347.

(PS6.06) Differential positional effects of base damage
clustering on the processing of complex DNA double strand
breaks by non-homologous end joining and base excision
repair. Shubhadeep Purkayastha1, Kamal Datta2, Ronald D.
Neumann1, Thomas A. Winters1, 1Radiology & Imaging Sciences,
Nuclear Medicine Section, Bethesda, MD, 2Georgetown University
Medical Center, Washington, DC
The molecular structure of a radiation-induced DNA doublestrand break (DSB) is an important determining factor of DSB
dependent cytotoxicity. However, the characteristic DSB structure(s) and the exact nature of the biological response mechanism
responsible for this lethality are not fully understood. To address
these questions we have previously established molecular characteristics for the highly toxic DSBs produced by 125-I decay. These
poorly repaired DSBs are extremely complex, with variable
overhang end-morphology and damage clustering (base damage
and AP sites) immediately upstream (within 8–10 bp) from the DSB
end. HeLa extract mediated nonhomologous end joining (NHEJ) of
oligonucleotide DSB repair substrates designed to model simple
subsets of this complex DSB damage, established that base lesions
(AP sites, mismatches, or 8-oxo-dG) positioned 1 nucleotide
upstream (1n) from a ligateable 3’-OH DSB end inhibit HeLa
extract mediated NHEJ. A strong positional effect for NHEJ
inhibition by base damage (BD) proximal to a DSB end was
observed, with BD at .-4n from the DSB end showing little or no
inhibition. This effect was observed with multiple whole cell
extracts (WCE) from cell lines WI38, MO59K, and HeLa. Thus, it
appears to be characteristic of the interaction between this DSB
structure and DSB repair complex proteins, specifically DNA ligase
IV. Furthermore, BD positioned within the putative footprint of the
DSB repair complex (22n or less) persist in end joined product
DNA suggesting that these positions are blocked from base excision
repair (BER) processing even after end joining. To establish that
this effect was not due to our extracts lacking functional BER,
hOgg1 dependent cleavage of 8-oxo-dG in DSB repair substrates
that are refractory to end joining due to a complex multiple BD
configuration was shown. In addition to precise cleavage at an
internal 8-oxo-dG, ;25% of these substrates become refractory to
cleavage by Fpg when concurrently incubated in the presence of
dNTPs, indicating functional BER repair of the internal BD
site.These results imply NHEJ and BER are independent processes
in the context of complex DSB ends containing BD, and that under
conditions where the DSB end can support end joining, NHEJ is the
dominant repair pathway.

(PS6.07) Oxidative stress to mitochondrial DNA and its
relationship to rat’s radiation nephropathy. Marek Lenarczyk,
Eric P. Cohen, Brian L. Fish, Mukut Sharma, John E. Moulder,
Mediacl College of Wisconsin, Milwaukee, WI
Oxidative stress may cause radiation-induced chronic disease.
Several in vitro studies suggest that mitochondrial DNA (mtDNA)
is sensitive to damage by reactive oxygen species (ROS). Common
deletion mutations are considered a good marker of mtDNA damage
and are used for measuring oxidative stress caused by H2O2 or
ionizing radiation. The mechanism of radiation-induced renal injury
is not well understood and mitochondrial ROS could play a role in
inducing DNA damage.The aim of the present studies was to
explore the use of mtDNA common deletions as an indicator of
radiation-induced oxidative stress under the hypothesis that chronic
oxidative damage could be responsible for late radiation renal
injuryWAG/RijCmcr rats underwent total body irradiation (TBI)
with a single dose of 10 Gy and received a syngeneic bone marrow
transplant within 24 h. Control rats were sham-treated. Assessment
of radiation-induced mtDNA damage focused on measuring the
levels of the common deletions in the renal cortex. Mitochondrial
DNA was isolated from irradiated and sham-exposed rat kidneys
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capability: a photon irradiator. Through two-photon and threephoton excitation processes, the wavelength range of the tunable
Titanium Sapphire laser (680-1080 nm) respectively acts as (340–
540 nm) and (227–360 nm) at the focal point. These shorter
wavelengths cover the classifications of ultraviolet light (UVA,
UVB and UVC). Multiphoton absorption occurs at the laser focal
volume (a micron-sized ellipsoid defined by the point spread
function), which can provide UV microspot irradiation to a targeted
cell, without directly harming adjacent cells. This integration of
multiphoton microscopy capability with a precise sub-micrometer
microbeam is a first in the world and enables direct comparative
observations between cellular damage and repair following ionizing
charged particles and/or UV irradiation. Design details and biology
applications, which include DNA damage foci formation and
resolution in real time, in live GFP-tagged host cells, will be
described.
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and analyzed by PCR followed by semi-quantitative analysis of
amplified products by densitometry.Rats exposed to 10 Gy TBI did
not show a significant increase in mtDNA common deletions at 1, 7,
21 or 49 days post-TBI. These studies covered the post-TBI period
when radiation nephropathy is not detectable using standard
physiological end-points such as proteinuria and azotemia.In
conclusion, these findings are consistent with our earlier observations (Radiat.Res. 2009 171(2), 164–172) showing no evidence for
radiation-induced chronic oxidative stress in the rat kidney.
Therefore, these results suggest that the generation of ROS is not
implicated as the primary mechanism for radiation nephropathy.
Supported by NIAID cooperative agreement (AI067734).
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(PS6.08) Analysis of ionizing radiation induced DNA damage
and repair in human multipotent adult stem cells and
differentiated cell types. Jarah Meador1, Yanrong Su1, Rong
Du1, Rebecca Morris2, Adayabalam Balajee1, 1Columbia University, New York, NY, 2Hormel Institute, Austin, MN
Tissue microenvironment is comprised of heterogeneous
mixture of stem cells (undifferentiated multipotent), progenitor
cells and differentiated non-stem cells. Knowledge of cellular
response mechanisms in different cell types of the tissue
microenvironment is critical for the assessment of ionizing radiation
(IR) induced human health risks. With this objective, we performed
a comparative analysis on DNA damage response/repair capacity in
multipotent adult human adipose stem cells and differentiated
primary cells of human skin (keratinocytes and melanocytes) to
clarify whether or not low dose radiation induced biological effects
are cell type dependent. DSB repair analysis performed in the
primary melanocytes and keratinocytes isolated from three donors
exhibited considerable inter-individual variability and the induction
and persistence of 53BP1 foci was more in melanocytes after
exposure to different doses of c-rays (10cGy-2.5Gy).Both keratinocytes and melanocytes showed a slightly less number of 53BP1
foci in comparison to that of human primary fibroblasts (MRC5) at
all radiation doses tested. To verify the role of ATM kinase,
melanocytes and keratinocytes were treated with ATM kinase
inhibitor (KU55993, 10lM) for 1 hr prior to radiation. While ATM/
ATR kinase inhibitor (CGK733) displayed an extensive proliferation failure associated with apoptotic death, inhibition of DNA-PK
(NU7026) did not drastically affect 53BP1 foci formation at low
dose ranges (10–50cGy) but impaired the efficiency of 53BP1 foci
formation at radiation doses higher than 1Gy. DSB induction by
different doses of c-rays (10cGy-2.5Gy) was higher in adult stem
cells as compared to human primary keratinocytes and melanocytes.
As observed in melanocytes and keratinocytes, pre-treatment with
ATM kinase inhibitor efficiently affected both the initial induction
and persistence of 53BP1 foci number. Further ATM kinase
inhibition drastically elevated the micronuclei induction in adult
stem cells suggestive of a critical role for ATM kinase in cellular
protection against IR induced DNA damage. Our future goal is to
determine whether adult stem cells with persistent DNA damage
undergo apoptosis or undergo differentiation by losing the
multipotent phenotype and whether such changes disrupt the tissue
homeostasis.

(PS6.10) Restoration of chemo/radioresistance and doublestrand break repair proficiency by wild-type but not endonuclease-deficient artemis. Susovan Mohapatra1, Lawrence F.
Povirk1, Imran Khan2, Misako Kawahara Stillion2, Steven M.
Yannone2, 1Virginia Commonwealth University, Richmond, VA,
2
Lawrence Berkeley Laboratory, Berkeley, CA
Mutations in the nonhomologous end joining (NHEJ) factor
Artemis have been implicated in radiosensitive severe combined
immunodeficiency (RS-SCID) or Athabascan SCID (SCIDA) in
humans, as well as increased risk of lymphoma in some settings.
Artemis is an SNM1 family phospho-protein, which has been
shown to have roles in V(D)J recombination, double-strand break
repair and DNA damage-induced G2/M cell cycle checkpoint. Prior
in vitro studies showed that Artemis has constitutive 5’-3 0
exonuclease activity, as well as structure-specific DNA-PKdependent endonuclease activity at DNA ends. To assess the
possible role of this endonuclease activity in chemo/radioresistance,
patient-derived Artemis-deficient CJ179 fibroblasts were complemented with lentiviral vectors expressing either wild-type or D165N
Artemis, a mutation that eliminates its endonuclease but not its
exonuclease activity. Western blotting showed that wild-type and
mutant proteins were expressed at similar levels. As determined by
clonogenic survival assays, expression of wild-type Artemis in
CJ179 cells conferred approximately twofold resistance to ionizing
radiation, as well to the radiomimetic agents bleomycin and
calicheamicin. However, CJ179 cells expressing the endonuclease-deficient mutant remained as sensitive to all three agents as cells
infected with an empty vector. Measurements by 53BP1 focus
formation and pulsed-field gel electrophoresis (PFGE) assays
suggested a repair defect (10–20%) in Artemis-deficient and
D165N Artemis mutant cell lines, but not in Artemis-complemented
cells, particularly at 2–6 hr post-irradiation. These results, combined
with previous in vitro studies, suggest that resolution of terminally
blocked DNA ends by the endonuclease activity of Artemis during
double strand break (DSB) repair by NHEJ, may be the biologically
relevant function of Artemis in conferring radioresistance.

(PS6.11) MOF function is critical in DNA Damage Response.
(PS6.09) Radiation-biology applications using a multiphoton
microscope. Alan W. Bigelow, Charles R. Geard, Gerhard
Randers-Pehrson, David J. Brenner, Center for Radiological
Research, Irvington, NY
Cellular targets for charged-particle microbeam irradiation
experiments at Columbia University’s Radiological Research
Accelerator Facility (RARAF) have been shifting from monolayer
cell cultures to small living animals and organisms. A customdesigned multiphoton microscope was recently integrated with the
microbeam endstation to image tissue-like samples and to observe
post-irradiation cellular dynamics. Through multiphoton excitation,
multiphoton microscopes enable high-resolution optical sectioning
at the scanning plane of focused incident laser illumination. In an
alternate mode, when the laser focal point is parked on a biological
target, the multiphoton excitation laser offers an additional

Girdhar G. Sharma1, Sairie So2, David J. Chen2, Utpal Bhidra3,
Arun Gupta1, Sandeep Misri1, Rakesh Kumar1, Jacques Cote4, Tej
K. Pandita1, 1Washington University School of Medicine, St. Louis,
MO, 2University of Texas Southwestern Medical Center, Dallas,
TX, 3Centre for Cellular and Molecular Biology, Hyderabad, India,
4
Laval University Cancer Research Center, Quebec City, QC,
Canada
MOF gene product is a histone -H4 lysine 16 specific
acetyltransferase. Recent studies have shown involvement of
mammalian MOF in maintenance of genomic stability and its
essential role in embryogenesis and oncogenesis. Here we show that
MOF protein and H4K16 acetylation is essential for efficient repair
of DNA double strand breaks. MOF depletion by RNAi results in a
conspicuous delay in appearance of c-H2AX foci induced by
ionizing radiation, but has a minimum effect on their disappearance.
In contrast, Tip60 depletion had minimum effect on the c-H2AX
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foci formation; however Tip60 depletion resulted in a delay in
disappearance of c-H2AX foci. ATM inhibition in both MOF or
Tip60 depleted cells delayed both appearance as well as
disappearance of IR-induced c-H2AX foci; suggesting that both
MOF as well as Tip60 work through ATM in regulating the kinetics
of c-H2AX foci. Effects of MOF depletion on the two major DNA
repair pathways- homologous recombination and nonhomologous
end-joining; and the biological connotation of this effect will be
discussed. MOF localizes on the synaptonemal complexes of
primary meiocytes undergoing meiotic recombination and its
depletion in somatic cells abrogates IR-induced Rad51 foci
formation and hinders the homologous recombination process.
Also, MOF but not Tip60 was found to be associated with DNAPKcs and MOF depletion results in abrogation of ATM dependent
IR-induced DNA-PKcs phosphorylation. Inactivation of ATM in
MOF depleted cells does not enhance the abrogation of H2AX or
DNA-PKcs phosphorylation. Collectively, these results assert a role
of MOF and Histone H4K16 acetylation in DNA damage response.

(PS6.12) Computational study on full-length human Ku70
with double stranded DNA: dynamics, interactions and
functional implications. Shaowen Hu1, Huichen Wang2, Janice
M. Pluth3, Francis A. Cucinotta4, 1Division of Space Life
Sciences, Universities Space Research Association, Houston, TX,
2
Department of Radiation Oncology, Emory University School of
Medicine, Atlanta, GA, 3Lawrence Berkeley National Laboratory,
Berkeley, CA, 4NASA, Lyndon B. Johnson Space Center,
Houston, TX
Ku70/80 heterodimer is important in the initial binding of
double-strand break (DSB) ends following DNA damage, and is a
component of nonhomologous end joining repair, the primary
pathway for DSB repair in mammalian cells. In this study we
construct a full-length human Ku70 structure based on its crystal
structure, and perform 20 ns conventional molecular dynamic
(CMD) simulations on this protein and several other complexes with
different double stranded DNA molecules. The trajectories of these
simulations indicate that, without the topological support of Ku80,
the residues in the bridge and C-terminal arm of Ku70 are more
flexible than other experimentally identified domains. The other two
loops that are missing in the crystal structure are also very flexible.
Nevertheless, simulations reveal that they make a large contribution
to Ku70 0 s interaction with DNA. Dislocation of the previously
studied SAP domain is observed in several systems, implying its
role in DNA binding. Targeted molecular dynamic (TMD)
simulations are also performed for several systems with faraway
DNA duplexes. These TMD trajectories disclose functions similar
to those identified by CMD for the domains of Ku70 and reveal a
possible conformational transition for a DSB end when encountering Ku70 in solution. Compared to experimentally based analysis,
this study identifies more detailed interactions between the DNA
and Ku70. Free energy analysis indicates Ku70 alone is able to bind
DNA with relatively high affinity, with consistent contributions
from various domains of Ku70 in different systems. The functional
implications of these domains in the processes of Ku heterodimerization and DNA damage recognition and repair can be
characterized in detail based upon this analysis.

(PS6.13) Lipolysaccharide at high dose enhances radiationinduced plasma DNA levels. Bingrong Zhang1, Yongbing Cao1,2,
Mei Zhang1, Yeping Tian1,2, Liangjie Yin1, Kunzhong Zhang1,
Shanmin Yang1, Steven Stwarts1, Robert Howell1, Paul Okunieff1,
Lurong Zhang1, 1University of Rochester Medical Center, Rochester, NY, 2Second Military Medical University, Shanghai, China
Ionizing radiation damages the integrity of normal epithelial
barriers, such as gastrointestinal mucosa, resulting in bacterial
translocation, infection, and increased plasma endotoxin. This can
enhance sepsis and radiation-induced cell damage. Cell damage
then increases release of DNA into the circulation. The possible
effect of endotoxin on plasma DNA following irradiation was
studied.Mice (5 to 7/group) were subjected to different doses (0, 2,
4, 6, 10 Gy) of total body irradiation (TBI) and/or different doses (0,
20, 100, or 500 lg/kg) of lipopolysaccharide (LPS) given via
intraperitoneal injection. At different time points (0, 1, 3, 6, 8, 9, 10,
12, 24, or 48 hr), the plasma was collected and subjected to
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quantitative analysis of plasma DNA using the PicoGreen
assay.Results: 1) LPS alone, even at doses up to 500 lg/kg, did
not trigger an increase of plasma DNA; 2) when mice received 0, 2,
4, 6 or 10 Gy TBI followed by 20 lg/kg LPS, the LPS increased
plasma DNA by 1/4 to 1/3, compared with radiation alone; 3) LPS
did not affect the dynamic pattern of release and clearance of plasma
DNA measured at 4 Gy (peak at 9–10 hr and gradual reduction
within 24 hr), indicating that TBI is the main contributor to the
increased plasma DNA; 4) 4 Gy TBI and extremely high dose LPS
(500 lg/kg) produced plasma DNA levels that were three times
higher than TBI alone, consistent with the lethal impact of sepsis
with TBI; 5) even with TBI plus high dose LPS there was the same
dynamic pattern as TBI alone, indicating that the homeostatic
function of the endoreticular system was still active at removing
DNA from the circulation; 6) the presence of LPS (100 lg/kg)
either 30 min before or 5 min after 4 Gy TBI had a similar effect on
plasma DNA, indicating that the TBI is a dominating factor; and 7)
age (3 week old vs 8 week old) played little effect on the level of
plasma DNA after radiation and LPS.In conclusion, in this study
radiation was the major factor determining the level of plasma
DNA. LPS alone at a dose less than 20 lg/kg (a clinically relevant
dose) had no effect on the level of radiation-induced plasma DNA.
However, a high dose of LPS (100–500 ug/kg), synergistically
enhanced radiation-induced plasma DNA. The dynamic pattern of
plasma DNA in a combined insult is mainly affected by radiation,
and not LPS or age.

(PS6.14) Modification of carcinogenic risk by positron
emission tomography scans. Kristina Taylor, Nicole McFarlane,
Mary-Ellen Bahen, Lisa Laframboise, Fiona McNeill, Doug
Boreham, McMaster University, Hamilton, ON, Canada
This research is focused on evaluating the low dose radiation
risk associated with Positron Emission Tomography (PET) scans.
We have investigated the acute & long-term in vivo effects caused
by radiation emitted from the radioisotope 18F during these
procedures. We hypothesize that, given the low dose of radiation
absorbed during the procedure (7–22 mSv), exposure to 18F-FDG
during PET scans activates protective mechanisms at the cellular
level, reducing cancer risk. Cancer prone, radiation sensitive female
Trp53 þ/- mice (20g) were given a 20 uCi 18F- FDG injection at 8
weeks of age. The effect of this injection on the latency and
frequency of cancer relative to control groups in the Trp53 þ/model is presently being studied. The current model for the whole
body dose accrued during small animal PET (Funk et al) estimates
that a 20 uCi injection delivers an effective whole body dose of 15
mGy to a 20g mouse. We have also evaluated whether 18F- FDG
injections immediately alter DNA repair in bone marrow as
measured by the frequency of micronucleated reticulocytes
(MNRET) in peripheral blood. These acute experiments were
performed with female Trp53 þ/ þ wild type mice aged 7–9 weeks at
the time of treatment. Mice were injected with increasing activities
of 18F- FDG including: 10(0.37), 50(1.85), 100(3.7), 200(7.4), and
500(18.5) lCi(MBq) (n¼5). The effect of this injection on the
frequency of MNRETs was measured at 43 hours post injection. A
significant activity/dose response relationship was found. Increasing
the activity of the injection proportionally increased the level of
DNA damage to marrow. A second series of acute experiments
focused on comparing the biological effectiveness of 18F (634 keV
b þ and 511 keV c, low dose rate) radiation to that of gamma
radiation (662 keV c @ acute dose rate of 0.349 Gy/m) using the
same MNRET endpoint. It was found that an acute external broad
beam gamma exposure causes significantly greater DNA damage
than an 18F- FDG injection delivering the same whole body dose.
Overall, the MNRET assay is a sensitive assay to measure the
biological effects of 18F- FDG injections. We have shown that there
is a significant effect caused by the administration of 18F- FDG. The
modification of bone marrow radiation sensitivity by a prior PET
injection will be tested using a large gamma challenge dose.

(PS6.15) Evidence for a transgenerational adaptive DNA
repair response after chronic low-dose irradiation in a medaka
fish model system. Oleksandr Moskalenko1, Dmytro Grygoryev1,
Thomas Hinton2, John D. Zimbrick1, 1Colorado State Univ, Fort
Collins, CO, 2Savannah River Ecology Laboratory, Aiken, SC
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(PS6.16) The role of the spindle assembly checkpoint in the
ionising radiation response. Angeliki Velissariou, RESC, Focas
Institute, Dublin Institute of Technology, Dublin, Ireland
Background: The spindle assembly checkpoint (SAC) is an
important cell cycle control mechanism in the process of mitosis and
progeny generation. Its regulatory machinery ensures appropriate
sister chromatid assembly to the metaphase plane through
kinetochore function and anaphase signaling for mitosis completion.
In this study, five key genes (bub1b, mad2l1, cdc20, cenpe and
espl1) of the SAC machinery have been analyzed in colorectal
cancer patient samples post induction with low doses of gamma
radiation. To investigate the role that these SAC genes play in
abnormal radiation induced mitotic events, gene expression levels
were correlated to numerical aberrations and mitotic inhibition in
patient samples. Methodology: RNA was extracted from a cohort of
colorectal cancer patients’ blood cultures ( þ and - 0.5Gy radiation).
cDNA was made from the RNA samples and real-time PCR was
conducted for the five test genes and GAPDH housekeeping gene to
analyse gene expression levels. Numerical aberrations (aneuploidy)
and radiation-induced mitotic inhibition were analysed microscopically on parallel cytogenetic preparations made for the same
patients’ samples, and subsequent statistical correlations were made.
Results: Low dose gamma radiation induced significant but varied
responses in individual colorectal carcinoma patient samples.
Significant expression patterns of bub1b, mad2l1, espl1 and
cdc20, and cenpe were associated with each ‘Dukes’ stage (A-D)
of colorectal cancer and gender. Radiation-induced mitotic
inhibition and aneuploidy also showed variation in response in
individual patient samples. This data was correlated to the gene
expression data. Conclusion: Regulatory genes of the SAC play an
important role in responding to mitotic errors induced by ionizing
radiation in individual cancer patients’ samples.

(PS6.17) Effect of ionizing radiation and serum concentration
on mitochondrial DNA copies of Chinese hamster cells deficient
in electron transport. Helene Z. Hill1, Edouard I. Azzam1, Zhi

Yang1, Mariann Galdass1, Sonia de Toledo1, Douglas Spitz2, James
Dermody1, 1NJ Medical School, Newark, NJ, 2University of Iowa,
Iowa City, IA
Chinese hamster cells that are deficient in enzymes of the
electron transport system are useful in determining the subcellular
responses to reactive oxygen species insults. These studies utilized
cells of wild type B1, mutant B9 derived from B1 and expressing a
33 amino acid truncation of succinic dehydrogenase subunit C
(SDHC), T8, B9 cells transfected with SDHC and V8, B9 cells
transfected with the empty vector. The cells were grown to near
confluence, refed with medium containing 0.5% or 10% serum and
irradiated with c-rays at 0, 10 and 100 or 400 cGy. Incubation
continued for 24 or 48 hours. Cells were harvested, DNA was
extracted and purified and PCR was performed using primers for the
detection of total mitochondrial DNA or deleted mitochondrial
DNA. Preliminary results indicate that 1.) B9 has up to 50% fewer
total mitochondrial genomes per cell than B1; 2.) B9 is less
responsive to oxidative stress from radiation insults than B1, as
manifested by an increase in mitochondrial genomes after radiation;
3.) reduced serum results in an enhancement of mitochondrial
genomes that is more pronounced in B1 than in B9; 4.) deleted
mitochondria increase with time after radiation relative to total
mitochondria, resulting in a net increase in deleted genomes and 5.)
T8 responds in a manner roughly similar to B1 and V8 is roughly
similar to B9. These studies suggest that cells that are deficient in
electron transport are less able to cope with oxidative stress than
wild type cells and accumulate stress-related deleted mitochondrial
genomes. Replacement of the missing subunit in B9 restores the lost
responses. Supported in part by DOE Grants DR-FG02-05ER64050
and DE-FG02-07ER64344 from the U.S. Department of Energy,
Low Dose Radiation Research Program and by a grant from the
Foundation of the UMDNJ.
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In this project one of our major goals is to understand how
gene expression and DNA damage in a model organism, Japanese
Medaka Fish (Oryzias latipes), change in response to low doses of
gamma rays delivered continuously through a number of generations and how these changes are mechanistically related to DNA
repair. Gene expression analysis and quantitation of DNA damages
were carried out on the muscle and liver tissues of medaka irradiated
over four generations. We performed large-scale transcriptional
profiling using medaka oligonucleotide microarrays. We determined
the yields of DNA double-strand breaks (DSB) and oxidized base 8hydroxyguanine (8-OHG) in the muscle tissues used for gene
expression studies and in liver tissues. We found that the yield of
unrepaired 8OHG in muscle tissues linearly increased over the first
three generations (F1 - F3) for doses from 3 to 9 cGy but dropped
significantly for F4. The yield of unrepaired DSB in muscle tissues
was not significantly different amongst F0 - F3 but dropped in F4.
These data provide new evidence in support of the hypothesis that
very low chronic doses of ionizing radiation do not stimulate the
increased production of enzymes necessary for the repair of 8-OHG
and DSB during F1 - F3 thus leading to increasing amounts of
unrepaired 8-OHG and DSB. By F4 however, a kind of adaptive
response occurs so that the yield of 8-OHG and DSB retained in the
DNA drops. In human cells the repair glycosylase Ogg1 is a key
component of the Base Excision Repair pathway for the removal of
8-OHG from DNA. We have cloned and analyzed the medaka Ogg1
ortholog. Our data show that medaka Ogg1 is highly similar in
structure to its mammalian counterparts despite apparent divergence
of the primary genomic sequences. In particular, its catalytic center
is highly conserved reflecting evolutionary pressure to preserve the
activity of critical defense mechanisms. We have found that medaka
Ogg1 steady-state mRNA levels are highly correlated with the 8OH-G levels we have measured across F0 - F4 in our medaka
muscle tissues, thus lending additional support to an adaptive
mechanism becoming evident in the F4 generation. The authors are
grateful to Dr. Ron Walter for kindly supplying the medaka
microarrays for this study. This work was supported by DOE grant
# DE-FG02-05ER64087 from the Low Dose Radiation Program.
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(PS6.18) Autophosphorylation at serine 1981 stabilizes ATM
at DNA damage sites and regulates its cellular response to DNA
damage. Sairei So, Anthony J. Davis, David J. Chen, University of
Texas, Dallas, TX
Ataxia-telangiectasia mutated (ATM) protein plays a critical
role in the cellular response to DNA damage by phosphorylating
downstream substrates including targets that initiate cell cycle
arrest, DNA repair, or apoptosis. ATM is both activated by and
recruited to DNA double strand breaks (DSBs). Although
autophosphorylation at serine 1981 is considered a sign of ATM
activation, it is controversial as to whether it is required for ATM
functions, including localization to DSBs, activation of ATM kinase
activity. In this study, we show that localization of ATM to DSBs is
biphasic with the initial localization requiring the MRE11-RAD50NBS1 complex and sustained retention requiring autophosphorylation of ATM at serine 1981. Biochemical evidence shows that
autophosphorylated ATM interacts with MDC1 and the latter is
required for the prolonged association of ATM to DSBs. Ablation
of the autophosphorylation site affects the ability of ATM to
phosphorylate its downstream targets after DNA damage. Complementation of A-T deficient cells with S1981A fails to correct the
radiosensitivity of this cell line. These data illustrate the importance
of autophosphorylation at serine 1981 for stabilization of ATM at
DSBs and for the requirement of sustained retention of ATM at
DSBs for full functionality of ATM in the cellular response to DNA
damage.

(PS6.19) Relationship Between Radiosensitivities and G0/G1

DNA-PKcs site-directed mutant cell strains in DNA-damages
induced by low dose c-ray and a-particle irradiation. Hatsumi
Nagasawa1, Benjamin P. C. Chen2, Yuanlin Peng1, John R.
Brogan1, David J. Chen3, Joel S. Bedford1, John B. Little4,
1
Colorado State University, Fort Collins, CO, 2University of Texas
Southwestern Medical Center at Dallas, Dallas, TX, 3University of
Texas Southwestern Medical Center, Dallas, TX, 4Harvard School
of Public Health, Boston, MA
It is widely accepted that the DNA lesion responsible for
traditional radiobiological effect is the double strand break (DSB).
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Such DSB’s can be repaired in mammalian cells by nonhomologous end-joining (NHEJ) and homologous recombination
(HR). The process of the NHEJ pathway is initiated by association
of DNA ends with Ku 70/80 heterodimer. One of the first enzymes
to be attached to the DNA-Ku 70/80 scaffold is DNA-PKcs. Genetic
defects in either the Ku 70/80 or the DNA-PKcs result in
radiosensitivities. It has previously been reported that cell lines
containing mutation in DNA-PKcs were moderately radiosensitive
(Chan, D.W. et al 2002, Ding Q et al 2003). However, these studies
were carried out with exponentially growing cells. When synchronized DNA-PKcs mutant cell lines irs-20 and V3 were irradiated
with c-rays in G0/G1 phase, these cells were very radiosensitive
(Stackhouse and Bedford 1993, Rothkamm, K. et al 2003). Thirteen
DNA-PKcs site-directed mutant cell lines were irradiated with Cs137 c- ray or a-particles in G0/G1 phase. Three groups of
radiosensitivity were identified among these cell lines; slightly
radiosensitive, considerably more radiosensitive, and extremely
radiosensitive. DNA-PKcs site-directed mutant cells treated in G0/
G1 phase showed higher frequencies of induced chromosomal
aberration than wild-type Chinese Hamster cell lines after low doses
of a- particle (. 1.5 cGy) and c-ray (. 50 cGy) irradiation. The
baseline frequencies of sister chromatid exchanges (SCE) among
these mutant cell lines observed nearly the same frequencies as
wild-type Chinese Hamster cells. Induction rate of radiation induced
SCE frequencies are depending upon their cellular radiosensitivities
among DNA-PKcs site directed mutant cell lines. These results
suggested that DNA-PKcs might be involved not only in the NHEJ
repair process of DSB which induced high does irradiation, but also
other type of DNA damages which induced low dose radiation such
as oxidative base damages. Supported by the Office of Science
(BER), U.S. Department of Energy, Low Dose Radiation Program,
Grant No. DE-FG02-07ER64350, and by NASA Grant No.
NNX07AP85G.

(PS6.20) Hypothermia improves cell viability and repair
capacity after ionizing radiation. Brandon J. Baird, Christophe
E. Redon, Asako J. Nakamura, Jennifer S. Dickey, Yuri Griko, Olga
A. Sedelnikova, William M. Bonner, National Cancer Institute,
Bethesda, MD
Though many types of ionizing radiation (IR)-induced cell
damage can easily be reversed, DNA double-stranded breaks
(DSBs) are a serious threat to cell health because of their propensity
to induce genomic instability, which, if not fatal, may promote
cellular oncogenesis. Neurological and cardiac tissues can be
protected after spinal cord injuries and strokes by lowering their
temperature (hypothermia). Hypothermia may also be useful in the
protection of cells and tissues from IR-induced damage. Additionally, future space missions will lead to increased IR exposure,
potentially resulting in radiation sickness, cancer or death. One
possible solution could involve human hibernation in a hypothermic
state. We therefore evaluated the hypothesis that cold could serve as
a natural radioprotector. At temperatures below normal (13, 20, and
308C ) cells were found to contain fewer DSBs shortly after
exposure to 2 and 10 Gy as determined by neutral comet assays.
Cloning assays revealed that exposure to cold improved cell
survival. To further investigate whether altered DNA damage repair
may be involved in the protective effects of hypothermia, we
analyzed the formation and repair of DNA DSBs using phosphorylated H2AX (c-H2AX) as a DSB biomarker. Our data showed that
c-H2AX foci formed at a constant rate which decreased at lower
temperatures. At 138C, human peripheral blood lymphocytes
exposed to 2 and 0.6 Gy still exhibited formation of fewer cH2AX foci, however these foci persisted for at least 8 hr, suggesting
that the DSBs repair is altered in cold. The foci disappeared quickly
after the cells were returned to 378C. To further this idea, DNA
repair studies are being performed in cell lines from the coldblooded species Danio rerio (zebrafish) and naturally hibernating
Sprmophilus parryii (arctic ground squirrels) for comparison. Thus,
we determined that hypothermia may decrease the amount of IRinduced DNA damage, increase the efficiency of cellular repair
responses, and increase viability of damaged cell populations.
Future studies could therefore investigate the use of hypothermia to
treat patients after radiation exposure.
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(PS6.21) Egfrviii and dna double-strand break repair: a
molecular mechanism for radioresistance in glioblastoma.
Bipasha Mukherjee, Brian McEllin, Cristel Camacho, Nozomi
Tomimatsu, David Boothman, Robert Bachoo, Sandeep Burma, UT
Southwestern Medical Center, Dallas, TX
Glioblastoma multiforme (GBMs) are lethal tumors that are
highly resistant to ionizing radiation (IR) and chemotherapy. Here,
we report on the molecular mechanism by which a key gliomaspecific mutation, EGFRvIII, confers radiation resistance. Using
Ink4a/Arf-deficient primary mouse astrocytes, primary astrocytes
immortalized by p53/Rb suppression, as well as the human U87
glioma cell line, we show that EGFRvIII expression enhances
clonogenic survival following IR. This enhanced radioresistance is
due to accelerated repair of DNA double-strand breaks (DSBs), the
most lethal lesion inflicted by IR. The EGFR inhibitor, Gefitnib
(Iressa) and the PI3K inhibitor, LY294002 attenuate the rate of DSB
repair. Importantly, myristylated-Akt-1 expression accelerates repair
thereby implicating the PI3K-Akt-1 pathway in radioresistance.
Most notably, EGFRvIII-expressing U87 glioma cells show
elevated activation of the key DSB repair enzyme, DNA-PKcs.
Enhanced radioresistance is abrogated by the DNA-PKcs-specific
inhibitor, NU7026 and EGFRvIII fails to confer radioresistance in
DNA-PKcs-deficient cells. In vivo, orthotopic U87-EGFRvIIIderived tumors display faster rates of DSB repair following whole
brain radiotherapy (WBRT) compared to U87-derived tumors.
Consequently, EGFRVIII-expressing tumors are radioresistant and
continue to grow following WBRT with little impact on overall
survival. These in vitro and in vivo data support our hypothesis that
EGFRvIII-expression promotes DNA-PKcs activation and DSB
repair, perhaps, as a consequence of hyperactivated PI3K-Akt-1
signaling. Taken together, our results raise the possibility that EGFR
and/or DNA-PKcs inhibition concurrent with radiation may be an
effective strategy for radiosensitizing high-grade gliomas.

(PS6.22) Elevation of plasma dna level is associated with
genomic background. Lei Zhang1, Mei Zhang1, Bingrong Zhang1,
Shanmin Yang1, Yongbing Cao1,2, Yeping Tian1,2, LuLu Zhang3,
Aiguo Zhang3, Yunqing Ma3, Paul Okunieff1, Lurong Zhang1,
1
University of Rochester Medical Center, Rochester, NY, 2Second
Military Medical University, Shanghai, China, 3DiaCarta, Foster
City, CA
Genomic background is one factor determining the natural
sensitivity to ionizing radiation (IR). LD50/30 (total body IR dose
which causes half of mice die within 30 days) varies between mouse
strains. To determine whether intrinsic radiation sensitivity was
associated with different levels of circulating DNA after irradiation,
four strains of mice were tested. The LD50/30 for BALB/c, NIH
Swiss, C3H/HeN, and C57BL/6 (8 week-old males from NCI) were
6, 7.3, 7.4 and 9 Gy (in our animal facility), respectively. To
measure circulating DNA, our novel QuantiDNA assay system was
used. The dose at which a peak (shoulder) is seen in the plasma
DNA dose-response curve was measured for each mouse strain
(peakGy).Four different strains of mice were subjected to different
IR doses (0, 2, 3, 4, 5, 6, 7, 9, and 10 Gy) at 1.84 Gy/min and
sacrificed for plasma DNA measurement 9 hours later. The peakGy
was 6, 7, 9, 9 Gy for BALB/c, NIH Swiss, C3H/HeN, and C57BL/
6, respectively, which corresponds well with the strain-specific
sensitivity as expressed in LD50/30. The concentration of plasma
DNA at the peakGy appears to be negatively correlated with IR
sensitivity. For example, among the four strains of mice tested,
BALB/c, the most sensitive strain, had the lowest DNA concentration at its peakGy, while the C57BL/6, the most resistant strain, had
the highest DNA concentration at its peakGy. At the 9 Gy dose, the
plasma DNA level was about 3900, 7200, 6800, and 23,000 ng/ml
for BALB/c, NIH Swiss, C3H/HeN, and C57BL/6, respectively.
The difference of plasma DNA at the same IR dose among four
strains of mice strongly supports that plasma DNA level is
associated with genomic background. The IR-sensitive strains seem
to have less DNA to release and therefore less accumulation in
plasma, while the IR-resistant strains have more DNA to release and
accumulate. The mechanism for this new phenomenon remains to
be investigated.
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(PS6.23) Distinct roles of atr and dna-pk in triggering dna
damage responses in atm-deficient cells. Nozomi Tomimatsu,
Bipasha Mukherjee, Sandeep Burma, UT Southwestern Medical
Center, Dallas, TX

(PS6.24) Creation and analysis of DSBs in real time using a
stage-mounted microirradiator. Zhen Cao1, Wendy Kuhne1,
Jennifer Steeb2, Jiri Janata2, William Dynan1, 1Institute of
Molecular Medicine and Genetics, Medical college of Georgia,
Augusta, GA, 2School of Chemistry and Biochemistry, Georgia
Institue of Technology, Atlanta, GA
To be able to track the low dose ionizing radiation response in
real time , we developed a novel low-energy beta microirradiator.
The microirradiator is based on electrochemical deposition of an
approximately 1 lm thick layer of 63Ni on a 25 lm-diameter
microelectrode wire. The microirradiator was fabricated in two
configurations: a protruding wire and a collimated recessed disk
(Steeb et al., Anal. Chem., epub ahead of print, 27 January 2009).To
test the ability to induce double-strand breaks, a system was first
established to label 53BP1 in vivo with a bright, stable fluorophore.
Halo-tagged 53BP1 tudor domain fragment was transiently
expressed under the control of a metallothionein promoter in a
human U2OS-derived cell line. Expressed protein was labeled in
situ using a tetramethylrhodamine (TMR) Halo labeling reagent. To
verify the functionality of the labeled 53BP1, cells were exposed to
conventional 137Cs gamma radiation. Cells were fixed 45 min after
irradiation and immunostained with anti-c-H2AX and AlexaFluor
488-rabbit anti-mouse antibody. Radiation-induced foci containing
Halo-53BP1 or c-H2AX were observed in the expected numbers
and were spatially coincident. As an alternative to cell fixation, live
cell images of 53BP1 foci were collected using a Delta Vision RT
deconvolution microscope with z-stack images taken at 0.4 lm
sections. Similar numbers of foci were observed in live cells as in
the fixed cells.Individual cells were then exposed using the
microirradiator, which was mounted on the stage of the Delta
Vision microscope. Irradiation was performed at estimated rates up
to 45 mGy per minute. The number of foci increased initially to a
steady state value. Individual foci had a half-life of approximately
10 minutes. A quantitative analysis of the formation and
disappearance of 53BP1 foci will be presented.

(PS6.25) The role of homologous recombinational repair
(HRR) in determining radiosensitivity throughout the mammalian cell cycle. Paul F. Wilson1, John M. Hinz2, Salustra Urbin1,
Peter B. Nham1, Larry H. Thompson1, 1Lawrence Livermore
National Laboratory, Livermore, CA, 2Washington State University, Pullman, WA

DNA double-strand break (DSB) repair by ‘‘error-free’’
homologous recombinational repair (HRR) is believed to underlie
the increased radioresistance and reduced mutability observed in Sphase-irradiated mammalian cells. To evaluate the contributions of
HRR and nonhomologous end-joining (NHEJ) to overall DSB
repair capacity throughout the cell cycle, we measured cell survival
and induction of chromosomal aberrations (CA) in HRR-deficient
Rad51D-knockout 51D1 and Rad51D-complemented 51D1
(51D1.3) Chinese hamster ovary (CHO) cells following cesium137 c-ray irradiation. Asynchronous cultures were irradiated with
150 or 300 cGy and separated by size using centrifugal elutriation.
The survival of cells from each synchronized fraction (18–20
fractions total from early G1 to late G2/M) was measured by singlecell colony formation ability. Metaphase spreads were collected
following 2–2.5-hour colcemid treatments for the first, every
subsequent third, and final elutriation fractions at the first postirradiation mitosis and scored for CA. 51D1.3 cells were most
radioresistant in S-phase, while 51D1 cells were most radioresistant
in early G1 (with survival and chromosome-type CA levels similar
to 51D1.3) and became progressively more sensitive throughout S
and G2. Both cell lines had significantly reduced survival in G2
(with levels similar to the early G1 fractions) versus late S,
suggesting both NHEJ and HRR-mediated DSB repair decline as
cells progress to mitosis. 51D1 cells irradiated in the S and G2
phases had ;2-fold higher levels of chromatid-type aberrations (p
, 0.05 by Student’s t-test) and ;25-fold higher levels of complex
chromatid-type exchanges (involving 3–7 chromosomes per
exchange) compared to 51D1.3 cells. Complex exchanges were
only observed in G2-phase 51D1.3 cells (involving 3–4 chromosomes only). These results, along with our published finding of
reduced survival of DNA-PK-deficient cells in G2 (Hinz et al. DNA
Repair (Amst.) 4, 782–792, 2005), imply reduced efficiency in both
HRR and NHEJ pathways in wild-type cells as they exit S phase
and approach mitosis. This work was performed under the auspices
of the U.S. DOE by Lawrence Livermore National Laboratory under
contracts W-7405-Eng-48 and DE-AC52-07NA27344 and supported by U.S. DHHS NCI/NIH grant CA112566 (UCRL-POST225733).

Poster Sessions

The cellular response to DNA double-strand breaks involves
direct activation of ATM and indirect activation of ATR in an
ATM/Mre11/cell cycle-‘‘dependent’’ manner. We report here that
key checkpoint signaling proteins (p53, SMC1, 53BP1, Chk1, and
Chk2) are rapidly phosphorylated by ATR in an ATM/Mre11/cell
cycle-‘‘independent’’ manner, albeit at low levels. We observe the
sequential recruitment of RPA and ATR to the sites of DNA
damage in ATM-deficient cells thus providing a mechanistic basis
for the observed phosphorylations. Recruitment of ATR and
consequent phosphorylations do not require Mre11 but are
dependent upon Exo1, a 5’ to 3’ exonuclease. We show that these
low levels of phosphorylation are biologically significant as ATMdeficient cells enforce an early G2/M checkpoint that is ATRdependent. ATR is also essential for the late G2 accumulation that is
peculiar to irradiated ATM-deficient cells. Interestingly, phosphorylation of KAP-1, a protein involved in chromatin remodeling, is
mediated by DNA-PKcs in a spatio-temporal manner in addition to
ATM. We posit that ATM substrates involved in cell cycle
checkpoint signaling can also be minimally phosphorylated
independently by ATR while a small subset of proteins involved
in chromatin remodeling are phosphorylated by DNA-PKcs in
addition to ATM. Our results help redefine the contribution of
ATM, ATR, and DNA-PKcs to DNA damage responses.
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(PS6.26) Requirement of filamin-A for efficient homologous
recombination DNA repair: a potential marker/target for
cancer therapy. Jingyin Yue1, Huimei Lu1, Mark Brenneman2,
Zhiyuan Shen1, 1Cancer Institute of New Jersey, New Brunswick,
NJ, 2Department of Genetics, Rutgers University, Piscataway, NJ
Filamin-A (ABP-280, nonmuscle filamin) is predominantly a
ubiquitous cytoplasmic dimeric phosphoprotein with actin crosslinking activity, promotes orthogonal actin filaments network and
links actin filaments to membrane glycoproteins. It interacts with
more than 45 proteins of diverse functions, serving as the scaffold in
various signaling networks. A fraction of filamin-A also exists in
the nucleus. BRCA2, one of filamin-A interacting partners,
regulates RAD51 dependent homologous recombinational DNA
repair, interacting with filamin-A through its DNA binding domain
(BRCA2-DBD). In this study, we tested the hypothesis that filaminA influences homologous recombinational repair of DSB and
maintains genomic stability. We used three pairs of cell lines with
normal and reduced filamin-A expression, including breast cancer
and melanoma cells. We found that lack or reduction of filamin-A
sensitizes cells to ionizing radiation, slows the removal of DNA
damage induced cH2AX nuclear foci, as well as to chemotherapeutic drugs, including cisplatin and bleomycin. With these drugs
treatment, linear correlation between filamin-A protein expression
and IC50 was found in human melanoma cell lines, which implies
that reduced or deficient in filamin-A expression will sensitize
tumor cells to these drugs. Reduced RAD51 nuclear focus formation
and recruitment to chromatin in response to irradiation were
observed in filamin-A deficient cells. A 2-fold reduction of
homologous recombinational repair of DSB was determined in
HT1080-1885 cell line by knocking-down filamin-A using shRNA
(p,0.00001) and expressing small fragments of filamin-A which
flank BRCA2 interacting domain (p,0.0007). HT1080-1885 is a
cell line with single copy of homologous recombination substrate
that can be induced by I-SceI. Furthermore, filamin-A deficient cells
have increased frequencies of micronucleus formation and chromosome aberration after irradiation. Tumor xenografts generated from
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filamin-A deficient cells show significant better response to
cisplatin treatment. Our data illustrate the importance of the
cytoskeleton structure in supporting the homologous recombinational DNA repair machinery and genome integrity, and further
implicate a potential of filamin-A as a prognosis marker for DNA
damage based cancer therapy.

(PS6.27) A Monte-Carlo model for the formation of radiationinduced chromosomal aberrations. Artem L. Ponomarev1,
Michael N. Cornforth2, Bradford D. Loucas2, Francis A. Cucinotta3,
1
Life Sciences, USRA/NASA JSC, Houston, TX, 2Department of
Radiation Oncology, University of Texas Medical Branch,
Galveston, TX, 3Human Research Program, Space Radiation
Element, Mail Code37, NASA JSC, Houston, TX
Purpose: To simulate radiation-induced chromosome aberrations in mammalian cells (e.g., rings, translocations, and dicentrics)
and to calculate their frequency distributions following exposure to
DNA double strand breaks (DSBs) produced by high-LET ions.
Methods: The interphase genome was assumed to be comprised of a
collection of 2 kbp rigid-block monomers following the randomwalk geometry. Additional details for the modeling of chromosomal
structure, such as chromosomal domains and chromosomal loops,
were included. A radial energy profile for heavy ion tracks was
used to simulate the high-LET pattern of induced DSBs. The
induced DSB pattern depended on the ion charge and kinetic
energy, but always corresponded to the DSB yield of 25 DSBs/cell/
Gy. The sum of all energy contributions from Poisson-distributed
particle tracks was taken to account for all possible one-track and
multi-track effects. The relevant output of the model was DNA
fragments produced by DSBs. The DSBs, or breakpoints, were
defined by (x, y, z, l) positions, where x, y, z were the Euclidian
coordinates of a DSB, and where l was the relative position along
the genome. Results: The code was used to carry out Monte Carlo
simulations for DSB rejoinings at low doses. The resulting
fragments were analyzed to estimate the frequencies of specific
types of chromosomal aberrations. Histograms for relative frequencies of chromosomal aberrations and P.D.F.s (probability density
functions) of a given aberration type were produced. The relative
frequency of dicentrics to rings was compared to empirical data to
calibrate rejoining probabilities. Of particular interest was the
predicted distribution of ring sizes, irrespective of their frequencies
relative to other aberrations. Simulated ring sizes were  4 kbp,
which are far too small to be observed experimentally (i.e., by
microscopy) but which, nevertheless, are conjectured to exist. Other
aberrations, for example, inversions, translocations, as well as
multi-centrics were also recorded. Conclusion: High-LET DNA
damage affects the frequencies of chromosomal aberrations. The
ratio of rings to dicentrics is correct for the genomic size cut-offs
corresponding to available experimental data. The present work
predicts a relative abundance of small rings following irradiation by
heavy ions.

(PS6.28) Alterations of plasma DNA concentration after
partial body radiation. Yongbing Cao1, Bingrong Zhang1, Mei
Zhang1, Shanmin Yang1, Yeping Tian1, Lei Zhang1, LuLu Zhang2,
Aiguo Zhang2, Sadasivan Vidyasagar1, Paul Okunieff1, Lurong
Zhang1, 1University of Rochester Medical Center, Rochester, NY,
2
DiaCarta, Foster City, CA
DNA breakage is the hallmark of ionizing radiation (IR)
damage. While chromosomal aberration frequency has been
regarded as the gold standard biodosimeter, we have explored the
possibility of released DNA fragment in plasma as means to
determine the effective IR exposure dose. In a mouse model the
alteration of plasma DNA is time- and dose-dependent, peaks at 9
hours after IR and reflects the IR dose from 2 to 10 Gy.To
determine the utility of plasma DNA in inhomogeneous IR
exposure, NIH Swiss mice (5–6 /group) received 10Gy to total
body (TBI) or to various partial body fields (head, thorax, abdomen,
hind leg). Nine hours late, the mice were sacrificed, plasma were
collected and assess with PicoGreen assay for the DNA concentration. The total body weight and the irradiated organs in the partial
140

body exposures were measured. The contribution to the circulating
DNA increase was represented by DNA Release Index (DRI): DNA
released after partial body irradiated / irradiated partial body weight
index (ratio of the given part to total body weight).The results
showed that at 9 hours post-IR, plasma DNA of mice receiving 10
Gy TBI was 667.126104.95 ng/ml, significantly higher than that of
no-IR mouse, 17.8361.64 ng/ml. The levels of mice received IR on
head, thorax, abdomen, hind leg were 48.79629.75, 133.51632.37,
294.986101. 55 and 40.31618.11 ng/ml, respectively. When
plasma DNA levels in each partial body IR group were divided
with the irradiated partial body weight index and conversed into
DRI, the contribution of DNA released from each part of irradiated
body were 327.0, 437.6, 913.4, 181.0 ng/ml, suggesting that the
contribution of released DNA is from abdomen, exceeded that of the
thorax, brain and leg in that order. We speculate that the abdomen
contains organs that are sensitive to immediate IR damage, such as
spleen. Consistent with this hypothesis, spleen weight was reduced
dramatically 9 hrs following IR.In conclusion, the contribution of
released DNA into plasma varies with body parts. The portion that
enriches in retinoendothelium (especially the lymphocytes) is more
sensitive to IR, and their death and apoptosis becomes the major
contributor to plasma DNA. Whether the clearance function of
retinoendothelium system (including spleen) damaged by IR relates
with the accumulation of released DNA remains to be investigated.

(PS6.29) The HSP90 inhibitor 17AAG radiosensitizes human
tumor cells at acidic pH by abrogating repair of DSBs by
homologous recombination. Ronald A. Coss1, Deana Mikhalkova1, Dennis B. Leeper1, Christopher W. Storck1, Phyllis R.
Wachsberger1, S. K. Singh2, George Iliakis1,2, 1Thomas Jefferson
University, Philadelphia, PA, 2University of Duisburg-Essen
Medical School, Essen, Germany
Our goal is to understand mechanisms responsible for
enhanced 17AAG-radiosensitization of tumor cells growing at a
tumor-like acidic pH compared to cells growing and treated at pH
7.3. While many have reported on the effects of HSP90 inhibitors
either alone or in combination with other therapeutics on tumor cells
growing at pH 7.3, none have reported on the effects of 17AAG
(17-allylamino-17-demethoxygeldanamycin) on tumor cells growing at a tumor-like acidic pH.17AAG radiosensitized DB1 human
melanoma cells cultured at pH 6.7 much more than cells at pH 7.3.
Radiosensitization at pH 6.7 was associated with reduced levels of
RAD51 and CHK1. DSB repair by NHEJ (PFGE) was slowed
slightly in 17AAG-treated cells at pH 7.3 but was not altered in cells
at pH 6.7. The formation of RAD51 nuclear foci, a functional assay
of homologous recombination repair (HRR), was slowed following
irradiation of DB1 cells grown at low pH and treated with 17AAG.
RAD51 was sequestered in the cytoplasm in irradiated cells treated
with 17AAG.Levels of RAD51 and CHK1 were greatly reduced in
both p53 proficient A549 and p53 deficient H1299 NSCLC cells
treated with 17AAG at pH 6.7 but not in cells at pH 7.3. However,
the levels of RAD51 and CHK1 were not reduced in the 17AAGresistant LoVo colon tumor cells at either pH. 17AAG-radiosensitization of these cell lines at acidic pH has yet to be performed.RAD51 is required for HRR and CHK1 is required for activation
of RAD51 as well as for radiation-induced cell cycle arrest. The
results suggest that 17AAG radiosensitizes tumor cells growing in
an acidic environment more than cells growing at pH 7.3 because
cells at acidic pH rely more on HRR for repair of DSBs. Since
17AAG treatment reduced levels of CHK1 in cells growing at pH
6.7 and not in cells growing at pH 7.3, enhanced radiosensitization
also may be due to loss of CHK1-dependent S and G2 checkpoints.
Finally, these results imply that more acidic tumors may be more
sensitive to 17AAG compared with less acidic tumors.(Supported
by TJU, grant nos. PO1 CA56690 and R25 CA48010 from NCI and
grants from the German BMBF. The authors thank the Drug
Synthesis and Chemistry Branch, Developmental Therapeutics
Program, Division of Cancer Treatment and Diagnosis, NCI for
the 17AAG used in these studies.

(PS6.30) Ku dependent NHEJ pathway contributes to low
dose radiation induced adaptive responses. Yun Zhu, Xiaoyan

P O S T E R
Yu, Hongyan Wang, Ping Wang, Ya Wang, Emory University,
Atlanta, GA

(PS6.31) Protection against radiation-induced carcinogenesis.
James B. Mitchell1, Miriam Anver2, Anastasia L. Sowers1, Paul S.
Albert1, Maria Figueroa1, Angela Thetford1, Murali C. Krishna1,
John A. Cook1, 1National Cancer Institute, Bethesda, MD,
2
Pathology/Histotechnology SAIC, Frederick, MD
The rationale of this study stems from the concern of
radiation-induced second malignancies after a course of definitive
radiation therapy or the possibility of a terrorist-mediated nuclear
attack resulting in large populations of people exposed to non-lethal
radiation doses, which would substantially increase the risk for
cancer induction post-exposure. Currently, there are no safe and
effective interventions to reduce this risk to humans. Previous
studies have shown that chronic administration of Tempol (nitroxide
antioxidant) in the diet of mice results in decreased weight and
spontaneous tumorigenesis, and increased tumor latency (Mitchell
JB, et al., Free Radic Biol Med 34:93–102, 2003). In the current
study we tested the hypothesis that Tempol administered in the diet
of mice would reduce radiation-induced cancer when given after the
radiation exposure. Total body radiation (3 Gy) was administered to
female C3H and CBA mice. Along with various control groups,
immediately after radiation one group of animals from each strain
was placed on a Tempol diet. Food consumption and animal
weights were monitored throughout the study. Animals were
followed for their entire lifespan. The endpoint for the study was
tumor formation or until the animal reached a humane endpoint at
which time the animal was euthanized and evaluated for the
presence of tumor (pathology evaluated on all animals). Interim
analysis of the study (800 days post-radiation) shows that Tempol
food supplementation: a) did not alter food consumption compared
to animals on a control food diet, b) compared to animals on control
food diet, the Tempol diet resulted in decreased weights in both
mouse strains (40% for C3H and 20% for CBA), and c) Tempol
food supplementation significantly enhanced the survival of both
mouse stains exposed to 3 Gy. More comprehensive data on
survival and the impact of Tempol on radiation-induced carcinogenesis will be presented.

(PS6.32) Maternal administration of manganese superoxide
dismutase plasmid/liposome administration protects fetal mice
from total body irradiation. Michael W. Epperly, Tracy Dixon,
Paavani Komanduri, Benjamin Greenberger, Hong Wang, Joel
Greenberger, University of Pittsburgh Cancer Institute, Pittsburgh,
PA
Poster Sessions

Low dose radiation (, 0.1 Gy) induced adaptive responses
could protect cells from the challenge high dose radiation-induced
killing. Such adaptive responses are believed to promote repairing
DNA double strand breaks (DSBs) that are the severest threats for
cell survival and genomic integrity. Two major kinds of DSB repair
exist in mammalian cells, homologous recombination repair (HRR)
and non-homologous end-joining (NHEJ). NHEJ requires Ku
heterodimer (ku80/ku70), DNA-dependent protein kinase catalytic
subunit (DNA-PKcs), ligase IV and XRCC4. HRR requires Rad51,
Rad52, Rad54 as well as the Rad51 paralogs including XRCC2,
XRCC3, Rad52B, Rad51C and Rad51D. However, it remains
unclear which repair pathway, NHEJ or HRR, is promoted by low
dose radiation-induced adaptive responses. To address this question,
we examined the low dose radiation-induced adaptive responsive by
observing cell survival in NHEJ or HRR deficient cell lines. Our
results reveal that low dose radiation (0.1 Gy) could reduce the
challenge (high) dose radiation-induced killing for wild type or
HRR deficient cells. However, such low dose could not reduce but
enhance the challenge dose radiation-induced killing for NHEJ
deficient cells. These results indicate that low dose radiationinduced adaptive responses depend on NHEJ, suggesting that the
adaptive responses are through promoting NHEJ. To confirm this
prediction, we examined the effects of low dose radiation on the
challenge dose with high linear energy transfer (LET) radiationinduced cell killing because we previously reported that the reason
for high-LET radiation killing more cells when compared with low
LET radiation at the same dose is due to inhibition of the Kudependent NHEJ. If promoting NHEJ results in the adaptive
responses, such adaptive responses should not be observed in highLET irradiated cells. As we expected, our results show that low dose
radiation could not arouse any protective role in challenge high-LET
irradiated cells. These results confirmed our hypothesis that NHEJ
affects low dose radiation-induced adaptive responses. This work
was supported by DOE grant (DE-FG02-05ER64084) and NASA
grant (NNX09AF24G).

S E S S I O N S

Intravenous injection of MnSOD plasmid/liposomes
(MnSOD-PL) protects adult mice from LD 50/30 9.5 Gy total
body irradiation. We tested the hypothesis that maternal administration of Manganese Superoxide Dismutase (MnSOD) protects
fetal mice from total body irradiation in utero. Timed pregnant
C57BL/6NHsd mice were irradiated on day 14 of pregnancy (E14)
to sublethal but teratogenic doses of 0, 1, 3, 5, or 7 Gy total body
irradiation. All pups from 7 Gy irradiated pregnant mice were born
dead (n ¼ 19). Fifteen pups from 5 Gy irradiated mice were born
alive, but died within 48 hours. Twenty-four percent of pups (n ¼
29) from 3 Gy irradiated mice survived until weaning, while 90% of
1 Gy (n ¼ 20) and 100% of 0 Gy irradiated pups survived until
weaning (n ¼ 28). At birth, there was no significant difference in
weight between 0 and 1 Gy treated pups (11.06 þ 0.2 g, or 10.4 þ
0.5 g, respectively), but 3 treated Gy pups showed decreased weight
of 7.1 þ 0.4 g (p ,0.0005). Epitope tagged hemagglutinin (HE)
MnSOD-PL injected pregnant E14 female mice sacrificed 24 hr
later were tested for localization of MnSOD transgene in fetuses.
RNA was isolated from the placenta, fetus, and maternal organs.
Using primers specific for the MnSOD transgene, expression was
detected by RT-PCR and HE-MnSOD protein by immunoflurosence in the maternal liver. No transgene or protein was detected in
fetal tissues. To determine if MnSOD-PL protected growth of pups
held after birth, 50% of timed E13 pregnant mice (n ¼ 20) were
injected IV with MnSOD-PL (100 lg plasmid DNA) and irradiated
along with control pregnant mice (n ¼ 20) to 0, 1, 3 or 5 Gy TBI on
E14. At 0 and 1 Gy, MnSOD-PL had no detectable effect on the
number of mice born or the number that survived to 6 months after
birth. At 3 Gy, 26% (n ¼ 11 out of 42) of pups were born dead in the
MnSOD-PL group compared to 37.5% (n ¼ 21 out of 56) in the 3
Gy only group (p ¼ 0.138). At six months, 40% of mice born alive
(n ¼ 14 of 35) had died in the 3 Gy irradiated control group
compared to 9.7% (n ¼ 3 out of 31) of the MnSOD-PL 3 Gy group
(p ¼ 0.0029). There was no detectable protection if given in 5 Gy
irradiated pups. Therefore, maternal MnSOD-PL protects fetal mice
in utero from 1 to 3 Gy total body irradiation by an indirect
bystander effect. Supported by NIH grant U19AI061021.

(PS6.33) Identification and characterization of ionizing
radiation responsive microRNAs. Melissa N. Morris, Daohong
Zhou, Yong Wang, Medical Univeristy of South Carolina,
Charleston, SC
MiRNAs are small ;22 nucleotide non-coding RNA
molecules that play an important role in regulation of many cell
processes. However, the roles of miRNAs in regulation of cellular
responses to ionizing radiation (IR) have not been well characterized. Using a microarray assay, our laboratory has identified a set of
62 miRNAs that were differentially expressed in irradiated normal
human WI38 fibroblasts. Among these miRNAs, 19 miRNAs were
up-regulated and 43 were down-regulated by IR. The differential
expression for seven of these miRNAs was confirmed by real-time
RT-PCR by having at least a two-fold change in expression level to
be considered significant. A time course study revealed significant
changes in the expression of these IR responsive microRNAs (IRmiRNAs) at 3 days post IR and continued at this level until day 14
when the cells were deemed senescent. In addition to being time
dependent, an IR dose responsive curve demonstrated significant
dose dependent changes in the expression of IR-microRNAs. The
dose- and time-dependent changes in IR-miRNA expression after IR
exposure suggest that IR-miRNAs may be used for radiation
dosimetry. In addition, their roles in regulation of cellular responses
to IR are under intensive investigation.

(PS6.34) Evaluating pulmonary injury after combined exposures to low-dose low-LET radiation and fungal spores. Laura
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Downing1, Kara Sawarynski1, Kimberly Powell1, Jacqueline P.
Williams2, Jacob N. Finkelstein2, Matthew Sims1, Brian Marples1,
1
William Beaumont Hospital, Royal Oak, MI, 2University of
Rochester, Rochester, NY

Poster Sessions

Pulmonary damage after low-dose low-LET irradiation is
characterized by an initial diffuse alveolar inflammation. By
contrast, inhaled fungal spores produce localized damage around
pulmonary bronchioles. In the present study, we assessed lung
injury in C57BL/6 mice after combined exposures to whole-body
X-irradiation and inhaled fungal spores. Animals were exposed to
Aspergillus spores and immediately irradiated with 2-Gy, or the
inoculation and irradiation were separated by either 1 or 4 weeks.
Pulmonary injury was assessed at 24 and 48 hrs, and 1, 2, 4, 8, and
24 weeks post irradiation using standard H&E sections, and
compared with sham-treated age-matched controls. Quantitative
immunohistochemistry for invasive inflammatory cells (macrophages, neutrophils and B and T lymphocytes) and cytokines (e.g. IL6,
ILb) was performed. Three scoring systems were used to evaluate
the radiation-induced changes in pulmonary architecture. Alveolar
deformation was characterized by scoring alveolar septal thickening
and distortion, and interstitial & intra-alveolar edema and
hyperplasia of type II pneumocytes. The changes in tissue
architecture with respect to time were coincident with peri-vascular
and peri-bronchiolar inflammation and invasion of inflammatory
cells. Each scoring method detected significant changes in alveolar
architecture at the earliest time points compared with sham-treated
controls and resulted in comparable evaluations of injury.
Radiation-induced changes in lung architecture were most evident
during the first 2 weeks post exposure. Fungal changes were seen
over the first 4 weeks and had cleared by 8 weeks. Simultaneous
combined exposures increased the duration of pulmonary damage,
but this was diminished when a time interval occurred between the
two exposures. Therefore, the radiation-mediated cytokine and
inflammatory responses increased the extent of fungal-related
pulmonary complications. These data indicate that in the event of
an explosive radiological attack, changes in lung tissue produced by
the inhalation of radioactive particles would alter the susceptibility
to environmentally ubiquitous fungal spores or bioterrorism-related
fungal agents. Supported by CBARMFI and Department of
Radiation Oncology, William Beaumont Hospital.

(PS6.35) Use of EPR for dosimetry for management of
potential radiation exposures to a large population. Harold
Swartz1, Eugene Demidenko2, Ruhong Dong3, Oleg Y. Grinberg3,
Jiang Gui3, Xiaoming He3, Piotr Lesniewski3, Javier Nicolalde3,
Andres Ruuge4, Dean Wilcox4, Ben Williams1, 1Dartmouth
Medical School, Hanover, NH, 2Dartmouth Medical School,
Lebanon, NH, 3Dartmouth Medical School, Hanover, NH, 4Dartmouth College, Hanover, NH
The potential exposure of large numbers of people to levels of
ionizing radiation that could lead to the acute radiation syndrome
(ARS) is now a significant possibility due to terrorism or nuclear
war, and also could occur from accidents. There is a need to
determine the exposure dose to individuals immediately after such
an event under what is likely to be very chaotic conditions. Under
such chaotic conditions the usual approaches (peripheral blood
counts, structural changes in chromosomes, and clinical signs such
as time to emesis) cannot provide prompt and accurate classification
of large numbers of individuals into action categories. While several
promising biologically based techniques are being developed, these
are likely to be potentially confounded by other factors such as
stress and trauma that also will have a high prevalence in the
exposed population, and these also inevitably have a complex time
course rising and falling over hours to days. This presentation
describes how a physically based approach, electron paramagnetic
resonance (EPR) dosimetry, can complement the other approaches.
EPR utilizes the person as the dosimeter, measuring stable radiationinduced unpaired electrons in teeth and finger or toenails. The
magnitudes of the EPR signals are proportional to the absorbed
dose. The measurements in teeth use a specially built low frequency
(1200 MHz) in vivo EPR dosimeter with a resonator that fits
comfortably over the teeth within the mouth. The measurements in
fingernails/toenails use a conventional EPR spectrometer and
measure the radiation induced signals in clippings from fingernails
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or toenails; a new approach may make it feasible to make the
measurements in nails in situ, in vivo. Transportable versions of the
EPR spectrometers have been developed. Depending on the
circumstances the measurements can be focused on rapid screening
(e.g. . 2 Gy) or quantitative dose assessment. The time required for
the individual measurements can be less than 10 minutes for teeth
and 5 minutes for nails. The measurements can be made any time
after the irradiation occurs and the results are immediately available.
The most recent developments in this area of intensive research will
be summarized. Research supported by NIH (U19AI067733) and
DARPA (HR0011-08-C-0022 & HR0011-08-C-0023).

(PS6.36) Dietary selenium (Se) for the mitigation of radiation
injury: effects of Se dose escalations. Fritz Sieber, Sarah A. Muir,
Eric P. Cohen, Brian L. Fish, Marilou Mäder, Ashley M. Schock,
Bryan J. Althouse, John E. Moulder, Medical College of Wisconsin,
Milwaukee, WI
We recently reported that daily dietary supplementation with
100 lg Se in the form of sodium selenite or seleno-L-methionine
(SeMeth) mitigates radiation injury to kidneys in a rat model of total
body irradiation (TBI) (10 Gy, single dose) as indicated by blood
urea nitrogen (BUN) levels and histopathological criteria (Sieber et
al, Radiat Res 171, 368–373, 2009). In a follow-up study, which is
presented here, we explored the risks and benefits of escalating Se
supplementation beyond 100 lg/day. Rats were trained to accept
drinking water delivering .100 lg Se/day by increasing Se doses in
50 lg increments. While training was in progress, the balance of the
target dose was administered by oral gavage. Supplementation with
200 lg/day was well tolerated. Of 14 rats receiving SeMeth, 1 had
to be euthanized on day 146 post TBI, and of 6 rats treated with
sodium selenite, 2 had to be euthanized 32 and 67 days post TBI,
respectively. At 200 lg/day, both supplements had a stronger
mitigating effect than at the previously used 100-lg dose. At 2 and
4 months post TBI, BUN levels (geometric means 6 SE) were 46.3
6 2.6 and 110.3 6 13.8, respectively in irradiated rats on standard
drinking water, 22. 5 6 0.7 and 22.3 6 0.4, respectively in agematched non-irradiated controls, 34.2 6 1.9 and 39.0 6 7.3,
respectively in irradiated rats on sodium selenite, and 25.5 6 1.1
and 74.1 6 5.2, respectively in rats on SeMeth. Early results of an
ongoing experiment indicate that supplementation with SeMeth can
be reduced from 5 months to 2 months without compromising
efficacy. Escalating the Se dose to 300 lg/day failed to further
improve efficacy but caused considerable toxicity. Of 14 rats
receiving 300 lg Se/day, 10 died or needed to be euthanized for
reasons other than high BUN levels. These data confirm that dietary
supplementation with Se is an effective mitigator of radiation injury.
Chronic Se toxicity is a concern in animals that have sustained
major radiation injury to kidneys and liver, but shorter treatment
courses may help manage this risk. Supported by U19-AI067734
and MACC Fund.

(PS6.37) Gamma-H2AX as a biodosimeter for ionizing
radiation exposure: an in vivo study with non-human primates.
Christophe E. Redon1, Asako J. Nakamura1, Arifur Rahman2,
William F. Blakely2, William M. Bonner1, 1NIH/NCI/CCR/LMP,
Bethesda, MD, 2Armed Forces Radiobiology Research Institute,
Uniformed Services University, Bethesda, MD
Upon DNA double-strand breaks (DSB) induction, hundreds
of H2AX molecules at the DNA break site are rapidly phosphorylated on a serine residue near the C-terminus (gamma-H2AX).
Therefore the detection of gamma-H2AX is a good candidate for
monitoring DSB in vivo. We have developed diagnostic tests for in
vivo IR exposure based on detection of gamma-H2AX using
immunoblotting and immunocytochemistry. By sampling blood
lymphocytes and plucked hairs, we assessed the usability of
gamma-H2AX as a biodosimeter using a nonhuman primate (NHP)
radiation model (60Co gamma-rays at 0.6 Gy/min). A total of 22
male and female adult (3 to 6 years old) Rhesus macaques (Macaca
mulatta) were used for this study: 3 groups of 6 NHPs each received
a single whole-body irradiation dose of 1, 3.5 and 6.5 Gy
respectively while a fourth group of 4 NHPs was sham-irradiated.
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(PS6.38) Total body irradiation-induced increase in risk
factors for cardiovascular disease are mitigated by post
irradation treatment with Losartan and Curcumin. John E.
Baker, Brian Fish, John E. Moulder, Medical College of Wisconsin,
Milwaukee, WI
The extent to which total body irradiation (TBI), from a
radiation accident or radiological terrorism, affects the cardiovascular system is poorly understood. We previously showed that a single
TBI exposure with a dose of 10 Gy results in a time-dependent
increase in serum total cholesterol, LDL cholesterol, and triglycerides, all of which are biomarkers for the increased risk for
cardiovascular disease. Hypercholesterolemia is associated with
morphological injury to the vascular endothelium resulting in
stenosis, decreased density of the smaller diameter coronary vessels,
and a decrease in ventricular function at 120 days following TBI,
manifest functionally as a decline in global radial and circumferential
strain. Medical countermeasures to mitigate radiation injury to the
heart following TBI using compounds that are currently available are
urgently needed. We evaluated the ability of an existing pharmaceutical and a nutriceutical agent to mitigate hyperlipidemia and
impaired heart function when given after radiation exposure. WAG/
Rij/Cmcr male rats (n¼84) at 5 weeks of age received TBI with a
single dose of 10 Gy. One to 2 hr after TBI, rats were given fresh
isogenic bone marrow cells. Non-irradiated rats, not receiving a bone
marrow transplant, served as controls. Treatment with Losartan (40–
60 mg/m2/day) added to the drinking water or curcumin (4% of diet)
was started 4 days after TBI. Serum was taken at the time of
irradiation and then at 20, 40, 60, 80, 100 and 120 days after TBI.
Myocardial viability was assessed using two dimensional strain
echocardiography in rats after 120 days. TBI increased cholesterol
and triglycerides compared with non irradiated controls, as reported
previously. Curcumin limited hypercholesterolemia at 30–90 days
after TBI. Curcumin prevented hypertriglyceridemia at 30–120 days
in irradiated rats, decreased triglycerides in non irradiated rats and
partially preserved cardiac function at 120 days. Losartan limited
hypercholesterolemia and hypertriglyceridemia at 30–90 days
following TBI. Losartan partially preserved cardiac function at 120
days. We conclude curcumin and Losartan are partially effective in
decreasing risk factors for cardiovascular disease and cardiac
mechanical dysfunction following TBI.

(PS6.39) Metabolomic profiling of urines from p53-/- and wild
type mice following exposure to gamma radiation. Evagelia C.
Laiakis1, Henghong Li1, Andrew D. Patterson2, Amrita Cheema1,
Frank J. Gonzalez2, Albert J. Fornace Jr1, 1Georgetown University,
Washington, DC, 2National Institutes of Health, Bethesda, MD

The purpose of this study was to determine metabolomic
signatures in the urine of p53-/- mice that were exposed to gamma
radiation. As an initial study to assess differences in metabolic
profiles based on genetic differences, we conducted metabolomic
analysis of two isogenic cell lines, TK6 and NH32 which was
generated by targeted disruption of the p53 gene. Results revealed
that even at basal levels, a single gene could confer marked changes
in cell metabolism resulting in dysregulation of glycolysis, reactive
oxygen species regulation (e.g. we observed differences in
glutathione levels), and aerobic respiration.Previous studies determined that p53-deficient mice survive doses that lead to the
hematopoietic syndrome but were significantly sensitized to doses
leading to the gastrointestinal syndrome (Komarova et al, Oncogene
2004). In our studies we utilized three doses of gamma radiation: 3,
8, and 15 Gy. Results of survival in p53-null mice relative to wild
type are consistent with this previous study in that this particular
genotype confers protection from the hematopoietic syndrome and
sensitizes mice when higher doses are used.To determine the effects
of gamma radiation on the metabolome of p53-null mice relative to
wild type mice (all male C57Bl/6 mice, 8–10 weeks old) in easily
accessible biofluids, we collected urine over a time period of 3 days
pre-irradiation and 2 weeks post-irradiation on alternating days. The
urine was analyzed using ultra-performance liquid chromatography
coupled to time-of-flight mass spectrometry (UPLC-ESI-TOFMS) in
positive and negative ionization modes. Multivariate data analysis
was applied with the chemometric software SIMCA-P þ (Umetrics,
Sweden) and the Random forest. Verification of the markers was
conducted with tandem mass spectrometry (MS/MS) by comparison
of the fragmentation patterns to pure chemical standards. Quantitation of the markers was performed with a triple quadrupole/linear ion
trap mass spectrometer with a UPLC interface. Our studies reveal
that changes in genotype not only affect the metabolism of mice on a
basal level, but also have profound effects on the responses to
ionizing radiation and markers associated with exposure. These
results and specific examples will be discussed.
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Plucked whisker and eyebrow hairs were examined prior to and up
to 2 days post-IR. Blood samples were analyzed prior to and from
6.5 hours for up to 23 days post-IR. Gamma-H2AX was still
detected in hair samples 2 days after treatment with 3.5 and 6.5 Gy.
In lymphocytes statistically significant readings at both the
individual and the pooled cohort levels were detected after 1, 2,
and 4 days following treatment with 1, 3.5 and 6.5 Gy; p values for
these pooled dose cohorts were 0.022, 0.005, and ,0.001
respectively. Moreover, readings from blood samples at 2 and 4
days after 3.5 and 6.5 Gy fitted a linear dose response. Finally, low
levels of gamma-H2AX foci were still detectable in NHP
lymphocytes two weeks after exposure to 3.5 and 6.5 Gy,
suggesting that some DSBs remained unrepaired. As a rapid
response to nuclear or radiological exposure is crucial, this study
shows that gamma-H2AX formation to monitor DNA damage in
vivo could be a robust biodosimetric measure of IR exposure in
humans. Such a methodology would allow clinicians to screen for
humans exposed to IR and treat its immediate and long-term
medical effects. Additional studies are required to evaluate the
influence of potential confounders (i.e., inter-individuals variations,
dose fractionation, response of special populations (i.e., elderly,
etc.)) for use of this assay for radiation injury and dose assessment.
Research supported by DARPA’s Radiation Biodosimetry Program
- MIPR entitled: Nonhuman Primate Testing for Biodosimetry.
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(PS6.40) MnTnHex-2-PyP5þ. Structural characteristics, lipophilicity and bioavailability contribute to its high potency in
pulmonary radioprotection. Ines Batinic-Haberle, Ben GauterFleckenstein, Ivan Kos, Katharina Fleckenstein, Ivan Spasojevic,
Zeljko Vujaskovic, Duke University Medical Center, Durham, NC
Cationic Mn(III) N-alkylpyridylporphyrins (alkyl¼methyloctyl) are reportedly the most potent synthetic catalytic scavengers
of superoxide and peroxynitrite. By removing those species, they
eliminate signal for transcription factors activation (AP-1, HIF-1a,
NF-KB) which in turn suppresses secondary inflammatory responses. Besides chemical properties, lipophilicity, size and the shape of
the molecule greatly affect its in vivo efficacy. In order to increase
its lipophilicity and thus its cellular accumulation, without
compromising porphyrin antioxidant properties, we have modified
the structure of our lead drug MnTE-2-PyP5 þ (alkyl¼ethyl) to
produce MnTnHex-2-PyP5 þ (alkyl¼hexyl). In aerobic growth of
SOD-deficient E. coli, lipophilic MnTnHex-2-PyP5 þ was 30-fold
more efficacious than hydrophilic MnTE-2-PyP5 þ. It exerted 120fold increased efficacy in rat renal ischemia/reperfusion as
compared to MnTE-2-PyP5 þ. We were recently able to determine
the common drug lipophilicity measure, the partition between noctanol and water, POW. MnTnHex-2-PyP5 þ has POW value in the
range of common commercial drugs. For each carbon atom added
into the alkyl chain, lipophilicity increases ;10-fold. Thus
MnTnHex-2-PyP5 þ has 13,000-fold (log POW¼-2.29) higher
lipophilicity in comparison with MnTE-2-Py5 þ (log POW¼-6.43)
which likely enhances cellular accumulation and in turn its in vivo
efficacy. We already reported that early and late, 2 weekadministration of 6 mg/kg MnTE-2-PyP5 þ after rat lung irradiation,
produces remarkable decrease in lung fibrosis and inflammatory
parameters, suppressing primary and secondary oxidative events. In
the same model, at 120-fold lower dose (0.05 mg/kg) for 2 weeks,
starting at 2 h after radiation, MnTnHex-2-PyP exerted efficacy of
similar magnitude as 6 mg/kg MnTE-2-PyP5 þ. As both drugs work
predominantly via same pathways, MnTnHex-2-PyP5 þ will likely
be radioprotective when given at later time points after irradiation
also. Importantly, mouse TD50 (subcutaneously) is 12.5 mg/kg. The
ratio of toxic to effective dose is 250, allowing a wide therapeutic
window. Finally, in a recent monkey study, after 6 months of
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osmotic pump-administration of 0.05 mg/kg of MnTnHex-2-PyP5 þ,
no toxicity was observed. Support: NIH U19AI67798-01, W. H.
Coulter Grant, NIH/NCI DUCCC.

(PS6.41) Adaptation of c-H2AX and micronucleus assays for
automated processing. Helen C. Turner1, Guy Garty1, Oleksandra
V. Lyulko1, Muriel Brengues2, Antonella Bertucci1, Julia Schafer1,
Gerhard Randers-Pehrson1, Frederic Zenhausern2, David J. Brenner1, 1Columbia University, New York, NY, 2Arizona State
University Biodesign Institute, Tempe, AZ
The RABIT (Rapid Automated Biodosimetry Tool), is a fully
automated, ultra-high throughput biodosimetry system, based on
robotic sample handling and high speed imaging systems to reliably
screen blood samples (from a single drop of blood) to estimate
individual past radiation exposures. In this study, we have adapted
and optimized two standard biodosimetric assays, c-H2AX and
micronucleus (MN) for in situ analysis in multi-well plates.
Peripheral whole blood samples were irradiated with c-rays (0.5
to 2 Gy) and 30 ll samples were pipetted into heparin-coated PVC
capillaries containing 50 ll of lymphocyte separation media. To
isolate lymphocytes, the blood-filled capillaries were spun at 4000
rpm for 5 min and the separated lymphocyte bands were released
into filter-bottomed multi-well plates and washed twice with Hanks
Balanced Salt Solution (HBSS) to remove traces of separation
media and blood plasma. For the immunodetection of c-H2AX foci,
lymphocytes were incubated with an anti-human c-H2AX monoclonal antibody and visualized using an Alexa Fluor 555 secondary
antibody. The nuclei were counterstained with DAPI dilactate.
Imaging analysis showed good nuclear to foci contrast and
resolution such that we were able to detect a dose-response in cH2AX foci formation. The advantage of using equivalent stains in
the two bioassays is that it will allow us to switch the RABIT
operating system from the c-H2AX to MN assay within an hour.
For the MN assay, lymphocytes were cultured in complete RPMI
1640 medium containing phytohemagglutin (PHA) to stimulate
mitosis followed by the addition of cytochalasin B to block cytokinesis and obtain binucleate cells. A combination of the nuclear
stain DAPI and cytoplasmic stain, CellMaskTM Orange was used to
differentiate between nuclear and cell membrane boundaries on the
polycarbonate filter membrane. Our results showed that we were
able to manually score nearly 200 binucleated cells in one microwell and detect MN formation in the irradiated blood samples.
Similar results were observed in irradiated blood samples that had
been packaged and transported in capillaries from Arizona State
University to Columbia University, NY. Lymphocyte viability was
confirmed by their ability to respond to PHA stimulation and form
binucleates. Work supported by NIAID grant 5 U19-AI067773.

(PS6.42) Thoracic irradiation of Nitric Oxide Synthase 1
Homologous Recombinant Negative (NOS1 -/-) mice induces
esophageal dilation and early death while their mesenchymal
stem cells are paradoxically radioresistant. Xichen Zhang1,
Malolan Rajagopalan1, Bettina Buchholz2, Anthony Bauer2, Darcy
Franicola1, Tracy Dixon1, Shaonan Cao1, Joel Greenberger1,
1
University of Pittsburgh Cancer Institute, Pittsburgh, PA, 2University of Pittsburgh School of Medicine, Pittsburgh, PA
Mitochondria play a critical role in ionizing radiation-induced
apoptosis. Irradiation-induced superoxide and nitric oxide combine
to form peroxynitrite, leading to lipid peroxidation in the
mitochondrial membrane and a cascade of events culminating in
apoptosis. Neuronal Nitric Oxide Synthase (NOS1), one of the three
isoforms of nitric oxide synthase (NOS), is localized to the
mitochondrial membrane. If NOS contributes to irradiation-induced
apoptosis, then NOS1 -/- mouse derived cell lines as well as NOS1
-/- mice should be radioresistant. Irradiation survival curves were
performed on bone marrow stromal cells lines derived from long
term bone marrow cultures from each of 4 mouse strains: NOS 1 -/-,
NOS2 -/- (inducible NOS), NOS3 -/- (endothelial NOS), and control
C57BL/6NHsd. Cells were irradiated to doses from 0–8 Gy and
colonies of .50 cells were scored. NOS1 -/- bone marrow stromal
cells demonstrated significant radiation resistance (ñ¼20.8 6 5.6,
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Dq¼5.2 6 1.3 Gy) compared to control C57BL/6NHsd stromal
cells (ñ¼8.3 6 2.4, Dq¼1.8 6 1.5 Gy) (p ¼ 0.036 or 0.04,
respectively). There was no significant difference in radiosensitivity
between C57BL/6NHsd, NOS2 -/-, or NOS3 -/- marrow stromal cell
lines. C57/B6NHsd, NOS1 -/-, NOS2 -/-, NOS3 -/- mice received
thoracic irradiation to 19 Gy by Cesium Gamma cell irradiator and
were followed for development of radiation lung damage and
survival. In 2 experiments with 20 mice per group, NOS1 -/thoracic-irradiated mice were more sensitive to irradiation with
LD50 (50% of mice dead) of 41 days compared to 156, 148 or 159
days for C57BL/6NHsd, NOS2 -/- or NOS3 -/- mice, respectively (p
, 0.0001). Autopsies of NOS1 -/- mice demonstrated malnourishment and dehydration. Pathologic evaluation revealed esophageal
dilation not found in other groups. NOS1 -/- mice demonstrate
significant thoracic radiosensitivity relative to NOS2 -/- , NOS3 -/-,
and control C57Bl/6NHsd mice, which was discordant with
paradoxical marrow stromal cell line radioresistance. Electrical
field stimulation and gastrointestinal transit studies of the esophagogastric junction may reveal the mechanism of the novel rapid
thoracic irradiation injury in NOS1 -/- mice. Acknowledgement:
The project was supported by award numbers R01CA11927 &
T32AG21885 from the National Institutes of Health.

(PS6.43) The dendro[60]fullerene DF-1 provides potent
radioprotection to mammalian cells. Corey A. Theriot1, Rachael
C. Casey1, Valerie C. Moore2, Jodie L. Conyers2, Honglu Wu1,
1
NASA Johnson Space Center, Houston, TX, 2University of Texas
Health Science Center at Houston, Houston, TX
Radiation risks are a major health concern for astronauts
exposed to space radiation during missions of exploration beyond
low-Earth orbit, with radiation-induced cancer one of the main
health risks for manned spaceflight into the solar system. In
addition, the risk of acute radiation syndrome from exposure to
large solar particle events during space missions have a more
significant potential affect on mission success, including prodromal
effects, skin injury and depletion of the blood forming organs
possibly leading to death. The development of effective biomedical
and physical countermeasures against space radiation-induced
biological impacts is critical for the success of future missions to
the Lunar and Mars surfaces. Development of nano-materials for
radioprotection is a promising emerging technology that could be
exploited to address NASA’s needs for exploration. In this study,
we examined the ability of the C60 fullerene derivative DF-1 to
protect radiosensitive mammalian cells, specifically, human lymphocytes, fibroblast, and rat intestinal crypt cells, from the effects of
high doses (up to 5 Gy) of gamma irradiation. We confirmed earlier
reports of DF-1 0 s lack of toxicity in these cells, and observed that
DF-1 protected both cell types against radiation-induced cell death.
This study also determined that DF-1 protected the cells against
radiation-induced DNA damage, as measured by inhibition of
micronucleus formation, and reduced the levels of reactive oxygen
species in the cells. Furthermore, the ability of DF-1 to protect
against the cytotoxic effects of radiation was comparable to that of
amifostine. Finally, the internalization of DF-1 into crypt cells was
confirmed, and localization was primarily seen in the cells’
cytoplasm. Current research is focused at addressing the molecular
mechanism of DF-1-induced radioprotection to determine if DF-1
affects particular gene regulatory pathways that aid in radioprotection, in addition to DF-1 0 s free radical scavenging activity. Taken
together, these results suggest that DF-1 provides potent protection
against several deleterious cellular consequences of irradiation in
mammalian systems including oxidative stress, DNA damage, and
cell death.

(PS6.44) Radiation Lung Injury and Mitigation by Angiotensin Converting Enzyme Inhibitors. Swarajit N. Ghosh, Feng Gao,
Lakhan Kma, Ying Gao, Robert C. Molthen, Brian L. Fish, John E.
Moulder, Elizabeth R. Jacobs, Meetha Medhora, Medical College of
Wisconsin, Milwaukee, WI
Determining the efficacy of counter measures to radiation
exposure following a radiological terrorism event requires an
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(PS6.45) ARA290 is an efficacious radiomitigator of both the
hematopoietic and gastrointestinal syndromes of the acute
radiation syndrome. Christie M. Orschell1, Artur Plett1, Michael
Yamin2, Michael Brines2, Barry Katz1, Beth Juliar1, Ann Farese3,
Thomas MacVittie3, Cath Booth4, 1Indiana University School of
Medicine, Indianapolis, IN, 2Araim Pharmaceuticals, Ossining, NY,
3
University of Maryland School of Medicine, Baltimore, MD,
4
Epistem Ltd., Manchester, United Kingdom
Due to the growing threat of terrorist use of radiological
weapons and lack of licensed radiomitigators, the need for testing
the efficacy of potential countermeasures in relevant animal models
that recapitulate various radiation-induced syndromes continues.
Since there is seldom a clear separation between the different
radiation-induced syndromes, countermeasures that possess efficacy
in more than one syndrome are of particular interest. One such
potential mitigator is ARA290, a protective agent with antiinflammatory and anti-apoptotic properties that has proven
efficacious in preclinical tissue injury models. To test the efficacy
of ARA290 in the hematopoietic and gastrointestinal (GI)
syndromes of the Acute Radiation Syndrome (ARS-HS and ARSGI), 10–12 week old C57Bl/6 mice were exposed to total body
irradiation (TBI) with either 8Gy gamma irradiation (to model
mainly ARS-HS), 13GyTBI with x-ray (to model mainly ARS-GI),
or 15Gy partial body irradiation (PBI) with head, thorax, and
forelimbs shielded. PBI allows long-term examination of ARS-GI
since sufficient marrow cells are shielded to prevent mortality from
ARS-HS. Irradiated mice received daily SQ injections of 30ug/kg
ARA290 starting 24 hrs after radiation exposure and continuing
until study end. Thirty-day survival and median survival time in
8GyTBI and 15GyPBI groups were increased in ARA290-treated
mice (p¼0.002 and 0.04, respectively), although mean survival time
of decedent animals was not enhanced. Mice exposed to 13GyTBI
were analyzed for intestinal crypt regeneration 4–6d post-exposure,
and found to be similar to controls. The fact that ARA290 did not
enhance crypt renewal, but did increase survival in the 8GyTBI and
15GyPBI models, suggests that ARA290 may have effects on
marrow that are necessary for ARS-GI efficacy. These data suggest
that ARA290 may be a useful dual-syndrome mitigator, and
demonstrate the usefulness of our murine models of ARS-GI and
ARS-HS to evaluate efficacy of broad-spectrum radiomitigators.
Funded by NIAID, contract #HHSN266200500043C.

(PS6.46) Fgf-p stimulates keratinocytes proliferation following
irradiation. Kunzhong Zhang, Yeping Tian, Liangjie Yin, Mei
Zhang, Bingrong Zhang, Shanmin Yang, Anna De Benedetto, Lisa
A. Beck, Paul Okunieff, Lurong Zhang, Sadasivan Vidyasagar,
University of Rochester Medical Center, Rochester, NY
Epidermal tissue is constantly replaced by cells originating
from proliferating keratinocyte stem cells (KSC) in the stratum
basale. Proliferative activity of KSC is most often affected by

irradiation both natural and iatrogenic and leads to ulceration and
defective barrier function. FGF-P, a small peptide derived from the
receptor binding domain of FGF-2, was shown to stimulate the
proliferation of both intestinal endothelium and epithelial tissues.
The effect of FGF-P on irradiated human keratinocytes was
evaluated. Keratinocytes isolated from discarded neonatal foreskin
were grown on porous (0.4 lm) culture inserts. The cells were
irradiated on the 3rd day after passage with different doses (0, 5 &
10 Gy) of ionizing radiation (IR) (1.84 Gy/min), and some wells
were then treated with 100 ng/ml FGF-P. Confluent keratinocytes
were assessed for FITC-conjugated BSA (FITC-BSA) permeability
and transepithelial electrical resistance (TEER, Ohms) in Ussing
chamber studies 14 days after IR. FITC-BSA was added to the
apical side, and samples were taken from basolateral side. There
was a significant increase in FITC-BSA permeability in tissues
irradiated to both 5 Gy (50.5 6 3.3%) and 10 Gy (59.3 6 6.5%).
FGF-P treatment effected a decrease of 38.1% 6 2.8 (5 Gy) and
38.0 6 3.3 % (10 Gy) in FITC-BSA permeability. TEER showed a
significant decrease in IR tissues at 5 Gy (61.2 6 4.1 vs 45.3 6 3.3
X) and 10 Gy (61.2 6 4.1 vs 37.3 6 2.0 X), while FGF-P treatment
restored TEER to the baseline level. Tight junction protein claudin2 has a negative effect on tight junction barrier function, and it was
shown by Western blot analysis to increase following IR. Its
expression decreased with FGF-P treatment.In conclusion, the
treatment of irradiated human keratinocytes with FGF-P enhanced
barrier function as demonstrated by 1) increased TEER; 2)
decreased paracellular permeability; and 3) down regulated the
expression of claudin-2.
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understanding of the response of normal tissue to sub-lethal doses of
different forms of ionizing radiation. We have been studying the
impact on lung structure and function of whole thoracic irradiation
with such sub-lethal doses of calibrated X-rays. Using a rat model,
we observed that numerous indices of pneumonitis that develop
around 6–10 weeks return to pre-irradiation levels without specific
intervention. In addition, we have noted that administration of the
angiotensin converting enzyme (ACE) inhibitor captopril in
drinking water effectively mitigates the pneumonitis that develops
in a whole thoracic model between 6–8 weeks. We now aim to
study injury after total body irradiation (TBI) as well as evaluate the
mitigating potential of the long-acting ACE inhibitors fosinopril and
enalapril. We have observed that 11 Gy TBI followed by a bone
marrow transplant results in observable elevation in breathing rates
in rats at around 8 weeks after injury. By 12 weeks however, there is
no difference in breathing rates between the study and control
animals. In addition, we have noted that the increase in body weight
is attenuated in animals that are given 11 Gy TBI particularly
beyond 8 wks after injury (compared to age-matched control) and
was more marked than in animals that are given only whole thoracic
irradiation. We are comparing mitigating effects of the three ACE
inhibitors in both models of injury.Financial support was provided
by NIH/NIAID agreements U19-AI-67734, RC-1 AI 81294.
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(PS6.47) Protective effects of a herbal composition (HemoHIM) on the hippocampus-dependent learning and memory in
c-irradiated mice. Sung-Ho Kim1, Joong-Sun Kim1, Hae-June
Lee2, Changjong Moon1, Uhee Jung3, Hae-Ran Park3, Sung-Kee
Jo3, 1Chonnam National University, Gwangju, Republic of Korea,
2
Korea Institute of Radiological and Medical Science, Seoul,
Republic of Korea, 3Advanced Radiation Technology Institute,
Korea Atomic Energy Research Institute, Jeonbuk, Republic of
Korea
Even low-dose irradiation can lead to the progressive
cognitive decline and memory deficit, which implicates, in part,
hippocampal dysfunction in both humans and experimental animals.
A novel herbal composition (HemoHIM) was previously shown to
protect the self-renewal tissues and promote the recovery of the
immune system against irradiation. The aim of the present work was
to examine the potential protective properties of HemoHIM on the
hippocampus-dependent learning and memory and histological
changes induced by c-irradiation in mice. ICR mice were irradiated
with 0.5 or 2.0 Gy of c-rays. HemoHIM was given i.p. at 36 and 12
hours before irradiation, and 30 minutes after irradiation (50 mg/kg
of body weight) or given p.o. for 7 days before autopsy (250 mg/kg
of body weight/day). For the estimation of change of dentate gyrus
(DG) and hippocampus-dependent learning and memory, we
analyzed apoptotic cell death, Ki-67-positive cell, doublecortin
(DCX)-positive cell, passive avoidance and object recognition
memory test. The number of TUNEL-positive apoptotic cells in the
DG was increased, and the number of Ki-67- and DCX-positive
cells decreased significantly by irradiation (0.5 Gy and 2.0 Gy). In
passive avoidance and object recognition memory test, the mice
trained 1 day after single irradiation (2.0 Gy) showed significant
memory deficits, compared with the sham controls. Pre-irradiation
treatment with HemoHIM was effective in partially preventing the
DG histological damages and the hippocampus-dependent learning
and memory impairment induced by ionizing radiation. These
results suggest that HemoHIM can mitigate the radiation-induced
learning and transitory memory dysfunction in mice. Therefore, it is
proposed that HemoHIM, together with its pre-existent potency, can
be used as a relatively nontoxic prescription to help overcome
various radiation damages.

(PS6.48) An acute radiation syndrome (ARS) nonhuman
primate (NHP) research platform: prolonged gastrointesinal
(GI) dysfunction observed in NHPs surviving the acute heme
and GI syndromes. Terez Shea-Donohue1, Alessio Fasano1,
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Aiping Zhao1, Luigi Notari1, Jennifer Stiltz1, Justin DeVito2,
Emylee McFarland1, Ann Farese1, Thomas Macvittie1, 1University
of Maryland School of Medicine, Baltimore, MD, 2Walter Reed
Army Medical Center, Washington, DC
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We established a model in which NHPs, exposed to lethal
doses of TBI within the GI syndrome range, would survive both the
GI and lethal Heme syndrome allowing full evaluation of GI
recovery kinetics in survivors. We exposed NHPs to TBI at LD30 or
LD50/8-10 for GI lethality, sparing ; 5% of bone marrow (TBI/
BM5), which appears to satisfy the criteria for a lethal GI syndrome
and highly myelosuppressive, but nonlethal, Heme syndrome. Aim:
to characterize the TBI/BM5 model and determine the survivalpromoting effect of keratinocyte growth factor (KGF). Methods:
NHP (n¼3) were exposed to 11.5 Gy (LINAC-derived photons)
TBI/BM5 (approximate LD30/8-10), with full medical management
post irradiation. KGF (100 ug/kg/day, iv) was given 24 hrs later and
then daily for up to day 14 post TBI/BM5. Samples were taken from
jejunum, proximal and distal colon for histological evaluation.
Sections of mucosae were taken from these areas and put in
microsnapwells to measure TEER, an index of permeability. Realtime PCR of mucosal IFNc expression was used as a marker of
inflammation. Results: The 5% BM shielding did not provide
microscopic protection against acute radiation-induced damage to
the gut. The average post irradiation survival time for untreated
NHP was 50.3 6 21.5 days (range 24 - 114 days). KGF shortened
the survival time to 13.7 6 2.9 days (range 8 - 18 days). Progressive
weight loss was a common feature in all NHP after 11.50 Gy TBI/
BM5; however, the rate of the decline (slope), was steeper in the
KGF-treated group (0.61 6 0.17 vs 1.81 6 0.36; p,0.02).
There were few villi in the jejunum after 11.50 Gy TBI/BM5 in both
groups, even in the NHP with the longest survival time. Only KGFtreated animals appeared to have crypt proliferation in both small
intestine and colon. In all NHP post irradiation, TEER was only
65% of controls and mRNA expression of IFNc was elevated
indicating a sustained increase in mucosal permeability and
inflammation. Conclusions: TBI/BM5 model shows that despite
survival past the Heme syndrome, there was a lack of villus
restitution in the jejunum, upregulation of inflammatory cytokines,
and impaired barrier function along the entire gut. KGF,
administered as described, does not appear to improve these
parameters. The new TBI/BM5 model shows a prolonged postirradiation gut dysfunction from which the NHP does not recover.

(PS6.49) Practical gene expression for biodosimetry: predicting exposure status invivo. Sunirmal Paul1, Muriel Brengues2,
Ralf Lenigk2, Frederic Zenhausern2, Sally A. Amundson1, 1Columbia University, New York, NY, 2Arizona State University Biodesign Institute, Tempe, AZ
Human peripheral blood lymphocytes (PBL) are highly
sensitive to radiation induced gene expression changes and are
easily biopsied, making them attractive for the development of
biodosimetric gene-expression signatures. We are developing such
signatures for integration into a fully automated biochip system that
would be useful for high-throughput radiation biodosimetry in the
event of a large-scale radiological incident. Development and
testing of this automated biochip continues in parallel with the gene
expression work. We have previously used Agilent’s whole genome
microarray platform with ex vivo irradiated peripheral blood from
healthy donors, and reported a 74-gene signature distinguishing
between four radiation doses (0.5, 2, 5 and 8 Gy) and controls at 6
and 24 hours after radiation exposure. More than one third of these
genes were regulated by TP53. Using these same 74 genes at either
6 or 24 hr after treatment, a nearest centroid classifier correctly
predicted 98% of samples as unexposed or exposed to 0.5, 2, or 5
Gy. We now report in vivo gene expression profiling with the
peripheral blood of patients undergoing total body irradiation (TBI)
both at 6 and 24 hr after exposure. A large number of genes were
differentially expressed in vivo either at 6 hr (following 1.5 Gy) or
24 hr (after the first of two fractions of 1.5 Gy delivered 6hr apart)
after TBI. At 6hr after TBI 379 genes were differentially expressed
(p , 0.001 and FDR , 5%), and 496 genes were differentially
expressed (p , 0.001 and FDR , 5%) at 24 hr after TBI. 169 genes
were common between two times assayed, indicating that a single
set of genes may be able to predict dose of exposure at times
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between 6 and 24 hr. The overlapping 169 gene set correctly
predicted pre- or post-TBI status of 100% of the in vivo samples at
either 6 or 24 hr after exposure using multiple classifiers (Bayesian
compound covariate, K-nearest neighbor or Nearest centroid).
Interestingly, there was strong overlap between in vivo and ex vivo
responses, with all genes from the 74-gene ex vivo signature
included within the 169-gene in vivo signature.

(PS6.50) Dietary cocktail of vitamins protects intestinal
nutrient transport against damage caused by chronic irradiation. Marjolaine Roche, Prasad V. S. Neti, Francis W. Kemp,
Michael Brimacombe, Amit Agrawal, Alicia Attanasio, Veronique
Douard, Edouard I. Azzam, Roger W. Howell, Ronaldo P. Ferraris,
UMDNJ - New Jersey Medical School, Newark, NJ
In the event of a radiological emergency, ideal radioprotective
agents are those that are readily available to the general public. We
made an antioxidant cocktail of vitamins A (400,000 IU/kg diet
(100X control), C (29 g/kg diet) and E (12,500 IU/kg, 250X control)
was added to a standard AIN76 rodent diet. The Vit ACE diet was
provided four days prior to initiating irradiation and continued
thereafter until sacrifice. Mice were chronically whole-body
irradiated for three days and received total absorbed doses of 0,
9.6, and 14.4 Gy then sacrificed at 3, 5, 8 and 10 d after start of
irradiation. The body weights decrease somewhat during the three
day irradiation period, presumably due to a decrease in diet
consumption. Body weights return to pre-irradiation conditions
within a few days after removal from the irradiator. Statistically
significant diet and dose effects on body weight were observed on
day 8 and day 10 after initiating irradiation. Absorption of
representative sugar, amino acid and lipid compounds was
determined to evaluate the potential of vit ACE to protect intestinal
nutrient transport. D-glucose uptake in the proximal and middle
regions was high and decreased with radiation dose ;5–10 d
postirradiation. Uptake of the nonmetabolizable analog 3-Omethylglucose, absorbed by the same transport system as Dglucose, exhibited more modest reductions. This suggests that
radiation likely affected the transporter itself and not cytosolic
metabolism of D-glucose. In the middle intestine, D-fructose uptake
decreased markedly while L-carnosine (a dipeptide) and L-proline
uptake decreased modestly with radiation dose. In the distal
intestine, absorption of the bile acid taurocholate was also reduced.
L-glucose uptake was not affected at the times and doses used ,
suggesting that intestinal permeability was not compromised. Vit
ACE protected uptake of several transport systems, mainly at 14.4
Gy and primarily on days 8 and 10 postirradiation. We demonstrate
for the first time that chronic irradiation reduces intestinal
absorption of most nutrients, and that an antioxidant cocktail of
Vit ACE may act as modest radioprotectant if consumed for a few
days prior to radiation (USPHS RC1 AI078518-01).

(PS6.51) Relationship between dose of total body irradiation
(TBI) and temporal changes in plasma cytokines and hematopoietic cells. Hui Lin Chua1, Artur P. Plett1, Thomas J. MacVittie2,
Christie Orschell1, 1Indiana University School of Medicine,
Indianapolis, IN, 2University of Maryland, Baltimore, MD
In addition to direct injury to hematopoietic cells, TBI is
known to induce the production of cytokines that can lead to
debilitating inflammation. Conversely, radiation-induced lymphopenia can lead to loss of cytokines important for hematopoietic
function. Better understanding of the relationship between radiation
dose and temporal production or loss of cytokines is essential to
designing effective countermeasures. We recently documented a
biphasic pattern of cytokines post-8Gy (;LD50/30): 1) cytokines
produced primarily by lymphocytes spiked early post-TBI and then
decreased to below baseline, and 2) primarily inflammatory
cytokines spiked from day 10–15 post-TBI. In the current study,
we aimed to define the radiation dose threshold for changes in such
cytokines and the correlation with hematopoietic parameters. To this
end, C57BL/6 mice were exposed to 1, 4, 5.5, 7, or 8Gy gamma
TBI (;67cGy/min) and peripheral blood (PB) and bone marrow
(BM) assayed periodically for cytokines and hematopoietic cells. In
our model, only 8Gy TBI was capable of triggering production of
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(PS6.52) A rapid in-situ cellular imaging system for highthroughput biodosimetry. Guy Y. Garty, Oleksandra V. Lyulko,
Helen C. Turner, Gerhard Randers-Pehrson, David J. Brenner,
Columbia University, Irvington, NY
The RABIT (Rapid Automated BIodosimetry Tool) is a
completely automated, ultra-high throughput robotically-based
biodosimetry workstation. It analyzes fingerstick-derived blood
samples to estimate past radiation dose and to identify individuals
exposed above or below a cutoff dose. The RABIT uses an
automated liquid handling system to perform either the cytokinesisblock micronucleus (CBMN) assay or the c-H2AX assay in situ in
multiwell plates. In order to achieve the RABIT design goal of
analyzing 30,000 samples per day, we have developed a rapid
imaging system, presented here.The RABIT imaging system is
based on multiple light paths leading to high-speed cameras, with
each camera acquiring images in a specific wavelength band. This
allows simultaneous imaging of multiple dyes, staining cytoplasm,
nuclei and c-H2AX foci. These images are analyzed online using
hardware based image processing and archived.As only a handful of
cells can be viewed in a single image of sufficient resolution to
detect micronuclei/c-H2AX foci, while a few hundred are required
to obtain a meaningful dose estimate, a major bottleneck in existing
automated imaging systems is motion between fields of view within
a sample. To speed up image acquisition, we have incorporated
scanning mirrors into the optics path of our imaging system. This
allows steering the light rather than mechanically moving the
sample with typical transit times of ,1 msec, compared with 50
msec or more for a mechanical stage.To overcome the timeconsuming, iterative nature of conventional focusing, we have
incorporated a cylindrical lens in front of one of the cameras. A
circular object (a fluorescent bead for example) will appear elliptical
in this camera, with the aspect ratio dependant on the distance from
focus. This enables one-step focusing, using a fast piezo-actuator to
move the objective lens into focus.We will present the overall
design of our high-throughput imaging system as well as
preliminary results demonstrating its speed and utility. This work
is supported by NIAID grant 5 U19-AI067773.

(PS6.53) A Biodosimetric Approach to Establishing Skin
Carcinoma Yield Based on Quantification of DNA Double
Strand Breaks in Keratinocytes. Fredric J. Burns, Feng Wu, Eric
Tang, NYU School of Medicine, Tuxedo, NY
DNA double strand breaks (DSBs) have potential relevance to
carcinogenesis because of their tendency to participate in nonhomologous end joining, which can cause chromosome rearrangements and a risk of elevated genomic instability. Although DSBs
occur spontaneously, their highly efficient induction by ionizing
radiation appears to be unique among carcinogenic agents. Data are
presented showing that DSBs not only predict the dependence of the
cancer yield on radiation dose; they also predict the increased
carcinogenic effectiveness of higher linear energy transfer (LET)

values. The end-joining hypothesis as it relates to carcinogenesis is
a specific example of dual action as promulgated in general terms in
early theoretical work. The 2 arises for low LET radiation from
joining of 2 randomly occurring breaks. On this basis DSB joinings
increase with dose to the power of 2. Joinings that occur within
tracks are not random, but rather are linked to each other by the
track and therefore are proportional to the product of LET and dose.
These considerations lead to an expression for yield of DSB
joinings as a function of dose, D and average LET, L, as follows:
Yield(D,L) ¼ CLD þ BD2, where B and C are empirical
coefficients. This equation is the well-known linear-quadratic
function, except for L in the linear term. By counting c-H2AX
foci in surrogate keratinocytes in tracks in relation to total foci the
terms in the above equation were evaluated separately 2 doses and 3
different LETs as follows: 1.5 and 3.0 Gy of 56Fe ions (L ¼ 150
keV/l), 4.5 and 9.0 Gy of x-rays (L ¼ ;0.4 keV/l) and 0.3 and 1.1
Gy of Bragg peak protons (L ¼ 25 keV/l). Comparing DSB yields
to previous cancer induction results in rat skin exposed to the same
doses and LETs showed a remarkable consistency between cancer
and DSB joining yields. Plotting these data together provided the
calibration that 100 DSBs per keratinocyte @ 4 h was equivalent to
1.0 carcinoma per rat @ 1.5 y after irradiation. These results are
consistent with DSB joinings being the long-sought, initial
causative DNA alterations of radiation carcinogenesis and suggest
that DSBs in surrogate keratinocytes could be a useful tool for
predicting cancer risks from diverse radiation exposures scenarios.
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inflammatory cytokines, including IL1a, IL6, IL12, KC and MCP1,
when assayed up to d30 post-TBI. However, cytokines produced
primarily by lymphocytes, including IL2, IL3, IL4, and INFg
among others, decreased to ,10% of baseline after exposure to all
doses except 1Gy, which gave levels of ;50% of baseline.
Absolute numbers of all classes of hematopoietic cells in BM and
PB decreased and recovered to baseline in a radiation dose
dependant manner. Due to the relative radiosensitivity of lymphocytes and their rapid decline after irradiation, the ratio of the
absolute neutrophil count (ANC) to the absolute lymphocyte count
(ALC) has been proposed as a biodosimetric measure of radiation
dose. Whereas the ANC/ALC ratio averaged 0.2 in non-irradiated
mice, we found the ratio increased in a radiation dose dependant
manner on d1 and d2 post-TBI, reaching values of .2.24 in mice
exposed to 5.5–8Gy. Our data detail the radiation dose thresholds
that affect the temporal production and levels of pro- and antiinflammatory cytokines and illustrate the relative radiosensitivity of
specific classes of hematopoietic cells. These data may have
important implications in the design of effective countermeasures
aimed at modulating post-TBI inflammation.
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(PS6.54) Persistent mitigation of impaired granule cell
neurogenesis following whole brain radiation after ramipril
and atorvastatin withdrawal. Kenneth A. Jenrow, Jianguo Liu,
Karen Lapanowski, Andrew Kolozsvary, Stephen L. Brown, Jae Ho
Kim, Henry Ford Hospital, Detroit, MI
Whole brain radiation (WBR) at doses  10 Gy is sufficient
to disrupt neurogenesis within the rat dentate gyrus, and impair
hippocampal plasticity and cognitive function. Impaired neurogenesis can be potently mitigated by combined administration of the
angiotensin converting enzyme (ACE) inhibitor, ramipril, and the
statin drug, atorvastatin, initiated 24 hours post-WBR and continued
until the time of sacrifice (RAM þAVS). Here we have investigated
the persistence of these mitigating effects following the withdrawal
of RAM þAVS therapy at various time intervals post-WBR.Male
Fischer 344 rats received WBR doses of 0 (control), 5, or 10 Gy,
using a Cs-137 irradiator. Combined ramipril (1.5 mg/kg/day, oral)
and atorvastatin (2.5 mg/kg/day, oral) therapy was initiated 24 hours
post-WBR and continued in separate withdrawal cohorts for 4, 8 or
12 weeks post-WBR, respectively. Rats were sacrificed 4 weeks
after therapy withdrawal. Three weeks prior to sacrifice, rats received daily BrdU injections (50 mg/kg/day, i.p.) for 5 days to label
proliferating cells. Rats were sacrificed by perfusion/fixation, with
tissues processed for paraffin embedding and immunohistochemically stained for BrdU, Ki67, and double cortin (DCX). BrdU-,
Ki67-, and DCX-positive granule cell progenitors/neurons were
counted within the subgranular zone in 3 sections within the dorsal
hippocampus.RAM þAVS significantly preserved/restored granule
cell neurogenesis, evidenced by the persistence of granule cell
progenitor clusters and DCX þ neurons within the SGZ, relative to
groups receiving radiation alone. Remarkably, the persistence of
these mitigating effects was inversely proportional to the duration of
therapy prior to withdrawal.Combination therapy with ACE
inhibitors and statins, administered post-irradiation, may represent
an effective means of persistently mitigating undesirable radiation
effects in the brain, particularly those associated with impaired
granule cell neurogenesis within the dentate gyrus. RAM þAVS
therapy might therefore act to preserve/restore hippocampal
plasticity and cognitive function in this context. Therapy duration
appears to be a critical factor determining the magnitude and
persistence of the associated mitigating effects. Funded by NIAID
Cooperative Agreement U19 AI067734.

(PS6.55) From yeast to mice: a novel method for establishing
radiation-induced cell and DNA damage mitigation activity of
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small molecules. Yelena O. Rivina, Robert H. Schiestl, University
of California, Los Angeles, Los Angeles, CA
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Research in the past has heavily concentrated on identifying
radioprotectors_agents that could be taken prior to an anticipated
radiation exposure. However, an accident or a man-made disaster
could come without a warning and thus a new kind of therapy must
exist_a radiation mitigator. An optimal mitigating drug must not
only neutralize the primary damage, stimulate the internal defense
and repair mechanisms, prevent long-term genetic instability
leading to cancer, but it must also work if administered well after
the exposure. Here we have attempted to establish a protocol that
would permit us to identify chemical compounds with radiation
mitigating properties in vitro and in vivo and tested it with the
Asinex Targeted Library consisting of kinases, proteases, and
substrates for G protein-coupled receptors and ion channels.The first
three steps of the screen_a high throughput, radioprotection, and
mitigation assays_were based on the Yeast Deletion (DEL) Assay
that measures cell survival and DNA recombinations after radiationinduced double strand breaks in radiation-sensitive RS112 strain of
Saccharomyces cerevisiae at 2000Gy exposure. The fourth step tests
the compounds in mice using a 1,25hr treatment protocol.In the high
throughput screen we have identified 36 compounds with
radioprotection out of 10,000 small molecules tested. Out of these
36 ‘‘hits’’ 6 compounds were re-confirmed with the classical plating
assay and tested in the mitigation assay. All 6 ‘‘hits’’ have shown
mitigating qualities and then were tested in mice at 75mg/kg
concentration. Two of these compounds were active in C3H mice
leading to complete recovery from an 8Gy exposure (LD100/30).
We have introduced a novel protocol to test small molecules and
have succeeded in identifying potential mitigators for further
therapeutic development. Our yeast-based approach accurately
predicts mitigation properties in vitro and offers a rapid,
inexpensive, and reliable methodology without sacrificing animals
in the initial stages of research.

(PS6.56) Radiation metabolomics reveals dose- and timedependent urinary excretion of deaminated purines and
pyrimidines after sublethal gamma-radiation exposure in mice.
John B. Tyburski1, Andrew D. Patterson1, Kristopher W. Krausz1,
Albert J. Fornace Jr.2, Frank J. Gonzalez1, Jeffrey R. Idle3,
1
National Cancer Institute, Bethesda, MD, 2Georgetown University,
Washington, DC, 3University of Bern, Bern, Switzerland
Gamma-radiation exposure of humans is a major public health
concern as the threat of terrorism and potential hostile use of
radiological devices increases worldwide. Even during peaceful
times, there remains a human population exposed to ionizing
radiation in the form of cancer radiotherapy. Therefore, continued
efforts to improve our radiation biodosimetry capacity are
warranted. We report here the effects of gamma-radiation exposure
on the mouse urinary metabolome determined using ultraperformance liquid chromatography-coupled time-of-flight mass
spectrometry-based metabolomics–a platform for the global analysis
of the small molecule complement of a biological matrix. Five
urinary biomarkers of sublethal radiation exposure that were
statistically significantly elevated during the first 24 h after exposure
to doses ranging from 1 to 3 Gy at a dose rate of 2.6 Gy/min
(approximately equivalent to 0.5 to 1.7 Gy in humans) were
unequivocally identified by tandem mass spectrometry. These are
deaminated purine and pyrimidine derivatives, namely, thymidine,
2’-deoxyuridine, 2’-deoxyxanthosine, xanthine and xanthosine.
These biomarkers displayed a time-dependent excretion, peaking
in urine at 8–12 h but returning to baseline by 36 h after exposure.
We speculate that 2’-deoxyuridine and 2’-deoxyxanthosine arise as
a result of gamma-irradiation by nitrosative deamination of 2’deoxycytidine and 2’-deoxyguanosine, respectively, and that this
further leads to increased synthesis of thymidine, xanthine and
xanthosine. The urinary excretion of deaminated purines and
pyrimidines, at the expense of aminopurines and aminopyrimidines,
appears to form the core of the urinary radiation metabolomic
signature of mice exposed to sublethal doses of ionizing radiation.
These findings suggest that mass spectrometry-based metabolomics
is a suitable platform for the development of minimally invasive
biodosimetry in humans and will undoubtedly inform future efforts
for such.
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(PS6.57) Changes in Gene Expression in the Skin after
Thermal Injury or Total Body Irradiation with gamma-rays.
Colin K. Hill1, Nick Mordwinkin2, Natasha Sharma1, Gere
Deserga1, Kathleen Rodgers1, 1USC Keck School of Medicine,
Los Angeles, CA, 2USC School of Pharmacy, Los Angeles, CA
Studies have shown that skin expresses components of the
rennin angiotensin system (RAS) under normal physiological and
wounding conditions. However, while changes are known to occur
in injury, the effect of radiation with injury on the expression of
RAS is unknown. It is hypothesized that exposure to radiation,
either limited to skin or TBI, will alter the expression of components
of RAS. In fact, as interference with RAS delays healing,
modification of RAS by radiation may, in part, contribute to the
delayed healing observed in irradiated animals. Mice were exposed
to thermal injury or total body irradiation (TBI, 100 or 600 cGy) and
euthanized at various times (0.1, 1, 2, 5, 7 or 10 days) thereafter to
evaluate expression of the components in the RAS pathway by
quantitative RT-PCR. From these studies, interesting alterations in
gene expression within RAS were observed. The comparison is
between gene expression in uninjured (group 1) and the injury of
interest (thermal injury or TBI). Gene expression for the receptors
within the RAS were the most responsive to changes after both
thermal and radiation injury. After thermal injury, there was a large
up-regulation within 2–3 hours after injury in the expression of
genes for AT1a, AT1b, AT2 and MAS. Thereafter, this upregulation in the expression of the genes for these RAS receptors
continued through day 10, albeit at lower levels. This is consistent
with the observation of up-regulation of proteins for the AT1 and
AT2 receptors in the skin after incision and excision injury. To our
knowledge, this is the first report that there is (1) expression of the
MAS gene in the skin and (2) modulation of MAS gene expression
by thermal injury. After 100 cGy TBI, there was an initial downregulation in receptor expressionn within 2–3 hours after injury.
There was then an initial up-regulation (day 1) in the expression of
these receptors followed by a down-regulation at days 2–5. A large
up-regulation in receptor gene expression in the skin was observed
at day 7. At 600 cGy, the initial down-regulation in receptor gene
expression seen at 2–3 hours after TBI continued through day 2.
Receptor up-regulation was then noted days 5–10. This supports the
hypothesis that radiation delays the healing of skin injuries though
modification of components of the RAS. Work supported by NIH
NIAID RC1AI080976.

(PS7.01) Effect of vandetanib and cediranib combined with
temozolamide and radiotherapy in EGFR-expressing GBM
tumors. Phyllis R. Wachsberger, Timothy N. Showalter, Borbala
Daroczi, Adam P. Dicker, Thomas Jefferson University, Philadelphia, PA
Introduction: Vandetanib (VAN) (ZACTIMATM) is a receptor
tyrosine kinase inhibitor (RTKI) with activity against vascular
endothelial growth factor receptor-2 (VEGFR-2)-dependent angiogenesis and EGFR-dependent tumor cell proliferation and survival.
Cediranib (CED) (RECENTINTMi) is a highly potent VEGFR-2
RTKI that inhibits all three VEGF receptors. The purpose of this
study was to determine the relative efficacies of VAN and CED
combined with temozolamide (TMZ) and radiotherapy (RT) in
wildtype EGFR-expressing GBM tumors. Methods: Human U87
GBM cells, stably transfected with EGFR, were injected subcutaneously into the right hind limbs of nude mice. VAN was dosed
orally at 50 mg/kg daily for two weeks. CED was dosed orally at 3
mg/kg daily for two weeks. TMZ was dosed at 15 mg/kg daily for
five days. RT was administered as three daily fractions of 5 Gy.
Results: Positive EGFR immunostaining was detected in all
analyzed tumor samples with strongest expression seen after RT
or VAN treatment. Antiangiogenic activity as expressed by
decreased CD34 immunostaining was seen following treatment
with TMZ alone as well as in combination with VAN or CED and
RT. Slowing of tumor growth compared to control was significant
after treatment with RT, VAN or CED alone (17% for RT, 14% for
VAN and 16% for CED vs. 31% for control). TMZ alone was very
effective, with a tumor growth rate of 6%. Combining RT with
VAN or CED did not significantly enhance tumor growth control
compared with antiangiogenic agents alone. Although they did not
reach statistical significance, tumor growth rate following treatment
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(PS7.02) Radiosensitization by small molecule inhibitor of
human polynucleotide kinase. Gary K. Freschauf1, Feridoun
Karimi-Busheri1, Todd Mereniuk1, Phuwadet Pasarj1, Charles
Holmes1, Frauke Rininsland2, Dennis Hall1, Michael Weinfeld1,
1
University of Alberta, Edmonton, AB, Canada, 2Gyrasol Technologies Inc, Santa Fe, NM
Human polynucleotide kinase/phosphatase (hPNKP) is a 57.1
kDa enzyme that possesses the capacity to phosphorylate DNA 5’termini and de-phosphorylate DNA 3’-termini. hPNKP has
previously been shown to be involved in both single strand and
double strand break repair pathways. Human cells show an
increased sensitivity to c-radiation when subjected to shRNA
targeted against hPNKP. Therefore, small molecule inhibitors of
hPNKP will potentially increase the sensitivity of human tumours to
c-radiation. To identify small molecule inhibitors of hPNKP we
modified a fluorescence-based assay to measure the phosphatase
activity of the protein. This assay, which is carried out in 384-well
plates, is designed for high throughput screening of chemical
libraries. Using this method we screened a library of over 200
polysubstituted piperidines and discovered five compounds that
inhibited hPNKP phosphatase activity to varying degrees. Further
analysis using a colorimetric assay revealed that one of these
compounds, A12B4C3, was the most effective, inhibiting up to 85%
of hPNKP phosphatase activity, with an IC50 of 0.5 lM. When
tested for its specificity, A12B4C3 displayed no inhibition of two
well known protein phosphatases, calcineurin and PP-1cc, or
aprataxin, another human DNA 3’-phosphatase, slight inhibition of
the phosphatase activity of phage T4 polynucleotide kinase, and
modest inhibition of the more closely related PNKP from
Schizosaccharomyces pombe. On its own, 1 lM A12B4C3 was
not toxic to A549 human lung adenocarcinoma cells, but increased
the radiosensitivity of these cells 2-fold, which was almost identical
to the increased sensitivity resulting from shRNA-mediated
depletion of hPNKP. Importantly, A12B4C3 failed to increase the
radiosensitivity of the hPNKP-depleted cells, implicating hPNKP as
the principal cellular target of A12B4C3 responsible for increasing
the response to radiation.

(PS7.03) The nuclear export inhibitor leptomycin B triggers
apoptosis in human breast cancer cell lines with differing p53
status: influence on radiosensitivity. David Murray, Razmik
Mirzayans, Cross Cancer Institute, Edmonton, AB, Canada
Exposing human solid tumor-derived cell lines to moderate
doses of ionizing radiation (2–8 Gy) causes diverse responses (e.g.,
endopolyploidy, accelerated senescence) that can contribute to their
loss of clonogenic potential, but seldom triggers a significant degree
of apoptotic cell death. We are interested in identifying pharmacological agents capable of lowering the apoptotic threshold in human
breast cancer cell lines exposed to clinically relevant doses of
ionizing radiation. Of the panel of inhibitors that we examined, only
the nuclear export inhibitor leptomycin B (LMB) elicited this
response at physiological concentrations (e.g., IC50). Studies with
HPV-infected cervical carcinoma cell lines have led to the
conclusion that the cytotoxic effect of LMB alone might be
associated with its ability to cause nuclear accumulation of p53,
inducing p53-mediated apoptosis. In the present study, however, we
show that HPV-free human breast cancer cell lines expressing wild

type p53, mutant p53, or no p53, are highly sensitive to LMB, as
evaluated by a long-term, high-density survival assay. In addition,
LMB at nanomolar concentrations significantly potentiates the
radiosensitivity of these cell lines. We further demonstrate that the
remarkable cytotoxic and radiosensitizing effects of LMB reported
here reflect p53-independent apoptosis. Experiments are in progress
to test whether these LMB-induced responses might be associated
with nuclear accumulation of cyclin B1, which is known to regulate
DNA damage-induced apoptosis. Unlike LMB, which has limited
clinical utility due to eliciting an unusual cytotoxicity in some
tissues, its recently isolated derivatives are well tolerated at
nanomolar concentrations in vivo (Cancer Res 2009, 69:510). Our
findings warrant further studies to evaluate the cytotoxic effects of
LMB derivatives, used singly or in conjunction with radiotherapy,
towards breast cancers with differing p53 status. Supported by the
Canadian Breast Cancer Foundation - Prairies/NWT Chapter.
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with the three-way combinations was lower than that of
temozolamide alone (3.8% vs 6.1% respectively) (p ¼ 0.250 for
R þTMZ þZD vs TMZ-only and 0.353 for R þTMZ þAZD vs TMZonly). Conclusions: VAN and CED were equally effective in
slowing tumor growth rates in a U87 GBM xenograft model
transfected to express EGFR. The antitumor activity of VAN or
CED was not enhanced by combination with RT in this
experimental model. The potency of TMZ in this study masked
any additional benefits that may have occurred by combination with
RT and antiangiogenics. Further investigation of VAN and CED
with lower doses of TMZ are warranted. This work was supported
by a grant from AstraZeneca Pharmaceuticals and the Radiation
Therapy Oncology Group.
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(PS7.04) NMDA receptor antagonists block but do not
mitigate prodromal radiation sickness. Mary F. Otterson, Shawn
Leming, Jennifer Callison, John E. Moulder, Medical College of
Wisconsin, Milwaukee, WI
Within hours of significant exposure to ionizing radiation (and
at a time when histologic damage is minimal) people experience
nausea, vomiting and may experience diarrhea and abdominal
cramping. The dog is an excellent model of this effect, exhibiting a
similar dose-response to radiation and experiencing similar
contractile patterns to those found in humans. The NMDA receptor
antagonist, felbamate is an orally-available, FDA-approved NMDA
antagonist which produces minimal cognitive dysfunction. Prior
studies have shown that treatment with this drug prior to
fractionated irradiation eliminated the intestinal contractile correlates of vomiting (Retrograde Giant Contractions, RGCs) and
abdominal cramping (Giant Migrating Contractions, GMCs) and
significantly improved tolerance to radiation exposure (p,0.05).
Methods: We implanted 12 strain gauge transducer on the small and
large intestine of a canine model to record circular muscle
contractions. Following recovery, control recordings were made.
The abdomens was irradiated using an orthovoltage x-ray machine
delivering 6 Gy at a rate of 0.52 Gy/min. Felbamate (16/kg orally 2/
d) was administered following radiation and recordings were made.
Data was analyzed by ANOVA followed by unpaired t-testing.
Results: There was no difference in the frequency of RGCs
(Felbamate vs control), vomiting peaked on the day of radiation and
decreased thereafter with no difference between the 2 groups
(p.0.05). GMCs within the small and large intestine were not
mitigated by post-iradiation administration of Felbamate (p.0.05).
Conclusion: While pretreatment with Felbamate is extremely
effective in preventing the prodromal phase of radiation sickness,
post-irradiation administration has no effect on radiation-induced
vomiting, diarrhea or on the contractions associated with the effects.
Funded by NIAID Cooperative Agreement AI067734

(PS7.05) The inhibition of glucose uptake by extracellular
lactate provides a mechanistic explanation for the lactateconsuming metabolic symbiont in R3230 rat mammary
adenocarcinoma cells. Thies Schroeder, Neal Bhutiani, Mark W.
Dewhirst, Duke University Medical Center, Durham, NC
We have recently demonstrated that some solid tumors take
advantage of a metabolic symbiosis to survive under hypoxic
conditions: tumor cells that have access to oxygen use lactate as a
respiratory fuel which has been produced by hypoxic cells via
anaerobic glycolysis. This mechanism, which allows cells a more
resourceful use of the valuable glucose, promotes cancer cell
survival at greater distance from the blood flow, and its
pharmacological inhibition leads to a great improvement of
radioresponsiveness of tumors. However, the central question
remains if, and why, the normoxic, perivascular cancer cells would
rather take up lactate, and let glucose pass through, rather than using
this valuable metabolite for themselves. We hypothesize that the
preference for lactate over glucose could be based on the
overabundance of lactate in the tumor microenvironment (more
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than 30 mM in many cancers), leading to an outcompetition of
glucose (typically less than 1 mM in malignant solid tumors) as a
precursor for pyruvate. We have therefore exposed R3230 rat
mammary carcinoma cells to a range of lactate (0–40 mM) and
glucose (0–5 mM) concentrations, under normoxia (6% O2 in breast
tissue) and hypoxia (0.5% O2), and measured changes in medium
concentrations of metabolites per cell. Convergent with earlier
results, lactate consumption occurred almost exclusively under
normoxia. Interestingly, net lactate consumption under normoxia
only occurred in a setting that resembles that of the actual tumor
microenvironment, i.e. lactate values between 5 - 40 mM, and
glucose at 1 mM or less. Under these conditions, lactate
consumption under normoxia was clearly correlated with the set
lactate concentration. At set glucose concentrations above 1 mM,
glucose consumption was independent of the environmentmental
lactate concentration. However, at the microenvironmentally
relevant set glucose conc. of 1 mM, glucose consumption decreased
significantly with addition of lactate to the medium. Interestingly,
cell numbers only increase at glucose levels above 1 mM. In other
words, R3230 cells that consume lactate do not grow. Our results
confirm that extracellular buffered lactate inhibits normoxic glucose
uptake under low glucose conditions, which for the first time
provides a mechanistic basis of the lactate consumption metabolic
symbiont.

(PS7.06) Alteration of cardiac structure and function induced
by irradiation and anthracyclines. Ingar Seemann1, Saske
Hoving1, Nils Visser1, Hans te Poele1, Fijs van Leeuwen1, Ben
Janssen2, Sylvia Heeneman2, Fiona Stewart1, 1the Netherlands
cancer institute, Amsterdam, Netherlands, 2Maastricht University
Medical Center, Maastricht, Netherlands
Introduction: Radiotherapy is a common treatment for breast
cancer and Hodgkin’s lymphoma and it is associated with good
long-term survival prognosis. However, it is now recognized that
radiotherapy increases the long-term risk of cardiovascular damage
and that this risk increases in combination with anthracyline drugs,
which are commonly used in the treatment of such cancers. A
greater understanding of the mechanisms involved in radiationinduced cardiotoxicity, and its interaction with commonly used
adjuvant therapies, is required for optimal treatment and management of these cancer patients. Methods: The first group of male
C57BL6 mice received single radiation doses of 0, 2, 8 or 16 Gy to
the mid-thorax. Cardiovascular function was determined at 20
weeks after irradiation, by SPECT/CT or ultrasound imaging;
further evaluations will be done at 40–60 weeks. A second group of
mice received a single adriamycin dose of 0 or 12 mg/kg (i.p.).
Cardiac function and morphology will be evaluated at 1, 4, or 20
weeks after treatment. Changes in cardiac function will be
correlated with structural and functional damage, assessed from
histological specimens and from expression levels of specific
markers of endothelial cell damage, proliferation and apoptosis,
determined by immunohistochemistry and RT-PCR. Results: The
first cardiac function tests (20 weeks after 16 Gy) showed
significant decreases in cardiac blood volume (22%), end diastolic
volume (32%) and cardiac output (19%) compared with age
matched controls. There was a significant increase in ejection
fraction (22%), despite the reduced cardiac output. This was
probably due to the inflammatory epicardial thickening, which was
observed on histological specimens. Studies with lower radiation
doses, follow up times (40 weeks), or after a single dose of
adriamycin, are ongoing. Funded by the Dutch Cancer Foundation,
grant NKI 2008-3993 and European Atomic Energy Community’s
Seventh Framework Program, grant 211403 (Cardiorisk).

(PS7.07) Calsequestrin-1 is induced by ionizing radiation in
tumors. John G. Phillips, Ralph J. Passarella, Daniel E. Spratt, Li
Zhou, Hongmei M. Wu, Dennis E. Hallahan, Roberto Diaz,
Vanderbilt, Nashville, TN
Objectives: Increases in cytoplasmic calcium concentrations
coordinate cytochrome c release from mitochondria triggering
apoptosis. Release of calcium from the sarcoplasmic reticulum (SR)
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is one intracellular mechanism for initiation of apoptosis. Calsequestrin-1 is one protein responsible for SR. This protein has been
shown to modulate the ryanodine receptor as well as store open
calcium channels. In this experiment, we show that CSQ-1 is
induced in tumor samples treated with ionizing radiation
(XRT).Methods: In vivo biopanning identified the recombinant
peptide GIRLRG that binds only to tumors responding to radiation.
Proteins from untreated and XRT treated GL261 glioma and MDA231 breast tumor samples were extracted and incubated with
agarose beads coated with GIRLRG or RILGGR (a scrambled
peptide). The proteins found were then analyzed by gel electrophoresis and mass spectrometry. We also performed immunohistochemistry (IHC) and western blot (WB) analyses of both untreated
and XRT treated tumor samples and in vitro tumor samples using an
antibody for CSQ-1.Results: Bead protein extraction from tumor
samples yielded a 50kDa band. Mass spectrometry revealed that the
50kDa band was CSQ-1. IHC stains for CSQ-1 of XRT treated
tumor whole cell lysates 48 hours post-XRT showed a significant
increase in CSQ-1 over untreated tumor. This was further confirmed
by WB which showed induction of CSQ-1 in XRT treated tumor
compared to untreated tumor controls 48 hours post-XRT. WB
analysis of CSQ-1 levels from in vitro tumors showed a rise within
0.5 hour that persisted up to 3 hours post-XRT with a return to
baseline at 24 and 48 hours.Conclusions: Calsequestrin-1 is
upregulated in GL261 glioma and MDA-231 breast cancer cells
treated with ionizing radiation. GIRLRG only binds to the tumors
after XRT. Subsequent protein extraction yielded CSQ-1 as a likely
GIRLRG receptor target upregulated by XRT. This suggests that
tumors treated with XRT undergo changes in intracellular calcium
homeostasis. Reduction in calcium release may lead to cancer cell
escape from apoptosis and a reduced response to therapy. By
providing a possible mechanism through CSQ-1 regulation, this
could provide new targets for anti-cancer strategies.

(PS7.08) Cone beam ct (CBCT) reconstruction of small
animals using SACRTD. Sunil Sharma, Chaw Ming, Eduardo
Moros, Peter M. Corry, University of Arkansas medical science,
Little rock, AR
The small animal conformal radiation therapy device
(SACRTD) at UAMS is equipped with a 225kV dual focus
(0.4mm and 3mm) X-ray tube (GE Seifert Isovolt Titan), a six
degrees of freedom robot (Adept Viper S650) is used for
positioning. A flat panel amorphous silicon X-ray imager (Perking
Elmer) was incorporated, which can capture a 1024 x1024 pixel
image (200lm pixel size) at a frame rate of 7.5Hz. A series of
radiographic images were recorded (70 kV, 3 mA) in cone beam
mode. The radiographs were cropped and downsampled to a spatial
resolution of 0.4mm. CBCT reconstruction of phantoms and mice
were done and the reconstructed matrices had dimensions of
approximately 180x250x100 voxels with 0.3mm x 0.3mm x 0.3mm
voxel size in the XYZ directions. An open source CBCT
reconstruction tool (OSCAR-2 from the University of Toronto)
using the Feldkamp-Davis-Kress (FDK) filtered back projection
algorithm was employed for CBCT image reconstruction. The entire
acquisition and reconstruction procedure takes , 7 minutes, with
room for improvements. The preliminary results show that robotic
positioning system with six degrees of freedom can be used for
precise positioning of a small laboratory animal to acquire high
spatial resolution radiographs. The open source CBCT software tool
could be adapted in future development of the SACRTD. Work is in
progress to improve hardware for faster image processing, reduce
noise and artifacts, and improve contrast and automatically
synchronize the image acquisition procedure. The integration of
CBCT imaging into the SACRTD opens new research paths
requiring image guided radiation delivery to specific structures/
volumes in small animals. Acknowledgements: This research was
supported by the Arkansas Biosciences Institute (ABI) and Central
Arkansas Radiation Therapy Institute (CARTI).

(PS7.09) The role of oxidative stress in the cytotoxic effects of
erlotinib in human head and neck cancer cells. Kevin P. Orcutt,
Werner W. Wilke, Peter M. Scarbrough, Amanda L. Kalen, Douglas
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R. Spitz, Andrean L. Simons, Free Radical and Radiation Biology
Program, Department of Radiation Oncology, Holden Comprehensive Cancer Center, The University of Iowa, Iowa City, IA

(PS7.10) Role of radiation to stimulate the proliferation and
invasiveness of F98 glioma cells implanted in rat brain.
Guillaume Desmarais, Rachel Bujold, David Fortin, David Mathieu,
Benoit Paquette, Université de Sherbrooke, Sherbrooke, QC,
Canada
Since glioma cells infiltrate adjacent normal brain tissue, the
volume to be irradiated has to be larger than the tumour volume as
visualized by magnetic resonance imaging. However, the radiation
dose needed to eradicate all remaining cancer cells far exceeds
normal brain tissue tolerance. Therefore, the radiation dose is aimed
at optimizing the ‘‘therapeutic ratio’’ that is obtaining maximum
cancer cell kill with minimal adverse effects to normal tissue.
Unfortunately, the tumour usually reappears in the previously
irradiated brain volume. More so, radiotherapy would potentiate the
migration of malignant glial cells. In this study, the capability of a
cyclooxygenase-2 (COX-2) inhibitor to prevent the radiationinduced stimulation of glioma cell proliferation and invasion was
assessed. Our preliminary data demonstrate that irradiation (25 Gy)
of the rat brain increased the level of PGE2. Since this prostaglandin
stimulates the production of MMP-2 and 9 (two proteases involved
in cancer cell invasion), these proteases were quantified. Our results
show that irradiation increases the activity of these MMP. Treatment
with a COX-2 inhibitor (20 mg/kg NS-398) has prevented the
stimulation of PGE2, MMP-2 and 9. To mimic the clinical
situation, F98 glioma cells were irradiated in vitro to a sub-lethal
dose (50% survival) and then injected in the previously irradiated (25
Gy) rat brain. Ten days later, the rats were sacrificed and the brains
retrieved. Tumour volume was assayed by hematoxylin and eosin
staining. To assess the invasion, brain sections will be stained with a
nestin antibody that specifically stains the F98 cells. The
proliferation index of F98 cells was determined by Ki-67 staining.
Prevention of radiation-enhancement of F98 cells proliferation and
invasion by NS-398 is currently investigated. In conclusion, this
study shows that NS-398 can prevent the increase of PGE2, MMP-2
and 9 induced by radiation. The demonstration that a COX-2
inhibitor could prevent radiation-enhancement of glioma cell
invasion would support the evaluation of this inhibitor to increase
the median survival of glioblastoma patients.

(PS7.11) In vitro and in vivo radiosensitization of prostate
cancer cells by a novel hydroxamic acid-based histone

deacetylase inhibitor, H6CAHA. Zacharoula Konsoula, Alfredo
Velena, Mira Jung, Georgetown University, Washington, DC
Background: Histone deacetylases (HDAC) have emerged as
therapeutic targets due to their regulatory function in DNA structure
and organization. H6CAHA is a novel hydroxamic acid inhibitor of
class I and II HDACs. As an initial step in identifying a clinically
applicable HDAC inhibitor for combination with radiotherapy, we
investigated the radiosensitizing potential of H6CAHA in prostate
cancer cells in vitro and in vivo. Methods: The effects of H6CAHA
on the in vitro radiosensitivity of PC3 were evaluated using
clonogenic assays. As a measure of DNA double strand breaks,
phosphorylated histone H2AX (cH2AX) foci were determined as a
function of time following H6CAHA treatment and irradiation. In
vivo, the response of human PC3 tumor xenografts was measured
after treatment with H6CAHA (daily i.p. injections of 0.5 mg/Kg for
10 days), irradiation (10 3 2Gy), and the combination. Results:
Clonogenic survival assays revealed that 24h pre-trement with
H6CAHA significantly decreased the D0 value of PC3 cells from
1.5Gy to 1.19 Gy. H6CAHA -mediated radiosensitization was
associated with an increase in the duration of cH2AX foci beyond 24
h, suggesting a delay in the repair of radiation-induced DNA doublestrand breaks. In vivo studies demonstrated that the combined
treatment of H6CAHA and irradiation led to tumor regression, which
sustained for at least 60 days. Conclusion: H6CAHA potentiates
radiation induced cytotoxicity as evidenced by reduced clonogenic
survival in vitro and by complete tumor regression in vivo. The
results indicate that H6CAHA can enhance tumor cell radiosensitivity in vitro and in vivo through the delay of DNA damage repair.
Therefore, they provide strong support for further development of
this combination in the treatment of prostate cancer.
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The epidermal growth factor receptor (EGFR) is an important
molecular target in head and neck cancer (HNSCC) and is involved
in the activation of pro-survival pathways. EGFR is up regulated in
over 90% HNSCC tumors and is associated with poor clinical
prognosis, and resistance to chemo-/radio-therapy. We propose that
EGFR inhibition with an EGFR tyrosine kinase inhibitor, Erlotinib,
induces cytotoxicity via metabolic oxidative stress in HNSCC.
Erlotinib (10 lM) inhibited activated EGFR (pEGFR), total EGFR,
activated Akt (pAkt) and total Akt expression in FaDu, Cal-27,
SCC-25 and SQ20B head and neck cancer cells. Additionally,
Erlotinib inhibited cell growth in all cell lines by inducing a G1
block over a 72 h period. Erlotinib treatment also caused significant
clonogenic cell killing in all cell lines which was accompanied by
significant increases in parameters indicative of oxidative stress
such as percent oxidized glutathione (%GSSG) and CDCFH2
oxidation. EGFR-induced cytotoxicity and oxidative stress were
both inhibited by the antioxidants N-acetylcysteine (NAC) and
catalase. These results support the hypothesis that oxidative stress is
involved in the mechanism of Erlotinib-induced cytotoxicity. The
combination of erlotinib and ionizing radiation additionally
increased cell killing and parameters indicative of oxidative stress
and these effects were mitigated with NAC treatment. The data
presented here suggest that therapeutic strategies that inhibit EGFR
activation combined with manipulations that increase prooxidant
production and inhibit hydroperoxide metabolism may preferentially kill head and neck tumor cells vs. normal cells via oxidative
stress. Supported by R01CA133114, R01 CA100045, T32
CA078586, and the Doris Duke Foundation.
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(PS7.12) Interlacing arrays of parallel x-ray microplanar
beams: effects on the intracranial rat 9LGS. Avraham
Dilmanian1,2, Zhong Zhong3, Nicolle Lanier1, Shravan Cheruku1,
Neda Shahrabi1, Lynda Nwabuobi1, John Kalef-Ezra4, Dean M.
Connor5, Michael Farhangian1, Joseph Gatz III1, Allen G. Meek2,
1
Medical Department, Brookhaven National Laboratory, Upton,
NY, 2Department of Radiation Oncology, State University of New
York, Stony Brook, NY, 3The National Synchrotron Light Source,
Brookhaven National Laboratory, Upton, NY, 4Medical Physics
Laboratory, Medical School, University of Ioannina, Ioannina,
Greece, 5National Synchrotron Light Source, Brookhaven National
Laboratory, Upton, NY
We present results from the method ‘‘interlaced x-ray
microbeams’’. It is based on the remarkable tissue-sparing effect
of arrays of thin planes of synchrotron-generated x rays, called
microplanar beams or microbeams. The effect was first established
using ultra-thin (;0.025 mm) x-ray beams at the National
Synchrotron Light Source (NSLS). Single-fraction unidirectional
exposures of the central nervous system (CNS) of the adult and very
young laboratory animals to microbeams were tolerated at doses 20
times higher than those tolerated with unsegmented beams. It was
later shown at that microbeams as thick as 0.68 mm still retain much
of their tissue-sparing effect. The biological mechanisms underlying
this effect involve microvasculature repair. In the interlaced method
the target is aimed at with two arrays of horizontal microbeams from
908 angles. The arrays interlace at the target to produce an
unsegmented radiation field if the thickness of each microbeam is
equal to the gap between the beams, and if one array is vertically
shifted with respect to the other by one beam thickness. As a result,
the target can be given a tumor ablating dose while the surrounding
normal tissues, being exposed to single array of microbeams at that
dose, are spared. The method was used to ablate a cubic 3.4 mm
target in the rat brain without damaging the surrounding tissues as
evident from MRI. The method’s dose fall-off is extremely sharp.
Rats with intracranial 9LGS were treated at day 13 of inoculation
using combinations of 0.43 and 0.37 mm beam thickness, 12.0,
12.4, and 13.7 mm arrays diameters, and 50, 55, 62, and 67 Gy
incident doses. The beam’s median energy was 120 keV (43-mm
tissue half-value layer). The current survivals for these experiments
are a) 6/8 and 5/8 (;180 d post-inoculation), b) 7/7 and 6/8 (;70
d), and c) 6/7 (;55 d); the post-inoculation median lifetimes for the
unirradiated controls were 22, 20, and 25 d, respectively. The
surviving rats had little or no epilation and no neurological
symptoms. The 11/16 results of the first group are better than any
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reported x-ray treatment of this tumor. These results indicate the
method’s potential for treating certain CNS and head-and-neck
tumors and neurological targets. Research was supported by
Lombardi Comprehensive Cancer Center, Musella Brain Tumor
Foundation, and Stony Brook Foundation.

(PS7.13) Radiation therapy ability to elicit anti-tumor
immunity in combination with CTLA-4 blockade is associated
with induction of MIP-1a expression in tumors. Zahidunnabi
Dewan, Satoko Matsumura, Silvia C. Formenti, Sandra Demaria,
New York University School of Medicine, NYU Langone Medical
Center, New York, NY
We have previously proposed that local ionizing radiation
therapy (IR) can be used to generate an in situ vaccine and induce
effective anti-tumor immunity when combined with immunotherapy. In support of this concept, we have shown in pre-clinical models
that IR induces anti-tumor responses in combination with CTLA-4
blockade. The molecular mechanisms of this effect remain largely
undefined. It is also unknown whether the ability of radiotherapy to
synergize with immunotherapy is influenced by dose and
fractionation regimes used to treat the tumor. Employing the mouse
carcinoma TSA we have found that a single 20 Gy dose was as
effective as 3 fractions of 8 Gy in inhibiting growth of the irradiated
tumor. However, only mice treated with the fractionated regimen
developed tumor-specific CD8 cells capable of suppressing
systemically tumor growth when combined with CTLA-4 blockade
(RRS meeting, 2008).The aim of this study was to identify genes
that are differentially expressed after single dose and fractionated
IR. An initial in vitro screen showed that MIP-1a was strongly
induced by IR in TSA cells. MIP-1a recruits immature dendritic
cells by binding to CCR5, resulting in enhanced cellular immune
responses. Therefore, it was a good candidate and its induction in
tumors was tested in vivo.BALB/C mice were injected s.c. with the
syngeneic carcinoma cells TSA on day 0. On day 12, mice were
randomly assigned to 3 groups receiving no IR, a single dose of 20
Gy or 3 fractions of 8 Gy in consecutive days, respectively. Tumors
were analyzed 2 and 5 days post-IR. Half of each tumor (N¼5/
group) was used to isolate RNA for real-time RT-PCR, and the
other half was used for measurement of MIP-1a protein by
ELISA.Expression of MIP-1a mRNA was not increased in tumors
irradiated with a single 20 Gy dose, but a slight increase in MIP-1a
protein was detected compared to non-irradiated tumors (1.4 and 2fold on day 2 and 5, respectively). In contrast, MIP-1a mRNA was
markedly elevated after fractionated IR (8 Gy x 3) with a 12-fold
increase on day 2, that persisted on day 5 when it was 8-fold that of
non-irradiated controls. MIP-1a protein levels were also increased
(2.2 and 3-fold on day 2 and 5, respectively). This data show that
the ability of fractionated IR to induce anti-tumor immunity is
associated with induction of MIP-1a at the irradiated tumor site.

(PS7.14) Indolyl-quinuclidinols inhibit ENOX activity and
endothelial cell morphogenesis while enhancing radiationmediated control of tumor vasculature. Ling Geng1, Girish
Rachakonda1, D. James Morre2, Dorothy M. Morre2, Peter A.
Crooks3, Vijayakumar N. Sonor3, Joseph L. Roti Roti4, Buck E.
Rogers4, Fei Ye1, Michael L. Freeman1, Konjeti R. Sekhar1,
1
Vanderbilt University, Nashville,, TN, 2Purdue University, West
Lafayette, IN, 3University of Kentucky, Lexington, KY, 4Washington University, St. Louis, MO
There is a need for novel strategies that target tumor
vasculature, specifically those that synergize with cytotoxic therapy,
in order to overcome resistance that can develop with current
therapeutics. A chemistry-driven drug discovery screen was
employed to identify novel compounds that inhibit endothelial cell
tubule formation. Cell-based phenotypic screening revealed that
non-cytotoxic concentrations of (Z)-(6)- 2-(1-benzenesulfonylindol-3-ylmethylene)-1-azabicyclo[2.2.2]octan-3-ol, and (Z)-(6)-2(1-benzyl-indol-3-ylmethylene)-1-azabicyclo[2.2.2]octan-3-ol inhibited by 70% or greater endothelial cell migration, and the ability
to form capillary-like structures in Matrigel. The ability to undergo
neo-angiogenesis, as measured in a window chamber model, was
also inhibited by 70%. Screening of biochemical pathways revealed
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that (Z)-( 6)-2-(1-benzylindol-3-ylmethylene)-1-azabicyclo[2.2.2]octan-3-ol inhibited the enzyme ENOX1 (EC50 ¼ 10
lM). Retroviral-mediated shRNA suppression of endothelial
ENOX1 expression inhibited cell migration and tubule formation,
recapitulating the effects observed with the small molecule analogs.
Genetic or chemical suppression of ENOX1 significantly increased
radiation-mediated Caspase3-activated apoptosis of vascular endothelial cells, coincident with suppression of p70S6K1 phosphorylation. Administration of (Z)-(6)-2-(1-benzylindol-3-ylmethylene)1-azabicyclo[2.2.2]octan-3-ol prior to fractionated X-irradiation
significantly diminished the number and density of tumor
microvessels, as well as delayed syngeneic and xenograft tumor
growth compared to results obtained with radiation alone. These
results suggest that targeting ENOX1 activity represents a novel
therapeutic strategy for enhancing the radiation response of tumors.

(PS7.15) Evaluation of prostate cancer cell viability and
apoptotic death after treatment with radiation and MnTE-2PyP, an SOD mimetic. Adeola Y. Makinde1, James D. Crapo2,
Daila S. Gridley1, 1Loma Linda University, Loma Linda, CA,
2
National Jewish Health, Denver, CO
The efficacy of radiotherapy in prostate cancer is often limited
due normal tissue toxicity and antioxidants are known to protect
against such damage. Our previous studies suggest that in
combination with radiation, superoxide dismutase (SOD) mimetics
may increase anti-tumor efficacy by mechanisms that are yet to be
established. The purpose of this study, therefore, was to further
investigate and identify possible mechanisms. We assessed the
ability of MnTE-2-PyP, an SOD mimetic, to modulate cellular
viability and apoptotic death after exposure of RM-9 and LNCaP
prostate cancer cells to c-irradiation. RM-9 is a mouse prostate
cancer cell line that has comparable pathological and phenotypic
characteristics to human prostate cancer. LNCaP human prostate
cancer cell line is closely representative of prostate cancer that
would be treated with radiation in patients. Cells were cultured in
appropriate media and seeded at 5 3 103 cells/well in 96-well format
plates. Cells were treated with radiation and/or drug following an
overnight incubation. Radiation doses were 0, 2, 5, and 10 Gy using
60
Co c-rays. Thirty minutes prior to irradiation, MnTE-2-PyP was
added to respective wells at 0 and 10 umol. Cells that did not
receive either drug or radiation were designated as the control.
Cellular viability and apoptosis was assayed at 6h, 24h and/or 48h
post-exposure. Viability was assessed by means of a luminescent
assay (CellTiter-Glo). Cellular apoptosis was quantified by
measuring caspase 3 and 7 activation (Caspase-Glo 3/7). Viability
and apoptosis were expressed as percentages of the untreated
control. Statistical analysis showed that a significant decrease in
viability occurred at 48h post-exposure in LNCaP cells treated with
radiation and drug (p,0.05). Caspase activation was elevated in 10
Gy-treated LNCaP cells at 6h, 24h and 48h; significant interaction
between drug and radiation was also observed at 6h and 48h
(p,0.05). Consistent effect of treatment was not observed in
viability of RM-9 cells with either treatment modality. These results
show that the two prostate cancer cell lines differed in response to
the above treatments, and that the human LNCaP cells were more
dramatically affected. Overall, our findings demonstrate the
enhanced inhibitory effect of drug þradiation on LNCaP prostate
tumor survival.

(PS7.16) Construction of a Radiation-induced Artificial
Positive Feedback Circuit using p53/p21 pathway elements in
Human Lung cancer cells. Wei-Dong Wang, Li-wei Mao, Zhengtang Chen, Cancer Institute of PLA, Xinqiao Hospital at Third
Military Medical University, Chongqing, China
Objective Radio-genetic therapy is a novel strategy for cancer
treatment, however, with exposure of the routine radiation dose, the
expression of therapeutic gene induced by radiation is low and
transient, leading to compromised therapeutic effects. In present
study, we introduced an artificial wt-p53 positive feedback loop to
the irradiation-gene therapy to increase the expression level of
therapeutic genes and verified its effects on tumor suppression.
Methods The irradiation-sensitive response element cArG[C-
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(PS7.17) Combination of local radiation with cd137 costimulation for breast cancer treatment. Karsten A. Pilones, Noriko
Kawashima, Silvia C. Formenti, Sandra Demaria, New York
University, New York, NY
Immunosuppression within the tumor microenvironment
hinders the efficacy of immunotherapy. Accumulating evidence
indicates that local ionizing radiation (IR) can synergize with
immunotherapy and improve tumor response. CD137/4-1BB is a
co-stimulatory molecule expressed on activated T-cells that
provides a survival signal to promote the expansion and
differentiation of antigen-specific T-cells. The purpose of this study
was to determine whether antibody-mediated CD137 co-stimulation
in combination with local IR is effective against the poorly
immunogenic 4T1 mouse breast carcinoma.BALB/c mice were
given a tumorigenic inoculum of 4T1 cells on day 0. On day 13,
when s.c. tumors became palpable, mice were randomly assigned to
4 groups, receiving (1) no treatment (n¼12), (2) IR alone (n¼12), (3)
anti-CD137 mAb (BMS-469492 from Bristol Myers Squibb) (n¼12)
and (4) IR þ anti-CD137 mAb (n¼11). IR was delivered to the
tumor in 2 fractions of 12 Gy at 24 hours interval and 200 lg antiCD137 mAb were given i.p. 1, 4 and 7 days post-IR. Mice were
followed for tumor growth and survival. Monotherapy with antiCD137 mAb or IR did not improve survival (median survival¼ 39
days for untreated and IR or anti-CD137-treated mice). In
combination, IR and anti-CD137 mAb increased survival (median
survival¼49 days), but no cures were obtained. The modest effect of
combination treatment prompted us to investigate whether low
expression of CD137 on T cells of tumor-bearing mice was a factor
limiting the efficacy of CD137 co-stimulation. To this end, tumorinfiltrating lymphocytes (TILs) were analyzed on day 26 of tumor
growth. CD137 was expressed on a small (,5%) percentage of T
cells in both spleen and tumor-draining lymph nodes. In contrast,
30% of CD8 TILs expressed CD137. Surprisingly, CD137 was also
expressed on the majority (85%) of TILs with the phenotype
(CD4 þCD25 þFoxP3 þ) of regulatory T cells (Treg). The latter
represented ;45% of all CD4 TILs. This raises the possibility that
the benefits of enhancing CD8 TIL survival via CD137 costimulation may be offset by a parallel augmentation of Treg
function and/or numbers. Overall, data indicate that combination of
CD137 co-stimulation and IR is a promising treatment for
established breast cancer. Importantly, strategies targeting Treg
may be required to enhance the therapeutic response.

(PS7.18) DMAPT induced X-ray sensitization of lung cancer
cells involves inhibition of NF-jB dependent split dose and
DNA double strand break repair. Marc S. Mendonca1, Neil C.
Estabrook1, Helen Chin-Sinex1, Anthony Borgmann1, Nicholas
Smolen1, Christopher Watson1, Ryan Dhaemers1, Peter Crooks2,

Christopher Sweeney3, 1IU School of Medicine, Indianapolis, IN,
College of Pharmacy, University of Kentucky, Lexington, KY,
3
University of Adelaide, Adelaide, Australia
2

It has been recently shown that some non-small cell lung
cancer (NSCLC) patients can be successfully treated with a few
large fractions of highly conformal radiation, but the size and
location of the tumors limit application of this new approach. We
hypothesized that this large radiation fraction methodology could be
extended to additional patients by concurrently adding a molecularly targeted chemotherapeutic agent. Parthenolide is a sesquiterpene lactone isolated from the Feverfew. We and others have shown
that parthenolide can synergistically enhance X-ray induced cell
killing in human prostate cancer. In this study, we investigated
whether dimethylaminoparthenolide (DMAPT), a bioavailable
derivative of parthenolide, was able to sensitize human lung cancer
cells to small and large fraction X-ray killing. We utilized two
radiation resistant NSCLC lines for these studies, A549 that
constitutively expresses p53, and H1299 that is p53 null. In both
NSCLC lines, DMAPT treatment increased cell population
doubling time, decreased plating efficiency, and enhanced radiation-induced cell killing. Cell cycle analysis for the A549 line
demonstrated an increase radiosensitive G2/M-phase, but this shift
was not observed in the H1299 line. Further investigation
demonstrated that the X-ray sensitization by DMAPT was due to
suppression of split-dose recovery, perhaps through inhibition of
DNA double strand break repair. Preliminary DNA DSB analysis by
Comet Assay indicates DNA repair is inhibited by incubation with
parthenolide. In addition, we demonstrated that DMAPT inhibited
constitutive and radiation-induced NF-jB binding activity. Furthermore, we found that inhibition of NF-jB by p65 knockdown with
siRNA increased radiation sensitivity and completely inhibited splitdose recovery in a very similar manner to DMAPT treatment alone
on either cell line. Taken together the data indicate that DMAPT’s
inhibition of NF-jB activation plays an important role in the
observed X-ray killing of these NSCLC lines. In summary, we
found DMAPT to be a potent radio-sensitizer for A549 and H1299
human lung cancer cell lines. We propose that DMAPT has
excellent potential for clinical translation. Supported by an IU
Simon Cancer Center- Lung Cancer Working Group grant awarded
to MSM.
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C(A þT)6GC], i.e., E6, was coupled with p53 response element
pREs and wild type p53 gene, establishing an irradiation-controlled
wt-p53 positive feedback loop. The dynamics and the potency of
up-regulating target gene wt-p53 of this feedback loop was
investigated in vitro. Finally, the anti-tumor effects of this feedback
loop in the transplanted tumor nude mouse model was observed to
validate the effects of this loop to up-regulate the expression of wtp53 gene spatio-temporally. Results In this study, we have
constructed a recombinant plasmid containing an irradiationinduced wt-p53 positive feedback loop, which has led to much
higher expression level of wt-p53 in transfected lung cancer A549
cells, thus it addressed the problem of current irradiation-gene
therapy strategy, i.e., the weak and transient expression of target
gene. Our results demonstrated that the p53 gene feedback loop
could cause the tumor cells to arrest at G1 stage and induce cell
apoptosis, leading to the increased susceptibility of lung tumor to
irradiation. In further study, the effects of the wt-p53 feedback loop
on tumor control had been validated in the transplanted tumor
model in nude mice. Conclusions This study explored a novel
strategy of anti-tumor therapy which can not only induce the
persistent expression of wt-p53 at the local tumor site, causing the
apoptosis of tumor cells, but also decrease the needed irradiation
dose thus to relieve the damage of irradiation to normal tissues.
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(PS7.19) PKCa activation downregulates ATM and radiosensitizes androgen-sensitive human prostate cancer cells in
vitro and in vivo. Adriana Haimovitz-Friedman1, Jean-Philip
Truman1, Susan A. Rotenberg2, Ji-Hye Kang3, Gabriel Lerman1,
Zvi Fuks1, Richard Kolesnick1, Victor E. Marquez3, 1Memorial
Sloan Kettering Cancer Center, New York, NY, 2Queens College,
The City University of New York, NY, 3National Cancer InstituteFrederick, National Institute of Health, Frederick, MD
We previously demonstrated that treatment of human
androgen-responsive prostate cancer cell lines LNCaP and
CWR22-Rv1 with 12-O-tetradecanoylphorbol 13-acetate (TPA), a
known protein kinase C (PKC) activator, decreases ATM protein
levels, thus de-repressing the enzyme ceramide synthase (CS) and
promoting apoptosis as well as radio-sensitizing these cells. Here we
show that PKCa mediates the TPA effect on ATM expression, since
ATM suppression and apoptosis induced by either TPA or
Diacylglycerol-lactone (DAG-lactone), both inducing PKCa activation, are abrogated in LNCaP cells following transfection of a
kinase-dead PKCa mutant (KD-PKCa). Similarly, KD-PKCa
blocks the apoptotic response elicited in combination of TPA and
radiation, whereas expression of constitutively active PKCa is
sufficient to sensitize cells to radiation alone, without a need to pretreat the cells with TPA. These findings identify CS activation as a
downstream event of PKCa activity in LNCaP cells. Similar results
were obtained in CWR22-Rv1 cells with DAG-lactone treatment.
Using the LNCaP orthotopic prostate model it is shown that
treatment with TPA or DAG-lactone induces significant reduction
in tumor ATM levels coupled with tumor growth delay.
Furthermore, while fractionated radiation alone produces significant
tumor growth delay, pretreatment with TPA or DAG-lactone
significantly potentiates tumor cure. These findings support a
model, in which activation of PKCa down-regulates ATM, thus
relieving CS repression by ATM and enhancing apoptosis via
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ceramide generation. This model may provide a basis for the design
of new therapies in prostate cancer.
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(PS7.20) Investigating the vascular targeting effects of the
bioreductive cytotoxin Tirapazamine. Jennifer H. E. Baker,
Alastair H. Kyle, Erin Flannagan, Stephen Methot, Andrew
Balbirnie, Andrew I. Minchinton, BC Cancer Research Centre,
Vancouver, BC, Canada
Tirapazamine (TPZ) is a lead bioreductive cytotoxin in
development to complement radiotherapy by selectively killing
hypoxic cancer cells. While TPZ exhibits greater toxicity to hypoxic
vs. oxygenated cells in vitro, we have previously reported that it
mediates dose-responsive, irreversible central vascular dysfunction
in several tumour models in vivo, leaving a hallmark peripheral rim
of surviving vessels as seen with other vascular targeting agents
(VTAs). To explore how TPZ is able to mediate this catastrophic
damage to tumour endothelium, likely the most oxygenated cell
population in solid tumours, we have investigated the role of tumour
hypoxia and nitric oxide synthase (NOS) inhibition.In HCT116 and
HT29 colorectal xenograft models an increase in tumour hypoxia
induced using mild anemia or low (7–10%) O2 breathing increased
both the magnitude and frequency of the VTA effects of 60 mg/kg
TPZ. Dynamic contrast-enhanced MRI assessment of tumour
perfusion (IAUC, KTrans) showed that tumours with greater
perfusion were significantly less likely to respond to the VTA
effects of TPZ as measured using tumour mapping. Follow up
studies with 18F-radiolabeled EF5 to assess pre-treatment hypoxia
using PET/CT imaging of subcutaneous tumours are underway.Striking results were also observed combining TPZ with a NOS
inhibitor (180 mg/kg L-NNA), where even at lower doses of TPZ
(20 and 40 mg/kg) central vascular dysfunction could be observed
in HCT116 tumour xenografts. Growth delay data confirms that the
vascular dysfunction seen with 40 mg/kg TPZ in combination with
180 mg/kg L-NNA translates into reduced tumour growth relative to
either agent given alone.Interestingly, HT29 xenografts, which are
typically completely resistant to the VTA effects of TPZ under
normal oxygen conditions, are resistant even when TPZ is combined
with NOS inhibition. Tumour mapping of HCT116 (sensitive) and
HT29 (resistant) microenvironmental features reveal important
variations, including vascular maturity and function; HT29
xenografts also have lower expression of eNOS co-localized with
tumour vascular staining.In summary, this work supports the
hypothesis that the mechanism for anti-vascular activity of this
hypoxic cytotoxin involves both hypoxia and inhibition of NOS.

(PS7.21) The temperature at which mice are housed alters
sensitivity to total body irradiation. Maegan L. Capitano, Bonnie
L. Hylander, Elizabeth A. Repasky, Roswell Park Cancer Institute,
Buffalo, NY
The dose of radiation that can result in bone marrow depletion
and hematopoietic destruction in laboratory mice housed under
standard conditions is well established. However, many researchers
may be unaware of the fact that standard (and IACUC-required)
room temperature of rodent vivariums in research facilities (usually
20–238C) is cooler than what is considered optimal for maintenance
of thermoneutrality for mice and rats (28–308C). Although the core
body temperature of mice remains within the normal range (;378C)
under both ambient temperatures, more energy must be expended by
animal maintained under cooler conditions to maintain normal body
temperature and this imbalance is known to affect several metabolic
parameters. We tested whether ambient temperature affects the
sensitivity of mice to total body irradiation. To conduct this
analysis, we chose three strains of mice, SCID, BALB/c, and
C57BL/6 mice, and housed them in either a ‘‘standard’’ ambient
temperature (22 þ/- 1 8C) or at a warmer (thermoneutral)
temperature (28 þ/- 1 8C) for two weeks to allow them to
acclimate. Treatment groups were then given 7Gys total body
irradiation (the LD50 for mice) using a cesium-irradiator while
control mice were given sham treatments and all mice were then
returned to their respective thermal environments. Body weights
were monitored daily and blood samples collected at various time
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points. All three strains of mice housed in the warm room exhibited
a significantly increased rate of weight loss compared to mice
maintained under standard conditions. This was accompanied by
enhanced depletion of circulating erythrocytes . Further, upon
histological examination of organs after animals were sacrificed, we
observed histological alterations in the spleen and evidence of
increased apoptosis of cells in the liver and GI tract in mice
irradiated after maintenance at warmer ambient temperatures .
Overall it appears that ambient temperature can affect overall
outcome of radiation exposure. This observation suggests that
factors which affect overall energy balance, (i.e., maintenance of
thermal regulation) are important parameters that could affect the
extent of cellular damage and survival after radiation.

(PS7.22) SR48692, a specific neurotensin receptor (NTR1)
antagonist, sensitizes prostate cancer cells to ionizing radiation,
in both in-vitro and in-vivo models. Jaroslaw Dziegielewski,
Bradley L. Pemberton, Marya E. Dunlap-Brown, James M. Larner,
Sarah J. Parsons, George P. Amorino, University of Virginia,
Charlottesville, VA
Radiation is one of the most commonly used treatments for
prostate cancer. However, even with recent advances in targeted
radiotherapy, adverse effects on surrounding normal tissue remain a
significant clinical problem. An agent which selectively sensitizes
prostate tumor but not normal prostate could improve the
therapeutic ratio of radiation. Neurotensin (NT) is a one of the
factors secreted by neuroendocrine (NE) cells in prostate. We have
demonstrated that NT stimulates PC3 prostate cancer cells
proliferation through EGFR Tyr845/Src/Stat5b pathway, and that
the neurotensin receptor (NTR1) antagonist, SR48692, inhibits NTinduced stimulation of PC3 cells (Amorino et al., Oncogene, 2008).
Since NE cells of the prostate are involved in the progression of
prostate cancer through paracrine effects, and prostate cancer cells
secrete neurotensin that acts in an autocrine fashion, we investigated
SR48692 as a radiosensitizer. Radiosenitization by SR48692 was
measured in PC3, C4-2 and LNCaP prostate cancer cells, as well as
in RWPE-1 normal prostate epithelial cells, using clonogenic
survival and growth inhibition assays. Combination effects of the
drug and radiation on cell death pathways was evaluated by
apoptosis assays and Western blotting. PC3M-luc orhtotopic
xenografts in nude mice were treated with SR48962, radiation, or
in combination, and tumor growth was determined by bioluminescence imaging. Our results show that a small-molecule inhibitor of
neurotensin receptor (SR48692) effectively radiosensitized human
prostate cancer cells, while the effects on normal prostate epithelial
cells were minimal. Importantly, the combination therapy (SR48692
and radiation) suppressed xenograft tumor growth in nude mice
significantly more that either treatment alone. Our study suggest that
NTR1 receptor, or neurotensin signaling pathway, are viable targets
for combined chemo/radiotherapy of prostate cancer. This work is
supported by DOD grant W81XWH-08-1-0114.

(PS7.23) Relative efficiency of curcumin, neem leaf extract
and black raspberry extract in attenuating fractionated
radiation induced NFkB DNA binding activity and transcriptional responses in human pancreatic adenocarcinoma cells.
Jamunarani Veeraraghavan1, Rakhesh Madhusoodhanan1, Mohan
Natarajan2, Terence S. Herman1, Natarajan Aravindan1, 1Department of Radiation oncology, University of oklahoma health
sciences center, Oklahoma city, OK, 2Department of otolaryngology, Head & Neck surgery, University of Texas Health Sciences
Center at San Antonio,, San Antonio, TX
NFjB plays an intrinsic role in promoting growth, angiogenesis and metastasis in pancreatic cancer, as well as it serves as a
mechanism that underlies therapeutic resistance. Selectively targeting NFjB would hence significantly potentiate the treatment
modalities and subsequent cure. Accordingly, we investigated the
efficacy of pharmacologically safe phytochemicals in inhibiting
fractionated radiation induced NFjB activity and NFjB signaling
pathway molecules. Human pancreatic adenocarcinoma (Panc-1)
cells were either exposed to single dose (10Gy) c-radiation (SDR),
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(PS7.24) TLR5 agonist CBLB502 protects dermal and
mucosal epithelia from radiation damage during radiotherapy
in mouse model of head and neck cancer. Lyudmila Burdelya1,
Anatoly Gleiberman2, Iliya Toshkov2, Semra Aygun-Sunar1,
Patricia Manderscheid-Kern1, David Bellnier1, Vadim Krivokrysenko2, Elena Feinstein2, Andrei Gudkov1, 1Roswell Park Cancer
Institute, Buffalo, NY, 2Cleveland Biolabs, Inc., Buffalo, NY
Introduction: The efficacy of radiotherapy is limited by
radiation toxicity upon healthy tissues. Radiotherapy of patients
with head and neck cancer is frequently associated with the
development of severe mucositis significantly affecting the patients’
quality of life. We have recently developed a new radioprotectant,
CBLB502, shown to be capable of rescuing both rodents and
primates from lethal doses of total body irradiation (Burdelya et al.,
2008, Science 320: 226–30). CBLB502 is a pharmacologically
optimized derivative of bacterial flagellin, an agonist of Toll-like
receptor 5 (TLR5), that is being developed as a biodefense drug for
treatment and mitigation of hematopoietic and gastrointestinal acute
radiation syndromes. The objective of this study was to investigate
the efficacy of CBLB502 as a radioprotector from the damage
caused by fractioned local irradiation applied to the head and neck
area, conditions simulating cancer radiotherapy. Methods and
Results: Subcutaneous injection of CBLB502 thirty minutes prior
to either single-dose (15 Gy and 20 Gy) or fractioned irradiation (up
to 30 Gy of cumulative dose) significantly reduced the severity of
dermatitis and mucositis, accelerated and enhanced tissue recovery
and reduced the extent of radiation-associated weight loss.
Importantly, CBLB502 was shown capable of radioprotection when
injected multiple times with 24 hr intervals. While offering
protection to normal epithelia, CBLB502 did not affect the
radiosensitivity of orthotopically grown syngeneic squamous
carcinoma SCCVII treated with local irradiation. Use of CBLB502
also initiated a radiation-independent growth inhibitory effect upon
TLR5-expressing tumors demonstrated, besides the SCCVII model,
in mouse xenograft models of human adenocarcinomas of the colon
(HCT116) and lung (A549). Conclusions: CBLB502 is effective in
protection of the dermal and mucosal epithelia of the head and neck
area in mice irradiated locally with single or multiple dosing of
gamma radiation. The protection is limited to normal tissues, which
allows us to project this drug candidate for supporting care
treatment of head and neck cancer patients undergoing radiotherapy.

(PS7.25) Receptor-mediated delivery of an anti-DNA-PKcs
single-chain antibody to the nuclei of human cancer cells and
demonstration of radiation sensitivity enhancement in vitro.

Shuyi Li1,2, Hairong Xiong1,3, Robert J. Lee4, Jingchun Gao5,
Wendy Kuhne1, John G. Edwards2, William S. Dynan1, 1Institute of
Molecular Medicine and Genetics, Augusta, GA, 2Apeliotus
Technologies, Atlanta, GA, 3State Key Laboratory of Virology,
Institute of Medical Virology, Wuhan University School of
Medicine, Wuhan, China, 4Ohio State University, Columbus, OH,
5
Moffitt Cancer Center, Tampa, FL
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fractionated (2Gy/day for 5 days) c-irradiation (FIR), treated with
curcumin, neem leaf extract (NLE) or black raspberry extract (RSE)
and exposed to SDR or FIR. NFjB DNA binding activity was
analyzed using EMSA and mRNA expression of 88 NFjB signaling
pathway molecules using quantitative real-time PCR profiling.
Radiation (SDR, FIR) significantly induced NFjB DNA binding
activity in pancreatic cancer cells and this induced activity was
robust in cells exposed to FIR. Treatment with curcumin, NLE and
RSE induced a dose dependent inhibition of NFjB DNA binding
activity. Similarly, curcumin, NLE and RSE significantly inhibited
radiation induced NFjB DNA binding activity. To that note, we
observed a maximal inhibition of radiation (SDR & FIR) induced
NFjB activity in NLE treated cells. QPCR profiling demonstrated a
treatment specific modulation in the NFjB signaling related
molecules. Consequently, FIR significantly induced 48 genes when
compared to SDR in pancreatic cells. Of the 48 FIR induced genes,
treatment with curcumin, NLE and RSE significantly suppressed 30,
19 and 35 genes respectively. More importantly, 15 of these genes
including ATF1, BCl3, Birc5, EGR1, FASL, IFNA2, IL1a, IRAK1,
IRAK2, NOD1, RelA, RIPK1, Ticam2, TNFRSF1A and TNFSF14
were commonly downregulated after all treatments. These data
suggest that these phytochemicals target NFjB signaling to
radiosensitize pancreatic cancer cells. Furthermore, targeting
radiation or chemoradiation induced NFjB with NLE might be a
useful tool to investigate the therapeutic resistance in pancreatic
cancer.

S E S S I O N S

We report here the development of a platform technology to
manipulate the function of non-homologous end joining (NHEJ), a
clinically important pathway for DNA double-strand break (DSB)
repair. Single chain antibody fragment (scFv) binds with high
affinity to DNA-PKcs and blocks DNA end joining in a cell-free
system. A modified ScFv 18-2, bearing a nuclear localization signal,
was reversibly coupled to a folic acid derivative via a disulfide
bond. Folate-conjugated scFv 18-2 bound to cell-surface folate
receptor, internalized by nondestructive receptor-mediated endocytosis, escaped the endocytic compartment, and entered the nucleus,
where it colocalized with DNA-PKcs.Unrepaired DSBs are
characterized by the presence of a modified histone, c-H2AX. In
control cells, c-H2AX foci formed within 30 min of radiation
treatment and mostly disappeared by 90 min. In folate-ScFv 18-2
NLS-treated cells, c-H2AX foci persisted unchanged at 90 min,
indicating a delay in repair. In the NHEJ pathway, DNA-PKcs
undergoes ordered phosphorylation at two clusters of regulatory
sites. The scFv treatment had no effect on phosphorylation at
S2638, which is within the first cluster of phosphorylation sites, but
markedly inhibited phosphorylation at S2056, within the second
cluster of sites. This suggests that the scFv arrests NHEJ at a
specific point in the pathway.In clonogenic survival assays, ScFv
18-2 NLS treatment reduced survival, relative to control cells, at all
radiation doses tested. Fitting to a linear-quadratic model using
weighted, stratified linear regression showed that the difference
between the treated and the control groups was highly significant
(P,0.001). Sensitivity enhancement ratios based on mean inactivation dose were 1.92 in KB cells and 1.63 in H292 (nonsmall cell
lung cancer) cells. Survival at 2 Gy was scFv concentration
dependent. The technology described here will facilitate a
mechanism-based approach for increasing therapeutic gain from
radiation therapy.

(PS7.26) Identification of GMX1777/1778 as the ROS inducing
agent. Stephen S. Yoo1, David Cerna2, 1MRTB/RRP/DCTD/NCI/
NIH, Bethesda, MD, 2MRTB/SAIC/NCI/NIH, Bethesda, MD
Of clinical benefit would be the identification of tumor
vulnerabilities that would be susceptible to a given molecular
targeted agent. GMX1777/1778, a novel inhibitor of NAD þ
biosynthesis, has shown to inhibit the nicotinamide phosphoribosyl
transferase (NAMPRT), an enzyme involved in the biosynthesis of
oxidized nicotinamide adenine dinucleotide (NAD þ). We are
reporting an increase in the production of reactive oxygen species
(ROS) after exposure to GMX1777/1778 in certain cancer cells. The
increase in superoxide production was measured using DHE
oxidation assay in a human glioma cell line. This study
demonstrates that ROS can be altered by GMX1778 and we
propose a novel way of killing certain cancers by GMX1777/1778.

(PS7.27) Lack of effect of acidifying agents on radiation,
hyperthermia or chemotherapy response of murine bone
marrow. Dennis B. Leeper1, Vanita Patel1, Marea Pollard1, Michael
D. O’Hara2, 1Thomas Jefferson University, Philadelphia, PA,
2
USFDA, Rockville, MD
Introduction: Since normal tissues do not exhibit a Warburg
Effect, they should not be as sensitize to acute acidification
techniques as tumors after radiation, hyperthermia or alkylating
agents. We report that the acidification protocol containing MIBG
or Lonidamine plus excess glucose does not sensitize bone marrow
progenitors to therapeutic agents as they do tumors. Methods:
Anesthetized Balb/c mice were administered 2 g/kg oral glucose,
22.5 mg/kg MIBG, s.c., 75 mg/kg or 25 mg/kg Lonidamine, s.c. or
7.5 mg/kg cisplatin, i.p. Cs-137 c-rays or 2 Hr at 428C were
administered 75 min later instead of cisplatin. Ninety min later tibial
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bone marrow was isolated, and the committed progenitor cell, CFUC, and the putative bone marrow fibroblast stem cell, CFU-F, were
placed in appropriate culture (O’Hara, MD, et al, Exp Hematology,
19:1096–1100, 1991). Colonies 50 cells were scored and the
surviving fraction calculated in percent of the saline control. Two
animals were treated with 3–6 flasks per animal per experiment.
Results: Either after 428C hyperthermia or radiation, excess glucose
plus respiratory inhibition did not sensitize bone marrow progenitors. The acidifying agents alone had no effect on the surviving
fraction of CFU-F, and neither did cisplatin with or without the
acidifying agents. However, 7.5 mg/kg cisplatin alone or in the
presence of glucose þ MIBG reduced the surviving fraction of
CFU-C to approximately 25% (p0.01) The addition of Lonidamine with or without MIBG to cisplatin reduced the surviving
fraction of CFU-C from apprx 25% to 14.5% independently of the
size of the dose of Lonidamine. The acidifying agents used in the
bone marrow experiments and in tumor response experiments, and
7.5 mg/kg cisplatin plus acidifying agents all caused less than 10%
transient weight loss in mice, and no deaths. Conclusion: Acidifying
agents combined with radiation, hyperthermia or cisplatin that
caused marked sensitization to melanoma tumor growth delay
caused little or no enhancement of the response of the critical
normal tissue, mouse bone marrow. Similar results were found for
exposure to melphalan 6 acidification. These results suggest an
increase in therapeutic gain may occur after acute acidification
induced tumor sensitization of thermoradio- or chemotherapy.
Supported by USPHS P01 CA56690.

therefore aimed to find novel 26S proteasome inhibitors that would
target EGFRvIII expressing cells for radiosensitization using high
throughput screening. Over 60,000 small molecules were screened
in GBM cells stably expressing a fusion protein of luciferase and an
orinthine decarboxylase degron. We identified thiostrepton, a cyclic
peptide thiazole antibiotic, as a novel proteasome inhibitor. Using
fluorogenic peptides specific to the three proteolytic activities of the
proteasome, we determined that thiostrepton directly inhibits both
the chymotrypsin-like and caspase-like activities, but does not affect
trypsin-like activity. In addition, thiostrepton dose dependently
decreases viability and clonogenicity of U87 wild type and
U87EGFRvIII cells in vitro. Finally, an initial screening clonogenic
assay with thiostrepton in U87EGFRvIII cells showed radiosensitization. Thiostrepton has recently been described as an inhibitor of
the transcription factor forkhead box M1 (FoxM1) in breast cancer
cells. FoxM1 is a master regulator of cell cycle progression that is
overexpressed in high grade gliomas but absent from normal brain
tissue. It is activated and stabilized by radiation, increasing
expression of DNA repair proteins, and could potentially contribute
to radioresistance in GBM. We have shown that thiostrepton
markedly downregulates FoxM1 transcription in GBM cells and are
currently investigating if this explains this molecule’s mechanism of
radiosensitization. This work was supported by UCLA’s Center for
Biological Radioprotectors U19 AI067769/NIAID and an HHMI
Medical Research Training Fellowship.

(PS7.30) PET imaging of anti-angiogenic peptide anginex.
(PS7.28) Suppression RAD51 expression enhances sensitivity
of chemicals and ionizing radiation to human osteosarcoma
cells. LiQing Du, Yong Wang, Hong Wang, Jia Cao, Qiang Liu,
FeiYue Fan, Institute of Radiation Medicine, Chinese Academy of
Medical Sciences & Peking Union Medical College, Tianjin, China
Osteosarcoma is the most common non-hematological primary malignant tumors in adults and children. Ionizing radiation (IR)
or drug resistance is an underlying mechanism contributing to the
failure of therapy in these patients. Therefore, the relationship
between Rad51 protein in HR and IR or drug resistance was
investigated in our research. Although high expression of Rad51 is
associated with enhanced resistance to DNA-damage induced by
chemicals and/or ionizing radiation in several experiments. But it is
not clear about Rad51 expression in osteosarcoma and its
relationship with IR sensitivity and chemoresistance. In this study,
we elucidated the possibility of using Rad51 in the treatment of
human osteosarcoma in vitro. It was analyzed that changes of
chemo- and radiation sensitivity in cultured osteosarcoma cells after
suppression of Rad51 expression using a plasmid vector-mediated
short hairpin RNA (shRNA) expression system. The results
indicated that suppressed Rad51 could make cell cycle arrest in
G2 phase, inhibit tumor cell proliferation, and that Rad51 might
play an important role in radiation and chemosensitivity of human
osteosarcoma by augment the apoptosis.

(PS7.29) Thiostrepton, a novel proteasome inhibitor, downregulates FoxM1 expression and is a radiosensitizing agent in
glioblastoma multiforme. Zachary S. Zumsteg, Nicholas A.
Cacalano, Joseph J. Belanto, Brian K. Yeh, Victoria Pham,
Christina A. M. Jamieson, Keisuke Iwamoto, William H. McBride,
Kwanghee Kim, UCLA Department of Radiation Oncology, Los
Angeles, CA
Glioblastoma multiforme (GBM) is the most common and
most deadly primary malignancy of the central nervous system.
GBM is resistant to frontline therapeutic modalities, including
radiation, necessitating novel molecular strategies for radiosensitization. One common molecular alteration driving tumor aggression
in this cell type is presence of the truncated form of the EGFR
receptor (EGFRvIII). We have shown previously that U87 cells
transduced to express EGFRvIII are radioresistant, and have an
altered proteasome profile that is not inhibited by exposure to
radiation. Additionally, we have shown that under some circumstances proteasome inhibitors can act as radiosensitizers. We
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Robert J. Griffin, Nathan Koonce, Jessica Webber, Scott Apana,
Marc Berridge, University of Arkansas for Med Sci, Little Rock,
AR
Anginex, a 33mer anti-angiogenic agent, has demonstrated
potent radiation and chemosensitization of tumors with little to no
evidence of other toxicity in rodent models in our laboratory and
several others. We have recently focused on ways to understand the
in vitro and in vivo binding and distribution of Anginex in the
context of radiation therapy. To that end, we designed and
synthesized a PET-labeled Anginex molecule in order to assess
biodistribution characteristics and allow optimization of drug
delivery strategies using anginex to target the tumor vasculature.
Briefly, Anginex (0.1 mg) was reacted with [18F]4-fluorobenzaldehyde (0.4–4 GBq, 10–100 mCi, ca 25 nmol) in the presence of
sodium cyanoborohydride and purified by passage over Sephadex.
Two tumor models were used to image the uptake of labeled
anginex; SCK murine mammary carcinoma which is responsive to
anginex therapy and FSaII fibrosarcoma which was previously
observed to be unresponsive to anginex. The tumor uptake (nCi/cc)
at 20 min. after i.p. injection of labeled anginex was found to be up
to 4 orders of magnitude higher in SCK tumors vs. FSaII tumors,
supporting our previous results that suggested FSaII was relatively
unresponsive to anginex treatment. In addition, the tumor uptake
relative to the muscle uptake was approximately 6-fold in FSaII
tumors and nearly 11-fold in SCK tumors. We also studied i.v.
injection of the labeled anginex into SCK-bearing mice and
observed a delayed uptake into the tumor starting approximately
20 min after injection indicating that after the first pass of anginex
there may be transient sequestration in other organs. We have
observed a synergistic increase in radiation response of several
endothelial cell lines exposed to anginex for 2–4 h before
irradiation. Therefore, we want to know if the targeting of the
endothelium persists after fractionated radiation therapy is begun in
vivo. Ongoing work is focused on understanding the changes in
uptake over the course of multiple radiation treatments using our
PET imaging strategy. The receptor for Anginex is galectin-1 and
therefore targeting of galectin-1 expressing endothelium in the
tumor by PET-labeled Anginex may allow monitoring receptor
expression and drug delivery via anginex-labeled liposomes during
radiation therapy. Supported by grant CA107160 to RJG.

(PS7.31) Hypoxia-Induced lethal damage (HILD) is enhanced
by inhibiting the repair of DNA damage but reparable when
reoxygenated. Muneyasu Urano1, Fuqiu He2, Akiko Minami2,

P O S T E R
Clifton C. Ling1, Gloria Li2, 1Medical Physics, New York, NY,
2
Radiation Oncology, New York, NY

(PS7.32) Use of the hypoxia-activated DNA cross-linking agent
PR-104 to target hypoxic tumour cells in human pancreatic
tumour xenografts. Kevin L. Bennewith1,2, Amanda L. Koehne3,2,
Christine M. Ham2, Jessica X. Jia1, Edward E. Graves2, George P.
Yang2, Amato J. Giaccia2, 1BC Cancer Research Centre, Vancouver, BC, Canada, 2Stanford University School of Medicine,
Stanford, CA, 3University of California Davis, Davis, CA
Background: Pancreatic cancer is a devastating disease with
median survival times on the order of months. The current standard
of care for pancreatic cancer patients is gemcitabine, however the
development of novel therapeutic strategies is desperately needed.
Pancreatic tumours contain a relatively high proportion of poorly
oxygenated (hypoxic) cells, which are known to limit the efficacy of
a variety of standard therapies. Areas of tumour hypoxia contain
relatively low proportions of proliferating cells, thereby reducing
the efficacy of chemotherapeutics that target actively cycling cells
(such as gemcitabine). PR-104 is a novel compound designed to
exploit tumour hypoxia, and is converted from an inactive prodrug
into a toxic DNA cross-linking agent in hypoxic cells. We
hypothesized that PR-104, both alone and in combination with
gemcitabine, may represent a viable treatment strategy for human
pancreatic tumour xenografts. Methods: Hypoxic induction of PR104 toxicity was tested in vitro using BxPC-3, PANC-1, and
SU86.86 human pancreatic tumour cells. SU86.86 cells were
implanted either subcutaneously or orthotopically into immunodeficient mice for tumour growth delay experiments. We used
SU86.86 cells stably expressing firefly-luciferase to facilitate both
the measurement of orthotopic pancreatic tumour volumes over time
and the identification of metastatic disease. Orthotopic tumours
therefore emitted quantifiable bioluminescent light in proportion to
tumour volume. Tumour volumes were monitored over time in mice
treated with either PR-104, gemcitabine, or a combination therapy
regimen. Results: PR-104 was cytotoxic in three human pancreatic
tumour cell lines exposed to hypoxia in vitro. PR-104 significantly
delayed the growth of subcutaneous and orthotopic pancreatic
tumours when administered as a single agent. PR-104 also

significantly increased the tumour growth delay induced by
gemcitabine, suggesting a supra-additive increase in tumour cell
kill by targeting different tumour cell populations. Conclusions:
Exploiting tumour hypoxia with the hypoxia-activated cytotoxin
PR-104 enhanced the efficacy of gemcitabine in subcutaneous and
orthotopic models of human pancreatic cancer. These data support
therapeutic strategies to target hypoxic tumour cells in the clinic.
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The presence of hypoxic cell foci has been documented in
human tumors, and cells in these foci are resistant to radiation and
many chemotherapeutics. Clinical studies have shown poor prognosis of the patients with tumors containing large hypoxic foci. If cells
were maintained hypoxic, however, they eventually die in a limited
life span. In a series of studies on Ku70, a key component of a DNA
DSB repair system, we noticed that, in hypoxia, cells stably
expressing dominant-negative Ku70 fragments (DNKu70 cells) had
a shorter life span compared to the parental Rat-1 fibroblasts. This
raised a question as whether (1) this repair system is involved in
HILD and (2) modifies so-called reoxygenation injury.In addition to
Rat-1 and DNKu70 cells, human colorectal carcinoma cell lines
HCT8 and HT29 were also used. To express DNKu70 in HCT8 and
HT29, these cells were infected with replication-defective adenovirus
rAd (CMV-DNKu70) containing DNKu70 fragments under the
control of CMV promoter. Virus-infected HCT8 and HT29 cells are
called v-HCT8 and v-HT29, respectively. For all cell lines, single
cells were plated in glass tubes and made hypoxic 3 days thereafter.
HT29 and HCT8 were infected with this virus a day after plating. Cell
survival was determined by colony formation. Hypoxia was obtained
by flushing nitrogen gas containing 0, 0.1 and 0.5% O2 for 15
min.Surviving fractions (SFs) of Rat-1 and DNKu70 cells decreased
;exponentially with time in hypoxia and this decrease was faster in
lower O2 concentration. DNKu70 cells died more quickly than Rat-1
cells. SFs of Rat-1 and DNKu70 cells in 0.1% O2 hypoxia were 0.77
and 0.48, respectively. v-HT29 and v-HCT8 cells also showed shorter
life spans compared to non-infected cells. Life spans were also
influenced by cell density in the culture.Surprisingly, when hypoxic
cells were reoxygenated, HILD was substantially repaired. The SF of
HT29 and HCT8 cells in 0.1% O2 for 72 h was 0.37 and 0.068, but
increased to 1.0 and 0.62, respectively, after 6 h of reoxygenation.
Similar increase in the SF was also observed for v-HCT8, v-HT29
and DNKu70 cells. This is unpredicted since reoxygenation induces
reactive oxygen species that could lead to DNA DSB (reoxygenation
injury). These results and implications will be discussed.

S E S S I O N S

(PS7.33) Non-invasive monitoring of physiologic changes
induced by hyperthermia using optical spectroscopy. Gregory
M. Palmer, Richard J. Boruta, Benjamin L. Viglianti, Mark W.
Dewhirst, Duke University Medical Center, Durham, NC
Hyperthermia (HT) has been shown to be an effective
adjuvant for radiation and chemotherapy. Yet, despite proven
clinical benefit, HT is technically challenging to administer. In
particular, thermal dosimetry is an ongoing challenge that requires
experienced operators and specialized equipment, which has limited
its use to a few specialized centers. There is thus a clear need for the
development of techniques for accurate assessment of thermal dose
in order to bring this effective therapy into more widespread
use.Optical spectroscopy allows for rapid, noninvasively, quantitative assessment of tumor physiology and drug delivery in vivo.
These techniques are sensitive to a number of intrinsic indicators of
tumor physiology, including hemoglobin content or blood volume,
hemoglobin oxygen saturation, and metabolic redox status via
autofluorescence of NADH and FAD. These techniques thus
directly assess many of the important physiologic changes induced
by this HT, namely increased blood volume, reoxygenation, and
perturbation of the metabolic rate. This has the potential of
providing a physiologic endpoint to the delivery of HT treatment.In
the study presented, the effects of HT were assessed in combination
with chemotherapy using doxorubicin or low temperature sensitive
liposomal doxorubicin (LTSL-dox) in a nude mouse tumor model. It
was found that LTSL-dox þ HT showed significantly improved
efficacy over controls. More relevant to our goal, optical
spectroscopy was able to quantify expected induced changes in
tumor physiology brought about by HT. Namely, total hemoglobin
content (reflective of blood volume fraction) showed a significant
increase after HT treatment. For the LTSL-dox þ HT group, this
was followed by a significant decrease in total blood volume to
below baseline levels. This confirms previous findings that LTSLdox þ HT induces vascular shutdown, resulting in reduced mean
vessel density. In conclusion, optical spectroscopy is able to
monitor physiologic changes induced by HT. Ultimately, we hope
to incorporate such measurements into clinical HT treatment to
enable dynamic monitoring of physiologic changes induced by HT
during treatment. This will enable modification of the thermal dose
in real time to optimize treatment for an individual patient.

(PS7.34) Evaluation of hypofractionated radiation therapy
(HRT) and magnetic nanoparticle heating for pancreatic
cancer. Zishan Hirani, Robert Ivkov, Yonggang Zhang, Michael
Armour, Mohammad Hedayati, Eric Ford, Theodore DeWeese,
Joseph Herman, Johns Hopkins University, Baltimore, MD
Purpose/Objective(s): Hypofractionated radiation therapy
(HRT) is a promising strategy for pancreatic cancer, which may
be potentiated by heat. We investigated whether a combination of
magnetic nanoparticle-based heat deposition with HRT may result
in enhanced pancreatic tumor cell death and apoptosis (in vitro).
Materials/Methods: Panc02, a murine mesothelin expressing
pancreatic tumor cell line was used with magnetic iron oxide
nanoparticles activated by an alternating magnetic field (AMF) to
deposit heat locally. We introduced 5 Gy of RT before, during, and
after nanoparticle treatment to determine if additivity or synergy
result in vitro as quantified by clonogenic assays. Apoptosis was
evaluated with standard caspase assays and TRAIL. The median
differences in surviving fractions (SFs) between 5, 10 and 20
minutes of heat þ 5 Gy were estimated with Wilcoxon rank sum
tests. We also compared the SFs in cells after 20 minutes of heat þ 5
Gy with and without magnetic iron oxide nanoparticles. Results:
Magnetic iron oxide nanoparticles are seen in the cytoplasm of
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panc02 tumor cells and are maintained with serial passaging.
Preliminary studies suggest that heat þ a single fraction of 5 Gy
provides increased cell kill in clonogenic assays compared to 5 Gy
alone. The median SF for cells treated for 5, 10 and 20 minutes were
0.20, 0.13 and 0.09, respectively. The median difference in SF at 5
minutes v 10 minutes was 0.08 (90% CI, 0.05 to 0.09, p ¼ 0.10), 5
minutes v 20 minutes was 0.11 (80% CI, 0.09 to 0.12, p ¼ 0.20), and
10 minutes v 20 minutes was 0.03 (80% CI, 0.02 to 0.04, p ¼ 0.20).
The median difference in SF after 20 minutes of heat þ 5 Gy
between panc02 cells treated with and without magnetic iron oxide
nanoparticles was 0.09 (80% CI, 0.07 to 0.15, p ¼ 0.20).
Conclusions: Magnetic iron oxide nanoparticles are taken up by
panc02 cancer cells and are maintained with serial passaging. The
combination of nanoparticle-based heat deposition and HRT
appeared to increase pancreatic cancer cell kill in vitro. Further
experiments to increase statistical significance are underway.

(PS7.35) An herbal composition (HemoHIM) as an auxiliary
agent for the radiation treatment in tumor-bearing mice. SungKee Jo, Hae-Ran Park, Eun-Jin Ju, Uhee Jung, Advanced Radiation
Technology Institute, Korea Atomic Energy Research Institute,
Jeonbuk, Republic of Korea
Although radiotherapy has been used commonly for a variety
of cancer patients, radiotherapy alone cannot achieve a satisfactory
therapeutic outcome. In this study, we examined the possibility of
HemoHIM to enhance anticancer effect with ionizing radiation (IR)
in melanoma-bearing mice. The HemoHIM was prepared by adding
the ethanol-insoluble fraction into the total water extract of a
mixture of 3 edible herbs, Angelica Radix, Cnidium Rhizoma and
Paeonia Radix. Anticancer effects of HemoHIM were evaluated in
melanoma-bearing mice exposed by IR. In melanoma-bearing mice,
IR treatment (5Gy at 7 days after tumor injection) reduced the
weight of the solid tumors, and HemoHIM supplementation with IR
enhanced the decrease of the tumor weight (p,0.03). In melanomabearing mice treated by IR, HemoHIM administration increased the
activity of NK cells and Tc cells, although the proportion of these
cells in spleen is no difference. In addition, HemoHIM administration increased the IL-2 and TNF-a secretion from lymphocytes
stimulated with ConA, which seemed to contribute to the enhanced
efficacy of HemoHIM in tumor-bearing mice treated with IR. In
conclusion, HemoHIM may be a beneficial supplement during
radiotherapy for enhancing the anti-tumor efficacy.

(PS7.36) Upstream stimulatory factor-1 as a putative target to
enhance the radiosensitizing effects of histone deacetylase
inhibitors in prostate cancer. Seema Gupta1, Ching-Shih Chen2,
Mansoor M. Ahmed1, 1University of Miami, Miami, FL, 2The Ohio
State University, Columbus, OH
Histone deacetylase inhibitors (HDACI) have shown radiosensitizing effects in various cancer cells but the mechanisms have
not been studied. In this study, the effects of novel HDACI such as
VAD-18, VAD-20 and [(S)-HDAC-42] in prostate cancer cells with
radiation (IR) were investigated. Effects on cell growth and survival
were assessed using real-time cell electronic sensing (RT-CES)
system and colony forming assays respectively. Cell cycle
disturbances were determined by flow cytometry. To determine
the transactivation function of 54 transcription factors TranSignal
protein/DNA array was used. Luciferase reporter assay was used to
assess the transactivation function of upstream stimulatory factor-1
(USF-1). Expression of USF-1 and its target genes was assessed
using real-time RT-PCR.HDACI could significantly radiosensitize
PC-3, DU145 and LN-3 cells. A transient block in G2/M phase was
observed following treatment with HDACI/IR/combination in PC-3
cells. While the transactivation function of the most of the factors
involved in the transcription initiation machinery or its activators
were either upregulated or induced, most of the STATs and USF-1
were downregulated following treatment with HDACI/HDACI þIR.
Since, the role of USF-1 in IR mediated effects has not been studied,
gene expression of USF-1 and its targets involved in cellular
proliferation and cell cycle; hTERT, IGF2R, Cyclin B1 and Cdk1
were investigated by real time RT PCR. A 5Gy dose of IR induced
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the expression of target genes of USF-1 and an increased hTERT
reporter activity was observed in USF-1 transfected cells. HDACI/
HDACI þIR however, showed reduction in the expression. In the
cells stably transfected with USF-1 ShRNA, gene expression of
USF-1 targets was significantly reduced following IR with
maximum effects on hTERT. PC-3 cells stably transfected with
USF-1 proliferated faster than the vector transfected cells with or
without treatments with HDACI/IR/combination. Also, USF-1
overexpression led to increased clonogenic survival following IR
further confirming the role of USF-1 in radioresistance.This study
has identified USF-1 as a target to enhance the radiosensitizing
effects of HDACI. Further work is in progress to understand the role
of USF-1 in radioresistance in other prostate cancer cells. Funded by
DOD-PCRP.

(PS7.37) Supraphysiologically S-nitrosylated red blood cells
increase the reoxygenation of hypoxic tissues, and potentially
tumors. Thies Schroeder1, Gregory Palmer1, Joseph Bonaventura2,
1
Duke University Medical Center, Durham, NC, 2Duke University,
Durham, NC
The ‘‘SNO-Effect’’, a mechanism of regulation of tissue
perfusion in the terminal capillary bed, is based on O2-linked
release of NO from hemoglobin at low oxygen pressure, leading to
vascular dilation and locally increased blood flow. Since its
discovery in 1996, unsuccessful attempts have been made to use
this mechanism to enhance perfusion and oxygenation of hypoxic
solid tumors. We have recently achieved a breakthrough in the
effort to increase tissue oxygenation by delivering NO to hypoxic
tissue, using hyperspectral in vivo microscopy in rats equipped with
dorsal window chambers as a readout: Packed red blood cells that
were S-nitrosylated to supraphysiological levels, and re-injected
into rats that were breathing hypoxic air, significantly increased
capillary hemoglobin saturation by 30% directly after injection. This
effect was accompanied by strong vasodilation of arteries and,
interestingly, of veins. The control group were injected with red
blood cells that were incubated with saline instead of the
nitrosylation agent. This group showed no vascular response to
the injection whatsoever. We propose to use this method to increase
the oxygenation of hypoxic tumors, by increasing the vascular
surface volume, and tumor blood flow, in order to support radiation
therapy. We are currently investigating the use of this method as a
supportive tool to improve radiotherapeutic outcome in a murine
intracranial breast cancer metastasis model.

(PS7.38) Investigation of the genotoxic effects of ELF-EMF
radiation in vitro. Nazia Baig1, Robert J. Mairs1, Marie Boyd2,
1
Glasgow University, Glasgow, United Kingdom, 2Strathclyde
University, Glasgow, United Kingdom
Introduction: The determination of the carcinogenic potential
of EMF has largely been based on investigations of large
chromosomal aberrations. Using a more sensitive method of
detecting DNA damage involving microsatellite sequences, we
showed that exposure of UVW human glioma cells to ELF-EMF
alone at a field strength of 1 mT (50 Hz) for 12 hours gave rise to
0.011 microsatellite mutations/locus/cell (Mairs et al, 2007). These
results suggested that ELF-EMF was genotoxic as a single agent.
We now seek to consolidate these studies by replicate analysis of
mutation induction at flux density of below 1mT.Materials and
Methods: The study was conducted using the human glioma cell
line UVW. The cells in their exponential growth phase were
subjected to continuous fields of strength 0.1, 0.5 or 1.0 mT (50Hz)
for 12 hours. The cells were then seeded at the concentration to give
one cell per well, which then expanded to form a colony. DNA
extracted from each clone was PCR amplified with 8 different
microsatellite loci scattered throughout the genome. Samples were
separated by capillary gel electrophoresis and fragment analysis was
carried out with CEQ 8000 Frag-3 software. 100 clones from each
treatment group were analysed and 3 types of mutation were
identified: change of allele size, loss of heterozygosity and allelic
imbalance. Results & Conclusion: The variability of the efficiency
of PCR amplification of sequences in microsatellite loci was
determined by replicate assays of DNA extracted from a single
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(PS7.39) Microsatellite analysis for determination of the
mutagenicity of ELF-EMF radiation in haemopoeitic cells in
vitro. Anne-marie Clark1, Amanda H. Prowse1, Nazia Baig1, Marie
Boyd2, Robert J. Mairs1, 1Glasgow University, Glasgow, United
Kingdom, 2Strathclyde University, Glasgow, United Kingdom
IntoductionExtremely low frequency electromagnetic fields
(ELF-EMF) have been reported to induce lesions in DNA and to
enhance the mutagenicity of ionising radiation. Moreover, recent
studies have provided persuasive evidence of an association
between EMF and childhood leukaemia. However, the significance
of these findings is uncertain because the determination of the
carcinogenic potential of EMFs has largely been based on
investigations of large chromosomal aberrations.Using a more
sensitive method of detecting DNA damage involving microsatellite
sequences, we observed that exposure of UVW human glioma cells
to ELF-EMF alone can induce genetic alterations. Furthermore,
ELF-EMF increased the mutagenic capacity of 0.3 and 3Gy girradiation by factors of 2.6 and 2.75 respectively. These results
suggest not only that ELF-EMF is genotoxic as a single agent but
also that it can potentiate the mutagenicity of ionising radiation. To
give a clearer indication of the potential of EMF to initiate
leukaemia, we are investigating microsatellite mutation induction
following EMF exposure in (i) multipotent haemopoietic progenitor
cells (CFU-GEMM) from mouse bone marrow and (ii) FDCP-mix
cells, a murine heamopoietic progenitor cell lineMaterials and
methodsFDCP-mix cells or bone marrow from CBA/DBA mice
were exposed to sham or 1mT EMF for 12 hours. Cells were plated
in semi-solid media to attain GEMM colonies, or colonies derived
from single FDCP cells. DNA was extracted from 100 cell colonies
and PCR reactions carried out using mouse microsatellite primers
fluorescently tagged to allow analysis on Beckman apparatus using
CEQ2000 software.ResultsPreliminary results on ,100 colonies
from EMF exposure alone in both FDCP-mix and GEMMs from
CBAxDBAD2 mice suggest that no mutations are induced by
continuous EMF exposure. Work is continuing to complete the data
sets. In addition, we are analyzing whether ELF-EMF can potentiate
the mutagenicity of ionising radiation in haemopoietic progenitors.ConclusionsIt is expected that these investigations will give a
clearer indication of the potential of EMF to initiate leukaemia.

(PS7.40) Fhit prevents radiation induced carcinogenesis.
Xiaoyan Yu1,2, Lin Lu1, Siyuan Wen1, Ya Wang1, 1Emory
University Winship Cancer Institute, Atlanta, GA, 2Jilin University,
Changchun, China
Fhit, a gene related to human tumor progression, plays a
protective role in preventing mice from carcinogen induced tumor.
We previously reported that Fhit could prevent human cells from
UV and ionizing radiation-induced HPRT mutation, suggesting that
Fhit prevents DNA damage-induced carcinogenesis. It has been
known for decades that ionizing radiation increases carcinogenesis
frequency. Recently, more and more data indicate that low dose
radiation (, 0.1 Gy) might not increase the risk for carcinogenesis.
To examine whether multi exposures of low dose radiation (, 0.1
Gy) promotes carcinogenesis and whether Fhit plays a protective
role in the process, we compared carcinogenesis among six groups
of mouse (30 wild type or Fhit-/- mice /each group): the mice
without radiation, the mice exposed to 0.1 Gy x 10 exposures (0.1
Gy/exposure, 1 exposure/day) and the mice exposed to 1 Gy (1 Gy/
exposure). We sacrificed the mice at 1.5 years following radiation
and observed the tumor number and tumor size in multi-organs
including lung, livers, bone, kidney, heart, intestine, salivary gland,
and testis (ovary). The results show that although the mice had a

high spontaneous carcinogenesis (;30%) both in wild type and in
Fhit-/- mice, multi exposures of 0.1 Gy (0.1 Gy x 10) did not
increase the carcinogenesis frequency in wild type mice (31%) and
in Fhit-/- mice (29%). However, 1 Gy, even only one exposure,
dramatically increases the carcinogenesis frequency in wild type
mice and in Fhit-/- mice. The carcinogenesis frequency is higher in
Fhit-/- mice (;45%) than in wild type mice (;40%) following 1 Gy
exposure. These results suggest that ,0.1 Gy might be the safety
dose for carcinogenesis and Fhit could prevent radiation-induced
carcinogenesis. This work is supported by the Office of Science
(BER), U.S. Department of Energy, (Grant No. DE-FG0205ER64084 to Y.W).
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clone of UVW cells. The coefficients of variation of the allelic ratios
at eight loci ranged from 2.1 to 6.9%. These values are similar to
those accepted in clinical biochemistry laboratory practice,
indicating the reproducibility of this technique.We observed an
increase in mutation induction capacity when we exposed UVW
human glioma cells to ELF-EMF at field strengths of 0.1, 0.5 or 1
mT (50 Hz) relative to unexposed controls. Further data will be
accumulated to allow us to determine the relationship between field
strengths less than 1.0 mT and mutation induction.
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(PS7.41) Microsatellite instability in radiation-induced acute
myeloid leukemia. Leta Steffen1, Michael Weil2, Andrew Ray2,
Paula Genik2, Robert Ullrich3, Christina Fallgren2, Michael Story4,
Jackie Gillan5, Simon Bouffler5, Jeanne Bourdeau-Heller1, Jeff
Bacher1, 1Promega Corporation, Madison, WI, 2Colorado State
University, Fort Collins, CO, 3University of Texas Medical Branch,
Galveston, TX, 4University of Texas Southwestern, Dallas, TX,
5
Health Protection Agency – Radiation Protection Division, Chilton
Didcot, United Kingdom
Studies of atomic-bomb survivors, nuclear industry workers,
and radiation-therapy patients suggest that radiation-induced Acute
Myeloid Leukemia (rAML) is a major health risk of radiation
exposure. Understanding the mechanisms involved rAML will be
important for enabling accurate risk assessment for individuals
exposed to radiation. Microsatellite instability (MSI) is a functional
test for DNA mismatch repair (MMR) deficiency that occurs in
almost all Lynch Syndrome cancers. MSI has also been reported in
about 40–55% of therapy-induced AML cases. We investigated the
role of MSI in rAML by testing AML obtained from CBA mice
exposed to an acute dose of 1GeV/n 56Fe ions, 137Cs gamma rays
or 1 MeV/n neutrons. MSI testing methods commonly used for
Lynch Syndrome cancers were modified to account for the
likelihood that some mutations in rAML could be caused by
radiation exposure rather than MMR deficiencies. A significantly
higher frequency of heterozygous loci in rAML (8.3%) compared to
controls (0.9%) indicates that clonal expansion of radiation-induced
mutations from a common progenitor did occur. Mutation
frequencies in microsatellites were determined by PCR using
DNA equivalent to a single cell and loci were scored as MSI
positive if greater than average mutation frequency plus 3 standard
deviations of age matched, irradiated controls. Samples with two or
more unstable loci were scored as MSI-H, one as MSI-L and zero as
stable. MSI levels in rAMLs from iron-irradiated mice were 17%
MSI-H and 33% MSI-L; gamma, 21% MSI-H and 21% MSI-L; and
neutrons, 50% MSI-H and 20% MSI-L. Overall, the mutation
frequency in MSI-H rAML was significantly higher than MSI-L,
stable or control animals. Expression levels for Msh6 MMR gene
were roughly 5-fold lower in rAML compared to controls,
supporting the hypothesis that MMR is involved in a subset of
murine rAML, similar to humans. This research was funded by
NSCOR grant NAG-1569 on Radiation Leukemogenesis.

(PS7.42) Investigation of the genotoxic effects of extremely low
frequency electromagnetic fields in vitro. Amanda H. Prowse1,
Nazia Baig1, Anne-Marie Clark1, Marie Boyd2, Rob Mairs1,
1
Glasgow University, Glasgow, United Kingdom, 2Strathclyde
University, Glasgow, United Kingdom
Investigation of the genotoxic effects of extremely low
frequency electromagnetic fields Introduction: Controversy surrounds the risk of carcinogenesis resulting from exposure to
extremely low frequency electromagnetic fields (ELF-EMF)
produced by power lines and electrical appliances. Epidemiology
studies have been inconsistent, with some reporting increased risks
of certain cancers, while others have shown no association.
However, in an age where we are becoming heavily reliant on
technology it is increasingly important to resolve this public health
issue. In vitro studies, with well defined exposure conditions and
end points may provide a more reliable means of determining the
possible carcinogenic potential of ELF-EMF. We are therefore
159
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investigating whether genetic alterations are induced following
exposure to ELF-EMF in vitro. We have found that ELF-EMF can
induce genetic alterations in UVW glioma cells. We are now
interested in whether (i) intermittent exposure to ELF-EMF may
have a greater effect on DNA damage than continuous exposure and
(ii) whether ELF-EMF can induce genetic alterations in other cell
lines.Methods: We have developed an assay to analyze ELF-EMF
induced mutations at microsatellite sequences in somatic cells in
culture. Mutations detected at microsatellite sequences include loss
of heterozygosity (LOH), allelic imbalance (AI), and microsatellite
instability (changes in the length of the microsatellite).Results and
Conclusions: We have found that direct and intermittent exposure to
ELF-EMF can induce genetic alterations in UVW glioma cells. We
are currently exploring whether ELF-EMF can induce genetic
alterations in other cell lines, including HCT116, MCF-7, and
lymphocytes with heterozygous and homozygous ATM mutations.

(PS7.43) Sensitivity of regions near telomeres to DNA doublestrand breaks in a human cancer cell line. Oliver Zschenker,
Avanti Kulkarni, Douglas Miller, Gloria Reynolds, John P.
Murnane, Univ. of Calif., San Francisco, San Francisco, CA
Regions near the ends of chromosomes, called telomeres, have
been reported to be deficient in repair of DNA double-strand breaks
(DSBs) by nonhomologous recombination in yeast. As a result,
most DSBs at these locations result in gross chromosome
rearrangements (GCRs). Consistent with these results, we have
previously reported that a single DNA double-strand break (DSB)
near a telomere in mouse embryonic stem cells can result in
chromosome instability involving breakage/fusion/bridge (B/F/B)
cycles. We have also observed this same type of chromosome
instability as a result of spontaneous telomere loss in human tumor
cell lines, leading us to hypothesize that a deficiency in repair of
DSBs near telomeres has a role in chromosome instability in human
cancer. To test whether regions near telomeres are sensitive to DSBs
in mammalian cells, we have now compared the frequency of large
deletions and GCRs resulting from I-SceI endonuclease-induced
DSBs at telomeric and interstitial sites in the EJ-30 human cancer
cell line. As a control, we also analyzed the frequency of small
deletions, which are the most common type of mutation resulting
from I-SceI-induced DSBs at interstitial sites. Our results
demonstrate that although the frequency of small deletions is
similar with interstitial and telomeric DSBs, the frequency of large
deletions and GCRs are more than 10-fold greater near telomeres.
As with spontaneous telomere loss, DSBs near telomeres also
frequently resulted in chromosome instability involving B/F/B
cycles. To determine the size of the region near telomeres that is
sensitive to DSBs, we targeted a plasmid containing an I-SceI site to
a location 100 kb from a telomere. The results showed that the
frequency of large deletions and GCRs at this location are also
much greater than the frequency at interstitial sites. These results
demonstrate that regions within 100 kb from a telomere in this
cancer cell line are highly sensitive to DSBs, and that DSBs within
this region can lead to many of the same types of chromosome
rearrangements that are associated with human cancer.

(PS7.44) Tumor and normal human cell lines exposed to
sparsely and densely ionizing radiation express meiotic-specific
proteins and cancer stem cell markers. Fiorenza Ianzini,
Elizabeth A. Kosmacek, Eleonora Napoli, Melissa R. Szyperski,
Adam B. Schwertner, Michael A. Mackey, University of Iowa, Iowa
City, IA
We have recently demonstrated that a fraction of polyploid
cells, formed via radiation-induced mitotic catastrophe (MC),
continue to divide normally after undergoing a depolyploidization
process that involves a series of reductive divisions. The produced
progeny is made of much smaller cells than the progenitors,
contains a single nucleus, and is able to proliferate for at least two
cell division cycles. Molecular analysis of genes expressed during
depolyploidization has shown that meiosis-specific genes are upregulated in these cells, thus, leading to the hypothesis that
polyploid cells produced via MC might escape death through the
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action of meiotic division pathways. Using the Large Scale Digital
Cell Analysis System (LSDCAS) we have found that normal human
cells are also capable of undergoing MC following exposure to low
and high LET radiations. MC leads to the production of delayed
DNA damage; at the time of maximal levels of such damage, as
reflected in elevation of c-H2AX staining, irradiated normal cells
show a high probability of abnormal division and cell fusion, both
hallmarks of MC. Thus, if the same mechanisms related to MC
induction and subsequent reductive division are at play in normal
cells following irradiation, these cells would be expected to express
meiotic genes during depolyploidization. Meiosis-specific genes
active during meiosis I, that are responsible for pairing and
crossover (phenomena that provide the cells with the ability to restructure its genome), have been chosen for this analysis. The
meiosis-specific proteins SPO11 and SYCP3 were both found to be
expressed in MRC-5 cells following radiation exposure. Interestingly, in the same time frame of expression of SPO11 and SYCP3,
irradiated MRC-5 cells also expressed the cancer stem cell marker
nestin, and the cell division regulator cyclin B1. These findings
support the hypothesis that normal cells that have undergone MC,
but escaped cell death, might retain proliferative abilities through
the activation of unusual pathways of cell division that utilize
meiosis-specific proteins in the same fashion as irradiated tumor cell
lines. Understanding the fate of irradiated cells and their potential
for post-irradiation proliferation and survival might lead to a better
characterization of the carcinogenic effects of radiation exposure.
Support: NIH CA/GM94801; NIH/NCI 2P30CA086862; NASA
NRA NNJ06HH68G.

(PS7.45) Carcinogenic potential of low dose CT radiation.
Michael Munley, Kenneth Wheeler, Joseph Moore, John Olson,
Mark Miller, Wake Forest University School of Medicine, WinstonSalem, NC
Objective: Determine the carcinogenic potential of screening
ex-smokers for lung tumors annually using x-ray computed
tomography (CT) procedures. Introduction: Recently, CT has been
studied to determine its value for screening asymptomatic
individuals that are at a high risk for lung cancer (e.g., smokers
and ex-smokers). However, the carcinogenic effects of annual CT
lung screening are largely unknown. The radiation dose received by
patients undergoing these CT screening procedures typically ranges
from 2 to 30 mGy. There is a lack of experimental carcinogenesis
data specific to the CT screening process at these dose levels. We
will present our preliminary findings using a rodent model of lung
carcinogenesis that has been exposed to fractionated doses of
whole-body CT radiation. Methods: We used standard whole-body,
annual CT screening protocols and a bitransgenic mouse model in
which the mutant human Ki-ras gene was conditionally expressed
in a doxycycline (DOX)-regulated and lung-specific manner to
acquire the carcinogenesis data. These studies involved acquiring
dose response data (5–30 mGy) in mice þ/-radiation þ/-DOX. This
previously validated mouse model is used as a reporter of the effects
of CT with the premise that if we do not witness the induction of
carcinogenesis, then such doses can be safely used for screening.
All mice in the radiation groups were exposed once per week for
four weeks starting one week after initiation of the DOX treatment
using a clinical CT unit. Tumor induction and growth were followed
utilizing a 7T magnetic resonance imaging (MRI) device at 6 and 9
months post-irradiation. At 9 months post-irradiation, mice were
euthanized by CO2 asphyxiation/exsanguination, and the number
and size of lesions from both MRI data and histological examination
were determined. Results: Our preliminary data showed that we can
successfully visualize and measure lung tumors  0.3 mm using the
7T MRI, although tumors located close to the heart are sometimes
difficult to distinguish. Following necropsy, we compared the sizes
of the tumors measured with calipers to the diameters obtained by
MRI. Dose response data acquired at 9 months post-irradiation from
imaging and after necropsy will be presented. Supported by a
Partner Grant from CCCWFU.

(PS7.46) Evidence for genomic instability in mouse kidneys
exposed to high energy heavy ions. Amy Kronenberg1, Cristian
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Dan2, Kelly Sandfort2, Mitchell Turker2, 1Lawrence Berkeley
National Lab, Berkeley, CA, 2Oregon Health & Science University,
Portland, OR

(PS7.47) Chromatin organizational features that may control
susceptibility for radiation-induced AML in CBA mice. David
G. Maranon, Michael M. Weil, Joel S. Bedford, Colorado State
University, Fort Collins, CO
An early and prerequisite event for radiation induced AML in
CBA mice is loss of one copy of the PU.1 gene, and this results from
a large deletion on mouse chromosome 2. The breakpoints for the
deletions occur mostly in a proximal breakpoint cluster (PBC) and a
distal breakpoint cluster (DBC) surrounding PU.1. Based on the
observations of Nikiforova and co-workers [Science 290:138–141
(2000)], who showed a close proximity in interphase thyroid cells
(but not fibroblasts) of breakpoint regions that are involved in a
chromosome 10 inversion in human radiation induced thyroid
cancer, we measured the proximity of labeled BAC probes
hybridized within the breakpoint cluster regions of chromosome 2
in bone marrow cells of radiogenic AML-sensitive CBA and
resistant C57BL/6 mice. In this way we proposed to determine
whether a difference in regional proximity of the break point cluster
regions might explain the difference in susceptibility of these strains
to radiation-induced AML. There was no difference in interphase
distances between the PBC and DBC region BAC probes for the
sensitive and resistant strains. Interestingly, however, in virtually
every cell measured the interphase domain of one of the
chromosome 2 homologs was appreciably larger than the other.
We examined leukemic cells from 10 independent radiation-induced
AMLs to determine whether the deletion occurred randomly in the
large vs small domains. Results of these assays will be reported. Cox
and co-workers [Radiat. Environ. Biophys. 30: 177–179 (1991)]
suggested that imprinting may result in preferential radiationinduced gene losses. Imprinting also alters gene expression as well
as chromatin structure and organization within the nucleus
[Bartolomei & Tilghman-Annual Reviews in Genetics 31:493–525
(1997)]. To assess whether chromosome 2 domain size is determined
by imprinting additional experiments have been started using F1
hybrid mice from reciprocal crosses between the C3H and Tirano
mouse strains. The Tirano mouse strain bears a 2:8 Robertsonian
translocation making possible to distinguish the parental origin of
each chromosome 2 homolog in F1 hybrid cells. We are irradiating

F1 mice to determine if chromosome 2 deletions occur preferential in
the large or small domain. This work is supported by NASA’s
NSCOR Radiation Leukemogenesis Project NAG9-1569.
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Tumor suppressor gene inactivation via second step autosomal
mutations plays a causal role in cancer. Mitotic recombination,
chromosome loss, interstitial deletion, and intragenic events
(including epigenetic silencing) are the mechanisms underlying
most second step mutations. Roughly half of the spontaneous
second step events in mouse kidney epithelial cells in vivo that
result in loss of expression of the autosomal Aprt gene arise via
apparent loss of chromosome 8. To determine whether loss of
chromosome 8 was an isolated event or if it was linked to other
mutational events, LOH was surveyed on 11 additional chromosomes in spontaneous Aprt mutant cells arising via different
mutational mechanisms and in clones of non-mutant explanted
kidney cells. There was a statistically significant increase in LOH
events on other chromosomes in Aprt mutant cells exhibiting loss of
chromosome 8. Further work confirmed that these additional LOH
events indicated loss of other chromosomes. Thus, multiple
chromosome loss events occur in a subset of kidney epithelial
cells, suggesting a novel mechanism for aneuploidy in normal cells.
Another set of Aprt mutants was isolated from Fe ion-irradiated
mouse kidneys up to nine months after exposure. Chromosome loss
events were again associated with a significant increase in LOH
events on other chromosomes. One class of Aprt mutants that is
greatly enriched after Fe ion exposure, those arising via mitotic
recombination, demonstrated more LOH throughout the genome
than recombination-mediated spontaneous mutants. Furthermore, a
distinct group of Fe ion-induced mutants with complex, discontinuous LOH patterns on chromosome 8 also manifest an increase in
LOH events genome-wide. Taken together, the results demonstrate
that Fe ion exposure in vivo promotes widespread LOH throughout
the genome in normal epithelial cells in mouse kidneys, indicating
genomic instability that involves both aneuploidy and the resolution
of DNA double-strand breaks.
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(PS7.48) Accumulation of complex DNA lesions in tumors and
bystander tissues. Alexandros G. Georgakilas1, Somaira Nowsheen1, Rebecca L. Wukovich1, Peter K. Kalogerinis1, Christophe E.
Redon2, Jennifer S. Dickey2, Dieter Naf3,4, William M. Bonner2,
Olga A. Sedelnikova2, 1Biology Department, East Carolina
University, Greenville, NC, 2Laboratory of Molecular Pharmacology, Center for Cancer Research, National Cancer Institute, NIH,
Bethesda, MD, 3Laboratory Animal Sciences Program, National
Cancer Institute in Frederick, Frederick, MD, 4Present address:
Ozgene Pty Ltd, Bentley DC, Australia
Cancer biomarkers are helpful for early tumor diagnostics,
prediction of tumor development, and analysis of individual tumor
response to therapy as well as recurrence. Recent research in
experimental carcinogenesis has associated high levels of oxidative
stress with genome instability and tumorigenesis. Therefore, repair
resistant complex DNA damage i.e., double strand breaks (DSBs)
and oxidatively-induced non-DSB clustered DNA lesions (OCDLs)
could serve as a common indicator of oxidative stress in human
malignant cells or tissues or cells undergoing oncogenic transformation. To test this hypothesis, we assessed the levels of endogenous
OCDLs and DSBs in several human tumor and adjacent normal
tissues from patients with liver, ovary, kidney, breast and colon
malignancies, as well as in various tissues of tumor-bearing C57BL
or BALB/C female mice and their age- and sex-matched controls.
The tissue samples were analyzed for DSBs by immunofluorescent
microscopy using phosphorylated histone H2AX (c-H2AX) focus
formation to identify DSBs. OCDLs were measured using human
and bacterial lesion-specific repair enzymes as damage probes
coupled with constant-field gel electrophoresis of the enzyme-treated
DNA. Results show tissue-specific increases in the levels of both
DSBs and OCDLs in tumor masses above those found in controls.
Specifically DSBs for control tissues were measured in the range of
0.1–2 c-H2AX foci per cell and OCDLs in the range of 0.1–0.2
clusters per Mbp. For tumor masses the levels were in most cases 2–6
fold higher for all complex DNA lesions. Interestingly, DSBs and
OCDL levels were also elevated in organs distant from the tumor
implying growing tumors as a source of chronic oxidative DNA
damage in bystander tissues in vivo. The study underlines the
importance of endogenous complex DNA lesions in human cancer
and their potential use as cancer biomarkers.

(PS7.49) Radiation Induced PU.1 Deletion and Chromosome
Aberrations in CBA and C57BL/6 Fibroblasts. Yuanlin Peng,
Christy L. Warner, Michael M. Weil, Robert L. Ullrich, Joel S.
Bedford, Colorado State University, Fort Collins, CO
Deletion of one copy of the PU.1 gene on chromosome 2 is
known to be a consistent and early event in radiation-induced AML
in a number of susceptible mouse strains. We have reported that 1
day after irradiation with either HZE Fe ions or c-rays, the incidence
of such deletions in bone marrow cells of AML sensitive CBA mice
is higher per unit dose than in AML resistant C57BL/6 mice (Peng,
et. al. Radiat.Res.171, 474–483. Radiat. Res. 171, 484–493, 2009).
The yield of total chromosome aberrations was also higher in CBA
vs C57BL/6 mice in mitotic bone marrow cells at this time after
irradiation. To determine whether the above hyper-radiosensitivity
for CBA vs C57BL/6 bone marrow cells is strain-specific or
perhaps tissue-specific, we measured the PU.1 deletion frequencies
in cells from primary cultures of fibroblasts from CBA and C57BL/
6 mice. Contact inhibited fibroblast cells in cultures initiated
independently from 3 CBA and 4 C57BL/6 mice were irradiated
with 3 Gy of 137Cs c-rays. The pooled results from cells scored at
the first post-irradiation mitosis showed that the percent of cells
with PU.1 deletions was 3.70 6 0.62% and 3.57 6 0.48% for CBA
and C57BL/6 mice, respectively. The total chromosome aberration
yields (dicentrics with accompany acentric fragments plus excess
acentric fragments) scored in these samples also failed to show a
significant difference for cells from the two strains. Darakhshan and
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co-workers (Carcinogenesis 27, 311–318, 2006) have reported a 2fold radiation hypersensitivity of chromosome 2 compared with
chromosomes 1 and 3 in CBA bone marrows cells. Currently we are
working to see whether or not this is the case for the fibroblast cells.
The results will be reported. Supported by NASA’s NSCOR
Radiation Leukemogenesis Project NAG9-1569.

(PS7.50) The association of MDM2 promoter T309G and
TP53 G72C polymorphisms with radiosensitivity and cancer
predisposition. Ghazi Alsbeih, Najla Al-Harbi, Muneera AlBuhairi, Khaled Al-Hadyan, King Faisal Specialist Hospital &
Research Centre, Riyadh, Saudi Arabia
Single nucleotide polymorphism (SNP) in genes involved in
cell-cycle control, DNA repair and apoptosis pathways are likely to
affect radiation sensitivity and cancer susceptibility. The two major
proteins along these pathways are p53 and its negative regulator
MDM2. Functional polymorphisms in both genes have been
identified. A SNP in the MDM2 promoter (309 T/G) has been
associated with altered risk for cancer development. The SNP TP53
codon 72 G/C (Arg/Pro) was suggested to be associated with the
onset and risk of different cancers. We investigated the association
between these two SNPs and the risk to develop Head and Neck
cancer in a cohort of 421 individuals (138 cancer patients and 283
controls) of Middle-Eastern origin. In addition, association with
cellular radiosensitivity studied by clonogenic survival was
investigated in 105 skin fibroblast cell strains established from
volunteers and cancer patient. Results showed a highly significant
association between MDM2 309 T/G (P , 0.001) but not TP53 72
G/C (P ¼ 0.40) and cancer occurrence. However, both polymorphisms were significantly associated with cellular sensitivity to
ionizing radiation (P ¼ 0.03 and P ¼ 0.05 for MDM2 309 T/G and
TP53 72 G/C, respectively). In conclusion, our data suggest that
MDM2 promoter 309 T/G polymorphism predisposes to cancer of
Head and Neck in our population and also influence radiosensitivity. These findings may have important implications for both cancer
risk and individualizing cancer treatment with radiotherapy.
Supported by KFSH&RC grants 2000 031 and 2040 025.

(PS7.51) Radiation Therapy combined with Pulsed Electric
Field- A new efficient tumor treatment modality. Bertil R.
Persson1, Catrin Bauréus Koch1,2, Gustav Grafström1, Crister
Ceberg1, Henrietta Nittby2, Bengt Widegren3, Leif G. Salford2,
1
Medical Radiation Research, Lund, Sweden, 2Dept of Neurosurgery, Lund, Sweden, 3Dept of Tumor Immunology, Lund, Sweden
Radiation therapy (RT) in combination with Pulsed Electric
Field (PEF) treatment of subcutaneous inoculated rat glioma tumors
was found to be an efficient therapy for those highly resistant
tumors. Sub-optimal RT (20 Gy) was administered separately or in
combination with Pulsed Electric Field (1000 V/cm) to subcutaneous inoculated rat brain tumors. The treatment was repeated four
consecutive days and evaluated by tumor growth delay TGD and
microscopic examination of excised tumors. An effect on the tumor
vasculature was investigated by staining the excised tumors for
Factor VIII/von Willebrand Factor. This shows that tumors in
Controls and RT groups are clearly more vital than in the PEF and
PEF þRT groups. Radiation alone had only minor effects. The
application of electric pulses, however, clearly affected tumor
vitality and is suspected of being the main cause of the regressive
changes in group PEF þRT and the sole cause of changes in group
PEF. The vasculature effect develop and mature over time and a
clear correlation was found between increasing signs of necrosis
development and time after treatment. After 72 hours, the histology
of the tumor cells was markedly different compared with the early
excisions. The Abscopal regression of was studied after treatment of
contra-lateral tumors with PEF and/or RT and after immunization
with syngeneic IFN-c transfected cells. TGR are significantly
decreased in the group of rats treated with RT and the combination
PEF þ RT. With IFN-c alone and in combinations with PEF or RT
there was no significant decrease. But in the combination of IFN-c
with PEF þRT there was a highly significant decrease of the TGR
values in the left lateral tumors. The specific therapeutic effect (STE
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¼ 1 - TGRExposed/ TGRCtrl )after treatments with PEF was 30% and
after RT 46% and after the combination PEF þRT it was 36%. The
STE of the combination of immunization with PEF þRT resulted in
an unexpectedly high STE value of 70% which is highly
significantly different from zero.The specific Abscopal effect
(SAE ¼ 1 - TGRUn-Exposed/ TGRCtrl )of the contra lateral unexposed
tumors in rats treated for the combined treatment with PEF þ RT is
26% which is about the same as for RT alone. Immunization with
IFN-c transfected cells combined PEF þRT resulted in a slightly
improved Abscopal effect with the SAE value of 33%.

(PS7.52) The biological effectiveness of Intra-Operative
RadioTherapy (IORT) beams. Lorenzo Manti1,2, Paola Scampoli1,2, Fabio Di Martino3,4, Annalisa D’Arco1,2, Giuseppina Bisogni3,
Carmen Carpentieri3, Giancarlo Gialanella1, Marco Giannelli3,
Gianfranco Grossi1,2, 1University of Naples Federico II, Naples,
Italy, 2INFN-Sezione di Napoli, Naples, Italy, 3Azienda Ospedaliero-Universitaria Pisana, Pisa, Italy, 4INFN-Sezione di Pisa, Pisa,
Italy
Intra Operative Radiation Therapy (IORT) is a combined
treatment modality in which a large single dose of radiation is
delivered at the time of surgery for tumor resection. The recent
development of small dedicated electron accelerators has led to
widespread use of IORT in clinical routine. The dose per pulse and
dose rates delivered by IORT are about 100- and 20-fold greater
than in conventional radiation therapy. The possible biological
effects due to the delivery modality of IORT are presently not taken
into account in treatment planning. We studied the biological
effectiveness of the very peculiar IORT beams (electrons delivered
at very high dose rate, high dose per pulse and a total dose delivered
in a single fraction) by measuring the clonogenic survival following
the electron beams, as a function of dose rate and dose per pulse,
compared to that elicited by photons for the breast cancer carcinoma
MCF-7 cell line. Early breast carcinoma represents one of the
tumors of choice for undergoing IORT. Thus far, our results do not
seem to support an effect depending on either the dose per pulse or
the dose rate in the IORT clinically used range. However, our data
point to a higher RBE at the very high dose rates. Although these
rates are not used in the clinic, the latter results are being further
investigated.

(PS7.53) Reducing three-dimensional imaging dose using
digital tomosynthesis. Jacob A. Gersh1, David Wiant1, Kevin
Muhanji2, Mahta Mirzaei-McKee1, June D. King1, Alan H.
Baydush1, 1WFU School of Medicine, Winston Salem, NC,
2
Guilford College, Greensboro, NC
With growing concerns over the continually-increasing use of
Computer Tomography (CT) and the associated elevated risk of
radiation-induced malignancies and patient dose, alternate methods
of volumetric imaging are steadily emerging. One such modality is
tomosynthesis, which can be described as limited-arc-angle cone
beam CT. Instead of rotating a kV source and an array of detectors
completely around a patient (as is the case for CT), a digital conebeam imaging system is rotated over a limited angle. This study
explores the image fidelity attainable by a clinically-available conebeam imaging system when used in the capacity as a tomosynthesis
imaging system. More specifically, we aim to determine combinations of single, double, and triple isocentrically-rotated short arcs
that when reconstructed using tomosynthesis techniques can provide
CT-comparable volumetric data. Each reconstruction is comprised
of 36 conventional x-ray images, captured on the amorphous silicon
digital detector of the Digital Integrated Brachytherapy Unit, or
IBU-D (Nucletron B.V., Veenendaal, The Netherlands). These
reconstructions are compared to a full cone beam CT comprised of
360 conventional x-ray images. Unique and advantageous to this
project is the IBU-D’s ability to isocentrically rotate along multiple
axes instead of being constricted to a single axis of rotation, as is the
case with comparable imaging systems. The techniques developed
herein can potentially offer a lower-dose, and possibly a safer option
than comparable 3D imaging modalities. Supported by NCI T32CA113267 and Nucletron, B.V.

P O S T E R

(PS7.54) Metformin confers radiosensitizing effect in prostate
cancer cells. Chi Zhang, Joseph Panoff, Seema Gupta, Alan
Pollack, Mansoor Ahmed, University of Miami Miller School of
Medicine, Miami, FL

(PS7.55) Cytosolic phospholipase A2 as a novel molecular
target for the radiosensitization of ovarian cancer. Rachael
Chase1, Amanda Linkous1,2, Dennis E. Hallahan1,2,3,4, Eugenia M.
Yazlovitskaya1,4, 1Department of Radiation Oncology, Vanderbilt
University School of Medicine, Nashville, TN, 2Department of
Cancer Biology, Vanderbilt University School of Medicine, Nashville, TN, 3Department of Cell and Developmental Biology,
Vanderbilt University School of Medicine, Nashville, TN, 4Vanderbilt-Ingram Cancer Center, Vanderbilt University School of
Medicine, Nashville, TN
Ovarian cancer is the most deadly gynecological cancer in the
U.S., with a 5-year survival rate of ,20%. Radiotherapy can be
used, but the dosage is limited by toxicity to nearby organs. An
effective radiosensitizer would allow lower doses to be useful. Our
study investigates the role of cytosolic phospholipase A2 (cPLA2) in
tumor cell survival following irradiation. Previous studies by our
laboratory have shown that, following low doses of radiation (2–3
Gy), cPLA2 initiates a pro-survival signaling cascade, leading to
promotion of tumor growth. A cPLA2 inhibitor, AACOCF3, has
been shown to be a radiosensitizer in other cancer types. To

determine the effects of cPLA2 inhibition on ovarian cancer, we
tested AACOCF3 both in vitro and in vivo. For the in vitro work, we
performed clonogenic survival assays. Human Umbilical Vein
Endothelial Cells (HUVEC) or A2780 human ovarian tumor cells
were plated and treated with either vehicle (70% ethanol) or
AACOCF3 (1 uM) prior to radiation (0, 2, 4, 6, or 8 Gy). Two
weeks later, cells were stained and colonies were counted.
Treatment with AACOCF3 had no effect on A2780 clonogenic
survival. In contrast, vascular endothelial cell viability was
significantly reduced in HUVEC treated with AACOCF3 plus
radiation (p,0.05), suggesting that survival signals potentiated by
cPLA2 affect vascular endothelial cells but not the tumor cells
directly. For the in vivo study, female nude mice were injected
subcutaneously with 1x106 A2780 cells. Once tumors had reached
150 mm3, the mice were treated with either vehicle or AACOCF3 30
minutes prior to irradiation with 2 Gy. Treatments were done for 3
consecutive days; tumor volumes were measured every other day.
For 10 days after the first treatment, tumors from mice treated with
AACOCF3 exhibited a similar growth rate to those from mice that
received 2 Gy alone. However, after day 10, tumors from mice that
received AACOCF3 prior to irradiation demonstrated a significant
delay in growth compared to those receiving only radiation, as
evidenced by a substantial difference in the fold change in tumor
volume between the two groups (1.34 for AACOCF3 þ 2 Gy, 2.95
for EtOH þ 2 Gy on day 15; 7.7 for AACOCF3 þ 2 Gy, 14.3 for
EtOH þ 2 Gy on day 31). These results suggest that inhibition of
cPLA2 may significantly increase the efficacy of low-dose
irradiation in ovarian cancer patients.

Poster Sessions

There has been a rapid progress in recent studies on the
molecular effects of metformin and its potential role as an anticancer agent. It has been revealed that metformin may influence
cancer cells through indirect (insulin-mediated) effects, or it may
directly affect cell proliferation and apoptosis of cancer cells by
activating AMP kinase. Pre-clinical studies have demonstrated a
beneficial effect of metformin in breast cancer. The first evidence of
a potential effect of metformin in human breast cancer was reported
by Jiralerspong et al, 2009, with the observation that diabetic
patients with breast cancer treated with metformin experienced
higher pathologic complete response (pCR) rates with neoadjuvant
chemotherapy than those treated with other diabetes medications.
Our studies on cultured androgen-dependent prostate cancer cells,
LNCaP, has further revealed a dose-dependent inhibition of cell
proliferation/survival in response to metformin. The inhibitory
effects have been observed at concentrations as low as 0.25mM with
TD50 about 0.5mM. When combined with 2Gy X-ray irradiation,
metformin rendered significant additional growth inhibition of
LNCaP cells compared to 2 Gy treatment alone. Similar effects were
found in another androgen-independent prostate cancer cell line,
PC3 cells, although these cells showed greater resistance to
metformin than LNCaP cells. One of the possible mechanisms of
the higher resistance to metformin observed in PC3 cells could be
due to the complete absence of PTEN and thus a higher activity of
Akt pathway may require higher concentrations of metformin to
counteract. We are currently in the process to further confirm the
hypothesis. In summary, metformin, a previous known drug for type
2 diabetes, has been shown to have significant inhibitory effects on
prostate cancer cell proliferation/survival, with additional inhibitory
effects observed in combination with radiation.

S E S S I O N S

(PS7.56) Formulation of radiochemotherapy cocktails to
overcome therapeutic limitations of log normal distributions
of radiopharmaceuticals. John M. Akudugu, Prasad V. S. Neti,
Roger W. Howell, UMDNJ NJMS Cancer Center, Newark, NJ
The presence of log normal distributions of radioactivity
among cells treated with 210Po-citrate has recently been brought to
the fore (Neti and Howell 2006, 2007). It has been hypothesized that
such log normal distributions have an adverse effect on therapeutic
efficacy. Here, the uptake of citrate (a carrier for 210Po) by cultured
Chinese hamster V79 cells has been quantified by flow cytometry
using a europium tetracycline (EuTc) conjugate which forms a
ternary fluorescent complex with citrate. Similarly, the cellular
uptake of Flutax-2 and daunomycin were similarly measured.
Flutax-2 is a fluorescent derivative of taxol, and daunomycin is
naturally fluorescing, both of which are commonly used chemotherapeutic drugs. The mean fluorescence intensity per cell was
found to be strongly correlated to the concentration Flutax-2 and
daunomycin in the cell culture media, regardless of the presence of
citrate. These drugs are concurrently used with 210Po-citrate in an
attempt to increase the number of logs of cell killing that can be
achieved. Studies are ongoing using their fluorescence properties to
harness the cellular distribution of radiolabeled 210Po-citrate, taxol
and daunomycin, for a quantitative assessment of cell specific
radionuclide absorbed dose, chemotherapeutic uptake, and corresponding biologic response. Supported in part by NIH/NCI R01
CA83838.
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Bauréus Koch, Catrin
PS5.11, PS7.51
Baydush, Alan H. PS7.53
Bayeta, Erben MS707,
PS2.12, S1603

C O - A U T H O R S
Baynes, Caroline PS5.44
Bazett-Jones, David P.
MS501, PS3.49
Beaton, Lindsay PS2.32,
PS2.33
Beck, Lisa A. PS6.46
Becker, David PS2.21
Bedford, Joel S. MS104,
PS6.19, PS7.47, PS7.49,
S501
Begg, Adrian C. PS5.46
Beheshti, Afshin MS701,
PS2.04, PS2.37, PS5.33
Belanto, Joseph J. PS7.29
Bellier, Pascale V. PS2.33
Bellnier, David PS7.24
Benderitter, Marc PS4.52
Bennett, Alexander W.
PS5.40
Bennett, Paula V. PS2.31
Bennewith, Kevin L.
MS405, PS7.32
Berbée, Maaike MS1104,
PS1.47, PS4.18, PS4.43
Berglund, Susanne R.
MS1003, PS5.39
Bernard, Damion PS2.44
Bernhard, Eric J. TR004
Bernhard, William MS202,
MS205, PS2.43, PS2.57,
PS2.58, PS2.59
Bernstein, Jonine S303
Berridge, Marc PS7.30
Berrington, Amy TR006
Bertucci, Antonella
MS603, MS806,
PS5.29, PS6.02, PS6.41
Betof, Allison PS1.11,
PS1.23
Betts, Guy N. J. PS4.07
Bhattacharya, Sharmila
S1601
Bhidra, Utpal MS502,
PS6.11
Bhutiani, Neal PS7.05
Bianski, Brandon M.
MS703, PS1.22, PS2.14
Bier, Martin PS1.12
Bigelow, Alan W. PS6.09
Bisogni, Giuseppina
PS7.52
Bjornstad, Kathleen A.
MS706, PS2.03
Black, Paul J. MS205,
PS2.57
Blakely, Eleanor A.
MS706, PS2.03, PS4.57
Blakely, William F.
MS604, MS606,
PS1.56, PS4.37, PS4.38,
PS4.46, PS6.37
Blyth, Benjamin J. PS5.18
Bodiga, Sreedhar PS1.42
Boerma, Marjan MS1104,
MS1106, PS1.47,
PS1.48, PS1.54, PS4.34,
PS4.43, TR011
Boice, Jr. John D. P004
Bonaventura, Joseph
PS7.37
Bone, Frederick MS903,
PS5.51
Bonnaud, Stéphanie
PS4.28
Bonner, William M.
MS604, PS5.20, PS6.20,
PS6.37, PS7.48, S803
Booth, Cath PS6.45
Boothman, David PS6.21

Boreham, Doug MS1005,
PS3.20, PS3.32, PS6.04,
PS6.14
Borgmann, Anthony
PS7.18
Borgmann, Kerstin
MS505, PS3.27
Boruta, Richard J. PS7.33
Boston, Donna PS1.55
Botchway, Stanley PS3.42
Bouffler, Simon MS102,
PS7.41
Bourdeau-Heller, Jeanne
MS102, PS7.41
Bourland, J. D. MS705,
PS2.23, PS4.39, PS5.41,
PS5.52
Boutaleb, Samir MS507,
PS3.41
Bowden, Mark PS2.47
Bowen, Kit S704
Bowman, Laura C.
MS705, PS2.23
Boyd, Marie PS7.38,
PS7.39, PS7.42
Braden, Amy PS4.39
Braithwaite,
Nicholas S. J. PS2.47
Brengues, Muriel MS603,
PS6.41, PS6.49
Brenneman, Mark PS6.26
Brenner, David MS603,
MS806, PS2.39, PS5.29,
PS5.30, PS5.32, PS6.02,
PS6.09, PS6.41, PS6.52
Brimacombe, Michael
PS6.50
Brines, Michael PS6.45
Bristow, Robert G.
MS501, PS3.49
Britten, Richard MS708,
PS2.10, PS2.27
Brogan, John R. PS6.19
Bronson, Roderick PS1.31
Brown, Darren S. MS904,
PS1.58, PS4.36
Brown, Martin PS3.56,
S1104
Brown, Stephen L.
PS1.38, PS1.39, PS6.54,
S1402
Bruder, Eric D. PS5.05
Brunner, Thomas B.
PS3.11
Brusnahan, Susan K.
PS2.15
Bryant-Friedrich, Amanda
PS2.45, TR013
Buchholz, Bettina
MS1101, PS6.42
Buettner, Garry R. WS102
Bugden, Michelle PS4.17
Bujold, Rachel PS7.10
Bunin, Deborah MS706,
PS2.03
Buonanno, Manuela
MS802, PS2.20, PS5.31
Burdelya, Lyudmila
PS7.24
Burg, Aaron PS5.33
Burma, Sandeep PS2.01,
PS6.21, PS6.23, S1502
Burmeister, Jay TR005
Burnet, Neil G. PS5.44
Burnett, Alexander F.
MS1106, PS1.54
Burns, Fredric J. PS6.53
Burrell, Cheryl G. PS1.02

I N D E X
Bussink, Jan MS303,
PS4.14, PS4.22
Bussink, Johan MS304,
PS4.05
Butterworth, Karl T.
PS5.04

C

A U T H O R S

Chen, Ching-Shih PS7.36
Chen, David J. MS207,
MS402, MS502,
PS3.38, PS3.51, PS6.11,
PS6.18, PS6.19
Chen, James S402
Chen, Zheng-tang PS7.16
Chernikova, Sophia B.
PS3.56
Cheruku, Shravan PS7.12
Chin-Sinex, Helen MS805,
PS5.26, PS7.18
Cho, Eun-Hee PS1.16
Cho, Jaeho MS402,
PS3.38
Choi, Seo-Hyun PS1.53
Choi, Soo Yong PS3.02
Choi, Won Chul PS3.02
Christensen, Julie L.
MS904, PS1.58
Chu, James PS2.44
Chu, Liping PS1.19,
PS1.20
Chua, Hui Lin PS1.46,
PS6.51
Clark, Anne-marie PS7.39,
PS7.42
Clinton, Harley PS4.46
Cloutier, Pierre MS203,
PS2.46
Coates, Philip J. PS4.16
Coffey, Mary PS3.30
Cohen, Eric P. PS4.41,
PS5.05, PS6.07, PS6.36
Cohen, Melanie MS606,
PS1.56, PS5.40
Cole, Michael PS2.07
Coleman, Mitchell C.
PS1.43
Coleman, Norm PS4.06,
S804
Coles, Charlotte E. PS5.44
Collins, Tony PS6.04
Condliffe, Donald PS4.44
Connor, Dean M. PS7.12
Conyers, Jodie L. PS6.43
Cook, John A. PS1.45,
PS6.31
Coolbaugh, Thea V.
PS4.35
Coon, Alan B. PS2.44
Cornforth, Michael
MS208, PS6.05, PS6.27,
S505
Corre, Isabelle PS4.28
Corry, Peter M. PS4.47,
PS5.19, PS7.08, S1204
Corwin, Lori K. PS3.29
Coss, Ronald A. PS6.29
Costes, Sylvain PS4.03,
S402
Cote, Jacques MS502,
PS6.11
Crapo, James D. PS7.15
Crooks, Peter PS7.14,
PS7.18
Cucinotta, Francis MS103,
MS208, PS1.15, PS2.16,
PS2.25, PS2.34, PS6.01,
PS6.12, PS6.27, S301,
WS103
Cui, Li PS1.47

D
D’Arco, Annalisa PS7.52
Dahm-Daphi, Jochen
MS505, PS3.27

A N D

C O - A U T H O R S

Damphousse, C. A. S1403
Dan, Cristian PS7.46
Daroczi, Borbala PS7.01
Das, Amit K. MS402,
PS3.38
Datta, Kamal MS206,
PS2.07, PS6.06
Davidson, Matthew A.
PS5.34
Davis, Anthony J. PS6.18
Davis, Mary A. PS5.38
Davis, Zoe PS2.19
Dawson, Michelle
MS308, PS1.14
Dayton, Talya PS1.31
De Benedetto, Anna
PS6.46
De Haro, Leyma PS3.29
de Jong, Monique C.
AL03, PS5.23, PS5.46
de Toledo, Sonia AL03,
MS802, MS1004,
PS2.06, PS2.20, PS5.23,
PS5.31, PS6.17
Deadwyler, Sam PS5.52
Debus, Juergen PS2.09
DeCaroli, Nathan A.
MS704, PS2.22
DeGraff, William PS1.45
Delisle, Adam MS307,
PS1.18
Della Donna, Lorenza
S1105
Dellaire, Graham MS501,
PS3.49
Demaria, Sandra PS7.13,
PS7.17, S1202, S204
Demidenko, Eugene
MS601, PS6.35
Deng, Zhiyong PS4.39
Dermody, James PS6.17
Deserga, Gere PS6.57
Desmarais, Guillaume
PS7.10
DeVito, Justin MS1107,
PS6.48
Dewan, Zahidunnabi
PS7.13
DeWeese, Theodore
PS7.34
Dewhirst, Mark MS302,
PS1.05, PS1.11, PS4.13,
PS5.49, PS5.54, PS7.05,
PS7.33
Dhaemers, Ryan PS7.18
Di Martino, Fabio PS7.52
Diaz, Roberto PS7.07
DiCarlo-Cohen, Andrea
PS1.55
Dicker, Adam P. PS7.01
Dickey, Jennifer S.
PS5.20, PS6.20, PS7.48
Dietrich, Antje MS908,
PS3.08
Dilmanian, Avraham
PS7.12
Ding, Liang-Hao MS106,
PS1.06, PS2.01, PS2.02
Ding, Xuan-feng PS4.39
Dingfelder, Michael
PS2.54, PS2.55, TR009
Dittfeld, Claudia MS908,
PS3.08
Dixon, Tracy MS1101,
PS4.19, PS6.32, PS6.42
Diz, Debra I. PS1.36
Djordjevic, Bozidar
MS906, PS3.13

Doctrow, Susan R.
PS1.35, S1403
Dodge, Laura PS1.17
Doerr, Wolfgang MS902,
PS3.16, PS5.42
Doiron, Kathryn PS2.07
Dollinger, Guenther
PS3.44
Domann, Frederick E.
PS1.43
Dommer, Megan E.
PS1.10
Dong, Ruhong MS601,
PS6.35
Doppalapudi, Rupa
PS2.19
Douard, Veronique PS6.50
Down, Julian D. PS4.33
Downing, Laura PS6.34
Drake, Richard R. PS2.27
Dregalla, Ryan C. PS3.24
Dritschilo, Anatoly PS4.02
Du, LiQing PS7.28
Du, Rong PS6.08
Dubois, Ludwig MS304,
PS4.05
Duda, Dan G. MS308,
PS1.14
Dunlap-Brown, Marya E.
MS406, PS7.22
Dunn, Tiffany PS3.05
Dunning, Alison M.
PS5.44
Durant, Stephen PS3.29
Durante, Marco PS3.25
Duru, Nadire PS3.10
Dynan, William MS403,
PS6.02, PS6.24, PS7.25
Dynlacht, Joseph PS5.60,
S605
Dziegielewski, Jaroslaw
MS406, PS7.22

Author Index

Cacalano, Nicholas A.
PS7.29
Cadet, Jean S1004
Cadio, Emmanuelle
PS3.09
Caiozzo, Vince S1702
Calaf, Gloria M. PS5.16
Callison, Jennifer PS7.04
Camacho, Cristel PS2.01,
PS6.21, S1502
Camp II, David G. PS1.01
Campbell-Beacher, Mary
PS2.29
Camphausen, Kevin P001
Candas, Demet PS3.10
Cao, Jia PS7.28
Cao, Ning MS805, PS5.26
Cao, Shaonan MS1101,
PS4.50, PS6.42
Cao, Yiting MS302,
PS1.05
Cao, Yongbing MS607,
PS1.21, PS1.24, PS1.34,
PS1.41, PS4.11, PS6.13,
PS6.22, PS6.28
Cao, Zhen PS6.24
Capacete, Joseph PS5.50
Capitano, Maegan L.
PS1.10, PS7.21
Carpentieri, Carmen
PS7.52
Carrihill-Knoll, Kirsty
PS2.26
Carson, Craig C. PS4.29
Cary, Lynnette H. PS1.49,
PS4.12
Casey, Rachael C. PS6.43
Ceberg, Crister PS5.11,
PS7.51
Cengel, Keith PS2.30
Cerna, David PS4.06,
PS7.26
Chabriol-Raulli, Anne-Olivia
MS708, PS2.10
Chai, Yunfei PS5.16, S802
Chalmers, Anthony J.
MS907, PS3.43, TR016
Chambers, Dwight M.
PS5.34
Chambon, Christophe
PS4.52
Chandna, Sudhir PS4.04
Chang, Hang MS105,
PS2.11
Chang, Polly MS702,
MS706, PS2.03, PS2.08,
PS2.19, PS4.57
Chapman, Kim PS5.14
Charest, Gabriel PS5.58
Chase, Rachael PS7.55
Chaudhry, M. Ahmad
PS3.48
Chauhan, Vinita PS2.32,
PS2.33
Chaze, Thibault PS4.52
Cheema, Amrita PS6.39
Chen, Benjamin P. C.
MS402, MS704,
PS2.22, PS3.38, PS6.19

T O

E
Eble, Joseph M. MS302,
PS1.05
Eccles, Laura J. PS3.45,
S105
Edwards, John G. MS403,
PS7.25
Eisch, Amelia MS704,
PS2.22
Elliott, Rebecca M.
PS5.44
Elliott, Thomas B. PS1.49,
PS4.42
Elsaesser, Thilo PS2.09
Ende, Norman MS1105,
PS1.50
Enderling, Heiko MS701,
PS2.04, PS5.33
Engelward, Bevin PS4.48,
PS4.50
Eot-Houllier, Gregory
TR001
Epperly, Michael PS1.30,
PS4.19, PS4.48, PS4.50,
PS6.32
Estabrook, Neil C. PS7.18
Etwaru, Davina MS906,
PS3.13
Ewing, James R. PS1.39

F
Fabre, Kristin M. PS1.45
Fallgren, Christina MS102,
PS7.41
165

I N D E X

T O

A U T H O R S

Author Index

Fan, FeiYue PS7.28
Fan, Lu PS3.23
Fan, Ming PS3.10, PS4.20
Farese, Ann MS606,
MS1107, PS1.46,
PS1.56, PS4.37, PS5.40,
PS6.45, PS6.48
Farhangian, Michael PS7.12
Fasano, Alessio MS1107,
PS6.48
Fatanmi, Oluseyi O.
MS904, PS1.58
Fath, Melissa A. MS401,
PS5.56
Favre, Cecile PS2.29
Feinstein, Elena MS1103,
MS903, PS1.33, PS4.44,
PS5.51, PS7.24
Fenton, Bruce M. PS1.21,
PS4.54
Ferraris, Ronaldo P.
PS6.50
Ferrarotto, Catherine
PS2.33
Figueroa, Maria PS6.31
Fike, John R. S1705
Finkelstein, Jacob N.
PS1.37, PS1.44, PS6.34
Fish, Brian PS1.35,
PS1.40, PS1.42, PS4.41,
PS6.07, PS6.36, PS6.38,
PS6.44, S1403
Fisher, Carolyn J. PS1.27
Fitzgerald, Matthew P.
PS1.43
Flannagan, Erin PS7.20
Fleckenstein, Katharina
MS1108, PS6.40
Floyd, Robert P003
Fontanella, Andrew
PS4.13
Fontenay, Gerald MS105,
PS2.11
Forbes, M. E. PS5.41
Ford, Eric PS3.07, PS7.34
Formenti, Silvia C. PS7.13,
PS7.17, S1202
Fornace Jr., Albert J.
PS1.09, PS2.07, PS2.18,
PS6.39, PS6.56
Fortin, David PS5.58,
PS7.10
Fortunel, Nicolas O.
PS3.09
Foster, Katherine A.
MS401, PS5.56
Fournier, Loreen MS505,
PS3.27, PS3.46
Fox, Jessica PS1.17
Franicola, Darcy MS1101.
PS4.19, PS4.50, PS6.42
Freeman, Michael L.
PS7.14
Freschauf, Gary K.
MS404, PS7.02
Freund, Gregory PS2.30
Friedl, Anna A. PS3.44
Friedman, Kent S1202
Frost, Stanley MS1007,
MS1008, PS3.03,
PS3.04
Fu, Dadin PS1.52
Fu, Qiang MS1104,
PS1.47, PS1.48, PS1.54,
PS4.18, PS4.43
Fujimori, Akira PS3.18,
S504
Fujiwara, Saeko MS1002,
PS3.01, S304
166

A N D

Fuks, Zvi PS7.19

G
Gaber, M. Waleed
PS1.03, PS4.56, PS5.45
Galdass, Mariann PS6.17
Gallego, Sergio MS606,
PS1.56, PS4.38, PS4.46
Gambles, Kristen PS4.32,
PS4.51
Gamson, Janet PS1.45
Gao, Feng PS6.44
Gao, Guanjun PS3.23,
PS3.37
Gao, Jingchun MS403,
PS7.25
Gao, Ying PS6.44
Garg, Sarita PS1.48,
PS1.51
Garty, Guy MS603,
PS6.41, PS6.52
Gasparutto, Didier TR001
Gatti, Richard A. PS3.55
Gatz III, Joseph PS7.12
Gaugler, Marie-Hélène
PS4.28
Gauter-Fleckenstein, Ben
MS1108, PS6.40
Geard, Charles R. PS6.09
Geffen, Morris PS5.37
Geng, Ling PS7.14
Genik, Paula MS102,
PS7.41
Georgakilas, Alexandros G.
PS7.48, S103
George, Kerry A. MS103,
PS2.25, PS2.34
Georges, George E.
S1704
Gerashchenko, Bogdan
PS5.60
Gersh, Jacob A. PS7.53
Gewirtz, Alan PS2.30
Ghandhi, Shanaz A.
PS5.12
Gheorghiu, Liliana PS3.46
Ghosh, Swarajit N.
PS1.40, PS1.42, PS6.44
Ghosh, Sanchita P.
PS1.32, PS4.32, PS4.51
Giaccia, Amato J. MS405,
PS7.32
Gialanella, Giancarlo
PS7.52
Giannelli, Marco PS7.52
Gibbs, Allison M. PS5.40
Giedzinski, Erich S1702
Gillan, Jackie MS102,
PS7.41
Gille, Daphne A. MS904,
PS1.58
Girard, Peter PS3.35
Girdhani, Swati MS701,
PS2.04, PS2.37
Gius, David PS4.20
Gleiberman, Anatoli
MS1103, PS1.33,
PS7.24
Globus, Ruth K. S1703
Glowacki, Julie PS1.30
Goetz, Wilfried PS2.13
Goff, Julie PS4.50
Gokhale, Abhay S. PS1.30
Goldberg, Zelanna
MS1003, PS4.01,
PS5.01, PS5.39

C O - A U T H O R S
Goldstein, Lee E. MS706,
PS2.03
Gonzalez, Frank J. PS6.39,
PS6.56
Goodarzi, Aaron A. S404
Gooding, Gerirose PS5.60
Gorbunov, Nikolai V.
PS4.26
Goswami, Prabhat C.
TR008
Grace, Marcy B. PS1.55
Grade, Marian MS908,
PS3.08
Grafström, Gustav
PS5.11, PS7.51
Graves, Edward E.
MS405, PS7.32
Green, Lora MS703,
PS1.02, PS1.22, PS2.14,
PS5.14
Green-Mitchell, Shamina
M. PS2.27
Greenberg, Marc M. S102
Greenberger, Benjamin
PS6.32
Greenberger, Joel
MS1101, PS1.30,
PS4.19, PS4.48, PS4.50,
PS6.32, PS6.42
Grenman, Reidar PS5.46
Greubel, Christoph
PS3.44
Gridley, Daila S. MS508,
MS707, PS1.26, PS2.12,
PS2.28, PS3.31, PS3.52,
PS7.15, S1603
Griem, Katherine L.
PS2.44
Griffin, Robert J. PS4.47,
PS5.19, PS7.30, S603,
S1204
Griko, Yuri PS6.20
Grinberg, Oleg Y. MS601,
PS6.35
Groesser, Torsten
MS105, PS2.11
Grosovsky, Andrew J.
PS1.02
Grossi, Gianfranco PS7.52
Groysman, Anna MS906,
PS3.13
Grugan, Katharine D.
PS1.15
Grygoryev, Dmytro
PS6.15
Gubrij, Igor B. MS1106,
PS1.54
Gudkov, Andrei MS1103,
PS1.33, PS7.24
Gui, Jiang MS601, PS6.35
Guipaud, Olivier PS4.52
Guo, Guozheng AL03,
PS5.23
Gupta, Anshul PS1.04
Gupta, Arun MS502,
PS3.21, PS6.11
Gupta, Kiran MS702,
PS2.08
Gupta, Seema PS2.36,
PS5.28, PS7.36, PS7.54
Gurova, Katerina MS903,
PS5.51

H
Haagen, Julia MS902,
PS3.16, PS5.42
Hable, Volker PS3.44

Hada, Megumi MS103,
PS2.25, PS2.34
Hadley, Caroline C.
PS1.11
Haemmerich, Dieter S604
Hahnfeldt, Philip MS701,
PS2.04, PS2.37, PS5.33
Haimovitz-Friedman,
Adriana PS7.19
Haley, Benjamin PS2.05
Hall, Dennis MS404,
PS7.02
Hallahan, Dennis E.
PS4.15, PS7.07, PS7.55
Hamm, Christine M.
MS405, PS7.32
Hanna, Gabi PS5.54
Hanschen, Marc MS307,
PS1.18
Haque, Munima PS5.59
Harding, Gordon P.
MS508, PS3.31
Harken, Andrew PS5.32
Harper, Jane PS3.42
Harrison, Lynn S104
Haston, Christina K.
PS1.17
Hatchett, Richard J.
PS1.55
Hauer-Jensen, Martin
MS1104, MS1106,
PS1.32, PS1.47, PS1.48,
PS1.51, PS1.54, PS4.18,
PS4.32, PS4.34, PS4.43,
PS4.51
Hayashi, Tomonori PS3.01
He, Fuqiu PS7.31
He, Xiaoming MS601,
PS6.35
Hedayati, Mohammad
PS7.34
Heeneman, Sylvia PS7.06
Hei, Tom K. PS5.12,
PS5.16, PS5.61
Held, Kathryn D. MS803,
PS2.35, PS5.07, PS5.13
Hennies, Franz PS2.48
Herbert, Joseph PS5.54
Herman, Joseph PS7.34
Herman, Terence S.
PS1.13, PS5.03, PS7.23
Hernady, Eric MS408,
PS1.37, PS1.44, PS5.21
Hida, Ayumi S304
Hieber, Kevin PS1.32,
PS4.32, PS4.51
Hill, Colin K. PS6.57
Hill, Helene Z. PS6.17
Hill, Mark PS3.42, PS5.06
Hill, Richard AL01, S1101
Hinton, Thomas PS6.15
Hinz, John M. PS6.25,
S1501, S503
Hirani, Zishan PS7.34
Hlatky, Lynn MS701,
PS2.04, PS2.37, PS5.33
Hoebers, Frank J. P.
PS5.46
Hollywood, Donal PS3.30,
PS4.25
Holmes, Charles MS404,
PS7.02
Homayouni, Ramin PS1.03
Hong, Mei PS5.61
Hong, Seol-Hee PS1.16
Honikel, Louise MS801,
PS5.17
Hopkins, Deidre PS4.30

I N D E X

I
Ianzini, Fiorenza MS108,
MS901, PS3.12, PS7.44
Idate, Rupa PS3.24
Idle, Jeffrey R. PS6.56
Ikeda, Kimiko MS307,
PS1.18
Iliakis, George PS3.50,
PS6.29
Imai, Kazue MS1002,
PS3.01
Islam, Mohammad
PS4.30
Ivkov, Robert PS7.34
Iwamoto, Keisuke PS7.29
Izadi, Atefeh S1702
Izatt, Joseph PS4.13

J
Jacks, Tyler PS1.31
Jackson, Isabel L. PS1.11,
PS1.23, PS4.53
Jackson, John D. PS2.15
Jacobs, Elizabeth R.
PS1.40, PS1.42, PS6.44
Jain, Rakesh K. MS308,
PS1.14
Jakob, Burkhard PS3.25
Jalali, Farid MS501,
PS3.49
Jamieson, Christina A. M.
PS7.29
Janata, Jiri PS6.24

A U T H O R S

Jankowski, Barbara M.
PS5.05
Janssen, Ben PS7.06
Jay-Gerin, Jean-Paul
MS204, PS2.20, PS2.40
Jayatilaka, Nayana K.
PS2.42
Jeffords, Laura B. PS1.31,
PS3.17
Jenrow, Kenneth PS1.38,
PS1.39, PS6.54, S1402
Jia, Dan PS4.47, S1204
Jia, Jessica X. MS405,
PS7.32
Jiao, Wan PS1.49, PS4.42
Jie, Shy’Ann MS906,
PS3.13
Jin, Xiongjie PS1.08
Jin, Yeung Bae MS306,
PS4.24
Jo, Sung-Kee PS1.16,
PS6.47, PS7.35
John-Aryankalayil,
Molykutty PS4.06
Johnke, Roberta PS1.12,
PS1.25
Johnson, Angela M.
PS2.27
Johnson, Krista MS1102,
PS4.40
Johnston, Carl PS1.37,
PS1.44
Jones, Aimee PS4.17
Jones, Adam PS5.37
Jones, Eric PS1.01
Jones, Irene M. S1501
Jones, Tamako MS807,
PS5.15
Jones, Tami PS2.29
Jordan, Robert S1704
Jorjishvili, Irakli G. PS2.55
Joseph, James A. PS2.26
Jourdan, Megan M.
PS1.35, S1403
Ju, Eun-Jin PS7.35
Juliar, Beth PS1.46,
PS6.45
Jung, Mira PS4.02,
PS7.11
Jung, Uhee PS1.16,
PS6.47, PS7.35

K
Kaanders, Johannes H. A.
M. PS4.14
Kachnic, Lisa A. MS505,
PS3.27, PS3.46
Kadhim, Munira PS5.14
Kalanetra, Karen M.
MS1003, PS4.01,
PS5.01, PS5.39
Kalef-Ezra, John PS7.12
Kalen, Amanda L. PS7.09
Kallakury, Bhaskar PS2.07
Kalogerinis, Peter K.
PS7.48
Kamoun, Walid S. MS308,
PS1.14
Kang, Ji-Hye PS7.19
Kao, Gary PS2.30
Kar, Santosh K. PS1.39
Karagiannis, Tom PS4.55
Karger, Christian P.
PS2.09
Karimi-Busheri, Feridoun
MS404, PS7.02
Kashino, Genro PS5.09

A N D

C O - A U T H O R S

Kassahun, Bineyam
PS1.12
Kato, Takamitsu A.
PS3.18, S504
Katsumura, Yosuke S1303
Katz, Barry PS1.46,
PS5.40, PS6.45
Kawahara Stillion, Misako
MS506, PS6.10
Kawashima, Noriko
PS7.17
Keeney, Sonia PS2.27
Kelleher, Debra MS301,
PS4.10
Kemp, Francis W. PS6.50
Keng, Peter PS4.54
Kennedy, Ann R. PS2.30
Khaitan, Divya PS5.43,
PS5.48
Khaled, Saman F. MS702,
PS2.08
Khan, Imran MS506,
PS6.10
Khan, Mohammad N.
PS5.47
Khan, Nadeem PS5.57
Khanduri, Deepti PS2.21,
PS2.50, PS2.52
Khorshidi, Manoochehr
MS1105, PS1.50
Kiang, Juliann G. PS1.49,
PS1.57, PS4.26, PS4.42
Kilburn, Jeremy M.
PS1.25
Kim, Eun-Ho PS4.27
Kim, Jae Ho PS1.38,
PS1.39, PS6.54, S1402
Kim, Joon PS4.27
Kim, Joong-Sun PS6.47
Kim, Kwanghee PS7.29,
S1401
Kim, Sung-Ho PS6.47
Kim, Tae Hwan PS3.02
Kim, Yongbaek PS1.27,
PS1.31, PS3.17
Kimple, Randall J. PS4.29
King, Gregory PS2.30,
PS4.37
King, June D. PS7.53
Kioi, Mitomu S1104
Kirkpatrick, John P. TR015
Kirsch, David G. PS1.27,
PS1.31, PS3.17
Kiuchi, Yoshiaki S304
Kleinberg, Lawrence
PS3.07
Klopp, Ann H. PS1.04
Kma, Lakhan PS6.44
Koehne, Amanda L.
MS405, PS7.32
Kolesnick, Richard PS7.19
Kolozsvary, Andrew
PS1.38, PS6.54, S1402
Komanduri, Paavani
PS6.32
Kononov, Eugene MS903,
PS5.51
Konsoula, Zacharoula
PS7.11
Koonce, Nathan PS4.47,
PS5.19, PS7.30, S1204
Kooshki, Mitra MS407,
PS1.36, PS4.31
Korade, Zeljka PS4.15
Koritzinsky, Marianne
MS304, PS4.05
Kos, Ivan MS1108,
PS6.40

Kosmacek, Elizabeth A.
MS108, MS901,
PS3.12, PS7.44
Kotzki, Pierre-Olivier
MS507, PS3.41
Kovalchuk, Olga MS1105,
PS1.50, PS3.06, S1203
Kozin, Sergey V. MS308,
PS1.14
Kozmin, Stanislav TR001
Krasnopolsky, Katya
PS4.46
Krausz, Kristopher W.
PS6.56
Kreger, Bridget PS3.48
Krise, Keith M. PS2.51
Krishna, Murali C. PS6.31
Krivokrysenko, Vadim
MS1103, PS1.33,
PS7.24
Kroc, Tom PS3.19
Kromer, Lawrence PS4.02
Kronenberg, Amy PS7.46
Krueger, Sarah A. PS3.06
Kubinova, Lucie PS2.29
Kucik, Dennis F. MS702,
PS2.08
Kuhne, Wendy MS403,
PS6.02, PS6.24, PS7.25
Kukk, Edwin MS201,
PS2.53
Kulkarni, Avanti MS101,
PS7.43
Kulkarni, Ashwini PS1.51
Kulkarni, Shilpa PS1.32,
PS4.32, PS4.51
Kumagai, Jun PS5.09
Kumagami, Takeshi S304
Kumar, Anil PS2.49,
PS2.50
Kumar, Gagan PS1.42
Kumar, K. Sree PS1.32,
PS1.47, PS4.32, PS4.51
Kumar, Rakesh MS502,
PS6.11
Kumareswaran, Ramya
MS501, PS3.49
Kunz-Schughart, Leoni A.
MS908, PS3.08
Kusunoki, Yoichiro
MS1002, PS3.01
Kutzner, Barbara C.
PS2.33
Kyle, Alastair H. PS3.36,
PS7.20

Author Index

Hopkins, Kevin M.
MS503, PS3.28
Hou, Huagang PS5.47,
PS5.57
Houde, Daniel MS204,
PS2.40
Hounsell, Alan R. PS5.04
Hoving, Saske PS7.06
Howell, Robert PS1.21,
PS6.13
Howell, Roger W. MS802,
PS2.38, PS5.31, PS6.50,
PS7.56
Howland, Matthew
PS2.32, PS2.33
Hromas, Robert PS3.29
Hsu, Fang-Chi MS407,
PS1.36, PS4.31
Hu, Burong MS207,
PS3.51
Hu, Shaowen PS6.12,
WS103
Hua, Yuejin PS3.23,
PS3.37
Huang, Sarah X. PS5.16
Huber, Peter MS701,
PS2.04, PS2.09
Huels, Michael A. MS201,
PS2.48, PS2.53
Huerta Parajon, Monica
S1304
Huff, Janice MS103,
PS1.15, PS2.25, PS2.34,
PS6.01
Huffman, K. S1403
Hunter, Jeffery MS1102,
PS4.40
Huq, Saiful PS4.48
Hurley, Sean D. MS408,
PS2.17, PS5.21
Hylander, Bonnie L.
PS1.10, PS7.21

T O

L
Lacko, Martin PS5.46
Lacombe, Sandrine
PS2.48
Laframboise, Lisa PS6.14
Lagadec, Chann S1105
Laiakis, Evagelia C.
PS1.09, PS2.18, PS6.39
Lambin, Philippe MS304,
PS4.05
Lamont, Clare MS701,
PS2.04, PS2.37, PS5.33
Lane, Rachel MS1007,
MS1008, PS3.03,
PS3.04
Lange, Christopher S.
MS906, PS3.13
Lanier, Nicolle PS7.12
Lapanowski, Karen
PS6.54, S1402
167

I N D E X

T O

A U T H O R S

Author Index

Lariviere, Jean P PS5.47,
PS5.57
Larner, James M. MS406,
PS7.22
Latif, Nabil PS1.52
LaVerne, Jay S1302,
S1304
Lawler, Mark PS3.30,
PS4.25
Lawrence, Theodore S.
PS5.38
Lazarova, Zelmira PS1.35,
S1403
Lederer, James MS307,
PS1.18
Ledney, G. David PS1.49,
PS4.42
Lee, Chang-Lung PS3.17
Lee, Hae-June MS306,
PS1.53, PS4.24, PS6.47
Lee, Jae Seon PS4.27
Lee, Minyoung MS306,
PS1.53, PS4.24
Lee, Robert J. MS403,
PS7.25
Lee, Tammy C. PS1.36
Lee, Yun-Sil MS306,
PS1.53, PS3.39, PS4.24
Lee, Yoon-Jin PS4.27
Leeper, Dennis B. PS6.29,
PS7.27
Lehmann, Joerg MS1003,
PS5.39
Leloup, Corinne MS503,
PS3.28
Leming, Shawn PS7.04
Lenarczyk, Marek PS6.07
Lenigk, Ralf PS6.49
Lennox, Alison MS906,
PS3.13
Lennox, Arlene PS3.19
Leonard, Bobby E. PS5.35
Lepage, Martin MS204,
PS2.40
Lerman, Gabriel PS7.19
Lesniewski, Piotr MS601,
PS6.35
Lesnikov, Vladimir S1704
Lesnikova, Marina S1704
Leszczynski, Dariusz
PS5.36
Levine, Ira H. PS4.38
Li, Chuan-Yuan PS2.41
Li, Chunsheng PS4.17
Li, Deguan PS1.19,
PS1.20
Li, Gloria PS7.31
Li, Henghong PS1.09,
PS2.18, PS6.39
Li, Jian Jian MS805,
PS3.10, PS4.20, PS5.26
Li, Li MS505, PS3.27
Li, Min MS1004, MS1105,
PS1.50, PS2.06
Li, Shuyi PS7.25
Li, Wenrong PS2.41
Li, Xiang Hong PS1.52,
PS4.12
Li, Zejun MS203, PS2.46
Li, Zhixin PS5.50
Li., Shuyi MS403
Liber, Howard PS3.24,
PS5.13
Lieberman, Howard B.
MS503, PS3.28
Limoli, Charles S1701,
S1702
Lindquist, Kirstin E.
PS3.36
168

A N D

Ling, Clifton C. PS7.31
Linkous, Amanda PS7.55
Little, John B. PS6.19
Liu, Bo MS805, PS5.26
Liu, Jianguo PS6.54,
S1402
Liu, Lingbo MS905,
PS3.15
Liu, Qiang PS7.28
Liu, Yanfeng PS5.55
Liu, G. L. PS5.59
Livingston, Eric W.
MS705, PS2.23
Lobachevsky, Pavel N.
PS4.55
Lomax, Martine E. PS3.45
Lominska, Chris PS4.02
Loose, David S. PS1.48
Lord, Edith M. S202
Lorimore, Sally PS4.16
Loucas, Bradford D.
MS208, PS6.05, PS6.27
Lowe, Scott W. PS3.17
Lu, Huiming PS3.23,
PS3.37
Lu, Huimei PS6.26
Lu, Lin MS107, PS7.40
Lu, Lu PS1.19, PS1.20
Lu, Ruixiao MS1003,
PS5.39
Lumpkins, Sarah PS2.35
Luo-Owen, Xian MS508,
MS707, PS2.12, PS3.31
Lynch, Thomas PS4.25
Lyulko, Oleksandra V.
MS603, PS2.39, PS6.41,
PS6.52

M
Ma, Yunqing PS6.22
Macaluso, Anthony
PS1.55
Mackey, Michael A.
MS108, MS901,
PS3.12, PS7.44
Macvittie, Thomas
MS606, MS1107,
PS1.46, PS1.56, PS4.37,
PS5.40, PS6.45, PS6.48,
PS6.51
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