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Presentation outline
• Gene‐environment interaction
• How MS risk factors effect the immune system
• Update on the role of B‐cells, regulatory cells
and adaptive immunity in MS

Overview of gene-environment
interactions in MS
immunopathogenesis
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Multiple Sclerosis:
An Immuno-genetic Disease
Environmental Factors

Genetic Predisposition

Demographics/Epidemics

-Twins studies

Microbial Agents

-HLA-DR2 (DRß1*1501)
(antigen presentation)

EBV

-IL-2Ra
(regulatory T-cells)

Vit. D
Smoking

-IL-7Ra
(memory T-cells)
GWAS (>100 alleles)

Dhib-Jalbut, S 2013

Salt

Immune
Dysregulation

BMI
Microbiome

MS

Genetics of MS:
Identification of MS Genetic Variants
 Evidence of genetic risk (λs=~40)
− Population risk: 0.1%
− Sibling risk: 2‐4%
− Dizogytic twin risk: 5%
− Monozygotic twin risk: 30%
 MS genetics dictates lower activation threshold of Th17, B cells, and
macrophages
 Majority of causal variants
− Noncoding
− Map to immune‐cell specific enhancers
 SNPs for MS are enriched within immune‐related transcription
factor binding sites (NFκB, PU1, EBF1, MEF2A, TCF12)
SNP= single nucleotide polymorphism; PICS=Probabilistic identification of causal SNPs
Hafler DA. Presented at: ACTRIMS-ECTRIMS; September 10-13, 2014; Boston; Plenary Session 1.
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Genomic regions showing an association to MS

Largest MS
GWAS to-date
•
•
•
•

•

23/26 confirmed
29 novel
5 strong evidence*
~1/3 overlap with
other autoimmune
diseases
30% identified
immune system
genes

IMSGC and WTCCC2, Nat Lett, 2011.

Genomic regions showing an association to MS
This image cannot currently be display ed.

Immunochip
follow-up study
•
•
•
•

48 new non-MHC
49 confirmed
36% immune system
function
~22% overlap with
other autoimmune
diseases (IBD 9.1%,
UC 7.3%, Crohn’s
9.1%)

*Bold = immune function
IMSGC, Nat Genet, 2013.
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Graphic representation of T helper cell differentiation
pathway

*Colored nodes = gene closest to MS SNP

IMSGC and WTCCC2, Nat Lett, 2011.

Evidence for gene-environment
interactions in MS
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Continental differences in MS prevalence – north-south
latitudinal gradient

Vitamin D deficiency**

Pierrot‐Deseilligny & Souberbielle, Brain, 2010.

Continental differences in MS prevalence – north-south
latitudinal gradient

Koch‐Henriksen & Sørensen, Lancet Neurol, 2010.
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Increase in MS cases over the past 50-70 years, including a
greater prevalence in Western Europe and North America

Koch‐Henriksen & Sørensen, Lancet Neurol, 2010.

Increased female sex ratio shows a dependence on year
and incidence of MS

Koch‐Henriksen & Sørensen, Lancet Neurol, 2010.
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Vitamin D as an MS risk factor
• Link between latitude gradient and sun exposure as
risk factors
• Vitamin D deficiency has been described as an early
predictor of MS activity and disease progression43‐46,
and an indicator of elevated disease severity47 and
relapse risk48‐50
• Protective in MS due to its non‐classical effects on
the immune system:
Anti‐inflammatory, anti‐infectious, anti‐proliferative, and
immunomodulatory40

Vitamin D mechanisms as an MS risk factor
• Shown to enhance CTLA‐4+ Treg development, promote
development of inhibitory DCs, and can ameliorate EAE
• Prevents CNS T cell homing to the brain by reducing
chemokine expression (CXCR3)

Farias et al., CNS Neurosci & Ther, 2013.

Grishkan et al., PNAS, 2013.
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Continued- Vitamin D as an MS risk factor
• Vitamin D can promote N‐glycan branching, and thus, counter
reductions in N‐glycan branching mediated by MS risk alleles,
IL2RA*T and IL7RA*C; important due to amelioration of EAE
– Protect from loss in self‐tolerance

“Genetics and the environment converge to
dysregulate N‐glycosylation in multiple sclerosis”

Mkhikian et al., Nat Commun, 2011.

Western Diet may enhance MS susceptibility
• High fat promotes obesity – an MS risk factor
– High fat diet can exacerbate autoimmunity (IBD, CIA, EAE)
ND = normal diet; HFD = high fat diet

Adapted from Timmermans et al., J Neuroimmune Pharmacol, 2014.
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Continued - Western Diet may enhance MS susceptibility
• High fat promotes obesity – an MS risk factor
– High fat diet promotes Th17 development

Adapted from Winer et al., Eur J Immunol, 2009.

Feed Your Tregs More Fiber

Julia Bollrath and Fiona Powrie. SCIENCE VOL 341 2 AUGUST 2013
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High salt is associated with increased MS activity

Farez et al., Neurology, 2014.

High salt promotes pro‐inflammatory T cell responses in EAE
Specific promotion of Th17 cells and more severe EAE

Figures adapted from Kleinewietfeld et al., Nat Lett, 2013.
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Microbiome: Gut-Brain Axis
Downward Control
Healthy State:
Satiation peptides
Gut motility
Gut permeability
Gut secretion
(e.g. endocrines,
AMPSs, mucins)
Immune cells
Cytokines, IgAs

Upward Control

Healthy State:
Neuro-development
Disease state
Neuro-immune disorders
(e.g. MS, NMO, GBS)
Neuro-psychiatric disorders
(e.g. ASD, depression,
anxiety, stress, defects in
memory and cognition,
co-morbidity with IBS and
IBD)

Dietary
intervention

Alteration of gut microbiota

Microbioticsderived products

Wang Y. and L. Kasper. Brain Behav Immun. 2013. Dec
25. pii: S0889-1591(13)00600-4. doi:
10.1016/j.bbi.2013.12.015. [Epub ahead of print]
Microbiota composition

Symbiotic vs. Pathogenic

Exogenous Antibiotics

Exogenous
Probiotics

Humanized MS animal model expressing HLA-DR
and MBP-TCR genes isolated from an MS patient

Spontaneous EAE
with paralysis of hind legs

J. Exp. Med., 200: 223-234 (2004)
J. Exp. Med.,89200:
J. .Immunology
(6) 223-234 (2004)
:2897-908 (2012)
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Commensal gut microbiota may enhance MS
susceptibility
• In spontaneous EAE models of disease, commensal bacteria
are a prerequisite for EAE development
• Certain bacterial species can promote the development of
Th17 or Tregs, which can promote or suppress EAE
development, respectively

Figures adapted from Lee et al., PNAS, 2011.

Smoking as an MS risk factor
• Tobacco smoke contains more than 6000 components, many
of which are cytotoxic, carcinogenic, mutagenic and/or
antigenic
• Smoking is correlated with quicker MS disease progression

Figure adapted from Manouchehrinia et al., Brain, 2013.
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Continued - Smoking as an MS risk factor
• While nicotine shows a protective effect in EAE, cigarette
smoke condensate (CSC) can accelerate EAE

Figure adapted from Gao et al., PLOS ONE, 2014.

Continued - Smoking as an MS risk factor
• CSC also causes increased demyelination

Figure adapted from Gao et al., PLOS ONE, 2014.
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Epstein-Barr Virus (EBV) may enhance MS susceptibility
due to enhanced immunoreactivity
• Many MS patients are positive for infection with EBV
• Higher anti‐EBNA‐1 IgG levels are shown to be associated with
increased MRI activity
• Increased CD8+ T cell responses to latent and lytic EBV
antigens are reported in inactive and active MS patients,
respectively
• MS has been associated with latent EBV infection of B cells

Continued - Epstein-Barr Virus (EBV) may enhance MS
susceptibility due to enhanced immunoreactivity
• Tg B cells expressing Latent membrane protein 2A (LMP2A),
an EBV protein expressed during primary and latent infection,
shown enhanced Ag presentation function in EAE

Figures adapted from Chang et al., Sci Rep, 2012.
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Loss of peripheral tolerance make individual susceptible for MS
Peripheral tolerance

Defective T‐cell intrinsic factor
 CD28: binds to B7.1 (CD80) and B7.2 (CD86). CD4+
CD28null cells have been identified in peripheral blood of
MS patients which are Less sensitive to regulatory
mechanisms and produce higher levels of IFN‐γ (Miyazaki
et al., Mult Scler, 2008; Thewissen et al., J Immunol, 2007).

Defective T‐cell extrinsic factor
 CD4+CD25+FoxP3+ Treg cells : Defective
in MS

 CTLA4: bind to CD80 and CD86, on antigen‐presenting
cells. CTLA4 transmits an inhibitory signal to T cells. Jo31GG
and CT60GG genotypes were associated with decreased
expression of total CTLA‐4 in MS (Karabon et al., 2009).
 Cytokine and chemokine signalling : increased IL‐6Rα
expression give resistance to regulation (Schneider et al.,
Sci Transl Med, 2013).
 miRNA’s: Dysregulated in MS (DeFaria Jr et al., Front.
Gene., 2013; Martin and Zsolt, ClinExp Neuroimmunol
2014).

In Active Relapsing‐Remitting Multiple Sclerosis, Effector T Cell is Resistance to Adaptive
Tregs

Fig. 1. Teffs of RRMS patients are resistant to Treg‐mediated suppression.

Fig. 2. Impaired suppression correlates with increased pSTAT3 in RRMS and can be reversed in the presence of a STAT3 inhibitor

Schneider et al., Sci Transl Med, 2013
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Dysegulation of miRNA’s is evolving as important intrinsic T and B‐cell factor for MS
 MicroRNA (miRNA) are a class of post‐transcriptional regulators of gene expression targeting mRNA for translational repression
and/or degradation.
 Involved in all the stage of T and B‐cell development, differentiation and proliferation.
Pathology
RRMS

Immune cells
CD4+ T

Upregualted
miR-17-5p

Th17 cell

miR-326

B-cell

miR-132

RRMS and SPMS

CD4+ CD45RA+ T miR-128 and miR-27b
cells (Naïve T-cells)

PPMS, RRMS and
SPMS

CD4+ CD45RA+ T miR-29b
cells (Naïve T-cells)

Function
Dowregulated
miR-15a and miR-16-1
Downregualte PI3K in
hibitors, PI3KR1 (PI3K
regulatory subunit 1) and
PTEN. Promote
proliferation (Lindberg et
al., 2010)
Th-17 differentiation by
targeting Ets-1, a negative
regulator
of
T(H)-17
differentiation (Du et al.,
2009)
Induces
exaggerated
lymphotoxin and TNF-α
production by inhibition of
sirtuin-1 (Miyazaki et al.,
2014)
miR-340

Functions
Upregulation of antiapoptotic gene bcl-2
(Lorenzi et al., 2012)

Inhibit
Th2
cell
differentiation
by
inhibiting
B
lymphoma Mo-MLV
insertion region 1
homolog (BMI1) and
IL-4
expression
(Guerau-de-Arellano
et al., 2011)

Th1 cell differentiation
(Smith et al., 2012)

FoxA1 directs the lineage and immunosuppressive properties
of a novel regulatory T cell population in EAE and MS

APC

T‐Cell

Fig. 4,Percentage of CD4+CD47+PD‐L1hiFoxA1+ Treg cells by FACS at baseline (BL; left) and after 24 months of IFN‐β treatment .

Liu et al., Nat. Med.,2014
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Chemokine and chemokine receptors involved in migration of different pathogenic T‐helper
cells

(Cheng and Chen, 2014)

B‐cells are involved in pathogenesis
and progression of MS
 Persistent oligoclonal bands and increases in IgG that characterize the CSF of MS
patients (Kabat et al., 1948).
 Effectiveness of anti‐CD20 antibodies such as Rituximab in decreasing relapse
incidence (Hauser et al., 2008).


Ectopic lymphoid follicle‐like structures have been described in the meninges of
SPMS patients (Serafini et al., 2004), thought to be involved in cortical
demyelination observed in grey matter pathology (Magliozzi et al., 2007;
Androdias et al., 2010).

 EBV infection of B cells was implicated in driving the formation of these ectopic
lymph nodes (Serafini et al., 2007).
 The ENCODE (ENCyclopedia Of DNA Elements) study implicated B cells second
only to T cells among the cell types affected by MS susceptibility genes.
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B cells that populate the Multiple sclerosis CNS mature in the draining cervical lymph
nodes (CLNs)

Stern et al., Sci Transl Med.,2014

Fig. 1. B cell antibody repertoire sequencing demonstrates that clonally expanding B cells populate the MS CNS and draining CLNs.
Stern et al., Sci Transl Med.,2014
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Mechanisms of beneficial B‐cell
depletion in MS
 MHC class II–dependent B cell APC function is required for induction of
CNS autoimmunity independent of myelin‐specific antibodies (Molnarfi
et al., 2013).
 Pathogenesis may be antibody independent, as B cell depletion therapy
(BCDT) leads to amelioration of disease irrespective of autoantibody
ablation and could be due to by eliminating IL‐6–producing B cells in MS
patients (Barr et al., 2012).
 Interestingly, Secretory products of multiple sclerosis B cells are cytotoxic
to oligodendroglia in vitro (Lisak et al., 2012).
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Innate immune responses in the CNS during MS

Microglia
Parenchyma

Macrophage
choroid plexus,
perivascular space,
and the meninges

 During demyelination in multiple sclerosis combined activation of microglia/macrophages
by IFN‐γ and alpha B‐crystallin is required (Bsibsi et al., 2014).
 The inflammation‐associated oxidative burst in activated microglia and macrophages
plays an important role in demyelination and free radical‐mediated tissue injury in the
pathogenesis of multiple sclerosis (Fischer et al., 2012).

Peli1 promotes microglia‐mediated CNS inflammation

Fig.1. Disease severity is reduced in Peli1 knockout mice after the induction of EAE.
Xiao et al., Nat. Med., 2013.
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Fig.5. Role of Peli‐1 in modulation of EAE..
Xiao et al., Nat. Med., 2013.

MS Immunopathogenesis (2015)
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Current opinion in Neurology, V 28, No. 3, 2015

Thank You
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