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HLA Antibodies in Transplantation
• HLA antibodies cause allograft rejection and
transplant failure
• HLA antibodies limit access to transplantation
for many patients
• HLA antibodies recognize epitopes
HLA epitopes are important in transplantation
We can no longer talk about antibodies to
HLA antigen specificities (e.g., anti-A1, anti-DR7)

Characteristics of Protein Epitopes
and Antibody Binding
• “Structural” epitopes are the part of the antigen
contacted by 6 complementarity determining regions
(CDR) loops of antibody
CDRs of Antibody

Complementarity Determining Regions H1, H2, H3, on
heavy chain and L1, L2 and L3 on light chain
represent the “binding face” or “paratope” of an
antibody

• Can generally be defined by a small number (15-25)
of amino acid residues on molecular surface
• These residues cover an area of 700-900 square
Ångstroms

Characteristics of Protein Epitopes and
Antibody Binding (con’t)
• Two groups of epitopes have been proposed: continuous (amino acids in a
linear sequence) and discontinuous (amino acids separated in sequence
but clustered together on the surface by folding of the protein).
• Epitopes and the antibody paratope possess energetic residues in “hot
spots” which contribute most of the binding energy; they are often located
in the center of the epitope-paratope interface.
• The centrally located “functional” epitope consisting of a few residues
binds to CDR-H3, which plays a dominant role in specific antibody
recognition.
The antibody specificity is often determined by a centrally
located loop (CDR-H3) that binds to a short amino acid
sequence of the protein antigen
Other CDRs serve as contact sites to stabilize binding to
antigen (they play a role in the affinity of antibody)
Antigen-Antibody Complex

Advancements leading to study
of antibody-defined HLA epitopes
• HLA structure described - P. J. Bjorkman, M. A. Saper·, B. Samraoui, W. S. Bennett, J. L.
Strominger and D. C. Wiley. 1987. Structure of the human class I histocompatibility antigen,
HLA-A2. Nature 329: 506-512

• Amino acid sequencing of HLA alleles

• Luminex™ single allele bead assays allow better HLA antibody specificity
identification

Two Strategies to Determine Antibodydefined HLA Epitope Repertoire
Terasaki Epitopes (TerEps)
Empirical method identifies amino acid configurations shared between
antibody-reactive alleles tested with mouse monoclonal and eluates of
adsorbed human sera

HLA Triplets / Eplets (HLAMatchmaker)
Theoretical algorithm that predicts HLA epitopes on the HLA
molecular surface from stereochemical modeling of epitope-paratope
interfaces of antigen-antibody complexes

HLAMatchmaker
• Algorithm first published in 2001 by René Duquesnoy

• Originally defined “triplets” as small (3–3.5 Ångstroms) linear
configurations of polymorphic amino acids in antibody-accessible
sequence positions on surface of HLA molecule
• Described by amino acid residue code letters
and relevant amino acid sequence positions
• Algorithm updated in 2006 for “eplets”, taking
into account not only linear configurations but
also discontinuous polymorphic amino acid
configurations in close proximity

HLA Epitopes
• HLAMatchmaker considers eplets as equivalents to
functional epitopes, essential for antibody recognition
• Amino acid residues within a 15 Ångstrom radius of
eplets can contribute to structural HLA epitope
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Four examples of eplets on HLA-A2 molecules

Some eplets correspond to a single HLA antigen, a so-called “private” epitope;
many others are shared by multiple antigens, so-called “public” epitopes.
Antibodies to public epitopes have been used to categorize HLA antigens into
major Cross Reactive Groups (CREGs).

Principles of HLAMatchmaker
• Each HLA antigen viewed as collection of eplets
that are potential immunogens capable of inducing
specific antibodies
• Assumes that individual does not see eplets on
own HLA alleles as foreign, only those non-self
eplets on mismatched alleles

Two antibodies to eplet 144KR
(shared by A1, A3, A11, A24, A36, A80)
Antibody producer:
HLA-A2, 25; B18, 51; C12, 15
Immunizing haplotype: HLA-A11; B55; C3 (144KR is on immunizing A11 allele)
Human mAb:

MUL2C6 (IgG)

MUL4C8 (IgG)

Two antibodies to eplet 144KR
(shared by A1, A3, A11, A24, A36, A80)
Antibody producer:
HLA-A2, 25; B18, 51; C12, 15
Immunizing haplotype: HLA-A11; B55; C3 (144KR is on immunizing A11 allele)
Human mAb:

MUL2C6 (IgG)

MUL2C6 antibody is to 144KR

MUL4C8 (IgG)

MUL4C8 antibody is to 144KR + 151H
eplet pair
Residues are 7 Ång apart
Eplet 151H is shared with antibody producer
alleles A2 and A25

Summary – Epitope specificities
of HLA antibodies
• Some epitopes are defined by reactivity towards a
single eplet - many HLA antibodies correspond to
single eplets.
• Other antibodies have reactivity corresponding to
epitopes defined by pairs of eplets that are about 6-15
Ångstroms from each other. In these cases, a non-self
eplet interacts with one CDR loop of antibody and the
other eplet is often a self eplet which acts as a critical
contact site for a second CDR loop of antibody.

HLAMatchmaker website
www.epitopes.net

HLAMatchmaker –Download Programs

Why is matching for HLA eplets important?
• Broad reactivity patterns may be caused by antibody to
single HLA antigen with mismatched epitope shared by
many antigens.
• Mismatching for eplets may sensitize patients for future
transplants.
• The number of mismatched eplets (“eplet load”) has been
shown to be associated with differences in graft survival;
many reports have shown that HLA matching at eplet level
is associated with reduced allograft rejection and better
outcomes:
– kidney/heart/lung/pancreas/liver transplants
– platelet transfusions

Degree of mismatch is determined by HLA type of recipient

Structural Basis of HLA-B51 Mismatch
Polymorphic
Residues on
mismatched B51

“Seen” by
A2, A68;
B27, B44

“Seen” by
A2, A68;
B35, B44

“Seen” by
A2, A24;
B7, B8
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What Do We Need to Know for Epitope-Based
Analysis of Serum HLA Antibody Reactivity?
• HLA type of antibody producer will distinguish
non-self from self eplets
• The immunizing event: HLA type of immunizer
will distinguish “donor-specific” from “other”,
third-party (possibly irrelevant?) eplets
• MFI results from Luminex assays with single
allele panels

Using the Antibody Analysis Program - 1
- Enter single allele panel; program automatically records antibody-verified & other eplets for
each bead.
- Enter 4-digit HLA types of patient and, if possible, immunizing donor; program removes eplets
that are ‘self’ for antibody producer.

Using the Antibody Analysis Program - 2
- Copy MFI values from .csv files generated by Luminex assay software (trimmed mean values).
- Determine MFI values of antibody producer self alleles; select MFI cut-off and enter into
program; all negatively reacting alleles are identified and their mismatched eplets removed
from panel.

Using the Antibody Analysis Program - 3
- On a separate sheet (‘Sort Ep’), eplets on reactive alleles are divided into antibody-verified and
“other” that are immunizer-specific or third-party.
- Look for reactive alleles that are informative for specific epitopes (single eplets & eplet pairs).

Using the Antibody Analysis Program - 4

A separate sheet (‘Acc Mm’)shows information on Luminex panel and non-panel alleles that have
epitopes recognized by antibody to distinguish between Acceptable / Unacceptable mismatches.

Luminex and
non-Luminex
panel alleles
that share
144KR are
considered
Unacceptable
Mismatches

Application of HLA Matchmaker in Software
Programs for HLA Antibody Analysis
• International HLA Epitope Registry
• University of Piauí: EpHLA and EpVix
• Immucor LifeCodes: MatchIT
• One Lambda Thermo Fisher: Fusion

Summary
• HLAMatchmaker is a computer algorithm that determines
HLA compatibility at the structural level.
• For many patients, HLAMatchmaker can identify
mismatched HLA antigens that can be considered
compatible at the structural level, thereby potentially
reducing humoral allosensitization.
• HLAMatchmaker is useful in serum antibody analysis for
highly sensitized patients to evaluate HLA eplet-specific
antibody reactivity and identify acceptable/unacceptable
mismatches.
• We still have much to learn regarding the clinical relevance
of HLA epitopes, for both Quantity (mismatched eplet load)
and Quality (immunogenicity of individual eplets).

Let’s get started!
HLAMatchmaker website: www.epitopes.net
HLA Epitope Registry: epregistry.com.br
Marilyn Marrari – marrmx@upmc.edu
Rene Duquesnoy - duquesnoyr@upmc.edu

