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Abstract

The International Registry of Antibody-Defined HLA Epitopes (http://www.
epregistry.com.br) has been recently established as a tool to understand humoral
responses to human leukocyte antigen (HLA) mismatches. These epitopes are defined
structurally by three-dimensional molecular modeling and amino acid sequence
differences between HLA antigens. So-called eplets represent essential components
of HLA epitopes and they are defined by polymorphic residues. A major goal is
to identify HLA epitopes that have been verified experimentally with informative
antibodies. Our analysis has also included data in many publications. As of 1
November 2013, 95 HLA-ABC antibody-verified epitopes have been recorded,
62 correspond to eplets and 33 are defined by eplets paired with other residue
configurations. The Registry is still a work-in-progress and will become a useful
resource for HLA professionals interested in histocompatibility testing at the epitope
level and investigating antibody responses to HLA mismatches in transplant patients.

Introduction

The identification of human leukocyte antigen (HLA) epitopes
recognized by antibodies is important for determining HLA
mismatch acceptability for sensitized transplant patients and
for a better understanding of humoral sensitization to HLA.
The elucidation of three-dimensional molecular structures and
amino acid sequence differences between HLA antigens has
made it possible to define the structural basis of HLA epitopes.
Under auspices of the 16th International Histocompatibility
and Immunogenetics Workshop, we have developed a website
(http://www.epregistry.com.br) for the International Registry
of Antibody-Defined HLA Epitopes (1).

The goal of the Registry is to develop a repertoire of HLA
epitopes that have been verified by specific antibodies. During
the past 30 years, a considerable literature has emerged about
antibody-defined HLA epitopes and many different meth-
ods have been used to define them including Luminex-based
assays, flow cytometry testing, enzyme-linked immunosorbent
assay (ELISA) procedures and complement-dependent lym-
phocytotoxicity assays. A significant limitation is that certain
antibody reactivity patterns are technique-dependent and this

might lead to different conclusions about the specific recogni-
tion of epitopes. We would prefer more sensitive methods, and
the HLA panels used for antibody testing must be informative
enough for epitope specificity analysis. Epitope-specific anti-
bodies should be monospecific. Human monoclonal antibodies
(mAbs) are ideal especially if HLA information is available
for antibody producer and immunizer. Sera from sensitized
persons may have informative epitope-specific antibodies, but
absorption–elution studies with selected single alleles might
be necessary to ascertain monospecificity. Mouse monoclonal
antibodies might be useful, but we must consider the fact
that they recognize xenoepitopes that might be different from
alloepitopes.

The HLA Epitope Registry consists of five epitope
databases: HLA-ABC, HLA-DRB, HLA-DQ, HLA-DP and
MICA (1). Each database has a list of potential epitopes
defined by small configurations of polymorphic amino acid
residues called eplets that have been sorted according to their
sequence locations on the molecular surface. This is the first
report on antibody-verified HLA-ABC epitopes recorded in
the Registry. Epitope-specific antibody reactivity data have
been summarized from many publications during the past
25 years as well as Luminex reactivity patterns with single
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alleles observed in our research laboratories. Other papers
address antibody-verified HLA class II and MICA epitopes
in the Registry (2, 3).

Materials and methods

Databases in the HLA Epitope Registry

Each of the five epitope databases in the Registry has the fol-
lowing design: (1) a list of single structural clusters of amino
acid residues (eplets) determined by molecular modeling as
potential epitopes recognized by alloantibodies. Eplet names
have distinct sequence position numbers and residue descrip-
tions with standard single letter amino acid codes. Antibody-
verified variants such as eplet pairs or other molecular con-
figurations are listed in separate rows under corresponding
epitopes. (2) Each epitope has a description of polymorphic
residues and their sequence positions. (3) Epitope frequencies
calculated from HLA allele frequencies in representative pop-
ulation groups. (4) Antibody-verified epitopes can be classified
as ‘confirmed’ or ‘provisional’ depending on the amount of
information available in terms of how often specific antibod-
ies have been identified and the completeness of reactivity
patterns with informative panels. Special consideration has
been given to allosensitization-induced human mAbs and the
reactivity of eluates of selectively absorbed allosera as well
as the antibody reactivity with mutated alleles. Future studies
may permit upgrades from ‘provisional’ to ‘confirmed’ status
if additional experimental support becomes available. Con-
versely, there could be downgrades to ‘questionable’ status if
new data contradict previous interpretations. (5) Polymorphic
residue information about eplet-related ‘structural’ epitopes
on eplet-carrying alleles. Certain residue configurations are
important binding sites with antibody, and they can be identi-
fied because they are shared between antibody-reactive alleles.
(6) Epitope-carrying alleles in Luminex panels. This includes
all potential and antibody-verified epitopes. (7) Listing of all
alleles for each antibody-verified epitope. This includes all
four-digit alleles with expressed proteins as recorded in recent
HLA Nomenclature reports.

Each epitope database has a webpage with search options to
identify selected repertoires of antibody-verified or potential
epitopes: (1) the epitope repertoire of a selected allele and (2)
all mismatched epitopes for a given HLA phenotype. These
features can also be combined to identify epitopes on a donor
allele that are mismatched for a recipient’s HLA type.

Verification of antibody-defined HLA epitopes

This report presents a list of antibody-verified epitopes in the
recently updated HLA-ABC database as described in another
report in Tissue Antigens (4). The http://www.epregistry.
com.br website describes the reactivity patterns of epitope-
specific antibodies tested by the authors of this report with

Luminex assays using single alleles. Our analysis included
also a large collection of papers published during the past
30 years. Especially, El-Awar and Terasaki have made major
contributions in this area (5–8). Epitope reactivity has been
determined with informative antibodies tested with HLA pan-
els in antibody-binding assays such as Luminex and flow
cytometry and by complement-dependent lymphocytotoxicity.
Most antibody reactivity patterns described in early publi-
cations were determined with smaller HLA panels, and the
methodologies were less sensitive than Luminex assays with
single alleles now widely available. Fortunately, few studies
included gene manipulation approaches such as site mutage-
nesis resulting in alleles with informative amino acid residue
substitutions that have provided convincing evidence about
the structural basis of certain antibody-defined HLA epitopes.
All antibody-verified epitopes reported here are related to
allosensitization events. We have excluded the so-called natu-
ral epitopes detected by antibodies in sera from non-transfused
normal males and uniquely expressed by certain class I alleles
(9).

Results

As of 1 November 2013, a total of 95 antibody-verified
HLA-ABC epitopes has been recorded in the Registry. In
this report, listings of epitope-carrying alleles are restricted
to those generally used in Luminex antibody testing kits
produced by commercial vendors. Table 1 shows how HLA
antigens are related to these Luminex alleles. Many antigens
such as A1 and A3 correspond to one allele, whereas other
antigens such as A2 and A11 include two or more alleles.

Most antibody-verified epitopes are equivalent to eplets,
whereas others correspond to variants defined by eplets paired
with amino acid configurations in different molecular loca-
tions. Tables 2 and 3 have five columns showing (1) epi-
tope annotations and status (confirmed or provisional as indi-
cated by an asterisk), (2) polymorphic residue descriptions,
(3) sources of specific antibodies (H, human monoclonal
antibody; M, mouse monoclonal antibody; A, alloserum; E,
eluate of absorbed alloserum), (4) descriptions of epitope-
carrying antigens; alleles are displayed if others in the anti-
gen group lack the epitope and (5) lists of cited publi-
cations. The http://www.epregistry.com.br website provides
more detailed documentation about antibody-verified epitopes
and their expression on Luminex and non-Luminex alleles.

Antibody-verified HLA-ABC epitopes that correspond

to eplets

Table 2 is a listing of 62 antibody-verified HLA-ABC epi-
topes that are equivalent to eplets. These eplets reside in
sequence positions 14–267. As described in the accompa-
nying paper (4), some eplets like 44KM3 and 62GK2 have
a subscripted number; this indicates two or more distinct
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Table 1 HLA-ABC antigens and their corresponding alleles used in Luminex kits manufactured by commercial vendors

Ag Alleles Ag Alleles Ag Alleles Ag Alleles

A1 A*01:01 B7 B*07:02/03 B53 B*53:01 B78 B*78:01
A2 A*02:01/02/03/05/06 B8 B*08:01 B54 B*54:01 B81 B*81:01
A3 A*03:01 B13 B*13:01/02 B55 B*55:01 B82 B*82:01/02
A11 A*11:01/02 B14 B*14:01/02/05/06 B56 B*56:01 Cw1 C*01:02
A23 A*23:01/02 B18 B*18:01 B57 B*57:01/03 Cw2 C*02:02/10
A24 A*24:02/03 B27 B*27:03/05/08 B58 B*58:01 Cw3 C*03:02/03/04
A25 A*25:01 B35 B*35:01/08 B59 B*59:01 Cw4 C*04:01/03
A26 A*26:01 B37 B*37:01 B60 B*40:01 Cw5 C*05:01
A29 A*29:01/02 B38 B*38:01 B61 B*40:02/06 Cw6 C*06:02
A30 A*30:01/02 B39 B*39:01/05 B62 B*15:01 Cw7 C*07:01/02/04
A31 A*31:01 B41 B*41:01 B63 B*15:16 Cw8 C*08:01/02
A32 A*32:01 B42 B*42:01 B64 B*14:01 Cw12 C*12:02/03
A33 A*33:01/03 B44 B*44:02/03 B65 B*14:02 Cw14 C*14:02
A34 A*34:01/02 B45 B*45:01 B67 B*67:01 Cw15 C*15:02
A36 A*36:01 B46 B*46:01 B71 B*15:10/18 Cw16 C*16:01
A43 A*43:01 B47 B*47:01 B72 B*15:03 Cw17 C*17:01
A66 A*66:01/02 B48 B*48:01 B73 B*73:01 Cw18 C*18:01/02
A68 A*68:01/02 B49 B*49:01 B75 B*15:02/11
A69 A*69:01 B50 B*50:01 B76 B*15:12
A74 A*74:01 B51 B*51:01/02 B77 B*15:13
A80 A*80:01 B52 B*52:01

residue configurations on the same allele(s). Several of them
correspond to well-defined serologic HLA specificities identi-
fied by lymphocytotoxicity-based typing such as 163RG (A1),
62GK2 (A2), 161D (A3) and 151AHA (A11). Others are
shared between two antigens; examples are 44KM3 (A1 and
A36), 56R (A30 and A31), 62GRN (B57 and B58), 62LQ
(A29 and A43), 65GK (A23 and A24), 76ESI (A25 and A32)
and 107W (A2 and A69). Specific antibodies against such
eplets and others like 144TKH, 149TAH and 158T have often
been used as serological typing reagents.

The majority of antibody-verified eplets are shared by
multiple antigens, which have been traditionally classified as
the so-called cross-reacting groups (CREGs). Each CREG has
several epitopes in distinct molecular locations (10, 11). For
instance, the A2-CREG that consists of A2, A23, A24, A68
and A69 shares a collection of antibody-verified eplets that
include 62GK2, 65GK, 107W, 127K, 144TKH and 145KHA.
It should be noted that the 127K eplet fully reflects the A2-
CREG. On the other hand, A2 can also share eplets with other
groups of antigens, e.g. 144K (on A1, A2, A3, A11, A24, A36,
A68, A69, A80), 150AAH (on A2 except A*02:03 , A3, A11,
A24, A68 and A69) and 253Q (on A2, A25, A26, A29, A31,
A32, A33, A34, A43, A66, A68, A69, A74, B73, Cw7, Cw17).

The serological Bw4/Bw6 system was originally identified
by van Rood as 4a/4b (12). These so-called public antigenic
determinants are shared by non-overlapping HLA-B antigen
groups, and they are structurally defined by amino acid
differences in sequence positions 79–83. Most antibody-
verified epitopes correspond to eplets but in many cases
their structural description is more complex. All Bw4-carrying
HLA-B antigens as well as A23, A24, A25 and A32 share

the 82LR eplet defined by 79R82L83R. Site mutagenesis
studies by Lutz et al. (13) have demonstrated the importance
of specific residues in the 79–83 sequence, but mutations in
these positions had different effects on the reactivity of Bw4-
specific antibodies, thereby suggesting heterogeneity within
Bw4 epitopes. Bw4 has three variations in the 79–83 sequence
RIALR (identical to 80I on A23, A24, A25, A32, B5, B38,
B49, B53, B57, B58, B59, B63 and B77), RTALR (identical
to 80TAL on B13 and B44) and RTTLR (identical to 76ED
on B*27:03 , B*27:05 , B37 and B47). Table 2 lists 80I as
antibody-verified, but insufficient data are available for 76ED
and 80TA.

Two Bw6-associated eplets 76ESN and 80N have also
been antibody verified. The 80N eplet is defined by the
79R80N82R83G sequence and is present on all Bw6-carrying
HLA-B alleles, but it should be noted that this antibody-
verified eplet is also present on a group of HLA-C antigens.

HLA-C encodes several antibody-verified eplets; some are
present in one or two antigens, i.e. 173K (on Cw3), 193PL3

(on Cw7) and 138K (on Cw5 and Cw8). Others like 21H,
80K, 177KT and 219W are shared by larger groups of HLA-
C antigens. It should be noted that several antibody-verified
eplets are shared between groups of antigens encoded by two
or three loci, e.g. 62GE, 62RR, 76VRN, 90D, 163EW, 166DG
and 193PV.

Antibody-verified HLA-ABC epitopes defined by eplets

paired with other residue configurations

Many antibodies recognize epitopes that correspond to specific
eplets, but certain eplet-carrying antigens are non-reactive.
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Table 2 Antibody-verified HLA-ABC epitopes which correspond to eplets

HLA-A,B,C

epitope (*, provisional)

Polymorphic residue

description

Epitope-carrying antigens

and/or alleles in Luminex kits

Antibody

source References

17RS* 14R17S A30 A (7)

21H 21H Cw2,Cw3,C*04:03,Cw15 A, E (7, 29, 30)

41T 41T B13,B40,B41,B44,B45,B47,B49,B50 H, E (5, 31, 32)

44KM3 44K45M (149A150V151H152A) (158V) A1,A36 M (5, 31, 33)

44RMA 44R45M46A B13,B46,B57,B62,B63,B75,B76,B77 M (8)

44RT* 44R45T46E B18,B35,B37,B51,B52,B53,B58,B78 M (7)

56R 56R A30,A31 A, M (7, 8, 33–35)

62EE* 62E63E A23,A24,A80 H, M (7, 31)

62GE 62G63E65R A2,B57,B58 H, E, M (5, 33, 36–38)

62GK2 62G63E65R66K(73T74H76V77D) A2 M (5, 31, 33)

62GRN 62G63E65R66N B57,B58 H, M (7, 33, 39)

62LQ 62L63Q65R66N A29,A43 H, M (5, 33, 40)

62RNR* 62R63N65R A25,A26,A33,A34,A66,A68,A69 E (5)

62RR* 62R65R A25,A26,A33,A34,A66,A68,A69,B63 M (7, 41)

65GK 62E63E65G66K69A A23,A24 H, M (5, 34, 35)

65QIA 65Q66I69A B*07:02,B27,B42,B54,B55,B56,B67, B73,B81,B82 H, E, M (5, 33, 42)

69AA 69A71 B*07:02,B27,B42,B54,B55,B56,B57,B58,
B63,B67,B73,B81,B82

E (5, 32)

70IAQ* 66I69A70Q71A B*07:02,B42,B54,B55,B56,B67,B81,B82 E (5, 41)

69TNT* 69T70N71T B*07:03,B8,B13,B14,B62,B75,B76,
B77,B70,B18,B35,B38,B39,
B41,B44,B45,B47,B48,B49,B50,B51,
B52,B53,B59,B60,B61,B64,B65,B78

E (5, 41)

71SA 66N69A70S71A73T B63,B57,B58 M (5, 41)

73TVS* 69R73T76V77S B46, Cw1,Cw3,Cw8,Cw14,Cw16 E (7)

71TTS* 71T73T77S B*07:03,B8,B14,B18,B35,B39,B41,B45,
B48,B50,B60,B61,B62,B64,B65,B70,B75,B76,B78

H (43)

76ANT 76A77N79G80T A1,A26,A29,A36,A43,A80 E (5)

76ESI 76E77S79R80I A25,A32 M (31, 34, 35, 42, 44)

76ESN 76E77S79R80N B7,B8,B14,B18,B*27:08,B35,B39,
B41,B42,B45,B48,B50,B54,B55,B56,B60,B61,
B62,B64,B65,B67,B70,B75,B76,B78,B81,B82

M, E (5, 13)

76VRN* 76V79R80N B46,B73, Cw1,Cw3,Cw7,Cw8, Cw12,Cw14,Cw16 A (7, 30)

80TLR* 76E79R80T82L83R B13,B*27:03/05,B37,B44,B47 E (5)

80I 79R80I81A82L83R A23,A24,A25,A32, B38,B49,B51,B52,
B53,B57,B58,B59,B63,B77

H, E (5, 32)

80K 76V77N79R80K81L82R83G Cw2,Cw4,Cw5,Cw6,Cw15,Cw17, Cw18 A, E (7, 29, 30, 45)

80N 79R80N82R83G B7,B8,B14,B18,B*27:08,B35,B39,
B41,B42,B45,B46,B48,B50,B54,B55,
B56,B60,B61,B62,B67,B70,B73,B75,B76,B78,
B81,B82,Cw1,Cw3,Cw7,Cw8, Cw12,Cw14,Cw16

H, E (5, 32, 42)

82LR 79R82L83R A23,A24,A25,A32,B13,B*27:03/05,B37,B38,
B44,B47,B49,B51,B52,B53,B57, B58,B59,B63,B77

H, E, M (5, 13, 32, 33, 35, 46)

90D* 90D91G A1,A11,A25,A26,A34,A36,A43,A*66:01,A80, B73,
Cw4,Cw6,Cw7,Cw18

E (5, 41)

107W 107W A2,A69 M (33–35, 37, 38, 47, 48)

127K 127K A2,A23,A24,A68,A69 A, M, E (5, 8, 38, 49)

138K* 138K Cw5,Cw8 A (30)

144K* 144K A1,A2,A3,A11,A24,A36,A68,A69,A80 E (5, 41)

144TKH 142T143T144K145H A2,A68,A69 A, M, H, E (5, 33, 42)

144KR 142I143T144K145R A1,A3,A11,A24,A36,A80 H, E (5, 31)

145KHA 144K145H149A A2 (not A*02:03),A68,A69 M, H (31, 33, 50, 51)

144QL 142I143T144Q145L B13 A, H, M (31, 33–35, 39, 47)

145RT* 145R149T A25,A26,A34,A43,A66 M (5, 52)

150AAH 149A150A151H A2(not A*02:03),A3,A11,A24,A68,A69 M (8)

149TAH 149T150A151H A*02:03,A25,A26,A34,A43,A66 A (7)

151AHA 150A151H152A A11 H, A (7)

152RW* 151R152W A*30:01 H (53)
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Table 2 Continued

HLA-A,B,C

epitope (*, provisional)

Polymorphic residue

description

Epitope-carrying antigens

and/or alleles in Luminex kits

Antibody

source References

156DA* 156D158A B8,B37,B41,B42,B*44:02,B45,B82, C*07:04 A (54)

158T 158T B38,B39,B67 H, M (5, 55)

161D 161D A3 A, H, M (5, 21, 33–35, 52)

163EW 162G163E166E167W A*66:02, B7,B13,B27,B47,B48,B60,
B61,B73,B81, Cw2,Cw17

E (5)

163LW 162G163L166E167W B35,B46,B49,B50,B51,B52,B53,B56,B57,B58,
B62,B63,B70, B75,B77,B78, Cw3

H, E (7, 29, 31, 32, 39)

163R* 163R A1,A11,A25,A26,A43,A*66:01 E (5, 41, 49)

163RG 162G163R166D167G A1 H, M (31)

163RW 162G163R166E167W A11,A25,A26,A43,A*66:01 H, E (5, 31, 56)

166DG 166D167G A1,A23,A*24:02,A80, B76 E, M (5, 31, 33, 41)

173K 173K Cw3 A (29, 30)

177KT* 177K178T Cw5,C*07:04,Cw8 A (7, 30)

180E 180E B7,B8,B41,B42,B48,B60,B81 M, E (5, 57–59)

193PL3 193P194L(182A183E184P)(70S) Cw7 E (7, 29, 30)

193PV* 193P194V B35,B51,B52,B53,B58,B78,Cw1,
Cw2,Cw3,Cw4,Cw5,Cw6,Cw8,Cw12,Cw14,Cw15,
Cw17,Cw18

A (30, 52)

219W 219W Cw1,Cw3,Cw4,Cw14,Cw18 H (25, 30, 31)

253Q* 253Q A2,A25,A26,A29,A31,A32,A33,A34,A43,A66,A68,
A69,A74, B73, Cw7,Cw17

E (7, 29, 41)

267QE* 267Q268E B73,Cw7,Cw17 M (29, 41)

A, alloserum; E, eluate of absorbed alloserum; H, human monoclonal antibody; M, mouse monoclonal antibody.

These findings suggest that reactive eplet-carrying alleles must
have additional configurations necessary for binding with anti-
body. Such configurations might be identified by applying
the concept that an eplet is part of a structural HLA epitope
that makes contact with the six complementarity determin-
ing regions (CDRs) of antibody (14, 15). Molecular model-
ing of protein antigen–antibody complexes has demonstrated
that the so-called structural epitopes have 15–25 antibody-
contacting residues distributed over a molecular surface area
of 700–900 Å2 (16, 17). Besides the centrally located so-
called functional epitope that dominates specific antibody
recognition, other antibody-contacting residues in the corre-
sponding structural epitope have been shown to play a critical
role in antibody binding (18, 19). These findings may also
apply to HLA epitopes whereby eplets are considered equiv-
alent to functional epitopes, and certain amino acid configu-
rations within corresponding structural epitopes, i.e. within
a 15 Å radius of an eplet, would serve as critical contact
sites for antibody (20). Indeed, human monoclonal antibod-
ies have demonstrated HLA-ABC epitopes defined by eplets
paired with other nearby amino acid configurations (21, 22).
In each case, the eplet was non-self on the immunizing allele
and the paired configuration consisted of self-residues present
in the antibody producer and also the immunizer.

Table 3 lists 33 epitopes defined by pairs which have
been verified with human monoclonals and other informative
antibodies; all of them have a provisional status because more
definitive studies need to be done. These pairs always involve
amino acid configurations located on the molecular surface

between 5 and 15 Å from each other, thereby suggesting
the binding with at least two separate CDRs of antibody.
These pairs often comprise two eplets listed in the Registry.
For instance, Table 2 has the antibody-verified epitope 44RT
shared by B18, B35, B37, B51, B52, B53, B58 and B78.
Table 3 has 44RT + 69TNT expressed by all these antigens
except B58 that has 44RT + 69ASA. At this time, there is
no antibody verification of 62QE that is shared between
A1, A3, A11, A30, A31, A32, A36 and A74, but there are
two antibody-verified 62QE-related epitopes defined by pairs:
62QE + 56G is on all 62QE-expressing alleles except A30 and
A31 that have 62QE + 56R, whereas 62QE + 151H is on A1,
A3, A11 and A36 but not on A30, A30, A32 and A74 that
have 62QE + 151R.

Table 3 has also antibody-verified epitopes defined by eplets
paired with locus-specific monomorphic residues. These eplets
are shared between antigens encoded by two or more loci. For
instance, 90D is shared between A1, A11, A25, A26, A34,
A36, A43, A*66:01 (not A*66:02 ), A80, B73, Cw4, Cw6,
Cw7 and Cw18. The antibody-verified 90D + 138M epitope
has the monomorphic methionine residue that is restricted to
HLA-A, whereas B73 and 90D-carrying HLA-C antigens have
90D + 138T.

The verification of pair-specific epitopes provides further
documentation of the complexity of the antibody response to
a mismatched eplet. The Bw4-associated and antibody-verified
epitopes 80I and 82LR offer informative illustrations. The
82LR eplet is shared between A23, A24, A25, A32, B13,
B*27:03/05 , B37, B38, B44, B47, B49, B51, B52, B53, B57,
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Table 3 Antibody-verified HLA-ABC epitopes defined by eplets paired with other residue configurations

HLA-A,B,C epitope

(*, provisional)

Polymorphic residue

description

Epitope-carrying antigens

and alleles in Luminex kits Antibody source References

44RT + 69TNT* 44R45T46E paired with 69T70N71T B18,B35,B37,B51,B52,B53,B78 E (41, 60)

62QE + 56G* 62Q63E65R66N paired with self 56G A1,A3,A11,A32,A36,A74 H (21, 31, 39)

62QE + 151H* 62Q63E65R66N paired with self 151H A1,A3,A11,A36 M, H (8, 22)

62RN + 163TW* 62R63N paired with 163T166W A33,A34,A68,A69;B8,B14,B18,B38,
B39,B42,B54,B55,B59,B64,B65,B67

A (7, 41)

65QIA + 76ESN* 65Q66I69A paired with self 76E77S80N B*07:02,*27:08,B42,B54,B55,B56,B67,B81,B82 H (22)

65QK + 76VS* 62R65Q66K67Y69R paired with self 76VS B46, Cw1,Cw3,C*07:02,*07:04,Cw8, Cw12,Cw14,Cw16 H (43)

65RNA + 80I* 65R66N69A paired with self 80I82L83R A25,A32,B57,B58,B63 H (22, 31)

66IF + 163TW* 66I67F69T paired with 163T166W B8,B59 M, E (5, 8, 41)

69AA + 80N* 69A71A paired with self 80N B*07:02,B27:08,B42,B54,B55,B56,B67,B73,B81,B82 H (32)

69TNT + 80N* 69T70N71T paired with 80N B*07:03,B8,B14,B18,B35,B39,B41,B45,B48,
B50,B60,B61,B62,B64, B65,B70,B75,B76,B78

E (5, 41)

76ENI + 62RE* 76E77N79R80I paired with 62R63E B49,B52,B63 A (7, 41)

76VS + 152RE* 76V77S80N paired with 151R152E B46,Cw1,Cw3,C*08:02,Cw12,Cw14 A (30)

79GT + 19E* 79G80T paired with 19E A1,A2,A3,A*11:01,A26,A29,A30,A31,
A33,A34.A36,A43,A66,A68,A69,A74,A80

M (7, 41)

80I + 65QI* 79R80I81A82L83R paired with 65Q66I B38,B49,B51,B52,B53,B59,B77 A (5, 41)

80I + 90A* 79R80I81A82L83R paired with 90A A23,A24,A32,B38,B49,B51,B52,B53,
B57,B58,B59,B63,B77

E (5, 41)

80I + 152RE* 79R80I81A82L83R paired with 151R152E B49,B51,B52,B77 M (5, 41)

82LR + 90A* 79R82L83R paired with 90A A23,A24,A32,B13,B*27:03/05,B37,
B38,B44,B47,B49,B51,B52,B53,B57, B58,B59,B63,B77
(not A25)

M (8, 33–35, 61)

82LR + 138M* 79R82L83R paired with 138M A23,A24,A25,A32 M (33)

82LR + 138T* 79R82L83R paired with 138T B13,B*27:03/05,B37,B38,B44,B47,B49,B51,B52,B53,
B57,B58,B59,B63,B77

M (13, 33)

82LR + 144QR* 79R82L83R paired with 144Q145R A23,A25,A32,B*27:03,*27:05,B37,
B38,B44,B47,B49,B51,B52,B53,B57, B58,B59,B63,B77
(not A24 and B13)

A, M (8, 13)

82LR + 145R* 79R82L83Rpaired with 145R A23,A24,A25,A32,B*27:03,*27:05,B37,B38,B44,B47,B49,
B51,B52,B53,B57,B58,B59,B63,B77 (not B13)

M (8)

82LR + 145RA* 79R82L83R paired with self 145R149A A23,A24,A32,B*27:03,*27:05,B37,B38,
B44,B47,B49,B51,B52,B53,B57, B58,B59,B63,B77 (not
A25 and B13)

H (22, 62)

90D + 138M* 90D91G paired with 138M A1,A11,A25,A26,A34,A36,A43, A*66:01, A80 E (5, 41, 49)

131S + 163LW* 131S paired with 163L166W B35,B46,B49,B50,B51,B52,
B53,B56,B57,B58,B62,B63,B70,B75, B77,B78

E (5, 41)

131S + 163T* 131S paired with 163T166W B14,B18,B37,B38,B39,B54,B55,B59, B64,B65,B67 E (5, 41)

138MI + 79GT* 138M142I143T145R paired with self 79G80T A1,A3,A11,A26,A29,A30,A31,A33,
A34,A36,A43,A66,A74,A80

H (21, 22, 31)

143S + 76ESN* 143S paired with self 76ESN B48,B60,B81 H (39)

144K + 76VDT* 144K paired with 76V77D79G80T A2,A3,A11,A68,A69 E (5, 41)

144KR + 151H* 142I143T144K145R paired with self 151H A1,A3,A11,A24,A36 H (21, 22)

163EW + 73TE* 162G163E166E167W paired with self 73T76E B7,B13,B27,B47,B48,B60,B61,B81 A, H (22) (5)

163LW + 65QI* 162G163L166E167Wpaired with self 65Q66I B35,B49,B50,B51,B52,B53,B56,
B62,B63,B70,B75,B77,B78

H (22, 32)

163TEW + 65QI* 163T166E167W paired with 65Q66I B8,B14,B18,B37,B38,B39,B41,B42,
B54,B55,B59,B64,B65,B67

A (7, 30)

163TEW + 103L* 163T166E167W paired with 103L B54,55,59; Cw1,Cw4,Cw5,Cw6,Cw7,Cw8,Cw12,Cw14,
Cw15,Cw16,Cw18

M (7, 30)

aA, alloserum; E, eluate of absorbed alloserum; H, human monoclonal antibody; M, mouse monoclonal antibody.

B58, B59, B63 and B77. Six related but distinct epitopes
correspond to 82LR paired with other residues outside the
79–83 sequence (Table 3). Each one is on 82LR-carrying
antigens but not all of them: 82LR + 90A (not on A25
that has 90D), 82LR + 138M (only on 82LR-carrying HLA-
A antigens), 82LR + 138T (only on 82LR-carrying HLA-B

antigens), 82LR + 144QR (not on A24 that has 144KR and
on B13 that has 144QL), 82LR + 145R (not on B13 that has
145L) and 82LR + 145RA (not on A25 that has 145RT and
on B13 that has 145LA).

The antibody-verified 80I eplet is on a different group
of Bw4-associated antigens, namely A23, A24, A25, A32,
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B38, B49, B51, B52, B53, B57, B58, B59, B63 and B77.
Three 80I-related epitopes have been verified (Table 3). The
80I + 65QI epitope is expressed by all 80I-carrying antigens
except A23, A24, A25, A32, B57, B58 and B63 that have
65GK or 65RNA. The 80I + 90A pair is absent on A25 that
has 80I + 90D, whereas 80I + 152RE is only expressed on
B49, B51, B52, B63 and B77.

It should be noted that several pairs were identified with
human monoclonal antibodies for which HLA typing informa-
tion of the immunizer and antibody producer was available. In
each case, the non-self eplet is paired with a self-configuration
shared between the antibody producer and immunizer (see
Table 3, second column). Examples are 62QE + (self)56G
and the Bw4-associated 82LR + (self)145RA. Bw4-associated
sequences may also operate as self-configurations in eplet
pairs, e.g. 65RN + (self)80I and 143S + (self)76ESN.

Discussion

This report describes 95 antibody-verified HLA-ABC epitopes
including 33 defined by combinations of amino acid config-
urations. Such epitopes are expressed by either one antigen
or small groups or large groups of antigens encoded by one
or more loci. The verification of an antibody-defined epitope
depends on the antibody reactivity pattern with an informative
HLA panel, but this is not always a simple matter. In contrast
to the nomenclature of HLA alleles, which is solely based on
nucleotide or amino acid differences in sequence positions, the
criteria for HLA epitopes are different because they are based
on physiochemical interactions between antibodies and HLA
antigens. We assume that HLA antibody-specific epitopes can
be defined by distinct amino acid configurations involving
non-self polymorphic residues on the molecular surface. Small
configurations are called eplets and indeed, there are many
antibody-verified epitopes that correspond to eplets. Many
such epitopes have been identified in Luminex assays with
single alleles, and we have also included data using different
antibody reactivity assays published by many investigators as
well as progress reports of international HLA workshops.

HLA polymorphisms also involve residues in positions
below the molecular surface and which cannot make direct
contact with antibody. Hidden residues can influence the con-
formation of nearby polymorphic residues on the molecu-
lar surface, thereby creating distinct epitopes. For instance,
62RR (62R65R) and 62RNR (62R63N65R) are two antibody-
verified epitopes (Table 2). They reflect structurally similar
eplets except that one requires the participation of the hidden
63N. One might raise the question whether hidden residues
influence the conformation of monomorphic residue configu-
rations on the molecular surface, thereby giving rise to epi-
topes that could be recognized by antibodies. At present, we
have not seen experimental verification of such epitopes.

Many antibody-verified epitopes correspond to eplets paired
with other distinct configurations located close enough on

the molecular surface to be contacted by different CDRs
of antibody. These findings demonstrate that HLA epitopes
are structurally complex. Molecular modeling of protein
antigen–antibody complexes has shown that each heavy and
light chain of antibody has three CDRs that bind up to 15–25
residues distributed over a 700–900 Å2 surface of a so-called
structural epitope (16, 17). One heavy chain CDR (mostly
CDR-H3) interacts with a so-called functional epitope and
dominates the determination of antibody specificity, whereas
one or two other CDRs make critical contributions to the
strength of antibody binding to epitopes.

These concepts must also apply to HLA antibodies. Eplets
correspond to functional epitopes and they may pair with other
configurations to generate distinct epitopes. From the HLA
typing information of the immunizing event, it appears that
these configurations are always shared between the antibody
producer and the immunizing allele (21, 22). In other words,
many HLA epitopes are defined by non-self eplets paired
with self-HLA components of antibody producers. Subse-
quent studies have shown that within the context of structural
epitopes, virtually every surface residue within 15 Å of a non-
self eplet on the immunizing antigen is self for the antibody
producer (23). These findings have led to the non-self–self
paradigm of HLA epitope immunogenicity whereby antibod-
ies are believed to have originated from B-cells with receptors
for self-HLA epitopes. Such B-cells cannot respond to self-
eplets. On the other hand, non-self eplets surrounded by self-
residues could activate B-cells and trigger antibody responses.

These concepts may offer some understanding on why so
many epitopes are structurally related. The Bw4-associated,
antibody-verified 80I and 82LR eplets are typical examples.
Antibodies can also be specific for 80I or 82LR eplets paired
with certain polymorphic or monomorphic residue config-
urations (Table 3). Why would such configurations be so
important especially if they are self for the antibody producer?
The answer to this question must be related to the process
of affinity maturation that affects every B-lymphocyte trans-
formed into an antibody-producing cell. Affinity maturation is
the result of somatic mutations of immunoglobulin genes of
dividing B-cells; this alters the residue compositions of CDRs
to increase the binding strength of antibodies (24). These
residue substitutions may enhance the specificity-determining
CDRs to functional epitopes and especially they will increase
the affinity of the remaining CDRs to other parts of structural
epitopes. As structural HLA epitopes consist of non-self
eplets surrounded largely by self-residues, it seems likely that
some self-configurations will have increased binding abilities
with antibodies that have undergone affinity maturation.
For the Bw4-associated epitopes, such configurations have
been shown to locate in sequence positions 65–66, 90, 138,
144–149 and 151–152 (see Table 3). They are all within a
15-Å radius of 80I and 82LR.

In conclusion, eplet-carrying alleles in HLA panels
may have corresponding structural epitope differences that

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 397
Tissue Antigens, 2014, 83, 391–400



Antibody verification of HLA-ABC epitopes R. J. Duquesnoy et al.

affect their reactivity with antibody. This concept may
also explain differences in antibody reactivity patterns
determined in immunoglobulin-binding assays and the less
sensitive complement-dependent lymphocytotoxicity methods
(25). They can lead to different interpretations of epitopes
recognized by antibodies, and this may limit the usefulness
of the less sensitive lymphocytotoxicity assays. On the
other hand, one might also argue that epitopes verified with
lymphocytotoxic antibodies would be clinically more relevant
because complement-dependent antibodies are important in
transplant rejection.

The antibody verification of HLA epitopes has another
limitation in that certain class I reactive antibodies are peptide-
dependent (26–28). This means that their CDRs make critical
contacts with the residues of the peptides that bound to the
groove. This situation would apply to antibodies recognizing
eplets on the α-helical structures next to the peptides. Under
natural conditions, each HLA allele binds thousands of
different peptides and varying proportions would have the
necessary contact residues, and this would affect the degree of
binding with antibody. This concept might explain why certain
epitope-carrying alleles have rather low antibody reactivity
in Luminex assays, which cannot be explained by residue
differences between the HLA chains themselves. It is possible
that the same allele in Luminex kits prepared by the different
commercial vendors may not have the same repertoire of
bound peptides, and this could affect their reactivity with
peptide-dependent HLA antibodies. At present, there are no
studies that address this issue.

At present, the repertoire of antibody-verified HLA-ABC
epitopes must be considered incomplete and more information
is needed. HLA professionals are invited to submit data about
HLA reactive antibody reactivity patterns that will improve
the repertoire of antibody-verified epitopes. These data could
be generated in the laboratory, but we also welcome publica-
tions on antibody-defined epitopes, which have not been cited
in this report. The Registry website http://epregistry.com.br
has instructions on how to submit information about anti-
body reactivity patterns with HLA panels and the sensitizing
event including, if possible, HLA types of antibody producer
and immunizer. Moreover, additional data such as absorp-
tion/elution studies with selected alleles and the use of mutated
alleles with specific residue substitutions would be helpful.

While still being a work-in-progress, the HLA Epitope Reg-
istry will become a valuable resource for HLA professionals
interested in histocompatibility testing at the epitope level and
investigating antibody responses to HLA mismatches.
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