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Abstract

This report describes the design of the eplet version of HLAMatchmaker to determine class Il
compatibility at the structural level. This matching algorithm is based on the hypothesis, developed
from molecular modeling of crystallized antigen-antibody complexes, that functional epitopes are
represented by patches of surface-exposed nonself-amino acid residues surrounded by residues
within a 3-A radius. Patch determinations with a molecular viewer of crystalline structural models
downloaded from the Entrez Molecular Modeling Database Web site led to the identification of 44
DRB, 33DQB, 29 DQA, 20 DPB, and 9 DPA unique combinations of polymorphic positions. The
residue compositions of these patches were then determined from amino acid sequences. This
analysis resulted in a repertoire of 146 DRB, 74 DQB, 58 DQA, 45 DPB, and 19 DPA eplets. In
many eplets, the residues are in short linear sequences, but many other eplets have discontinuous
sequences of residues that cluster on or near the molecular surface. This analysis has also shown that
all serologically defined DR and DQ antigens detectable by monospecific antibodies have unique
eplets. Other eplets are present in groups of class 11 antigens, many of which appear as cross-reacting.
The eplet version of HLAMatchmaker should be considered as a hypothetical model for the structural
assessment of donor-recipient compatibility and the determination of mismatch acceptability for
sensitized patients.
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INTRODUCTION

Class Il human leukocyte antigens (HLA) play an important role in determining donor-recipient
compatibility in solid organ and stem cell transplantation. Class 1l mismatching elicits strong
alloimmune responses that impair transplant success. Preformed donor-specific anti-class Il
antibodies increase the risk of transplant failure [1-5], and the posttransplant development of
anti-class Il antibodies is associated with a higher incidence of acute and chronic rejection
[6,7].

Current class 1l matching strategies in kidney transplantation consider only the serologically
defined HLA-DR antigens controlled by the DRB1 locus, although mismatching for HLA-DQ
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and HLA-DP appears associated with lower graft survivals [8-13] and the development of
clinically relevant alloantibodies in transplant recipients [14]. Moreover, molecular typing has
revealed a high degree of heterogeneity of HLA-DR antigens. Newer serum screening methods,
such as enzyme-linked immunosorbent assay, flow cytometry, and Luminex, have greatly
enhanced the detection and specificity analysis of anti-class Il antibodies in sensitized patients.

The evaluation of HLA compatibility and the characterization of anti-HLA antibodies require
a better understanding of the HLA epitope repertoire. HLAMatchmaker is a structurally based
matching program that considers each HLA antigen as a string of epitopes represented by short
sequences (originally referred to as triplets) involving polymorphic amino acid residues in
antibody-accessible positions [15]. HLAMatchmaker determines which triplets are different
between donor and recipient, and this algorithm is clinically useful for matching purposes
[16-20] and in determining HLA mismatch acceptability for sensitized patients [21-31].
Although many triplets correspond to serologically defined private and public epitopes, they
provide an incomplete description of the HLA epitope repertoire.

A recent study has led to a new version of HLAMatchmaker that considers the hypothesis,
developed from molecular modeling of crystallized antigen-antibody complexes, that
functional epitopes are represented by patches of surface-exposed nonself-amino acid residues
surrounded by residues within a 3-A radius [32]. These patches are referred to as “eplets,” and
many of them are short linear sequences common to triplets, but others have residues in
discontinuous sequence positions that cluster together on the molecular surface. The eplet
version of HLAMatchmaker therefore considers a more complete repertoire of structurally
defined epitopes.

This report describes how eplets are assigned in determining HLA-DR, -DQ, and -DP
compatibility at the humoral immune level. This analysis considers 4-digit alleles encoded by
not only DRB1 and DQB1, but also DRB3, DRB4, DRB5, DQA1, DPA1, and DPB1, because
all of them have antigenic determinants that can induce specific antibodies. This paper will
show how eplets correspond to serologically defined class Il antigens and how the eplet version
of HLAMatchmaker can be used to determine structurally based class Il compatibility at the
humoral immune level.

METHODS AND RESULTS
Topography of Polymorphic Amino Acid Residues

The construction of the eplet repertoire is based on polymorphic amino acid residues on the
HLA molecular surface. Their locations are easily determined with three-dimensional models
of class Il molecules. The Entrez Molecular Modeling Database of the National Center for
Biotechnology Information stores on its Web site (http://www.ncbi.nlm.nih.gov/Structure) an
extensive collection of crystallographic structures of HLA molecules that can be viewed with
the Cn3D structure and sequence alignment software program [33,34].

Five DRB structures have been downloaded from the Molecular Modeling Database Web site,
all of them have the same monomorphic DRA1*0101 sequence. They are DRB1*0101 (PDB
Number 1KGO) [35], DRB1*0301 (1A6A) [36], DRB1*0401 (1D6E) [37], DRB1*1501
(1BX2) [38], and DRB5*0101 (1H15) [39]. There are three models of HLA-DQ heterodimers:
DQA1*0501, DQB1*0202 (1S9) [40], DQA1*0301, DQB1*0302(1JK8) [41], and
DQA1*0102, DQB1* 0602 (1UVQ) [42].

Cn3D viewing of crystalline HLA-DR and HLA-DQ molecular models shows different

patterns of surface expression of polymorphic residues (Figure 1). The structural
polymorphisms of HLA-DR are restricted to the  chains. They are readily visible on the top
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of the molecule adjacent to the bound peptide, and many of them involve contiguous sequences.
Polymorphic residues on the side of the molecule generally comprise distinct clusters in both
B1 and B2 domains. A few polymorphisms are visible at the bottom part of the molecule that
is nearby the cell membrane. DRB and DQB seem to show similar numbers of polymorphic
positions. DQA displays somewhat contiguous polymorphic positions on the top of the
molecule near the bound peptide and on the side of the al domain. The polymorphic positions
in the a2 domain seem to be more in distinct clusters.

No crystalline structures of HLA-DP molecules are available in the Molecular Modeling
Database. Predicted three-dimensional models for HLA-DP and other DR and DQ class Il
alleles can be generated by submitting amino acid sequences to the Geno3D online molecular
modeling server [43]. This web-based service is located at
http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml. The Vector NTI-3D Molecular Viewer
software (Invitrogen Life Science Software, Frederick, MD) can visualize the locations of
polymorphic amino acid residues and also measure intermolecular distances. These prediction
models yield incomplete information about molecular surface expression of polymorphic
residues because they deal only with isolated a or B chains without any peptide in the peptide-
binding groove.

Determination of Patches on HLA Class Il Molecules

Each surface-exposed polymorphic residue represents an essential element of a potential
epitope recognized by antibody. The “select by distance” command of the Cn3D molecular
viewer has been used to identify residues within a 3-A radius. A patch defined this way seems
to provide the best estimate of the size of a functional epitope [32].

Sequence comparisons of 381 most common DRBL, 3, 4, 5 alleles have identified 49
polymorphic positions on the molecular surface. Cn3D viewing has shown that 13 of them are
on the top (i.e., the a-helices) and 26 are on the side of the molecule (Table 1). Six positions
have “underside” locations (i.e., underneath the groove) and four are at the “bottom” near the
cell membrane; they become more readily visible if the molecule has been turned upside down.
These positions seem less antibody-accessible if the HLA antigen is anchored in the cell
membrane like in the lymphocytotoxicity test, but they might react with antibody if the HLA
molecule is fixed to a different surface like in a solubilized antigen-binding assay. Molecular
surface expression of polymorphic residues has been graded as prominent (++), readily visible
(+), and somewhat visible (+).

Table 1 lists the sequence positions clustered within a 3-A radius of each exposed polymorphic
position. These patches are combinations of monomorphic and polymorphic positions (marked
in bold, underlined font), and they have an average of 4.2 residues. About one third are
continuous sequences, and the remaining are discontinuous sequences including several
patches (e.g., positions 12, 14, and 16) with residues far removed in sequence. Three patches
in positions 6, 34, and 57 have monomorphic DRA residues (prefixed with A), and five a helix
patches (positions 57, 70, 74, 77, and 81) include residues of peptides bound to the groove;
their positions have the prefix “P.” Exposed peptide residues might contribute to the functional
epitope recognized by alloantibody. Several studies have shown the influence of HLA-bound
peptides on the reactivity of class | and class Il specific antibodies [44-47].

Sequence comparisons of 43 DQB1 alleles and Cn3D viewing of DQ molecules have identified
patches for 36 polymorphic positions on the DQB chain surface (Table 2), 13 of them are on
the top and 18 are on the side of the DQB molecule. There are three underside and two bottom
locations. DQB patches have fewer residues than DRB patches (3.8 vs 4.2, p = 0.04 by two-

tailed Student’s t-test), and one half of them are continuous sequences. Only one patch (in
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position 30) has a peptide residue and another patch (position 53) has a monomorphic a-chain
residue.

The 21 DQAL alleles have almost the same number of polymorphic surface positions as the
43 DQBL1 alleles, namely 37 including 12 on the top and 20 on the side of the molecule (Table
3). DQA patches have an average of 4.1 residues. One contains a peptide residue and two have
monomorphic B-chain residues.

The determination of patches on DP molecules was more difficult because no crystalline
structures are available for DP, and the Vector NTI-3D Molecular Viewer can visualize
predicted structures of only single DP chains rather the whole molecule with a peptide inserted.
Therefore, we included Cn3D viewing of DR and DQ molecules and considered positions
equivalent to the polymorphic positions on DP sequences. These positions were identified with
the Basic Local Alignment Search Tool (BLAST) program [48] available on the National
Center for Biotechnology Information Web site http://www.ncbi.nlm.nih.gov/BLAST.

This patch analysis was limited to the first domain (positions 1-91) of 95 DPB alleles.
Insufficient sequence information of the second DPB domain precluded any patch
determination. The number of patches is lower for DPB than for DRB and DQB: 19 versus 32
and 26 patches in the first domains of DRB and DQB, respectively (Table 4). The DPB patches
have an average of 3.9 residues. DPA1 alleles (n = 13) have fewer patches than DQA1, 11
versus 37. DPA patches have an average of 4.4 residues (Table 4).

These findings on HLA-DR, DQ, DP patches are comparable in size and location to those
reported for HLA-A, B, C patches [32]. The polymorphic positions determine residue
variability within each patch. Class Il patches have between 1 and 4 polymorphic positions. A
few patches have the same polymorphic positions although there are differences between the
monomorphic positions. For instance, the DRB patches in positions 85 and 86 (see Table 1)
have the same two polymorphic positions but different monomorphic positions. Such patches
are considered equivalent.

The patch information in Tables 1-4 yielded the following numbers of unique combinations
of polymorphic positions: DRB: 46, DQB: 33, DQA: 29, DPB: 20, and DPA: 9; they are
considered the positional basis for the class Il HLA epitope repertoire. The residue
compositions of these polymorphic patches were determined from amino acid sequences
retrieved from the IMGT/HLA online database [49] with a Microsoft Excel macro (called HLA
Patch Generator) developed by Grzegorz Dudek (Czestchowa University of Technology,
Poland).

Assignments of Class Il Eplets

DRB—An analysis of the most common four-digit DRB alleles (122 DRB1 and 18 DRB3, 4,
5 alleles) has yielded a total of 222 patches with different combinations of polymorphic
residues, 91 of them are on the top of the molecule, and most of them have overlapping residues.
The remaining 132 polymorphic patches are largely on the side of the molecule and include
58 at underside or bottom locations.

Further comparisons have shown that certain overlapping polymorphic patches can be grouped
together because they belong to a single allele or a distinct group of alleles including cross-
reacting antigens. The term eplet is used to describe a given patch or an overlapping group of
patches.

For example, DRBI*1501, DRB1*1502, DRB1*1503 and DRB5*0202 share the same three
overlapping patches: 701QAA, 71QAA, and 74QAAA. They are collectively referred to as one
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eplet assigned as 71QAA. In other cases, an eplet represents a single polymorphic patch. For
instance, the 98QS patch shared between DRB3*0101, DRB3*0201, DRB3*0202, and
DRB3*0301 has been assigned as the 98QS eplet. This eplet corresponds to the serologically
defined DR52 determinant.

Several polymorphic patches are shared between either all DRB1 alleles or all DBB3, 4, 5
alleles, and they cannot be considered immunogenic. For example, there are two polymorphic
patches in position 108. One is 100T found on DRB5 molecules, and specific antibodies would
react with the serologically defined DR51, which corresponds to DRB5. The other one is 108P
present on all DRB1, DRB3, and DRB4 molecules. This patch cannot induce alloantibodies
because it is always a self-sequence. The patches in position 34 represent another example:
34HQ is shared between all DR4 alleles and 34NQ is shared between all DRB3, DRB4, and
DRB?5 alleles plus all DRB1 alleles that are not DR4. Thus, 34NQ must be considered as a
self-sequence and cannot be immunogenic. This analysis has yielded 17 self-DRB patches, and
they have been deleted from the eplet repertoire.

This analysis yielded a total of 146 DRB eplets, 52 of them are on the o helices on the top of
the molecule. There are 59 eplets on the side surface, including 8 at the bottom. A total of 38
eplets are beneath the peptide-binding groove and they cluster in two underside locations,
namely positions 12, 14, and 16 (n = 19) and positions 31, 32, and 33 (n = 19). Eplets in bottom
and underside locations seem less antibody accessible if the HLA molecule is bound to the cell
membrane.

Table 5 shows serologically defined DR antigens that have one or more corresponding eplets.
These antigens can be readily identified with monospecific allosera and/or monoclonal
antibodies as demonstrated during the 1984-1997 International Histocompatibility Workshops
[50-54]. Seven serologically defined DR antigens, namely DR5, DR6, DR13, DR14, DR15,
DR16, DR17, and DR18, do not have corresponding eplets. None of them except DR15 and
DR17 can be identified with monospecific antibodies; their serologic determination is based
on reactivity patterns of antibodies specific for epitopes shared between different groups of
antigens. For instance, serologic assignments of the serologic DR6 splits DR13 and DR14 can
be deduced from antibodies reactive with different groups, such as DR2+6, DR3+6, DR3+5
+6, DR5+13, DR3+8+13, and antigens, such as DR8 and DR11 [55]. The reaction patterns of
these antibodies are often too complex for reliable serologic assignments of individual DR13
and DR14 alleles.

The DR2 split DR15 and the DR3 split DR17 can be defined serologically by monospecific
antibodies. It is possible that the DR15 and DR17 antigens correspond to a pair of eplets
whereby one is the specific recognition site and the other functions as a critical contact site for
antibody. As described elsewhere [32,56], certain HLA antibodies react with epitopes
represented by combinations of two eplets separated 6-15 A from each other. For DR17, the
most likely pair of eplets appears to be 73GRDN, present on all DR3 molecules, and 48FR,
present on DR17, DR11, DR13, and DR15. These eplets are about 9.5 A apart. Similarly, the
DR15 specificity might be represented by the combination of 72QAA (on DR15 and
DRB5*0202) with 40DFD (on DR4, DR8, DR11, DR13, DR14, DR15, DR16, DR17, and
DRB3*01) or 48FR (on DR17, DR11, DR13, and DR15).

Table 5 also lists unique eplets that correspond to the serologically defined antigens encoded
by the DRB3, DRB4, and DRBS5 loci. DR53 has a relatively large number of unique eplets in
nonoverlapping positions. There are also unique eplets that distinguish DRB3*01 from
DRB3*02 alleles. These eplets appear to correspond to the DR52 subtypes serologically
defined as DR52a and DR52b [57,58]. Similarly, the 31QDIY and 6C eplets can differentiate
between DRB5*01 and DRB5*02.
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DQB1—An HLA Patch Generator analysis of 43 DQB1 alleles has yielded 106 DQB1 patches
with different combinations of polymorphic residues, 48 of them are on the top and 46 are on
the side of the molecule; 12 are in underside or bottom locations.

As shown for DRB, we have assigned eplets from groups of overlapping DQB1 patches shared
between combinations of DQBL1 alleles. For instance, the 55RPL eplet represents the
combination of overlapping 55RPL, 56 RLD, and 57LD patches on DQB1*0401 and
DQB1*0402.

This analysis has resulted in a repertoire of 74 distinct DQBL eplets. Table 6 shows which
eplets correspond to DQ1-DQ7 specificities; all of them can be defined serologically with
monospecific antibodies. The DQ3 subtype DQ8 has a unique 56PPA eplet that is structurally
similar to the 55PPP eplets that correspond to DQ3. There is no unique eplet for the DQ3
subtype DQ9, and this is consistent with the experience that there are no monospecific
antibodies against DQ9 [54].

DQA1—Complete sequence information (positions 6—180) is available for 18 DQAL alleles.
HLA Patch Generator identified 91 DQA patches with different polymorphic residue
combinations, 38 are on the top and 41 are on the side of the molecule. There are 12 polymorphic
patches on underside and bottom locations. Similar to DRB and DQB, eplets have been
assigned to describe single polymorphic patches and overlapping patches that belong to the
same group of DQAL alleles. Altogether, there are 58 distinct DQAL eplets.

Although DQA1 polymorphisms have never been defined serologically, several two-digit
DQAL1 alleles have multiple unique eplets (Table 6). Especially, DQA1*01 can be
distinguished with seven nonoverlapping eplets. No unique eplets have been identified for
DQA1*04 and DQA1*06.

DPA and DPB—AnN HLA Patch Generator analysis of DPB1*01 through DPB1*99 has
generated 62 polymorphic patches, 31 of them are on the top and 23 are on the side of the DPB1
chain. Further comparisons of overlapping patches led to the assignment of a total of 45 DPB
eplets, 15 of which are on one or few DPBL1 alleles all of which appear to have low frequencies.
The identification of DPB eplets is confined to the first domain (positions 8-91), because
insufficient sequence information is available for the second domain of DPB chains.

The 13 DPAL alleles have only nine polymorphic positions, and an HLA Patch Generator
analysis has led to the assignment of 19 eplets, 5 of which are on the top and 10 are on the side
of the DPA chain. DQA1*02 has a unique 111R, and DQA1*04 has two unique eplets, 18T
and 73l1A. There are no unique eplets for DQA1*01 and DQA1*03.

Although no DPAL1 or DPBL1 allele-specific antibodies have been identified [59], there are
several murine and human monoclonal antibodies that recognize DP epitopes that appear to
eplets, such as 31M and 51RA on DPA1, and 56ED and 85DEA on DPB chains [59].

Example of Eplet-Based Determination of Class Il Compatibility

Table 7 represents an illustration of eplet mismatches for HLA-DR and HLA-DQ. This analysis
was done for the phenotype DRB1*1101, 1501; DRB3*0202; DRB5*0101; DQA1*0102,
0501; DQB1*0301, 0602, which is serologically equivalent to DR11,15; DR51,52; DQ6,7.
The incompatible DR antigens in the left columns of Table 7 show varying numbers of
mismatched eplets. The highest range of 9-12 eplet mismatches occurs with DR7, DR9, DR10,
DR12, and DR14. The lowest range of 1-3 eplet mismatches is seen for DR3, DR13, and DR16.
These low numbers are not surprising because DR3 and DR13 cross-react with DR11 since
they share several epitopes that correspond to eplets. Moreover, DR15 and DR16 are serologic
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splits of DR2, whereas DRB1*1601 and DRB1*1602 have one and three mismatched eplets,
respectively. It should be noted however, that DR12—which together with DR11 is a split of
DR5—has nine mismatched eplets.

As expected, all eplets that are unique for the antigens listed in Table 7 are mismatches for this
phenotype. It may also be seen that many mismatched eplets have overlapping sequences. For
instance, DR1 has this pair of overlapping eplets: 12LKF, which is unique on DR1 and 14FEH,
which is present on DR1, DR9, and DR10. They may represent distinct epitopes because
specifically reactive antibodies have been identified [54]. On the other hand, it is also possible
that the combination of 12LKF and 14FEH comprises a single structural determinant that could
induce an antibody that reacts with only DR1.

The right columns of Table 7 list examples of eplet mismatches for class Il alleles with the
same two-digit types as in the above phenotype. DRB1*1104 and DRB1*1502 are zero-eplet
mismatches. The other DRB1*11 and DRB1*15 alleles have one or two—but not necessarily
the same—mismatched eplets.

Antigens controlled by the DRB3, 4, 5 loci have varying numbers of mismatched eplets.
DRB4*0401 (DR53) has the most (n = 16), and this is partially due to the large number of
eplets unique to DR53 (Table 5). It should be noted that the other two-digit DRB3 and DRB5
alleles have mismatched eplets. Especially DRB3*0101, which corresponds to the
serologically defined DR52a specificity [57,58], has seven mismatched eplets, including two
that are unique for this allele. These eplet differences are clinically relevant because our
experience has shown several cases whereby a DRB3*0202- or DR52b-positive patient makes
antibodies reactive with DRB3*0101 or DR52a (unpublished data). Good matches can be
present for DRB3 and DRBS5 alleles with the same two-digit types. For instance, DRB3*0201,
DRB3*0203, and DRB5*0105 are zero-eplet mismatches, and others have one or two
mismatched eplets.

DQ antigens seem structurally more mismatched than DRB antigens because they have two
polymorphic chains: DQB antigens have 7-10 mismatched eplets and DQA alleles have 4-7
mismatched eplets (Table 7). Although DQ5 (DQB1*0501) and DQ6 (DQB1*0602) are
serologic splits of DQ1, there is a high degree of structural incompatibility of DQ5 as indicated
by 10 mismatched eplets. The phenotype of this example contains the DQ3 split DQ7
(DQB1*0301). With one mismatched eplet, the DQ3 split DQ9 (DQB1*0303) mismatches
seems structurally the most compatible among the DQB1*03 mismatches. DQB1*0603,
DQA1*0101, DQA1*0502, and DQA1*0503 are zero or one eplet mismatches.

DISCUSSION

This report describes the design of the eplet-based class Il version of HLAMatchmaker and
how this algorithm can be used to determine structural compatibility for antigens encoded by
HLA-DR, HLA-DQ, and HLA-DP. For each of these loci, an eplet repertoire has been
developed from patches of residues within a 3-A radius of each polymorphic residue exposed
on the molecular surface. In many eplets, the residues are in short linear sequences, but many
other eplets have discontinuous sequences of residues that cluster on or near the molecular
surface. This analysis has identified eplets that correspond to serologically defined DR and DQ
antigens recognized by monospecific antibodies. Other eplets are present on groups of class |1
antigens, many of which are considered cross-reacting.

The class 11 version of HLAMatchmaker considers all polymorphisms in the HLA-D regions
that lead to alloantibody responses, and they should be defined by DNA-typing methods,
preferably at the four-digit allelic level. Most clinical laboratories type for DRB and DQB
antigens and other class Il alleles are not considered. Interestingly, DQALI alleles can be
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putatively assigned to a given phenotype on the basis of common DRB1-DQB1-DQA1
haplotypes reported in various ethnic groups [60-62]. HLA-DP typing is almost never done
in the clinical setting, although there is evidence that HLA-DP matching affects kidney
transplant survival [12,13] and that transplant patients can produce anti-HLA-DP antibodies
[14,63-65]. Such antibodies are specific for epitopes defined by short sequences and shared
between groups of DP alleles [59,64].

For the time being, the clinical use of HLAMatchmaker will primarily focus on determining
structural compatibility for the HLA-DR and HLA-DQ loci. As illustrated in Table 7, certain
antigens have many more mismatched eplets than others, and this might correlate to their ability
of inducing specific antibodies. Applying the original HLAMatchmaker program, Dankers et
al. have demonstrated that the frequency of HLA class | antibody production during pregnancy
and after kidney transplantation correlates with the number of mismatched triplets on exposed
HLA-A and HLA-B antigens [23]. No data are available on such correlations for mismatched
class Il eplet numbers.

This study has also generated information about the location, the surface expression, and the
amino acid composition of each eplet. These factors undoubtedly play an important role in the
immunogenicity of an eplet, i.e., its ability to induce a specific antibody response. Recent
studies have shown considerable differences in eplet (or triplet) immunogenicity [21,28,66].
Highly immunogenic eplets will increase sensitization and the risk for antibody-mediated
rejection. An international collaborative study is underway to determine class | and class 11
eplet immunogenicity in kidney transplant patients [66].

Eplet versions of HLAMatchmaker for antibody analysis are slightly different from the
matching programs because they incorporate the notion that antibody reactivity patterns cannot
determine the differential recognition of individual eplets within a group of eplets unique for
a given antigen (see Tables 5 and 6) or a combination of alleles. In such cases, the program
uses a single eplet that represents a group of eplets. HLA typing differences between antibody
producer and immunizer will define the mismatched eplet repertoire, and this information
facilitates the interpretation of antibody reactivity patterns with HLA panels. The identification
of reactive and nonreactive eplets permits a determination of HLA mismatch acceptability for
sensitized patients.

At present, the eplet version of HLAMatchmaker should be considered as a hypothetical model
for determining structural HLA compatibility and mismatch acceptability. Its validation
depends on the outcome of clinical data.

The eplet versions of HLAMatchmaker and the HLA Patch Generator can be downloaded from
the website http://tpis.upmc.edu. There is also an Eplets and Patches file that shows how eplets
have been assigned from polymorphic patches.
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Visualization of polymorphic amino residue positions on HLA-DRB and HLA-DQ molecules.
The following crystalline models are shown: DRA1*0101, DRB1*0101 (PDB # 1KGO0), and
DQA1*0301, DQB1*0302(PDB No. 1JK8). Left = top view; middle = B-chain side view right

= o-chain side view.
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