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Abstract
This report describes a detailed analysis how donor-specific HLA class II epitope mismatching
affects antibody reactivity patterns in 75 solid organ transplant recipients with an in situ allograft
and who were considered for retransplantation. Sera were tested for antibodies in a sensitive antigen-
binding assay (Luminex) with single class II alleles. Their reactivity was analyzed with
HLAMatchmaker, a structural matching algorithm that considers so-called eplets to define epitopes
recognized by antibodies. Only 24% of the patients showed donor-specific anti-DRB1 antibodies
and there was a significant correlation with a low number of mismatched DRB1 eplets. This low
detection rate of anti-DRB1 antibodies may also be due to allograft absorption. In contrast, antibodies
to DRB3/4/5 mismatches were more common. Especially, 83% of the DRB4 (DR53) mismatches
resulted in detectable antibodies against an eplet uniquely found on DR53 antigens.

Donor-specific DQB mismatches led to detectable anti-DQB antibodies with a frequency of 87%.
Their specificity correlated with eplets uniquely found on DQ1-4. The incidence of antibodies
induced by 2-digit DQA mismatches was 64% and several eplets appeared to play a dominant role.
These findings suggest that both α and β chains of HLA-DQ heterodimers have immunogenic
epitopes that can elicit specific antibodies. About one-third of the sera had anti-DP antibodies; they
reacted primarily with two DPB eplets and an allelic pair of DPA eplets.

These data demonstrate that HLA class II reactive sera display distinct specificity patterns associated
with structurally defined epitopes on different HLA-D alleles.

Introduction
Humoral immune responses to class II HLA antigens affect the outcome of various types of
organ transplants. Preformed anti-donor class II antibodies increase the risk of transplant failure
[1–9] and the post-transplant development of anti-class II antibodies is associated with a higher
incidence of acute and chronic rejection [10–19]

Current class II matching strategies for kidney transplantation consider only the HLA-DR
antigens controlled by the DRB1 locus but mismatching for HLA-DQ and HLA-DP may also
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lead to lower graft survival rates [20–25]. Newer serum screening methods such as ELISA,
Flow Cytometry and Luminex have greatly enhanced the detection of anti-HLA-DQ and HLA-
DP antibodies and their association with transplant rejection [2,7,26–29]. Nevertheless, the
clinical relevance of these anti-class II antibodies has remained a controversial issue.

Antibodies react with epitopes on antigenic molecules and a characterization of the antibody
response to class II epitopes rather than antigens seems important for the management of
sensitized patients considered for retransplantation. In this report we address the question
whether in the presence of the allograft, circulating antibodies can be detected that are specific
for epitopes on donor HLA-DR, HLA-DQ and HLA-DP mismatches. Class II antigens have
generally lower levels of tissue expression than class I antigens and this may affect the ability
of the allograft to absorb donor-specific anti-class II antibodies. Serum testing for antibodies
was done with a highly sensitive antibody-binding assay with single allele panels using the
Luminex platform [30]. Antibody reactivity patterns were analyzed with HLAMatchmaker, a
structural matching algorithm that considers amino acid residue polymorphisms to define
epitopes recognized by antibodies. We have applied a recent version that uses so-called eplets
defined by molecular surface-exposed polymorphic residues surrounded by residues within a
three-Angstrom radius as previously described [31,32]. The data demonstrate distinct antibody
specificity patterns associated with eplets on donor class II antigens encoded by the different
HLA-D loci.

Patients and Methods
Patients

This analysis was done for 75 class II sensitized patients with different types of failed allografts
including sixty kidney, four liver, four heart, two lung, two pancreas and three small bowel
transplants. All patients had become candidates for retransplantation and their transplants were
still present. A second group consisted of 38 class II sensitized patients who did not have a
transplant, including 9 patients from whom the allograft had been removed. This study was
approved by the Institutional Review Board of the University of Pittsburgh Medical Center.

Determination of HLA-DR, -DQ and -DP types
HLA typings of patients and donors were done by standard DNA-based methods and
considered only alleles reported as most common in the US population [33]. Since the
HLAMatchmaker analysis requires high-resolution (4-digit) types, we have typed as many
possible subjects at this level for DRB1, 3, 4, 5 and DQB1. In other cases, the HLAMatchmaker
program can assign 4-digit types on the basis of most frequent DRB1-DRB3/4/5-DQB1
combinations according to recently published data about HLA class II haplotype frequencies
in different populations [34–36]. The same linkage disequilibrium-based approach was used
for assigning 4-digit DQA1 types. An analysis of 59 class II typings has shown that at the 2-
digit level, 98% of the predicted DQA1 alleles agreed with the actual typing results and there
was a 91% concordance at the 4-digit level (data not shown). We conclude that the prediction
model to assign DQA1 alleles is highly reliable. A small group of patients (N=34) and donors
(N=9) were DNA-typed for HLA-DPB1 because these patients had shown anti-DP antibodies.
No typing was done for DPA.

Serum Reactivity Assays
All sera showed anti-class II antibody activity determined by screening with HLA antigen
mixtures in Elisa and/or Luminex assays by standard methods. Antibody specificity was
determined with Luminex assays using single allele kits supplied by two commercial vendors
(One Lambda, Inc., Canoga Park, CA; Tepnel Life Codes Corporation, Stamford, CT). This
combination offers two advantages. First is the opportunity to compare the reactivity pattern
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for each allele shared by each kit. This antibody detection technology is rather new and it is
possible that certain allele preparations give aberrant results. Indeed, our experience has shown
major discrepancies for one DRB3*0101 preparation which had a contaminating DRB3*04
allele and one DQB1*0301 preparation had weak reactivity; they were excluded from our
analysis. Other preparations showed minor discrepancies such as comparatively low or high
reactivity but this did not interfere with our antibody specificity analysis. The second advantage
was that one kit had allelic combinations that were not present in the other kit; this applied
especially to the DQ and DP preparations. As shown in Table 1, the combined sets had 26
distinct DRB alleles, 33 unique DQA-DQB heterodimers and 27 unique DPA-DPB
heterodimers. For many sera, this combination allowed a more precise analysis of antibody
specificity than one kit alone.

HLAMatchmaker Analysis of Serum Reactivity with Class II Panels
Different HLAMatchmaker programs can be downloaded from the www.tpis.edu website. We
have used a program to analyze serum reactivity patterns with Luminex single class II alleles.
Figure 1 is an example of a reactivity pattern with DQ heterodimers in the Tepnel panel. The
patient who typed as DQB1*0501, 0602; DQA1*0101, 0102 had received a kidney transplant
from a one-haplotype matched related donor with a mismatched DQB1*301, DQA1*0501
combination. The mismatched DQB eplets are 14AM, 26Y, 45EV, 52PL, 55PPP, 56PPD,
70RT, 84QL2 and 140T2 and DQA eplets are 41GR3, 56RB, 60QF, 64TI4, 69L and 75SL4.
(See Footnote1). Any of these eplets may have the potential of inducing specific antibodies.
This was determined by analyzing the antibody reactivity with the panel. Serum reactions are
shown as MFI values and those above two times the average reactivity with self-alleles (in this
case 2 ×497) were considered positive. The panel had 17 DQ heterodimers and Figure 1 shows
for each one which eplets are non-self for this patient. Six heterodimers gave negative reactions;
their non-self eplets were considered non-reactive. The negative DQB and DQA alleles were
recorded and the computer program then deleted the non-reactive eplets from the donor and
panel alleles. The bottom half of Figure 1 shows the remaining alleles on the reactive alleles.
It can be readily seen that DQB1*0301 (DQ7), *0302 (DQ8) and *0303 (DQ9) share 55PPP,
an eplet uniquely found on all DQ3 molecules. DQB1*0302 was especially informative
because it shared only 55PPP with the immunizing DQB1*0301. Two eplets 45EV (unique
for DQ7) and 56PPD (shared between DQ7 and DQ9) are also on reactive alleles but no
informative DQB alleles were in the overall panel to rule out antibodies against these eplets.
We conclude that DQ7, 8 and 9 are unacceptable mismatches because of anti-55PPP reactive
antibodies. No antibody reactivity was seen with other eplets on the immunizing DQB1*0301
namely, 14AM, 26Y, 70RT, 84QL2 and 140T2.. These eplets are acceptable mismatches.

This serum had also donor-specific anti-DQA1 reactivity and there were two eplets on reactive
alleles, namely 41GR3 (shared by DQA1*04, *05 and *06) and 75SL4 (on DQA1*05). This
suggests that DQA1*04, *05 and *06 are unacceptable mismatches for this patient. The
remaining DQA eplets 56RB, 60QF, 64TI4 and 69L appear to be acceptable mismatches.

These findings illustrate that the antibody response generally involve a limited repertoire of
eplets on the immunizing allele. The characterization of epitope specificity provides a more
affirmative and comprehensive assessment of mismatch acceptability.

1Certain eplets show a number at the end of their notation; it indicates that such eplet represents two or more eplets shared by the same
antigen or group of antigens. For instance, 84QL2 represents two eplets 84QL and 90ETT; both are on DQ2, DQ3 and DQ4. For a patient
with anti-82QL2 antibodies it is unknown whether they react with 84QL and/or 90ETT. We can conclude however that such antibodies
react with the 84QL2 eplet shared by DQ2, DQ3 and DQ4 and these antigens should be considered unacceptable mismatches.
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Statistical methods
Differences in serum reactivity patterns and eplet numbers were compared using two-tailed
Student t-test and Fischer's exact test.

Results
Incidence of HLA-DR, -DQ and –DP antibodies in HLA-class II sensitized patients

The initial analysis was done on two groups of HLA class II sensitized patients. The first had
antibodies induced during pregnancy, after blood transfusion and/or a previous transplant that
had been removed. There were 38 cases and the frequencies of antibodies to HLA-DR, HLA-
DQ and HLA-DP were 92%, 84% and 39%, respectively (Table 2). The second group consisted
of 75 patients in whom the transplanted organ was still present, 32 of them had a primary
allograft and no detectable pre-transplant antibodies.

The incidence of anti-HLA-DR antibodies was lower in the group of patients with a transplant
(63% vs 92%, p=0.001). On the other hand, antibody reactivity with HLA-DQ and HLA-DP
had similar incidences in both groups.

In patients with an allograft, donor-specific anti-HLA-DR antibodies are much less readily
detected than donor-specific anti-HLA-DQ antibodies (39%.vs 78%, p<0.0001). This lower
incidence was seen for all types of transplanted organs and appeared unrelated to the time post-
transplantation.

The next step of this analysis was the determination of how structurally defined epitope
differences may affect the formation of donor-specific HLA class II antibodies.

Eplet differences and antibodies to DRB1, DRB3, DRB4 and DRB5 mismatches
This HLAMatchmaker analysis has shown that in transplant recipients, the detection of donor-
specific anti-DRB antibodies correlates with the number of mismatched donor DRB1/3/4/5
eplets (Table 3). Patients with DRB antibodies were exposed to twice as many mismatched
eplets than those who did not show antibodies (21.4 ± 8.0 vs10.6 ± 8.0, p<0.0001). An analysis
of the individual DRB loci yielded data that indicated different contributions to the reactivity
patterns of class II antibodies. There were 96 mismatched DRB1 antigens (as defined by UNOS
criteria) but only 23 (24%) reacted with patient antibodies and they had significantly higher
numbers of mismatched eplets than the DRB1 mismatches without detectable antibodies (8.5
± 2.7 vs 6.2 ± 3.7, p=0.003).

About one-half of the DR51 (DRB5) and DR52 (DRB3) mismatches showed detectable
antibodies. Their numbers of mismatched eplets were similar tot those with DR51 and DR52
mismatches showing undetectable antibodies. Table 3 shows also that DR51 and DR52 antigen
mismatches have higher numbers of mismatched eplets than DRB1 antigen mismatches
(p<0.0001). DRB3 has three 2-digit alleles DRB3*01, *02 and *03 and mouse monoclonal
antibodies have been produced to two of them, DRB3*01 (DR52a) and DRB3*02 (DR52b)
[37,38]. These antibodies react with epitopes associated with unique eplets, namely 183A2 and
51R2, respectively [32]. An analysis of 17 cases whereby the donor was mismatched within
DRB3, mostly DRB3*01 into DRB3*02 or vice versa, but only one patient had detectable
antibodies. A possible explanation for this low antibody incidence might be that intra-DRB3
mismatches involve only about five eplets.

Most striking was the 83% incidence of antibodies against donor DR53 (DRB4) mismatches
(Table 3). The numbers of mismatched eplets was significantly higher than for the DRB1
mismatches (p<0.0001), or the DR51/52mismatches (p=0.0006). DR53 has seven unique
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eplets, 25HWN, 44NL, 48YQ, 98QM, 180MM and 187Q, [32]; they are collectively referred
to as 48YQ7. Five cases showed antibody reactivity with only 48YQ7, but no informative
alleles were available to determine which of the seven DR53 eplets were recognized. There
were 10 cases with antibody reactivity with other DR53 eplets besides 48QY7. For instance,
the eplet 4Q is shared between DR53, DR7 and DR9; this means that a 4Q-specific antibody
reacts with all three antigens. There were 7 such cases with antibodies to 4Q and for 6 of them,
the donor typed also for DR7 or DR9. It is possible that this DR7/9 reactivity is due to antibodies
to the 4Q epitope shared with and perhaps induced by DR53. This could mean that the incidence
of detectable antibodies induced by donor DRB1 antigens might be even lower that the 24%
shown in Table 3.

Altogether, the donor-specific DRB antibody reactivity patterns suggest a predominant
recognition of DR53 followed by DR51 and DR52, whereas anti-DRB1 antibodies are less
readily detectable. These data indicate also an association between the number of mismatched
eplets and the detection of antibodies reacting with donor antigens. They are similar to the
reported correlations between HLA antibody responses and the number of structurally defined
mismatched epitopes (triplets or amino acid residues) on transplant donor antigens [39–41].
However, antibody absorption by the allograft may also explain the low detection rate of donor-
specific anti-DR antibodies. Removal of the allograft is associated with an increase of
circulating donor-specific anti-class I antibodies [42] and our preliminary studies still in
progress, have shown that this is also the case for donor-specific anti-DR antibodies (data not
shown). Such studies may reveal information which DRB epitopes are likely to induce specific
antibody responses.

Eplet mismatching and anti-HLA-DQ antibodies
This analysis showed an overall 78% incidence of donor-specific anti-HLA-DQ antibodies in
transplant recipients (Table 2). We addressed the question how often such antibodies reacted
with donor DQB and DQA alleles and what eplets might be dominantly involved. Table 4
shows that at the 2-digit level, DQB mismatches induced more antibody responses than DQA
mismatches (87% vs 64%; chi-square= 9.82, p= 0.002). The incidence of antibodies to DQ1,
DQ2, DQ3 and DQ4 was comparable as were the numbers of mismatched eplets in each group.
The absence of anti-DQ antibodies did not correlate with lower numbers of mismatched eplets.
There were 18 cases with intra-DQ1 mismatches, i.e. within DQ5 and/or DQ6, and they had
fewer mismatched eplets than the overall 2-digit DQB mismatch group (5.7 ± 3.6 vs 10.2 ±
3.3, p<0.0001). Not surprisingly, donor-specific antibodies were detected in only 4 cases (22%)
This analysis has also revealed a rather high frequency (64%) of antibodies against donor DQA
alleles (Table 4). It seemed higher for DQA1*04 and *05 than for DQA1*01, *02 and *03
mismatches, but there were no significant differences between the numbers of mismatched
eplets in these groups. There were 16 cases with intralocus DQA1*01 mismatches; they
involved low numbers of eplets and showed a very low incidence (13%) of antibodies.

These findings demonstrate that donor-specific anti-HLA-DQ antibodies are readily detectable
in sera from patients with an allograft in situ. To address the structural basis of HLA-DQ
immunogenicity we have also determined which mismatched DQ eplets were most frequently
associated with donor-specific antibody reactivity. Table 5 shows the number of cases when a
donor eplet was mismatched and how often this eplet correlated with antibody reactivity. Four
DQB eplets 52PQ3, 45GE5, 55PPP and 79ED2 correspond to the originally defined
serologically defined specificities DQ1-DQ4 and they were most frequently found on antibody
reactive alleles, about 80% antibody incidence or higher. They appear to represent the most
immunodominant DQB epitopes. Four eplets seemed to have an intermediate level of
immunogenicity. Two of them, 14GL5 and 70GT, are on DQ1 subtypes DQ5 and DQ6 and
their frequency on antibody reactive alleles was 50% and 68%, respectively. The 45EV eplet
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uniquely found on DQ7 had a 62% frequency of antibody reactivity. DQ2 and DQ8 share 57PA
which had a 50% antibody incidence. Six eplets displayed low immunogenicity as indicated
by the 20–30% frequencies of reactive antibodies. The remaining DQB eplets had antibody
reactivity frequencies of less than 15%, and they were considered relatively non-immunogenic.

DQA eplets displayed somewhat lower levels of immunogenicity. Mismatches for 180AE,
41GR3, 75SL4 and 47EK2 resulted in the highest incidence of specific antibodies, about 65–
80% (Table 5). They appear to be the most immunogenic among DQA eplets. Interestingly,
three of them are on DQA1*05. Eight eplets showed an incidence of antibody reactivity ranging
from 23–45%. For five eplets, the antibody incidence was 10% or less. They were considered
largely non immunogenic. Interestingly, two allelic eplets displayed opposite immunogenicity:
a 160AE mismatch led to antibodies with an 80% frequency but a 160AD mismatch was not
immunogenic.

In conclusion, these data demonstrate that HLA-DQ mismatching involves a repertoire of about
8–10 eplets that represent epitopes with considerable ability of inducing specific antibodies.
Most immunodominant eplets appear to be equivalent to the serologically defined DQ
specificities or the 2-digit DQA alleles. With notable exception for 41GR3 present on
DQA1*04, *05 and *06, most eplets shared between multiple DQB or DQA antigens seem
less immunodominant role in terms of antibody formation. This suggests that serological cross-
reactivity might be less prevalent for DQ antigens.

Eplet specificity analysis of anti-DP antibodies
About 35% of the overall set of sera with class II antibodies reacted with DP alleles in the
Luminex assay (Table 2). Epitope specificity analysis was done for 34 DPB-typed patients
including 9 cases with DPB-mismatched donors. Their DPB antibody specificity patterns were
almost always associated with the presence of the 84DEAV eplet and/or one or both 56DE/
56EE eplets. Antibodies against 84DEAV reacted with 11 /15 (73%) different DPB alleles
represented by the combined Luminex kits. The DPB types of 22 patients had DPB alleles that
lack 84DEAV, namely DPB1*0201, *0401 and *0402 that carry 84GGPM and DPB1*1501
that has 84VGPM. Anti-84DEAV reactivity was detected in 17 (or 77%) of these patients
including 5 of 6 cases whereby the donor was mismatched for a 84DEAV-carrying allele.(Table
6).

Position 56 has three eplets 56AE (on DPB1*01, *0202, *0401, *05, *11, *13, *15, *19, *21,
*23, *30 and *40), 56DE (on DPB1*03, *06, *09, *14, *17 and *20) and 56EE (on
DPB1*0201, *0402, *10, *16 and *18). There were 19 patients whose DPB alleles carried
only 56AE, 15 of them (79%) had antibodies that reacted with 56DE and/or 56EE. They
included 8 cases reacting with 84DEAV-positive alleles but the combined DPB panel could
not distinguish between 84DEAV and 56DE specific antibodies. All of them reacted also with
DRB1*1101 which shares 56DE with DPB alleles [43]. It seems that 56DE and 56EE represent
cross-reacting epitopes: exposure to one of them may result in antibodies that react with both
of them. In several cases however, the antibodies react with only 56DE or 55EE.

Altogether, specificity for 84DEAV and or 56DE/56EE accounted for the anti-DPB reactivity
of in 31/34 (91%) cases. These findings suggest an immunodominance of these two DPB
epitopes. The remaining cases showed antibody reactivity with three or four additional eplets
(data not shown).

There are four two-digit DPA alleles, DPA1*01-*04 and they have considerably less amino
acid sequence polymorphism than DPB and DQA. Patients with anti-DP antibodies show
reactivity with DPA alleles that share one of two sets of DPA alleles (Table 6). The 51RA,
81A eplet combination is carried by DQA1*02 and DQA1*04 alleles and reacts with 12/52
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(23%) of DP-reactive sera. The 51QA, 83T eplet combination present on DPA1*01 and
DPA1*03 alleles reacts with 5/52 (10%) anti-DP sera. Since none of the remaining anti-DP
sera react with other DPA1 eplets, it seems that anti-DPA antibody recognition involves a bi-
allelic epitope.

Discussion
This is the first detailed analysis of how donor-specific HLA class II epitope mismatching
affects antibody response patterns in transplant recipients considered for retransplantation. The
application of a sensitive antibody test with a comprehensive panel of single alleles has yielded
informative, donor-specific antibody reactivity patterns that were analyzed with a computer
algorithm. HLAMatchmaker uses structurally defined eplets to describe epitopes that can react
with specific antibodies [31,32]. This analysis focused on the class II- specific antibody
response although most patients also showed anti-class I antibodies (data not shown). The data
have several features that provide a better understanding of the complexity of class II antibody
reactivity patterns induced by a transplant. Our findings for the different class II loci can be
summarized as follows:

DRB
Donor-specific, anti-DRB1 epitope antibodies were much less frequently detected than
antibodies against other class II epitopes. Terasaki’s group has recently reported a similar
observation [44]. The correlation between antibody absence and a low number of mismatched
DRB1 eplets (Table 3) suggests many DR antigen mismatches may have a limited potential of
inducing a humoral immune response. Another explanation for the low detection rate of
circulating anti-HLA-DR antibodies is that they have been absorbed by the allograft which has
been shown to express HLA-DR antigens on its endothelium and parenchymal cells [45–48]
and that DRB antibodies can be eluted from rejected transplants [49]. Moreover, anti-DRB
antibodies are more readily detected in class II sensitized patients in the absence of a
transplanted organ (Table 2), and their frequency of antibody detection is similar to that of
HLA-DQ.

Antibodies against donor-specific DRB3, 4 and 5 mismatches were more often detected.
Especially striking is the high frequency of antibodies against DRB4 (DR53) eplets. Other
studies have also shown the prevalence of anti-DR53 antibodies in transplant patients [28].
The frequent antibody response to DR53 is not really surprising because DR53 mismatches
involves a large array of eplets including seven (represented by 48YQ7) that are all unique
[32]. These findings suggest that DR53 is very immunogenic

Thus, the donor-specific, anti-DRB response in transplant recipients appears to have a certain
hierarchy: DRB4 > DRB3 and DRB5 >DRB1. The current study cannot determine what eplets
play a primary role in antibody responses to DRB mismatches because of the likelihood that
many donor-specific anti-DRB antibodies might be undetectable because of absorbance by the
allograft. Informative data would become available after graft removal. Under auspices of the
15th International Histocompatibility Workshop, a multi-laboratory collaborative study is
underway to analyze donor-specific antibody reactivity patterns in patients who have
undergone allograft nephrectomy. These studies are expected to provide a better understanding
of DRB eplet immunogenicity in relation to the profound effect of HLA-DR compatibility on
kidney retransplant outcome [50,51] and the increased risk of graft failure due to anti-HLA-
DR antibodies [44,52].
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DQB
Antibodies against HLA-DQ were much more common and this finding is consistent with data
reported by other investigators [2,7,28,53]. Our data indicate that 87% of class II antibody
responses comprise antibodies to donor-specific, 2-digit DQB mismatches corresponding to
DQ1-DQ4 but only 24% for the 2-digit DRB1 mismatches. This high anti-DQB reactivity
correlates with more mismatched eplets for DQ1-DQ4 than for DRB1 (p<0.0001). An analysis
of anti-DQB antibody reactivity patterns revealed the immunodominance of eplets uniquely
present on these serologically defined DQ antigens. We identified four eplets, 52PQ3 (on DQ1),
45GE5 (on DQ2), 55PPP (on DQ3) and, 79ED2 (on DQ4) that are highly immunogenic. Four
additional eplets 14GL5 (on DQ5), 47EV (on DQ7), 57PA (on DQ2) and DQ8) and 70GT (on
DQB1*0602/3) are less immunogenic. On the other hand, many eplets shared between groups
of DQB antigens appear not very immunogenic. This finding may suggest a lack of serological
cross-reactivity between DQ antigens

DQA
Specific antibody detection was less common for DQA than DQB (64% vs 87%, p=0.002).
Unpublished data from other investigators have also reported anti-DQA antibodies in transplant
patients. Although there are no serological equivalents for DQA, we could readily identify at
least seven eplets that are often enough associated with anti-DQA antibody reactivity. Most
common eplets included 41GR3 (shared by DQA1*04, *05 and *06), 75SL4 (on DQA1*05),
47EK2 (on DQA1*02), 50EF11 (on DQA1*01) and.55RR5 (on DQA1*03). These findings
suggest that both α and β chains of HLA-DQ heterodimers have immunogenic epitopes that
can elicit specific antibodies.

DPB
Although complete HLA-DPB typing information was available for only 34 patients, this
analysis has revealed distinct antibody reactivity patterns against structurally defined DPB
epitopes. Two eplets dominated donor-specific anti-DPB antibody detection; 84DEAV and or
56DE/56EE reacted in more than 90% of the cases. These eplets correspond to well-defined
serological epitopes recognized by monoclonal antibodies [43,54–56]. Youngs has also
reported a high frequency of anti-84DEAV antibodies in transplant patients [27]. Other DPB
eplets seem less prevalent but more informative cases are needed to define their
immunogenicity.

The immunodominant role of 84DEAV and 56DE/56EE seems relevant to DPB antigen
mismatching and antibody formation. There are almost one-hundred 4-digit DPB1 alleles and
about 25 are common in the United States [33]. One might expect that many donor-recipient
combinations will be DPB mismatched at the allele level. However, many DPB allele
mismatches will be compatible for these immunodominant epitopes and therefore, may not
elicit anti-DPB antibody responses. This may explain why anti-DP antibodies have a lower
detection rate than anti-DQ antibodies (see Table 2).

DPA
The HLA-DPA1locus has much less amino acid sequence polymorphism; there are only
thirteen alleles in four groups: DPA1*01-04. Although no DPA typing was done for this
analysis, the antibody reactivity with the combined Luminex panel showed two distinct
specificity patterns against allelic eplet pairs 51RA/83A (on DPA1*02 and *04) and 51QA/
83T (on DPA1*01 and *03). This suggests that DPA antigens have a simple bi-allelic epitope
configuration similar to the Bw4/6 system of HLA-B. Accordingly, one might expect that
patients with DPA types indicating homozygosity for these epitopes can, and those who are
heterozygous cannot make anti-DPA antibodies.
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Sufficient numbers of cases were available to determine antibody formation after exposure to
mismatches within DRB3, DQ1 or DQA1*01. All three groups showed a low incidence of
specific antibodies and they had relatively low numbers of mismatched eplets. These findings
suggest intra-mismatching may result in fewer antibody responses.

Altogether, these data demonstrate that HLA class II reactive sera display distinct specificity
patterns associated with structurally defined epitopes on different HLA-D alleles. Clinical
studies are needed to see whether the determination of acceptable mismatches from epitope
specificity patterns is a clinically useful approach to identify suitable donors for patients in
need of a retransplant.

The epitope mismatch approach may also be useful in lowering the incidence of transplant
failure due to humoral rejection. At present, class II compatibility considers only DRB1
antigens but each DRB mismatch has additional mismatches for DRB3/4/5, DQB/DQA and
DPB/DPA Since these mismatches can now be assessed at the epitope level, it has now become
possible to identify class II mismatches with low numbers of mismatched eplets. Such
mismatches may reduce the class II specific antibody responses and perhaps improve transplant
survival.
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Figure 1.
Example of an HLAMatchmaker analysis of serum reactivity with a Luminex panel of HLA-
DQ heterodimers. This patient had a DQB1*0301, DQA1*0501 mismatched kidney allograft.
The upper half of this figure shows eplets on the donor and panel HLA-DQ antigens that are
non-self for the patient. Spaces between two commas (, ,) indicate locations of self-eplets.
Serum reactivity is shown as MFI (Mean Fluorescence Intensity) values. Reactivity of Luminex
preparations that share donor DQ alleles are depicted in bold font. After the negatively reacting
alleles have been recorded, the program removes all their presumably no-reactive eplets from
the donor and panel alleles. The remaining eplets on reactive alleles are shown in the bottom
half of this figure.
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Table 1
Class II allele distribution in two commercial Luminex kits

Class II Gene Product Both Kits Tepnel a One Lambda b Total

Unique DRB allele 20 0 6 26

Unique DQA-DQB heterodimer 2 15 16 33

Unique DPA-DPB heterodimer 9 14 4 27
a.

Tepnel LifeCodes LSATM Class II Lot 01207

b.
OneLambda LABScreenTM Lot #004
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Table 2
Incidence of Anti-HLA-DR, -DQ and -DP Antibodies in HLA Class II Sensitized Patients with or without a Transplant
Present

Number of Cases
Anti-HLA-DR

antibodies
Anti-HLA-DQ

antibodies
Anti-HLA-DP

antibodies

Transplant absent 38 92%* 84% 39%

Transplant present 75 63%* 92% 32%

Donor -Specific Responses 29/75 (39%)** 58/74 (78%)**

*
Chi Square=10.99, p= 0.001

**
Chi Square= 24.2, p<0.0001
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Table 3
Effect of eplet mismatching and the Incidence of antibodies to donor DRB1, DRB3,DRB4 and DRB5 mismatches

Mismatch
Donor-Specific

Antibodies
No Donor-Specific

Antibodies Significance*

DRB1/3/4/5 29 (39%) 46 (61%)

Nr of Mismatched Eplets 21.4 ± 8.0 10.6 ± 7.8 p<0.0001

DRB1 23/96 (24%) 73/96 (76%)

Nr of Mismatched Eplets 8.5 ± 2.7 6.2 ± 3.7 p=0.003

DRB5 (DR51) 4/8 (50%) 4/8 (50%)

Nr of Mismatched Eplets 9.5 ± 1.3 10.0 ± 3.6 p=0.80 (NS)

DRB3 (DR52) 6/13 (46%) 7/13(54%)

Nr of Mismatched Eplets 11.5 ± 1.2 11.0 ± 0.8 p=0.42 (NS)

Within DRB3 1/17 (6%) 16/17 (94%)

Nr of Mismatched Eplets 3 5 .0 ± 1.2 NS

DRB4 (DR53) 15/18 (83%) 3/18 (17%)

Nr of Mismatched Eplets 12.6 ± 2.1 13.4 ± 2.3 p=0.64 (NS)
*
Student's t-test assuming unequal variances, NS: not significant
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Table 4
Eplet mismatching and the incidence of donor-specific anti-HLA-DQ antibodies

Donor DQ mismatch Nr of cases Antibody Incidence Number of
mismatched Eplets

All 2 digit DQB alleles 62 87% 10.2 ± 3.3

DQ1 (DQB1*05/06) 18 89% 10.0 ± 4.3

Within DQB1*05/*06 18 25% 5.7 ± 3.6 *

DQ2 (DQB1*02) 24 88% 9.9 ± 2.3

DQ3 (DQB1*03) 14 79% 11.8 ± 2.4

DQ4 (DQB1*04) 6 100% 8.7 ± 3.7

All 2 digit DQA alleles 74 64% 11.4 ± 4.9

DQA1*01 22 59% 13.6 ± 5.5

within DQA1*01 16 13% 2.9 ± 1.0 **

DQA1*02 16 56% 9.8 ± 4.4

DQA1*03 10 50% 11.6 ± 4.9

DQA1*04 6 83% 9.0 ± 5.6

DQA1*05 19 74% 10.9 ± 3.9

p<0.0001

**
p<0.0001
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Table 6
Predominant Eplets Reacting with anti-HLA-DP Antibodies

Locus
Mismatched
Eplet Eplet Carrying Alleles

Antibody
Frequency

Donor- Specific
Antibody Frequency

DPB 84DEAV DPB1 *01 *03 *05 *06 *09 *10 *11
*13 *14 *16 *17 *19 *20 *21 *30

18/23 (78%) 5/6 (83%)

DPB 56ED/56EE DPB1 *03 *06 *09 *14 *17 *20/
/ *0201 *0402 *10 *16 *18

15/19 (79%) 5/6 (83%)

DPB 84DEAV and/or
56ED/56EE

31/34 (91%) 11/11 (100%)

DPA 51RA,83A DPA1 *02 *04 18/56 (32%) nd

DPA 51QA,83T DPA1 *01 *03 5/56/ (9%) nd

DPA Other Eplets 0/33 (0%) nd
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