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Abstract: The HLAMatchmaker program is based on the donor/
recipient comparison of the polymorphic triplet amino-acid sequences of
the antibody-accessible regions on the human leucocyte antigen (HLA)
molecule. The previous reports on its predictive value for renal allograft
outcomes are conflicting. We conducted a retrospective study in a
predominantly African-American (AA) cohort (N5 101, 94% AA).
HLA typing was performed by molecular methods and triplet matching
using HLAMatchmaker. Study end points included graft survival and
incidence of acute rejection. The relationship between the number of
triplet mismatches (TMM) and the degree of HLA antigen MM was
evaluated using Pearson’s correlation coefficient. Logistic regression
models were used to examine the association between triplet matching
and the study end points. Kaplan–Meier and Cox proportional hazard
models were used for graft survival analysis. The strongest relationship
between the number of TMM and HLA antigen MM was observed
for HLA-DQ (r5 0.88). The association between triplet matching at
HLA-A, -B, -DR and -DRw HLA loci and the study end points was
not statistically significant. However, after grouping, the unadjusted
estimates of graft survival for those withmore than 10 Class I TMMwere
significantly worse than the others (p5 0.03). Adjusting for the effect
of donor source, recipient characteristics and the immunosuppressive
regimen did not change this association (hazard ratio5 0.2, confidence
interval5 0.04–1.1). We conclude that triplet matching using
HLAMatchmaker can provide useful prognostic information in kidney
transplantation and that more than 10 donor/recipient Class I HLA
TMM is predictive of worse graft outcome.
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In early 1970s, the dogma of human leucocyte an-
tigen (HLA) matching between the donor and re-
cipient of an allograft was established. This concept
has since played an important role in the history and
development of renal transplantation. Distributing
deceased-donor (DD) organs on the basis of better
HLAantigen (Ag)matching is still a key component

of the allocation system.Morris et al. (1) studied the
outcome of 6363 kidney transplants performed
from 1986 to 1993 and showed the strong beneficial
effect of HLA Ag matching. In the data collected
from the Collaborative Transplant Study, Opelz (2)
also found that HLAAgmatching had a highly sig-
nificant impact on graft survival, even with a cold
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ischaemic time of less than 12 h. However, over the
past three decades, several revisions have beenmade
in organ allocation schemes to balance the benefits
of HLA Ag matching with equity among different
racial backgrounds (3–7).
The HLAMatchmaker algorithm has provided

an opportunity to evaluate the role of HLAmatch-
ing at the amino-acid sequence level (8, 9). The
program was originally developed to increase the
probability of finding acceptable donors for highly
sensitized candidates on the waiting list without ex-
tensive testing (10, 11). Subsequently, Duquesnoy
et al. (12) showed that it may also be used to predict
the risk of graft loss based on the number of Class I
amino-acid triplet mismatches (TMM). However,
the predictive role of TMM for graft survival has
been disputed by Laux et al. (13). Moreover, these
studies have focused on the role ofClass I TMMin a
non-African-American (AA) population. In this
study, we analysed the distribution of Class I and
II HLA TMM in a predominantly AA cohort of
renal transplant recipients, and examined the value
of TMM at different HLA loci as a predictor of
graft survival and acute rejection (AR).

Patientsandmethods

This is a retrospective cohort study of the effect of
HLA triplet matching using the HLAMatchmaker
algorithmon graft outcomes among adult renal allo-
graft recipients who were transplanted at our centre
between December 2001 and January 2004. Patients
who lost their grafts owing to technical problems
suchas graft thrombosis ordeath in theperioperative
period were excluded from this analysis. All patients
received induction therapy with either thymoglobu-
lin (ATG) or basiliximab (BSX) based on patient
characteristics that included age, panel reactive an-
tibody (PRA), transplant number and comorbidities
such as cardiovascular disease or chronic hepatitisC.
ATG was administered at a dose of 1.5mg/kg/d for
four to sevend starting intraoperatively, with dose
adjusted for leucopenia and/or thrombocytopenia.
BSX 20mg was given on days 0 and 4. All patients
were started on mycophenolate mofetil 2 g/d post-
operatively, with subsequent dose adjustment for
gastrointestinal side effects or leucopenia. Patients
received intravenous methylprednisolone 250mg in-
traoperatively, followed by doses of 200, 150 and
100mg on subsequent days. Before July 2003, all pa-
tients were maintained on steroids, with tapering to
oral prednisone 30mg by onewk post-transplant,
10mg/d at threemonths and 5mg/d at 6–12months.
After July 2003, steroid was discontinued after the
initial four intravenous doses for the vastmajority of
patients.

The third immunosuppressive agent was started
within 24–48 h after surgery. During the first half of
the study period, patients with immediate graft
function received tacrolimus (TCL) and those
with delayed graft function (DGF), defined as the
need for haemodialysis during the first week post-
transplant, received sirolimus (SRL). During the
second half, all patients received TCL. The target
trough levels for both drugs were 10–15 ng/mL
during the first threemonths and 8–12 ng/mL there-
after. All patients received prophylactic trimetho-
prim/sulphamethoxazole and valganciclovir, as
previously described (14). Patients were closely
followed in the outpatient setting according to the
recommended guidelines. An unexplained rise in
serum creatinine was followed by ultrasound exam-
ination of the renal transplant, with biopsy as indi-
cated. All episodes of ARwere confirmed by biopsy
and graded according to the Banff 97 schema. Anti-
body-mediated rejection (AMR) was diagnosed by
positive staining of peritubular capillaries for C4d.
HLA typing was performed by low-resolution

molecularmethods for all donors and intermediate-
resolutionmethods for recipients.Determination of
the HLA match level (number of mismatched Ag)
was accomplished in a traditional manner by com-
paring the HLA Ag of Class I (HLA-A, -B) and
Class II (DR) of the recipient with that of the donor
for each transplant episode. We also included
matching at additional Class II loci, HLA-DRw
52, 53, 51 (HLA-DRB 3, 4, 5, respectively) and
HLA-DQ. Then, using Duquesnoy’s HLAMatch-
maker computer-based algorithm (8), the HLA tri-
plet matching was performed. In this scheme,
matching is based on the most frequently occurring
four-digit alleles in the general population.
The primary end points of the study were graft

survival and the incidence of AR. Graft loss was
defined as return to dialysis or death with a func-
tioning graft. Patient characteristics examined
included donor source, recipient age, gender, race,
duration of end-stage renal disease (ESRD), trans-
plant number, current (at the time of transplant)
and peak PRA, the induction and initial mainte-
nance agent, use ofmaintenance steroids andDGF.
The number of HLA-A, -B, -DR and -DRw Ag
MMwasdetermined.Class IAgMMwasdefined as
the sum of HLA-A and -B MM. Total HLA MM
was obtained by adding Class I andHLA-DRMM.
The number of HLA-A, -B, -DR and -DRw TMM
was determined for all patients, and Class I TMM
was calculated as in HLAMM. Class II TMM was
defined in this analysis as the sum of HLA-DR and
-DRwMM,and the totalTMMas the sumofClass I
and II TMM. Repeat triplets within each class were
counted. Data on HLA-DQ Ag and triplet MM
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were collected for the patients who were typed
accordingly.
Data are reported as counts or mean7 SD, as

appropriate. The relationship between the distribu-
tion of the number of TMMand the degree of HLA
Ag MM was determined by Pearson’s correlation
coefficient for four different loci. To evaluate the
association between different degrees of HLA Ag
and triplet matching and the study end points, lo-
gistic regression models were used. Stepwise multi-
ple logistic regression models with p value less than
0.15 required for inclusion were employed to exam-
ine the independent predictive role of these varia-
bles after adjusting for age, sex, years of ESRD,
current PRA, donor source, retransplant status,
early graft function, induction and maintenance
agents, maintenance steroids and the degree of
MM at other HLA loci. The unadjusted effect of
triplet matching on actuarial graft survival was es-
timated by the Kaplan–Meier method. For each
HLA class, patients were divided into two groups:
those with 10 or less (Group I) and those with great-
er than 10 mismatched triplets (Group II). This
numberwas chosen as the threshold, after repeating
the analysis for different numbers of TMM. Com-
parisons between the groups were made using the
log-rank test. The Cox proportional hazard model
was used to evaluate this effect after controlling for
the effect of the confounding factors as above. In-
tercooled Stata 8.2 software package (Stata Corpo-
ration, College Station, TX, USA) was used for
statistical analysis.

Results

Of the 106 patients who underwent kidney trans-
plantation during the study period, 101were eligible
for this analysis. Patient characteristics are summa-
rized in Table 1. Of note, 94% were AA, and mean
duration of ESRD was 5.4 yr. Twenty percent had
repeat transplants, 72%of the grafts were fromDD
and 38% of the donors were AA. The mean current
and peak PRA levels were 9 and 26%, respectively.
Seven patients had current PRA greater than 50%,
and two more than 80% at the time of transplanta-
tion.Thirty-nine percent of cases experiencedDGF:
51% received BSX for induction and 49% received
ATG. Maintenance regimen included TCL in 75%
and SRL in 25% of patients, and 21% underwent
early steroid withdrawal.
The results of the donor/recipient HLA Ag and

triplet matching, as well as Class I and II triplet re-
peats, are summarized in Table 2. The number of
TMM for each degree of HLA AgMM at four dif-
ferent loci and the correlation coefficient (r) be-
tween the two are shown in Fig. 1.

Patients were followed for 18.07 8.2 months.
During this period, there were five deaths, and 15
patients experienced graft loss. The incidence ofAR
was 24%, with five cases of AMR.
The role of HLA-A, -B and -DR AgMM as pre-

dictors of graft loss was evaluated separately (Table
3). In univariate analysis, HLA-B, Class I, HLA-
DR and total HLA Ag MM were found to be sig-
nificantly associated with the risk of graft loss.
However, after adjusting for the potential con-
founding variables, only HLA-B Ag MM was an
independent predictor of graft loss. For each one

Table 1. Patient characteristics

Overall Group I Group II

N 101 33 68

Age (yr) 47.5 7 12.4 47.3 7 11.5 47.6 7 12.9

Gender

Male 58 (57%) 15 (45%) 43 (63%)

Female 43 (43%) 18 (55%) 25 (37%)

Recipient race (AA) 95 (94%) 30 (91%) 65 (96%)

Donor race (AA) 38 (38%) 16 (48%) 22 (32%)

Years of ESRD 5.4 7 4.0 4.9 7 4.2 5.7 7 3.9

Mean PRA

Current/peak 9%/26% 9%/30% 9%/24%

Current PRA (%)

450 7 (7%) 3 (9%) 4 (6%)

480 2 (2%) 0 2 (3%)

Retransplant 20 (20%) 7 (21%) 13 (19%)

Donor source

DD 73 (72%) 19 (58%) 54 (79%)

LD 28 (28%) 14 (42%) 14 (21%)

DGF 39 (39%) 9 (27%) 30 (44%)

Induction

ATG 52 (51%) 23 (70%) 29 (43%)

BSX 49 (49%) 10 (30%) 39 (57%)

Maintenance

TCL 76 (75%) 26 (79%) 50 (74%)

SRL 25 (25%) 7 (21%) 18 (26%)

Maintenance steroid 79 (78%) 24 (73%) 55 (81%)

AA, African-American; ESRD, end-stage renal disease; PRA, panel reac-

tive antibody; D, deceased donor; LD, living donor; DGF, delayed graft

function; ATG, thymoglobulin; BSX, basiliximab; TCL, tacrolimus; SRL,

sirolimus.

Table 2. The number of HLA antigen and triplet MM for different loci

HLA Ag MM HLA TMM

HLA-A MM 1.4 7 0.6 HLA-A TMM 7.9 7 5.6

HLA-B MM 1.5 7 0.6 HLA-B TMM 7.0 7 4.3

HLA-DR MM 1.3 7 0.7 HLA-DR TMM 4.1 7 3.1

Class I MM 2.9 7 1.0 HLA-DRw TMM 3.9 7 4.0

Class II MM 1.3 7 0.7 Class I TMM 12.6 7 6.5

Total MM 3.8 7 1.6 Class II TMM 8.0 7 6.1

Total TMM 20.6 7 9.6

Class I TMM repeats 2.3 7 2.3

Class II TMM repeats 2.3 7 2.7

HLA, human leucocyte antigen; MM, mismatch; TMM, triplet mismatch.
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unit increase in the number ofHLA-BMM, the risk
of losing the graft increased by 4.7-fold (p5 0.035).
Table 4 summarizes the results of examining the
unadjusted association between the number of
TMM and graft loss. Interestingly, the number of
TMM in each of the categories did not have any
significant association with the risk of graft loss.
The number of repeated mismatched triplets also
did not have any significant predictive value. Sim-
ilar analyses were performed after excluding graft
losses because of death, and identical results were
obtained (data not shown).

Unadjusted graft survival was estimated accord-
ing to the number of Class I and II TMM. Patients
with Class I TMM greater than 10 (N5 68) had
worse graft survival comparedwith those with 10 or
less (N5 33) (p5 0.027) (Fig. 2).After adjusting for
the confounders, this association was still signifi-
cant (hazard ratio of graft loss5 0.21 for the latter
vs. the former group, 95% confidence interval
(CI)5 0.04–1.1, p5 0.07). Repeating the analysis
for only AA patients reproduced similar results
(data not shown). There was no significant associ-
ation between Class II TMM and graft survival.

Fig. 1. Distribution of triplet mismatches (TMM) for each degree of human leucocyte antigen (HLA) antigen MM.

Table 3. OR of graft loss per HLA Ag MM using logistic regression models

(N 5 101)

Variable OR p value 95% CI

Adjusted

ORa p value 95% CI

HLA-A MM 2.1 0.11 0.86–5.1 – 0.83 –

HLA-B MM 3.2 0.046 1.0–9.8 4.7 0.035 1.1–20.1

Class I MM 1.9 0.036 1.0–3.4 2.1 0.071 0.94–4.5

HLA-DR MM 2.9 0.023 1.2–7.1 – 0.50 0.80–6.7

Total HLA MM 1.6 0.02 1.1–2.3 1.4 0.13 0.90–2.2

aAdjusted for donor source, recipient age, end-stage renal disease years,

gender, retransplant status, induction and maintenance agent, use of

maintenance steroid, current panel reactive antibody, delayed graft func-

tion, and MM at other HLA loci.

HLA, human leucocyte antigen; Ag, antigen; MM, mismatch; OR, odds

ratio; CI, confidence interval.

Table 4. OR of graft loss per TMM using a univariate logistic regression

model (N 5 101)

Variable OR p value 95% CI

HLA-A TMM 1.03 0.51 0.94–1.12

HLA-B TMM 1.07 0.28 0.95–1.20

Class I TMM 1.04 0.28 0.97–1.1

Class I TMM repeats 0.91 0.44 0.74–1.18

HLA-DR TMM 1.02 0.82 0.87–1.20

HLA-DRw TMM 1.08 0.23 0.95–1.21

Class II TMM 1.04 0.37 0.96–1.13

Class II TMM repeats 0.96 0.68 0.79–1.16

Total HLA TMM 1.05 0.11 0.99–1.11

TMM, triplet mismatch; OR, odds ratio; CI, confidence interval; HLA,

human leucocyte antigen.
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Data on HLA-DQ Ag and triplet matching were
available for 76 patients. Similar analyses were
conducted to test the association of these variables
with the risk of graft loss. HLA-DQ, Class II and
total TMM were found to be independent predic-
tors of graft loss in this subgroup [odds ratio
(OR)5 1.19, 1.13 and 1.11, p5 0.029, 0.045 and
0.034, respectively]. We also showed that the degree
of HLA-DQAgMMwas independently associated
with the risk of poor graft outcome (OR of graft
loss5 5.8 for increments of one, p5 0.012, 95%
CI5 1.47–23.1).
The role of different degrees of HLA Ag and tri-

plet matching as a risk factor for AR was evaluated
after adjusting for other potential risk factors. Nei-
ther the number of Ag MM nor the number of
TMMwas found to be an independent predictor of
AR for each of the categories as defined above (data
not shown).

Discussion

The presence of anti-HLA antibodies, because of
previous blood transfusion, organ transplantation
or pregnancy, is generally considered a contraindi-
cation to transplantation from a donor carrying
those HLA Ag because of the risk of hyperacute
AMR (15). Monthly monitoring of the waitlisted
recipient’s sera for presence of HLA-specific anti-
bodies is a key factor in evaluating the acceptability
of anHLA-mismatched available organ.With high-
er degrees of sensitization, expressed by PRA, the
probability of finding a compatible organ declines.
Therefore, patients with high PRA, especially those
with PRA480%, generally have towait a long time
to receive an optimally matched allograft.
To increase the probability of identifying HLA

Ag-compatible organs for highly allosensitized pa-
tients without the need for extensive serum screen-
ing,Duquesnoy (8) andDuquesnoy andMarrari (9)
developed the HLAMatchmaker computer algo-

rithm, designed to compare intra- and interlocus
polymorphic amino-acid triplet sequences in the
alloantibody-accessible positions of HLA mole-
cules. This algorithm is based on two principles:
(1) eachHLAAg represents a distinct string of poly-
morphic triplets as potential immunogens that can
induce specific alloantibodies and (2) patients do
not produce antibodies against triplets on mis-
matched HLA Ag if such triplets are present on
their own HLA molecules. By comparing patients’
triplet repertoire with that of potential donors who
are not compatible at the HLAAg level, acceptable
HLA AgMM can be identified. Lobashevsky et al.
(16) analysed serum samples from 39 highly sensi-
tized (PRA� 85%) patients with ESRD. The re-
sults suggested that flow cytometry crossmatch
compatibility of a particular highly immunized do-
nor/recipient combination depends on the degree of
immunogenic TMM (TMMI), particularly the
highly TMMI. By considering the HLA types of
panel cells that give negative reactions with the pa-
tient’s serum, and contain mismatched triplets that
are apparently not recognized by the patient’s an-
tibodies, the probability of finding an acceptable
HLA Ag-mismatched donor will increase without
further serum screening with additional panel cells.
Duquesnoy et al. (10) applied the HLAMatchmak-
er algorithm to 54 highly sensitized kidney trans-
plant candidates with PRA 87–98% at the
University of Pittsburgh Medical Center. They
showed that this program could be used to calcu-
late the probability of finding a suitable donor for
many highly sensitized patients. The median prob-
ability for finding a zero-HLA-A,BAg-mismatched
donor was 0.011%. With the application of the al-
gorithm, allowing for up to two TMM, the proba-
bility increased by 12.3-fold. Moreover, after
adding the data on acceptable Ag MM identified
from negative reactions in PRA testing, there was a
further increase by 3.3-fold. Similar results were re-
produced in a subsequent study conducted on 35
highly sensitized kidney transplant candidates eval-
uated by the Eurotransplant Reference Laboratory
(11).
One shortfall of this program is that the assign-

ment of triplets to theHLAAgof patients and panel
cells lacks precision because it is based on amino-
acid sequence information of what was estimated to
be the most common molecularly defined allele of
each serologically definedHLAAg. In the US, with
a large number of AA waitlisted patients who have
different molecular variants of the serologically de-
fined HLA types (17, 18), this may not be a correct
assumption.
In this report, we examined the degree of donor/

recipient HLA compatibility in a predominantly
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Fig. 2. Unadjusted graft survival for Class I triplet matching using

Kaplan–Meier method.
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AA cohort using the HLAMatchmaker algorithm.
More than 60% of the donors were non-AA. This
analysis showed that there were 13 Class I triplet
amino-acid MM on average between donor and re-
cipient, and eight TMM inClass II. This program is
better developed for analysing Class I TMM, and
the majority of previous studies have been per-
formed inHLA-DR-matched donor/recipient com-
binations, studying the impact of HLA-A and -B
TMM on graft outcomes. Although data for Class
II triplet epitopes are not yet as comprehensive, we
used the program in its current form to analyse the
TMM profile for both HLA classes in our patients.
To our knowledge, this is the first report of such an
analysis, which not only includes Class II, but also
applies this algorithm to a predominantlyAA trans-
plant population. We demonstrated that the num-
ber ofHLAAgMMis not a reliable predictor of the
number ofTMM,and there is awide overlap among
the numbers of TMM for each degree of Ag MM.
The correlation between the two was strongest for
the HLA-DQ locus.
We also studied the predictive value of HLA Ag

and TMM for graft loss and AR. At the Ag level,
HLA-BMMwas the only independent predictor for
graft loss in our cohort. We did not observe a sig-
nificant association between the total number of
HLA Ag MM and the risk of graft loss. When the
effect of TMM was analysed with regard to graft
loss, we did not find a significant independent pre-
dictive role for the absolute number of triplet
matching for any of the HLA classes or loci. Com-
parison of the graft survival estimates between pa-
tients with more than 10 Class I TMM and those
with equal to or less than 10 revealed a statistically
significant difference between the two groups.
To examine the predictive role of TMM for graft

survival, Duquesnoy et al. (12) analysed 31,879
zero-DR-mismatched kidney transplants reported
to the UNOS Scientific Registry between 1987 and
1999, and 15 872 kidney transplants reported to the
Eurotransplant Registry during the same period.
For both cohorts, patient and graft survival de-
creased in a stepwise manner with increasing num-
bers of HLA-A,B AgMM. Of the 21 270 zero-DR-
mismatched cases with HLA-A,B AgMM reported
to the UNOS database, 251 patients with up to two
TMMhad survival rates virtually identical to those
with zero-HLA-A,B Ag MM, regardless of race or
degree of sensitization. Among 1905 patients with
up to four TMM in the Eurotransplant series, graft
survival was not statistically different from those
with zero HLA-A,B Ag MM. Bohringer et al. (19)
studied 545 patients with primary penetrating
keratoplasty, who were not matched for HLA-
DR. They found a relative risk of 1.8 for develop-

ing graft rejection per HLA-A,B TMM. The group
with up to 13 TMM had a significantly longer re-
jection-free graft survival than the remaining more
poorly matched keratoplasties (p5 0.05).
To further evaluate this association, Laux et al.

(13) conducted a studyon 16997Caucasian patients
matched for HLA-DR and typed for HLA-A and
-B Ag at the split resolution who received a DD
kidney transplant between 1991 and 2001. The au-
thors chose six TMM and five TMMI for differen-
tiation of ‘good’ and ‘poor’ matches. They were
unable to confirm a statistically significant correla-
tion between triplet epitopematching and graft sur-
vival. In this analysis, kidney transplants with zero
HLA-A and -B Ag MM had significantly better
graft outcomes than those with zero TMMI.
Among HLA-DR-matched patients, a significantly
better graft outcome was observed for the group
with o6 TMM than that with 7–12 TMM. How-
ever, the former group was much better matched at
the serologicAg level. Thus, they concluded that the
effect described byDuquesnoy et al. (12)wasmainly
caused by the ‘conventional’ HLA Class I Ag MM
effect rather than by a specific influence of MM at
the amino-acid triplet level.
Moreover, when we examined the TMM data in

the group of patients whose HLA-DQmatching re-
sults were available, there was a significant associ-
ation betweenHLA-DQ,Class II, and total number
of TMM and the risk of graft loss. A similar asso-
ciation was also observed between the number of
HLA-DQAgMMand graft loss. As the numbers of
HLA-DQ AgMM and TMMwere highly correlat-
ed, the significance of the latter’s association with
graft outcomemaymerely reflect the effect ofHLA-
DQ Ag MM.
Tong et al. (20) studied the effect of HLA-DQB1

matching among63 kidney donor/recipient pairs on
graft survival. Survival rates, estimated by the
Kaplan–Meier method, were significantly higher
for pairs with two matches than for those with one
or zero matches. They concluded that determining
HLA-DQB1 molecular alleles is important for as-
sessing graft survival. In another study, Freedman
et al. (21) analysed the effect of matching for sero-
logically defined HLA-DQ Ag on graft survival in
12 050 recipients of first kidney transplants. After
adjusting for donor and recipient characteristics,
cyclosporine A use, and HLA-A, -B and -DR
matching, there was no significant reduction in sur-
vival for increasing levels of HLA-DQ MM.
Dankers et al. (22) studied sera from 144 renal

allograft recipients who had undergone transplan-
tation between 1973 and 2000, and returned to the
Eurotransplant waiting list after graft loss. They
found a strong correlation between the number of
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donor/recipient TMM and the percentage of pa-
tients that produce donor-specific antibodies.
Therefore, they concluded that implementation of
triplet matching in a kidney allocation scheme
might reduce the incidence of AMR. In our patient
population, donor/recipient TMM was not found
to be predictive of episodes of AR, irrespective of
the type, or AMR. Considering that cellular mech-
anisms mediate rejection in the majority of AR cas-
es, the important question that remains to be
answered is whether triplet amino-acid polymorph-
isms as defined in the HLAMatchmaker algorithm
are also the target of T-cell allorecognition. Boh-
ringer et al. (19) noted that their findings in patients
with keratoplasties suggest that epitopes eliciting
cellular and antibody-mediated immune responses
seem to be highly inter-related or even identical.
Dankers et al. (23) analysed 108 kidney transplant
donor/recipient combinations registered at the
Eurodonor Foundation. All individuals were typed
forHLAClass I and II on a high-resolution level by
DNA-based typing. All pairs had a single HLA
Class IMMandwerematched forHLA-DRB1 and
HLA-DQB1. Analysis of cytotoxic T-lymphocyte
(CTL) precursor tests showed that the frequency
against the zero-triplet-mismatched patients was
not significantly lower than that against those
with five or more TMM. The authors concluded
that HLAMatchmaker is not a suitable tool for
predicting alloreactiveCTL response in vitro. This is
probably because of the fact that this program con-
siders only triplets on antibody-accessible positions,
whereas CTLs also recognize other epitopes on the
HLA molecule, including the bound peptides.
We acknowledge that our study group is relative-

ly small and the analysis is not powered to show
statistically significant association between the ab-
solute number of TMM and graft outcomes as ex-
amined. However, it is notable that patients with
more than 10 Class I HLA TMM had worse graft
survival than the others. In contrast to prior large
database analyses, we were able to control for the
effect of other potential confounding factors, in-
cluding patient characteristics and immunosup-
pressive agents. As we showed in this analysis, the
estimates of graft survival, as stated in one of these
reports (12), were significantly dependent on the
number of Class I TMM. The other limitation
of our study is the fact that triplet assignments in
the HLAMatchmaker program are based on the
most common molecularly defined amino-acid se-
quence of the serologically defined alleles. Conse-
quently, the assigned triplets in different loci forAA
patients using this program may not completely
correspond to the actual epitopes expressed by the
recipients.

In conclusion, our analysis showed that among
our predominantly AA kidney transplant recipi-
ents, the majority of whom received organs from
non-AA donors, there is a significant number of
MM at the amino-acid triplet level. Moreover, the
number of HLA AgMM between donor and recip-
ient is not highly correlated with the number of
TMM at the main three loci. The correlation is
strongest for the HLA-DQ locus. We could show a
statistically significant independent association be-
tween categorized Class I TMM and graft survival.
The observed association between graft loss and the
number of HLA-DQTMMcould be explained by a
similar associationwithHLA-DQAgMM.Further
studies are needed to examine the independent pre-
dictive value of Class I as well as Class II TMM us-
ing the HLAMatchmaker algorithm in organ
transplantation, especially in AA recipients.
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