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KIDNEY

Long-term graft survival rate
of zero-mismatch kidney transplants

for HLA-DRB 1

Abstract The study of a two-locus
association between HLA-B and
-DRBI1 revealed a significant

43 linkage disequilibrium. Donor-
recipient HLA-DRB1 was deter-
mined by these 43 linkages. Zero-
mismatch for HLA-DRB1 had a
significant effect on the graft
survival rate in living related and
cadaver transplants. The 5-year
graft survival rate was 94% in the
zero-mismatch group for HLA-
DRB1, 96% for related trans-
plants, 92% for cadaver cases, and
94% in HLA identical siblings. A
statistically significant difference
was found between the zero-
mismatch group for HLA-DRB1
and mismatch groups for HLA-
DRB1 or HLA-DR (P <0.01). The
zero-mismatch group for HLA-

DRB1 had mismatches for HLA-A
and/or HLA-B in 46 of 70 cases
(66 %). No significant differences in
the rejection rate was observed
between zero-mismatch and mis-
match cases for HLA-A and/or -B
in the zero-mismatch group for
HLA-DRBI1. In the second step,
genotyping was conducted in 118
cases. The 5-year graft survival rate
was 93% in the zero-mismatch
group for HLA-DRB1 and 86% in
mismatch group (not a significant
difference). We concluded that
zero-mismatch transplant for HLA-
DRB1 had a better long-term graft
survival rate regardless of HLA
class I.
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Introduction

DNA sequence studies on HLA-DR have revealed that
many subtypes exist in serotyped HLA-DR antigens [3, 5,
11]. These studies are aimed at the effect of HLA-DRB1
matching on kidney graft outcome. First, the graft sur-
vival rate is analyzed retrospectively by predicted HLA-
DRB1 matching based on the linkage disequilibrium
of HLA-B and -DRB1. The second study utilizes geno-
typed HLA-DRB1 matching in prospective and retro-

spective ways.

Materials and methods

HLA typing and linkage disequilibrium of HLA-B and -DRB1

Serotyping was performed by the NIH standard method. Genotyp-
ing was done by primer chain reaction with the sequence-specific
oligonucleotide probes method [9). The HLA typing data of 916
unrelated individuals were used for the linkage disequilibrium study.
The two locus association was determined between HLA-B and
-DRB1 according to Baur and Danilovs’ procedure [1]. Statistical
significance was evaluated by the chi-square test.
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Kidney transplantations and graft survival rate

The 552 kidney transplantations [329 living related donor (LRD)
and 223 cadaver donor (CD)] were carried out at four kidney
transplant centers from June 1983 to December 1992. The patients
were given cyclosporine. Analyses were performed on all the
transplants based on HLA-DRB! as determined by the linkage
disequilibrium of HLA-B and -DRB1, and the graft survival rate
was also analyzed for 118 genotyped transplant patients. No
exclusion was made for graft loss even when the patient died with a
functioning graft. The graft survival rate was calculated on De-
cember 31, 1992, by the Kaplan-Meier method, and the Cox-Mantel
test was used to evaluate statistical significance. Other statistical
significances were estimated by the chi-square test.

Resuits

There were 43 significant linkages between HLA-B and
HIL.A-DRB1 as shown in Table 1. HLA-DRB1 was deter-
mined as follows; for example, when the HLA phenotype
was defined as HLA-B 39, 54, DR2 and 4.1, HLA-DR B!
alleles were predicted as being 1501 and 0405. HLA-DR 1
and DR9 were determined, respectively, as HLA-
DRB1*0101 and *0901 regardless of HLA-B because no
other genotype has been found in the Japanese (8]. HLA-
DRB1 was determined for 190 donor-recipient pairs
without mismatch for HLA-DR according to these

Table 1 The significant HLA-B and -DRB! associations (n = 916)

e H| A identical siblings (n=18)
e O-mismatch group for

60 HLA-DRB1 (n=70)
s DRBT Mismatch group (n=120)
s DR Mismatch group (n=344)
50 T T T T T T T
Op. 1 2 3 4 5 6 7Y

Fig. 1 Overall graft survival rate (n = 552)

linkages. Seventy transplants (26 LRD and 44 CD) were
allocated to the zero-mismatch group for HLA-DRBI,
and the other 120 grafts (37 LRD and 83 CD) were
assigned to the mismatch group.

Figure 1 shows the overall graft survival rate based on
predicted HLA-DRB1 matching. The HLA-DRBI
matching strongly affected the graft survival rate, which

DR DRB1 B n r Delta DR DRB1 B n r Delta
DR1 0101 7 69 87.66 *** DRw13 1301 54 6 31.12%*
27 5 42 R *** 44 6 33.50 ¥**
DR15 1501 35 26 17.65 *** 1302 44 79 81.70 ***
39 20 20.83 *+* 17 8 64,75 ¥**
51 29 17.67* 1307 70 2 65.93 ***
1502 52 134 85.77 **x DR 14 1401 51 25 22.28%*
DR 16 1602 67 5 55.06 *** 1403 35 25.56 **
DR3 0301 17 3 74.82 *** 51 19 61.30 ***
DR4.1 0401 70 11 §51.42 *** 1405 39 11 19,78 ***
0405 54 106 57.98 #*x* 61 19 30.34 %
55 31 53,34 *xx 1406 62 13 50.84 ***
59 41 82.60 *** 1407 48 3 58.87 *¥**
0410 35 12 31.25 ** DRS 0801 38 2 66.50 ***
DRA42 0403 35 19 29.85 0802 Y| 30 24 .54 ¥**
48 6 9.44* 61 34 26.44 **
62 13 18.56 ** 0803 39 25 26.46 ***
0406 62 26 40.61 *** 46 48 61.49 ***
0407 48 4 48,57 *** DR9 0901 56 8 42.82°%
DR7 07 13 13 86.21 *** 61 99 3540 ¥*x
DR 11 1101 60 14 21.39 **x* 75 9 64.80 ***
DR 12 1201 22N 2 100 *** DR10 1001 37 8 72.48 ***
1202 13 31 64.60 ***

* P<0.05 % P<0.01, *** P<0.001
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Fig.2 Graft survival rate in LRD Transplants

CD Transplants
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was the same in the zero-mismatch group for HLA-
DRBI1 as for the HLA identical siblings. In contrast, the
HLA-DRB1 mismatch group had almost the same graft
survival rate as the HLA-DR mismatch group. The 5-
year graft survival rate was 94% in HLA identical
siblings, 94% in the zero-mismatch group for HLA-
DRB1, 70% in the HLA-DRB1 mismatch group, and
72% in the HLA-DR mismatch group. There was a
statistically significant difference between the zero-
mismatch group for HLA-DRB1 and other mismatch
groups (P < 0.01). Figure 2 shows the graft survival rate
in LRD and CD transplants. The results in both cases

were the same as in the overall analysis. The 5-year graft

survival rate as 96% in zero-mismatch cases for
HLA-DRBI1 in LRD and 92 % in CD, which is equal to
that in the HLA identical siblings. On the other hand, for
the HLA-DRB1 mismatch group it was 72 % in LRD and
69% in CD, and for HLA-DR mismatch transplants it
was 72% in LRD and 67% in CD. A statistically
significant difference was found between the zero-
mismatch group for HLA-DRB1 and other mismatch
groups in CD (P < 0.05) and between the zero-mismatch
group for HLA-DRB1 and the HLA-DR mismatch
group in LRD (P < 0.05).

Genotyping was conducted on 24 cases in the zero-
mismatch group by predicted HLA-DRB1 and on 66
pairs in the mismatch group as shown in Table 2. The
positive predictive value of the predicted HLA-DRB1
matching was 92 %, although the true positive rate was
rather low (76%) due to cases which could not be

Table 2 The relation between predicted and genotyped HLA-
DRB1 matching (# = 90). The positive predictive value is 92% and
true positive rate 76 %

Genotyped HLA-DRBI1 Predicted HLA-DRB1 matching

matching ] -
Zero-mismatch Mismatch

Zero-mismatch 22 7

Mismatch 2 59

Table 3 The matching for HLA class I and rejection rate in zero-
mismatch transplants for HLA-DRB1 (n = 70)

HLA-A® B® No. of cases No. of graft losses
0 0 24 1

=1 0 15 2
0 =1 9 0 ‘

21 =1 2 3

2 Number of mismatches for serotyped ﬁLA-A or -B

predicted for HLA-DRB1 by these 43 associations. The
graft survival rate of the zero-mismatch group for HLA-
DRB1 had good reliability due to the high positive
prospective value and the same survival rate as that in the
following genotyped study, although all zero-mismatch
transplants could not be detected by this linkage study
since the true positive rate was not that high.

Table 3 gives the results of the rejection rate in the zero-
mismatch group for HLA-DRB1 according to the match-
ing for HLA class I (HLA-A and B). The 24 cases without
mismatch for HLA-A, -B lost a graft, while two grafts in
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Table 4 The relation of HLA-DRB1

: - Serotyped No. of No. of HLA-DRB1 Matching rate
Eitzh;?fssraltz Itlg i«;rotyped matching for matching * cases matched cases® for DRB1
HLA-DR 190 70 37%
HLA-A, -DR 77 32 42%
. 7 smatch f b anti HLA-B, -DR 54 38 70%
€ro-mismaitcin Ior ¢ach antigen HLA-A, -B, -DR 32 23 739
b Predicted HLA-DRB1 °
Table 5 The graft survival rate by genotyped HLA-DRB1 match- . .
Discussion

ing (n = 118)

Posttransplant year Genotyped HLA-DRB1 matching

Zero-mismatch Mismatch
n=32) (n = 86)
1 97% (n =27) 97% (n=1T71)
3 93% (n = 16) 93% (n = 38)
5 93% (n = 3) 86% (n = 14)

the mismatch group for HLA-A, no graft in the mismatch
group for HLA-B, and three grafts in the mismatch group
for HLA-A, -B were rejected. There was no significant
difference in the rejection rate among these four matching
groups for HLA class I and between the zero-mismatch
group and the other mismatch groups for HLA class I.
These results indicate that zero-mismatch for HLA-
DRB1 is essential for an optimal graft survival rate
regardless of mis-matches for HLA class L.

Table 4 gives the relation of the HLA-DRB1 matching
rate to serotyped HLA class I and class II matching. The
HLA-DRB1 matching rate increased from the zero-
mismatch cases for HLA-DR at 37% to the zero-
mismatch for HLA-A, -B, -DR at 73 %, while it reached a
plateau for the zero-mismatch pairs for HLA-B, -DR at
70%.

Table 5 gives the graft survival rate based on geno-
typed HLA-DRB1 matching. The difference in the
graft survival rate between the zero-mismatch group and
the mismatch group gradually increased however, no
statistical significance was achieved. The graft survival
rate was 93% vs. 93% at 3 years and 93% vs. 86% at 5
years.

Our results can be stated simply as follows. (1) Zero-
mismatch transplants for HLA-DRB1 have an excellent
graft survival rate in the long term regardless of mis-
matches for HLA class I (HLA-A and -B). (2) The
zero-mismatch effect of HLA-A, -B, -DR or HLA-B,
-DR on graft survival is attributable to HLA-B and
HLA-DRB1 association.

Our results revealed the problem in serotyping which
could not identify a single antigen on the molecular level.
It is well-known that many subtypes exist in HLA class II
antigens which are defined by serotyping [3, 5, 11]. Our
predictive study showed that matching for HLA-DR on
the molecular level was essential to optimal graft survival
in long term. On the other hand, the zero-mismatch effect
for serotyped HLA class I and class II on graft survival as
demonstrated in studies worldwide [4, 6, 12] could be
attributable to the higher HLA-DRB 1 matching rate due
to the close association of HLA-B and -DRB1. The
matching rate for HLA-DRB1 increases with an increase
in matching for serotyped HLA class I and II and reaches
a plateau in HLA-B, -DR compatible cases. This finding
is explained by the recombination frequency, which is
about 0.8% between HLA-DR and HLA-B and an
additional 0.8 % between HLA-B and HLA-A [13]. The
linkage effect of HLA-A and HLA-DR is augmented by
the closer association of HLA-B and HLA-DR. In the
USA, Baxter-Lowe et al. noted that the HLA-DRB1
matching rate was 63 % in matchidg groups for serotyped
HLA-A, -B, -DR but 47 % in matching cases for HLA-
DR [2]. Recent reports on the influence of HLA-DRBI1
on graft survival agreed with our observations {7, 10].

Our conclusion is that matching for HLA-DR on the
molecular level but not on the serotyping level is impor-
tant to achieve optimal kidney graft survival.
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