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HLA-DRB3 allelic polymorphism on HLA-DRB1*03:01-positive haplotypes was
investigated among 104 cadaveric donors typed for HLA-A, -B, -DRB1, and -DRB3.
Only HLA-DRB3*01:01:02 and -DRB3*02:02:01:01 alleles were detected among
HLA-DRB1*03:01-positive individuals and their distribution depended on HLA-
B*08 presence: nearly all HLA-B*08-positive samples carried DRB3*01:01:02, while
HLA-DRB3*02:02:01:01 was more frequent among HLA-B*08-negative subjects.
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The extensive polymorphism of the HLA complex, reflected
in both the polygenic nature of this system as well as in the
huge number of allelic variants found for each HLA locus, is
also, to some extent, a result of a unique characteristic of the
HLA-DR region. Namely, as opposed to other classical HLA
loci, the HLA-DR region consists of one HLA-DRA gene
(HLA-DRA1), which is responsible for the coding of the
alpha chain, and multiple HLA-DRB genes, encoding the
beta chain of HLA-DR molecule.1 There are nine described
DRB genes, but only four of them are active, while the
remaining five are pseudogenes. Depending on the pattern of
active DRB genes present on a haplotype, five different
HLA-DR haplotypes have been observed. HLA-DRB1 gene
is present on all of them, and depending on the allele at
DRB1 gene, a second active DRB gene (DRB3, DRB4, or
DRB5) can also be expressed. It is assumed that these HLA-
DR haplotypes are a result of duplication and recombina-
tion.2 The haplotypes carrying HLA-DRB1*03, -DRB1*11,
-DRB1*12, -DRB1*13, and/or -DRB1*14 alleles as well as
HLA-DRB3 gene are named HLA-DR52 haplotypes.

The current nomenclature for factors of the HLA system
lists 176 different DRB1*03 alleles among which only two
alleles (DRB1*03:67N and DRB1*03:68N) have not shown
an expression.3 The diversity and frequency of HLA-DRB1
alleles have been a focus point of numerous population stud-
ies to date.4,5 The results of these studies have shown that

HLA-DRB1*03:01 allele is a common allele in European
populations,5,6 with the Croatian population being no excep-
tion.7 A very strong linkage disequilibrium (LD) of HLA-
DRB1*03:01 allele with HLA-DRB3 alleles has been
reported in all populations; however, for various ethnic
groups, different HLA-DRB1*03:01-associated DRB3 alleles
have been observed.8–10

No description of the HLA-DRB1*03 gene is complete
without mentioning that this specificity is most frequently
found as a part of the AH8.1 haplotype (HLA-A*01:01-
C*07:01-B*08:01-DRB1*03:01-DQA1*05:01-DQB1*02:01).
This haplotype belongs to the group of highly conserved
ancestral haplotypes and can be found commonly in the
majority of European populations.5 This haplotype has been
extensively investigated because it has shown an association
with many autoimmune diseases.11

HLA-DRB3 gene is the second most polymorphic
HLA-DRB gene, with 137 different HLA-DRB3 alleles
identified to date.3 Four of those alleles (DRB3*01:26N,
DRB3*01:40N, DRB3*02:29N, and DRB3*02:55N) do not
have an expression on the cell surface. However, despite
such a high polymorphism, only two alleles, DRB3*01:01
and DRB3*02:02, are typically found among Europeans or
individuals of European descent.3,8,10

As opposed to the HLA-DRB1 locus which is routinely
used for matching of the recipient and donor in both solid
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organ and haematopoietic stem cell transplantation
(HSCT),12 the determination of the clinical role of HLA-
DRB3 gene remains elusive. Although it is universally
accepted that HLA matching has a crucial role on the out-
come of HSCT, with HLA mismatches increasing the risk of
acute graft-vs-host disease (GvHD), graft failure, or
transplant-related mortality (TRM), the impact of HLA-
DRB3/4/5 allele mismatching in transplantation is less clear,
and so far, has not been taken into consideration when select-
ing an unrelated bone marrow donor. The results from two
recent studies, however, report that HLA-DRB3/4 mis-
matches confer a higher risk of GvHD and TRM and are
associated with lower relapse rates.13,14 Moreover, the newest
report on this matter claims that mismatched HLA-DRB3 can
induce a potent immune response after HLA 10/10 matched
stem cell transplantation.15 Regarding the solid organ trans-
plantation, the HLA-DRB3 typing is not obligatory in any
allocation program so far but HLA-DR52 sensitization has
been detected in many patients16 and HLA-DR52 can be
reported in a list of unacceptable HLA antigens in solid organ
transplantation according to the Eurotransplant protocols.

The emerging data about the importance of HLA-DRB3
matching in transplantation suggest that the future transplan-
tation protocols will probably implement the DRB3 typing
into routine procedure. The aim of the present study was to
investigate the polymorphism of HLA-DRB3 alleles on HLA-
DRB1*03:01-positive haplotypes in the Croatian population,
as a possible prerequisite to the introduction of HLA-DRB3
matching in our transplantation protocols.

The subjects included in this study were unrelated indi-
viduals (N = 104), chosen among cadaveric donors, who
carried HLA-DRB1*03 gene, but were at the same time neg-
ative for any other specificity from the HLA-DR52 group.
The absence of HLA-DRB1*11, -DRB1*12, -DRB1*13, and
-DRB1*14 genes ensured the unequivocal assignment of the
DRB1*03-DRB3 haplotype. DNA was isolated from periph-
eral blood using a commercial isolation kit (MagNA Pure
LC DNA, Roche Diagnostics GmbH, Manheim, Germany).
HLA-A, -B, and -DRB1 typing was performed with the stan-
dard polymerase chain reaction - sequence specific primers
(PCR-SSP) method (Olerup SSP AB, Sweden),17 using the
following commercial kits: Olerup SSP HLA-A low resolu-
tion screening, Olerup SSP HLA-B low resolution screening,
and Olerup SSP DR low resolution screening. The HLA-
DRB3 typing as well as HLA-DRB1*03 typing of all the
samples was also carried out using the PCR-SSP method but

at allelic level using the following commercial kits: Olerup
SSP DRB3 and Olerup SSP DRB1*03 kits. The IPD–IMGT/
HLA data base release 3.27.0 was used for this study. The
HLA-DRB3 allele frequencies were determined by direct
counting. The significance of differences in allele and haplo-
type frequencies was evaluated using the Fisher’s exact test
with two-tailed P value.

The analysis of HLA-DRB1*03:01-DRB3 haplotypes was
performed among 104 cadaveric samples who were chosen
for the study based on the presence of HLA-DRB1*03 gene
and the absence of HLA-DRB1*11, -DRB1*12, -DRB1*13,
and -DRB1*14 genes. Two different HLA-DRB3 alleles
were observed: HLA-DRB3*01:01:02 (63.5%) and
-DRB3*02:02:01:01 (36.5%). Because of the strong LD
observed between the HLA-B*08 and -DRB1*03:01 alleles,
HLA-DRB3 alleles in HLA-DRB1*03:01-DRB3 haplotypes
were further analysed regarding the presence/absence of
HLA-B*08. The results of this analysis are shown in Table 1.
Altogether, 50/104 HLA-DRB1*03:01-positive subjects were
also positive for HLA-B*08, among which HLA-
DRB3*01:01:02 allele was detected in 46 samples (92.0%),
while only 8% of the samples (4/50) carried HLA-
DRB3*02:02:01:01 allele (P < 0.0001, Pcorr < 0.01). In the
group of HLA-B*08-negative subjects, 63.0% (34/54) were
positive for HLA-DRB3*02:02:01:01 allele compared with
37.0% (20/54) of individuals positive for HLA-
DRB3*01:01:02 (P = 0.012, Pcorr > 0.05). Overall, the dif-
ference in the distribution of HLA-DRB3*01:01:02 and
-DRB3*02:02:01:01 alleles, with respect to the presence of
HLA-B*08, reached a highly significant P value (P < 0.0001,
Pcorr < 0.01) (Table 1). Further analysis was focused on the
HLA-DRB1*03:01-positive and HLA-B*08-negative subjects
(N = 54). They were divided according to the presence of
one of the two detected HLA-DRB3 alleles and compared
with respect to the detected HLA-B allele. There was no sta-
tistical difference in the distribution of 18 detected different
HLA-B genes between HLA-DRB3*01:01:02 and HLA-
DRB3*02:02:01:01-positive individuals, even before the cor-
rection of the P value for multiple comparisons (Table 2).

The general consensus about the clinical importance of
HLA-DRB3 matching in both solid organ and HSCT has
been, until recently, that mismatching for this gene, because
of its low expression, confers a low risk and should not be an
obstacle for a successful transplantation outcome. As a
consequence, the HLA-DRB3 typing results are not included
in any reported allocation procedure for the solid organ

TABLE 1 The distribution of HLA-DRB3 alleles among HLA-DRB1*03:01-positive subjects based on the presence/absence of HLA-B*08:01 allele (N = 104)

HLA-DRB3*
HLA-B*08:01-positive (N = 50)
n (HF)

HLA-B*08:01-negative (N = 54)
n (HF) P (Pcorr)

01:01:02 46 (92.0%)a 20 (37.0%)b <0.0001 (<0.01)

02:02:01:01 4 (8.0%) 34 (63.0%)

Abbreviations: HF, haplotype frequency; n, number of occurrences; Pcorr, P value multiplied with the number of observed specificities at HLA-B and -DRB3 loci.
a P < 0.0001, Pcorr < 0.01; HLA-DRB3*01:01:02 vs HLA-DRB3*02:02:01:01 in HLA-B*08:01-positive subjects.
b P = 0.012, Pcorr > 0.05; HLA-DRB3*01:01:02 vs HLA-DRB3*02:02:01:01 in HLA-B*08:01-negative subjects.
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transplantation. On the other hand, the so-called lesser
expressed HLA loci (LEL) (HLA-DRB3/4/5, HLA-DQB1,
and HLA-DPB1), with the exception of HLA-DQB1 gene
and, in some transplant centers HLA-DPB1 gene, are not rou-
tinely typed and therefore not used for the donor/recipient
matching for the HSCT. However, the “Guideline for selec-
tion and HLA matching of related, adult unrelated donors and
umbilical cord units for haematopoietic progenitor cell trans-
plantation” of the British Society for Histocompatibility and
Immunogenetics states that HLA-DRB3, -DRB4, and -DRB5
typing should be performed and, that in situations when there
is a choice between donors who are otherwise equally
matched/appropriate, a donor with a smaller number of mis-
matches at these loci should be chosen.18 This guideline was
introduced because of the investigation performed by
Fernandez-Vina et al.19 who discovered that there is a higher
risk of mortality and TRM for patients who, in addition to one
mismatch at HLA-A, -B, -C, or -DRB1 locus, have three or
more LEL mismatches in the graft-vs-host direction when
compared with those with one or no LEL mismatches.

A recent study by van Balen et al.15 showed that in a set-
ting of an HSCT with a 10/10 HLA matched donor, a mis-
matched HLA-DRB3 can induce a potent immune response
associated with conversion of chimerism and severe GvHD.
The results of this investigation were the incentive for
designing the present study in which we analysed the distri-
bution of HLA-DRB3 alleles on HLA-DRB1*03:01-positive
haplotypes and its haplotype frequencies among Croatians.

Alloantibodies can be generated against any of the
polymorphic loci, and the sensitization of patients against

HLA-DRB3 specificities has been reported to occur.20 How-
ever, the clinical relevance of these antibodies is question-
able. According to the British Transplantation Society
Guidelines for Antibody Incompatible Transplantation,
HLA-DRB3 specific antibodies present lower risk factors for
the early antibody mediated rejection after kidney transplan-
tation.21 The analysis of HLA-DRB1*03:01-DRB3 haplo-
types in our sample showed a presence of only two HLA-
DRB3 alleles among our HLA-DRB1*03:01-positive individ-
uals: HLA-DRB3*01:01:02 (63.5%) and -DRB3*02:02:01:
01 (36.5%). This finding is in concordance with previously
published data for other European populations.3,6,8,10 The
distribution of HLA-DRB3 alleles in HLA-DRB1*03:01-
DRB3 haplotypes was further analysed regarding the
presence/absence of HLA-B*08:01 allele, and a significant
difference in distribution of two detected HLA-DRB3 alleles
with respect to the HLA-B*08:01 allele was discovered. This
finding enabled us to explain a difficult case of a patient on
a kidney transplantation list with a puzzling pattern of HLA
antibody screening results, a case which has in fact also
prompted this type of analysis. The patient in question has
received a cadaveric kidney transplant in 2008. His HLA
typing results as well as those of his donor are shown in
Table 3. The patient carries HLA-DRB1*03, but is negative
for the HLA-B*08. He received a transplant positive for both
HLA-DRB1*03 and -B*08. The HLA-DRB3 typing of the
patient or donor was not carried out at that time. Following
the patient’s return to the waiting list in 2015, the CDC anti-
body screening of his serum showed a PRA of 32%. Further
testing was carried out using the single antigen bead speci-
ficity analysis by Luminex technology, and a patient was
found to be positive for antibodies specific for HLA-
DRB3*01:01 (Figure 1). The HLA-DRB3 typing of the
patient and the donor was then performed and HLA-
DRB3*02:02:01:01 allele was detected for the patient, while
the donor carried the HLA-DRB3*01:01:02 allele. This
HLA-DRB3 allele specific sensitisation presents a logistics
problem, because the Eurotransplant protocol allows entry of
unacceptable antigens only at a broad specificity level. In
this case, such policy means that HLA-DR52 would be at
the same time listed in patient’s HLA typing results, and
found on a list of unacceptable antigens. A similar problem
was described in a case report by Koo et al.22 Cases such as
the one described above further emphasise the need to
change the current allocation schemes with respect to the
required resolution level of the donor typing, as well as
regarding the definition of patients’ sensitisation on the

TABLE 2 The frequency of HLA-B genes among
HLA-DRB1*03:01-positive and HLA-B*08-negative subjects regarding the
HLA-DRB3 alleles (N = 54)

HLA-B*

HLA-DRB3*01:01:02
(N = 20)
n (%)

HLA-DRB3*02:02:01:01
(N = 34)
n (%) P

07 6 (15.0) 6 (8.82) 0.3544

13 - 2 (2.94) 0.5292

14 1 (2.50) 6 (8.82) 0.2556

15 - 4 (5.88) 0.2944

18 3 (7.50) 2 (2.94) 0.3571

27 3 (7.50) 2 (2.94) 0.3571

35 6 (15.0) 5 (7.35) 0.3227

37 1 (2.50) - 0.3704

38 - 1 (1.47) 1

39 2 (5.0) 2 (2.94) 0.6259

41 - 6 (8.82) 0.0286

44:02:01Ga 9 (22.50) 6 (8.82) 0.0808

49 1 (2.50) 4 (5.88) 0.6493

50 1 (2.50) 8 (11.76) 0.1496

51 5 (12.50) 4 (5.88) 0.2866

56 1 (2.50) 1 (1.47) 1

57 1 (2.50) 5 (7.35) 0.4093

58 - 4 (5.88) 0.2944

a HLA-B*44:02/27.

TABLE 3 The case of a patient with allele specific HLA-DRB3
sensitization in cadaveric renal transplantation program - HLA typing
results

HLA A* B* C* DRB1* DQB1* DRB3*

Patient 01, 03 18, 27 05, 07 03, 11 02, 03:01 *02:02:01:01

First transplant 02, − 08, 18 07, − 03, 04 02, 03 *01:01:02
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allelic level and the consequent characterisation of unaccept-
able antigens. The data about HLA-DRB3 mismatch being
responsible for strong immune response in transplantation
setting should encourage future population studies of this
HLA polymorphism in order to obtain necessary data for its
inclusion in typing strategies.
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FIGURE 1 The single antigen bead specificity analysis by Luminex
technology. Black bar, positive reaction; grey bar, negative reaction. MFI,
median fluorescence intensity
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