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Minor histocompatibility antigens (mHags) are poly-
morphic peptides presented to T lymphocytes restricted
by the MHC molecule. It has been reported that
disparities of mHags are a potential risk factor for
GVHD after hematopoietic SCT (HSCT). Here we
observed allelic frequencies of HA-1, -2 and -8 in 139
Korean healthy individuals using PCR-sequence-specific
primers, and analyzed the correlation between disparity of
these mHags and acute GVHD (aGVHD) in 54 patients
who underwent HSCT from unrelated HLA-identical
donors. The allelic frequencies in Korean healthy indivi-
duals were 39.6 and 60.4% for HA-1H and HA-1R, 92.4
and 7.6% for HA-2M and HA-2V, 36.7 and 63.3% for
HA-8R and HA-8P, respectively. The frequencies of
mHags incompatibility known to be associated with
aGVHD were 16.7% in HA-1, 0% in HA-2 and 25.9%
in HA-8. However, the statistically significant association
of aGVHD with these mHags incompatibility was not
found between healthy donors and leukemia patients after
unrelated HSCT. This first report about mHags in
Koreans may be helpful in further defining the clinical
impact of mHags disparities in HSCT and in comparing
with other populations.
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Introduction

GVHD as one of the major drawbacks of allogeneic
hematopoietic SCT (allogeneic HSCT) occurs in 20�40%,
even if the donor and recipient have identical HLA
antigens.1 Minor histocompatibility antigens (mHags) are

peptides derived from polymorphic intracellular proteins
presented by HLA class I or class II molecules on the cell
membrane and recognized as alloantigens by T cells
between HLA-matched individuals.2 The first report on
mHag-mediated immune response in human transplant-
ation demonstrated an observation wherein a female
patient rejected bone marrow transplanted from her
HLA-identical brother.3 Then the correlation between the
mismatches of mHag after HLA-identical sibling donor
bone marrow transplantation and the development of acute
GVHD (aGVHD) was examined via CTL assays.4

Defining the polymorphisms of mHags and the tissue
distribution has been studied to confirm the association
between GVHD and mHags and reduce GVHD activity
after HSCT.5 HA-1, -2 and -8 have been reported to play
a prognostic factor for an increased risk of aGVHD
after allogeneic HSCT.4,6 HA-1 (HMHA1, rs376453 and
rs1801284) is an HLA-A*0201 or HLA-B*60-restricted
nonapeptide from a protein encoded by a gene termed
KIAA0223, located on chromosome 19p13.3, which has
two known alleles differing at positions 500 and 504 of the
cDNA sequence.7,8 This antigen has two allelic variants: the
HA-1H allele characterized by the presence of histidine at
position 3 of the nonapeptide (VLHDDLLEA) and the
HA-1R allele encoding arginine at the same position
(VLRDDLLEA).7 The HA-2 encoded by the novel human
class I myosin gene (MYO1G), located on the short arm of
chromosome 7 consists of two alleles, YIGEVLVSV (HA-
2V) and YIGEVLVSM (HA-2M), and presented by HLA-
A*0201.9 The HA-8 (KIAA0020, rs2173904) was found to
be a product of polymorphism at position 864 of the
KIAA0020 gene located on chromosome 9p, and this gene
encodes either RTLDKVLEV (HA-8R) or PTLDKVLEV
(HA-8P). The HA-8 gene-encoded peptides are recognized
by CTLs, which react to HLA-A*0201.10 To sum up,
mHags HA-1, -2 and -8 are encoded by biallelic loci, with
immunogenic variants, HA-1H, HA-2V and HA-8R, which
induce strong HLA-A2-restricted alloreactive T-cell re-
sponses, and nonimmunogenic counterparts, HA-1R, HA-
2M and HA-8P, which represent functional null alleles.

We determined the genotype of HA-1, -2 and -8 in 139
Korean healthy individuals using PCR-sequence-specific
primers (PCR-SSP)11 and compared with that of other
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population because this is the first report about mHags in
Koreans. The correlation between aGVHD and disparity of
these mHags was also evaluated in 54 Korean patients who
underwent HSCT from unrelated HLA-identical donors.

Materials and methods

Subjects
Genotypes and allele frequencies for mHags were deter-
mined using genomic DNA obtained from 139 healthy
Koreans and 54 donor–recipient pairs who underwent
unrelated HSCT. The recipients underwent unrelated
HSCT at The Catholic Hematopoietic Stem Cell Trans-
plantation Center between January 2004 and February
2006 for hematologic diseases. The healthy normal group
consisted of staffs and students of College of Medicine,
The Catholic University of Korea. Table 1 shows the
characteristics of the patients included in the study.

PCR-SSP for mHags
Genomic DNA was isolated from whole blood using an
AccuPrep Genomic DNA Extraction kit (Bioneer Corpora-
tion, Daejeon, Korea), according to the manufacturer’s
instructions. DNA concentration was adjusted to 50 ng/ml
and used as templates for typing of mHags.

DNA was amplified for HA-1, -2 and -8 by PCR using
allele-specific forward primers and reverse common primers
(Table 2). Two different primer sets were designed so that
each contained a common primer and specific primer for
the HA-1, -2 and -8 alleles. Amplification with these
primers for HA-1, -2 and -8 alleles resulted in 179, 203 and
257 bp fragments, respectively (Figure 1). A PCR was
performed in a total volume of 20 ml containing 50 ng of
genomic DNA, 0.5 mM of each mHag-specific primer and
reverse common primers, 0.075mM of internal control
primers, TDMH (10�PCR buffer (670 mM Tris base,
166mM ammonium sulfate, 1% Tween-20), 25 mM dNTP,
25 mM MgCl2, distilled H2O), 1U Taq-polymerase (Intron
Biotechnology, Seongnam, Korea). Amplification was
performed in a Bio-Rad My Cycler (Bio-Rad, Hercules,
CA, USA): 1 cycle at 951C for 40 s; 10 cycles of
denaturation at 951C for 30 s, annealing at 621C for 40 s,
extension at 721C for 30 s, 25 cycles of denaturation at 951C

Table 1 Clinical characteristics of the patient/donor pairs included

in this study (n¼ 54)

Patient’s age (median, range) 23 (1–51)
Donor’s age (median, range) 29 (21–40)
Patient’s sex (male/female) 30:24
Donor’s sex (male/female) 41:13

Donor/recipient gender combination
(patient/donor)

Male/male 23
Male/female 7
Female/male 18
Female/female 6

Diagnoses and disease status
Acute myelogenous leukemia 21

First remission/Xsecond remission 20:1
Acute lymphoblastic leukemia 10

First remission/Xsecond remission 8:2
Severe aplastic anemia 10
Chronic myelogenous leukemia 8

First chronic phase/other phase 6:2
Myelodysplatic syndrome 5

RAEB/RAEBt/CMML 2:2:1
Source of stem cells (PB/BM) 8:46
T-cell depletion, ex vivo None

GVHD prophylaxis
Tacrolimus+MTX 38
CsA+MTX 16

Conditioning regimen
TBI+CY 30
Busulfan+CY 18
Others 6

Abbreviations: CMML¼ chronic myelomonocytic leukemia; MTX¼
short-term methotrexate; PB¼ peripheral blood; RAEB¼ refractory ane-
mia with excess of blasts; RAEBt¼ refractory anemia with excess of blasts
in transformation.

Table 2 Primer sets for genotyping of HA-1, -2 and -8

Primer Sequence (50–30)

HA-1H forward ACTTAAGGAGTGTGTGCTGCA
HA-1R forward ACTTAAGGAGTGTGTGTTGCG
HA-1 reverse CCTCAGAGCCTTAGCTGTCA
HA-2V forward GCTCCTGGTAGGGGTTCAC
HA-2M forward GCTCCTGGTAGGGGTTCAT
HA-2 reverse CTTCCTTCTCCACTCTCAGC
HA-8R forward TCTAACACTTTGTCCAGAGTTC
HA-8P forward TCTAACACTTTGTCCAGAGTTG
HA-8 reverse ACTTGGTTGGCCTGGCTCTT
Internala forward CCTTCCCAACCATTCCCTTA
Internala reverse GTCCATGTCCTTCCTGAAGCA

aHomosapiens growth hormone 2 (GH2) gene (NM_022557).
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Figure 1 Genotyping of HA-1, -2 and -8 by PCR-sequence-specific
primers (PCR-SSP).
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for 30 s, annealing at 571C for 40 s, extension at 721C for
30 s and final extension at 721C for 7 min. The PCR
products were analyzed by electrophoresis on a 1.5%
agarose gel. The standard samples for HA-1, -2 and -8
typing by PCR-SSP were confirmed by cloning and
nucleotides sequencing.

Statistical analysis
The allele frequencies were counted by excel program. Any
statistical significance of differences between groups was
tested by w2 analysis when test samples are more than five
or by two-tailed Fisher’s exact test when test samples are
less than five. P-values less 0.05 were considered to be
statistically significant.

Results

Distribution of mHags frequencies in Korean population
The frequencies of the HA-1, -2 and -8 alleles defined in the
samples of 139 healthy unrelated individuals from Korea
were typed (Table 3). The HA-1 genotype frequencies in
total subjects were HA-1H/H 12.9%, HA-1R/R 33.9% and
HA-1H/R 53.2%. As the HA-1 antigen presentation is
restricted by HLA-A*02 or HLA-B*60, HLA-A*02-posi-
tive or HLA-B*60-positive samples were selected to
confirm distribution of HA-1 genotype. The genotype
distribution in the total group was not statistically different
from the genotype distribution in the HLA-A*02-positive
or HLA-B*60-positive group. For HA-2, HA-2VV genotype
frequency of 86.3% was much higher than other genotype
frequencies of HA-2. There were only two HA-2MM

genotype-positive samples in total. The genotype frequen-
cies of HA-8RR, HA-8RP and HA-8PP were 15.1, 43.1 and
41.8%, respectively. Since HA-2 and HA-8 antigen
presentation is also restricted by HLA molecules, only
HLA-A*02-positive samples were selected to observe
distribution of genotype for each mHag, and both of them
were not statistically different from the genotype distribu-
tion in the total group.

Comparison of mHag frequencies among different
population
The allelic frequency observed for HA-1 variants in this
study was compared with those reported by others in
Japanese,12 Caucasian,13 Spanish14 and Italian popula-
tions15 (Table 4). The allelic frequency of the HA-1 in
Koreans was only different from that in Italians among
four different populations (Po0.0048; OR: 1.58, 95% CI:
1.14–2.17). Although the allelic frequency of HA-1 in the
Korean population was not statistically different from that
in the Caucasian population (P¼ 0.45), significant differ-
ences were observed in the allelic frequencies of HA-2
(Po1.4� 10�5; OR: 2.89, 95% CI: 1.76–4.74) and -8
(P¼ 0.035; OR: 0.73, 95% CI: 0.53–0.97). For the allelic
frequency of HA-2, the HA-2M allelic frequencies in the
Caucasian and Italian populations were about three times
(Po1.4� 10�5; OR: 2.89, 95% CI: 1.76–4.74) and twice
(P¼ 0.0028; OR: 2.43, 95% CI: 1.37–4.29) higher than that
in Koreans.

Disparities of mHags between healthy donors and leukemia
patients
Table 5 summarizes the distribution of HA-1, -2 and -8
incompatibility between 54 leukemia patients and their
HLA-identical donors. Since no HLA-B*60-positive sam-
ple was found in the 54 pairs, it was excluded from the list
for HA-1. For HA-1, -2 and -8, the risk of GVHD due to
disparities in mHags is increased in the combination of
mHag-positive recipient and mHag-negative donor, be-
cause one allele of these mHags can be considered as a null
allele in terms of T-cell reactivity.7,9,10 The combination of
mHag-positive recipient and mHag-negative donor (reci-
pient mHags-incompatible pair) for HA-1, -2 and -8 was
24.1, 0 and 37% in total Korean samples. The frequency of
HLA-A*02-positive samples that restrict presentation of
HA-1, -2 and -8 was 57.4% of total samples. Therefore, in
the context of HLA restriction, the percentages that reflect
the possibility of exploiting GVHD targeted against HA-1,
-2 or -8 were 16.7, 0 and 25.9% of the cases (data not
shown).

We also studied the incidence of aGVHD among the
different donor–recipient pairs’ phenotype combinations of
HA-1, -2 or -8 in all patients group, HLA-A*02-positive
group and HLA-A*0201-positive group, respectively. For
HA-1 and HA-8, the percentage of developing grade II–IV
aGVHD in each mHag incompatible patients was not
significantly different in each mHag compatible patients in
all three groups. In case of HA-2, there was not any
combination of recipient HA-2 incompatibility. Thus, the
correlation of HA-2 incompatibility with aGVHD could
not be examined.

Discussion

Disparities in mHags between donor and recipient are
known to increase the rates of aGVHD after HLA-identical
sibling BMT,4 and the correlation between a single amino
acid polymorphism of mHags and GVHD has been studied
by many investigators. Recently, it has been reported that

Table 3 Genotype frequencies of HA-1, -2 and -8 alleles in healthy

Korean

Locus Genotype Total, n (%)
(n¼ 139)

HLA-A*02 or
HLA-B*60, n (%)

(n¼ 77)

HA-1
H/H 18 (12.9) 7 (9.1)
H/R 74 (53.2) 44 (57.1)
R/R 47 (33.9) 26 (33.8)

Locus Genotype Total, n (%) HLA-A*02, n (%)
(n¼ 139) (n¼ 74)

HA-2
V/V 120 (86.3) 65 (87.8)
V/M 17 (12.2) 9 (12.2)
M/M 2 (1.5) 0 (0)

HA-8
R/R 21 (15.1) 10 (13.5)
R/P 60 (43.1) 38 (51.4)
P/P 58 (41.8) 26 (35.1)
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the mHag-induced alloimmune response also causes the
curative GVL effect, and mHag could be a target for
immunotherapy after transplantation.16,17 To estimate the
effect of mHags in the situations limited to recipient
mHags-incompatible pairs, needs investigation of the
distribution of mHag alleles in the normal population.
However, to date, the frequencies of mHags have not been
studied in the Korean population. Therefore, we examined
the allelic distribution for HA-1, -2 and -8 in the Korean
population, and compared it in other populations.

The allelic distribution for HA-1, -2 and -8 in the Korean
population was found to be different from particular
populations (Table 4). In the case of HA-1, the allelic
distribution is similar among regional ethnics as shown
among Asians (Korean and Japanese12) and Europeans

(Italian15 and Spanish14), in contrast to the allelic distribu-
tion between Korean and Italian population. Similar to
HA-1, the allelic frequency of HA-2 in Koreans is
significantly different from that in Caucasian13 and Italian
populations,15 but no significant difference of the allelic
frequency between Italian and Caucasian populations.
Also, because a majority (490%) of Koreans possesses
immunogenic V alleles of HA-2, a very low probability of
disparity for HA-2 could be suggested in Korean donor/
recipient pairs of HLA-identical stem cell transplantation
(Table 4).

Although the recognition of HA-1, -2 and -8 was HLA-
A*0201-restricted, the analysis of association between HA-
1, -2 or -8 incompatibility and incidence of aGVHD (grade
II–IV) has been demonstrated in the context of either HLA-
A2 or A*0201.4,6,12,18 The subtypes of HLA-A2 in Korean
population consist of HLA-A*0201 (14.3%), A*0206
(7.7%) and rarely any other types,19 and HLA-A*0201
and A*0206 accounts for about 85%, and they belong to
the A2-like supertype that is characterized by similar ligand
specificity.20 Thus, we investigated the correlation between
HA-1,-2 or -8 incompatibility and developing of grade
II–IV aGVHD in the context of both HLA-A2 and A*0201.

The association between HA-1, -2 or -8 incompatibility
and the development of aGVHD in the context of HLA
restriction did not show any statistical significance. One
hypothesis to account for the absence of such a correlation
in our group of donor–recipient pairs could be the
considerable number of children patients. There were 24
pairs of adults and 20 pairs of children (age, p16 years) in

Table 5 Distribution of HA-1, -2 and -8 incompatibility between

healthy donors and leukemia patients in Korea

Locus Genotypes Allelic frequency n (%)

Donors Recipients Total
(n¼ 54)

HLA-A*02-
positive (n¼ 31)

HA-1 RR HH 2 (3.7) 1 (3.2)
RR HR 11 (20.4) 8 (25.9)

HA-2 MM VV 0 (0) 0 (0)
MM VM 0 (0) 0 (0)

HA-8 PP RR 6 (11.1) 4 (12.9)
PP RP 14 (25.9) 10 (32.2)

Table 4 Allelic frequencies of HA-1, -2 and -8 in different population

Locus Allele Allelic frequency, n (%)

Koreana Japaneseb Caucasianc Spanishd Italiane

(n¼ 278) (n¼ 240) (n¼ 518) (n¼ 406) (n¼ 420)

HA-1 H 110 (39.6) 82 (34.2) 190 (36.7) 133 (32.8) 123 (29.3)
R 168 (60.4) 158 (65.8) 328 (63.3) 273 (67.2) 297 (70.7)

P-value — — — — 0.0048

Locus Allele Allelic frequency, n (%)

Koreana Caucasianc Italiane

(n¼ 278) (n¼ 518) (n¼ 199)

HA-2 V 257 (92.4) 419 (80.9) 166 (83.7)
M 21 (7.6) 99 (19.1) 33 (16.3)

P-value — Po1.4� 10�5 0.0028

Locus Allele Allelic frequency, n (%)

Koreana Caucasianc

(n¼ 278) (n¼ 518)

HA-8 R 102 (36.7) 230 (44.4)
P 176 (63.3) 288 (55.6)

P-value — 0.035

aIn this study.
bReported in reference Bunce et al.11

cReported in reference Murata et al.12

dReported in reference Pietz et al.13

eReported in reference Arostegui et al.14
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our group of patients. A previous report suggested that a
mismatch of HA-1 was significantly correlated with
aGVHD (grade II–IV) in adults but not in children.4 Also
there was no significant association between a recipient
HA-1 disparity and aGVHD in group of patients consisting
of both adults and children.12,21,22 Therefore, it is possible
that patients’ age might affect the associations between
these mHags incompatibility and aGVHD in case of HA-2
and -8.

In addition to the patient’s age, there might be other
possibilities to account for the absence of correlation such
as other mHag incompatibilities and other not discovered
mHags. For example, the HY antigen is sex-linked mHag
which is only present in males, and the HY antigen is
influential in occurrence of GVHD between male recipients
and female donors.23 Because there were only seven pairs
mismatched for sex—male recipient and female donor—in
this study, the association between HY incompatibility and
aGVHD could not be analyzed.

The results of previous studies have suggested that the
HA-1 and -2 antigens are restrictively expressed by
hematopoietic cells and a limited number of solid tumors.7,8

Thus, HA-1 and -2 may be associated with induction of
GVL effect rather than occurrence of severe aGVHD. In
spite of these hematopoiesis-restricted expression of HA-1
and -2, the association between HA-1, and -2 incompat-
ibility and the occurrence of GVHD may be explained as
follows. Shortly after non-T-cell depletion, allogenic HSCT
APC are still of recipient origin and may induce an mHag-
specific immune response directed primarily against these
APCs and secondarily against neighboring tissues resulting
in skin, liver and gastrointestinal GVHD. However, it is too
early to draw any conclusion, because in our study there
was only small number of donor/recipient pairs to be
analyzed in the context of HLA restriction. Therefore,
further study is needed to confirm the correlation between
HA-1, -2 or -8 disparity and clinical outcomes including
aGVHD and GVL in larger group of patients.
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