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ABSTRACT  
The human leukocyte antigen (HLA) system plays a central role in the immune response to pathogens, as well as 

in organ and allogenic hematopoietic stem cell transplantation (HSCT). Finding a five-locus (i.e., HLA-A, -B, -C, 
-DRB1, and -DQB1) matched unrelated donor for a patient awaiting HSCT is a major clinical challenge, due to the 
lack of HLA-identical sibling donors and the high polymorphism of HLA. To date, most studies providing HLA 
allele frequencies (AF) and haplotype frequencies (HF) in Chinese populations have focused on donors instead of 
the recipients and have provided data for three loci (HLA-A, -B, and -DR); however, data from five-locus HLA 
typing in a large sample of patients, especially those with hematological diseases, remains unavailable. Therefore, 
this study was designed to determine HLA AF and two-, three-, four- and five-locus HF in a large cohort of Chi-
nese Han patients with hematological diseases. The AF and the HF were determined using high-resolution HLA 
typing data from 2,878 patients. The total number of HLA-A, -B, -C, -DRB1, and -DQB1 alleles was determined 
to be 48, 92, 49, 52, and 24, respectively. Hardy-Weinberg equilibrium (HWE) analyses indicated significant de-
viations from HWE for HLA-A, -C, -DRB1, and -DQB1 AF, but not for HLA-B locus. The three most common 
alleles at each locus were A*11:01, A*24:02, A*02:01; B*46:01, B*40:01, B*13:02; C*01:02, C*07:02, C*06:02; 
DRB1*09:01, DRB1*15:01, DRB1*07:01; DQB1*03:01, DQB1*03:03, and DQB1*06:01. Our data may help to 
determine whether the current bone marrow registry contains sufficient diversity to meet the demand.
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INTRODUCTION

The human leukocyte antigen (HLA) system, lo-
cated at the short arm of chromosome 6, is the most 
complex and highly polymorphic genetic system in 
humans. It plays a central role in the immune response 
to pathogens, as well as in organ and hematopoietic 
stem cell transplantation (HSCT)[1]. Previous studies 
have demonstrated the importance of HLA matching 
between patients and donors for the outcome of allo-
genic HSCTs [2-5]. Finding a five-locus (i.e., HLA-A, 

-B, -C, -DRB1, and -DQB1) matched unrelated do-
nor for a patient is difficult, due to the lack of HLA-
identical sibling donors and the high polymorphism 
of HLA. Therefore, many countries have established 
large stem cell donor registries such as the National 
Marrow Donor Program (NMDP) in the USA, with 
over seven million potential HSC donors, and the 
Chinese Marrow Donor Program (CMDP), with over 
two million registered volunteers by 2014. Informa-
tion about HLA allele frequencies (AF) and haplotype 
frequencies (HF) in defined ethnic groups may help 
physicians predict the probability of finding HLA-
identical HSC donors for patients[6-8]. This informa-
tion is very useful for the estimation of the number of 
donors required for a donor registry, in order to meet 
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the criterion of providing a fully matched cell donor to 
a certain percentage of patients[9].

To date, several reports have provided HLA AF and 
HF data for Chinese populations. For example, Hei 
et al.[10] analyzed a set of high-resolution HLA typ-
ing data obtained from 718 donors found in CMDP 
for donor-confirmatory typing, which provided the 
AF and HF of HLA-A, -B, -C, -DRB1, and -DQB1 
in this donor population. In 2014, Liaoning Blood 
Center, China, reported HLA-A, -B, and -DRB1 AF 
and HF in the group of 21,918 Han and other ethnic 
residents living in Liaoning, China[11]. Based on the 
family segregation method, Pan et al.[12] studied the 
distribution of HLA-A, -B, and -DRB1 alleles and 
haplotypes obtained by high-resolution genotyping in 
167 families in Jiangsu, China. However, most of these 
studies focused on the population of donors instead of 
the recipients, and provided the AF and HF data for 
three loci, HLA-A, -B, and -DR, except in the study 
performed by Hei et al.[10]. Data from five-locus HLA 
typing in a large sample of patients, especially those 
with hematological diseases, remains unavailable. 

Our laboratory is one of the five CMDP-contracted 
laboratories that has performed HLA typing since its 
establishment in 2001, and has carried out high-reso-
lution HLA five-locus typing of over 12,000 patients 
and donors by a sequence-based typing method. In 
this study, 2,878 patients with hematological diseases 
were selected and AF and HF of HLA-A, -B, -C, 
-DRB1, and -DQB1 were analyzed with the aim of 
predicting the most common alleles, and two-, three-, 
four- and five-locus haplotypes in this population of 
Chinese patients.

MATERIALS AND METHODS

Sample population
There were 2,878 Chinese Han patients with differ-

ent hematological diseases, including acute lympho-
blastic leukemia (ALL), acute myeloid leukemia 
(AML), chronic myeloid leukemia (CML), severe 
aplastic anemia (SAA), and myelodysplastic syndrome 
(MDS),  enrolled in this study. The population in the 
study was composed of patients from the whole coun-
try and was mixed in terms of geographic distribution. 
The study population consisted of 1,100 females and 
1,778 males, with a median age of 24 (1-65) years. 
High resolution HLA typing was performed for all 
patients, at both HLA class Ⅰ (HLA-A, -B and -C) 
and HLA class Ⅱ (HLA-DRB1 and  -DQB1) loci 
between July 2006 and July 2015, in order to choose 
suitable related or unrelated HSCT donors. The study 
protocol and all experimental procedures were ap-

proved by the Ethics Committee of Beijing Red Cross 
Blood Center, written informed consent was provided 
by all patients for HLA typing experiments, and all 
patients agreed with the use of HLA typing data in 
further research.

DNA extraction and HLA typing
Genomic DNA was extracted from peripheral 

whole blood samples using QIAGEN QIAamp DNA 
Blood Mini Kit (Qiagen Inc., Valencia, CA, USA). 
For samples obtained before 2012, the Hamilton Mi-
crolab Starlet Automatic DNA Extracting System  
(Hamilton Robotics, Switzerland) was used, while 
for samples post 2012, the Chemagic DNA Blood Kit 
(PerkinElmer Genetics, USA) was used. For all sam-
ples, HLA typing at HLA-A, -B, -C, -DRB1, and 
-DQB1 loci was conducted using sequence-specific 
oligonucleotide probe (SSO) and sequencing-based 
typing (SBT) methods, in order to reduce the prob-
ability of method-related or human errors. Genomic 
DNA amplification was performed using polymerase 
chain reaction (PCR) on a GeneAmp PCR system 
9700 (Applied Biosystems, Foster City, CA, USA). A 
Life Match Fluoroanalyzer (LuminexxMAP Technol-
ogy, TX, USA) was used for SSO typing with LAB-
Type kits (One Lambda, Canoga Park, CA, USA), 
while ABI 3730 or 3730XL DNA Analyzers (Applied 
Biosystems, Foster City, CA, USA) were used for 
SBT typing, together with AlleleSEQR HLA typing 
kits (Celera Corporation, Alameda, CA, USA) fol-
lowing the manufacturer's instructions.

Statistical analysis
AF of HLA-A, -B, -C, -DRB1, and -DQB1 were 

directly counted using Excel software (Microsoft Inc., 
Redmond, WA, USA). The exact test developed by 
Guo and Thompson's (1992) was used to estimate the 
deviations from Hardy-Weinberg equilibrium (HWE) 
proportions for each locus. HF, including two-, three-, 
four-, and five-locus frequencies, were evaluated by 
the expectation maximization algorithm using Arle-
quin version 3.11 software, allowing the maximum-
likelihood estimates of gene frequencies [13].

RESULTS

Frequency of five HLA alleles
The number of different HLA alleles detected is 

presented in Table 1. Because of the influence of 
rare alleles on the total number of alleles observed, 
we also separately calculated the number of com-
mon and well-documented (CWD) alleles and rare 
alleles, according to the CWD list of CMDP (2014). 
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The common alleles in this list are defined as al-
leles with a frequency>0.001, and well-document-
ed alleles are those that appeared at least five times 
in the CMDP registry. Rare alleles are those not 
included on the CWD list. In the study population, 
the total number of HLA-A, -B, -C, -DRB1, and 

-DQB1 alleles detected was 48, 92, 49, 52, and 24, 
respectively. Forty-eight HLA-A alleles consisted 
of 43 CWD (comprising 91.67% of the total num-
ber of alleles, and 99.93% of samples) and five rare 
alleles (accounting for 8.23% of the total number 
of alleles, and 0.07% of samples).

Locus Total number of alleles
CWD alleles

 Allele count         % alleles             % samples
Rare alleles

  Allele count          % alleles     % samples
HLA-A 48 43 89.58 99.8263 5 8.23 0.1737
HLA-B 92 89 96.74 99.8958 3 4.30 0.1042
HLA-C 42 42 100 100 0 0 0
HLA-DRB1 59 55 93.22 99.8610 4 6.78 0.1390
HLA-DQB1 24 23 95.83 99.9653 1 4.17 0.0347

Table 1　The frequency of CWD and rare HLA alleles

HWE analysis of HLA-A, -B, -C, -DRB1, and 
-DQB1 loci 

The frequencies of the observed and expected ho-
mozygous genotypes, as analyzed by HWE tests, 
are presented in Table 2. A P-value was used to 
determine the magnitude of deviation from HWE 
in the population sample. As shown in Table 2, P-
values obtained in HWE analysis of HLA-A, -B, -C, 
-DRB1, and-DQB1 loci were 0, 0.09133, 0.03894, 
0.04593, and 0.02633, respectively, which suggests 
significant deviations from HWE at the HLA-A, -C, 
-DRB1, and -DQB1 loci, but not at HLA-B locus.

Allele frequency distributions at HLA-A, -B, 
-C, -DRB1, and -DQB1 loci

The AF of 48 HLA-A, 92 HLA-B, 49 HLA-C, 
52 HLA-DRB1, and 24 HLA-DQB1 in our study 
population are listed in Table 3. Among the 48 HLA-
A alleles, the 5 most common ones were A*11:01 
(AF=19.15%), A*24:02 (AF=16.12%), A*02:01 
(AF=14.85%), A*02:07 (AF=8.83%), and A*30:01 
(AF=6.34%).  Seven alleles (A*11:01, A*24:02, 
A*02:01, A*02:07, A*30:01, A*33:03, and A*02:06) 
had frequencies above 5%, representing 77.59% of the 
HLA-A diversity in the study population. In addition 
to 44 CWD alleles, 5 rare alleles were found at HLA-

Locus
Num. of 

Genotypes
Observed het-

erozygosity
Expected het-

erozygosity
P-value

HLA-A 2,878 0.86449 0.89092 0
HLA-B 2,878 0.92842 0.95553 0.03894
HLA-C 2,878 0.88499 0.91076 0.09133
HLA-DRB1 2,878 0.90584 0.92404 0.04593
HLA-DQB1 2,878 0.86623 0.88625 0.02633

Table 2　Hardy -Weinberg equilibrium analy-
sis for HLA-A, -C, -B, -DRB1,and 
-DQB1 loci

A locus, including A*02:51, A*02:85, A*30:11, 
A*31:02, and A*31:03. The single occurrences of 
these alleles were found and listed in the IMGT/HLA 
database as well. In this database, all of these alleles, 
except A*02:51, were defined as CWD. The ethnic-
ity of the individual with the A*30:11 allele was un-
known, while the remaining alleles were identified in 
individuals with Hispanic or Caucasoid backgrounds. 
The A2 serological group contained 10 alleles and 
represented the most diverse allele family. The second 
most diverse allele family was the A24 serological 
group, which included eight alleles. Groups consisting 
of two to four alleles included A03, A11, A26, A29, 
A30, A31, A33, A68, and A74. Other groups, such as 
A01, A23, A32, A34, A66, and A69 only comprised 
of one allele each. 

Ninety-two HLA-B alleles were identified at the 
HLA-B locus, demonstrating its extreme diversity. 
The most common HLA-B alleles were B*46:01 
(AF=9.85%), B*40:01 (AF=9.21%), and B*13:02 
(AF=6.83%). Other common alleles occurring at fre-
quencies of 4%~6% included B*51:01 (AF=5.72%), 
B*15:01 (AF=4.99%), B*13:01 (AF=4.95%), and 
B*58:01 (AF=4.81%). Alleles with a frequency 
between two and three percent included B*40:06 
(AF=3.93%), B*52:01 (AF=3.25%), B*35:01 
(AF=3.21%), B*54:01 (AF=3.15%), B*15:02 
(AF=2.95%), B*48:01 (AF=2.81%), B*07:02 
(AF=2.80%), B*38:02 (AF=2.45%), B*44:03 
(AF=2.43%), B*15:11 (AF=2.28%), and B*55:02 
(AF=2.03%). These alleles accounted for 80.90% 
of the HLA-B alleles identified in this population. 
Three rare alleles (B*07:68, B*35:31, and B*40:15) 
were observed at this locus, and were identified only 
once for each allele. For B*07:68 and B*58:01, the 
ethnic origin of patients was unknown, and CWD 
status was not defined in the IMGT/HLA database. 
However, B*35:31 was defined as a CWD allele, 
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Allele AF (%) Allele AF (%) Allele AF (%) Allele AF (%) Allele AF (%)
A*01:01 3.23 B*13:01 4.95 B*41:01 0.12 C*07:63 0.02 DRB1*12:10 0.05 
A*02:01 14.85 B*13:02 6.83 B*41:02 0.04 C*07:66 0.02 DRB1*13:01 1.41 
A*02:03 2.69 B*14:01 0.02 B*44:02 1.30 C*08:01 9.43 DRB1*13:02 2.75 
A*02:05 0.49 B*14:02 0.31 B*44:03 2.43 C*08:02 0.33 DRB1*13:03 0.04 
A*02:06 6.03 B*15:01 4.99 B*45:01 0.17 C*08:03 0.71 DRB1*13:05 0.02 
A*02:07 8.83 B*15:02 2.95 B*46:01 9.85 C*08:06 0.04 DRB1*13:07 0.05 
A*02:10 0.56 B*15:03 0.02 B*46:06 0.02 C*08:22 0.73 DRB1*13:12 0.68 
A*02:17 0.02 B*15:05 0.23 B*47:01 0.02 C*12:02 3.23 DRB1*13:56 0.02 
A*02:51 0.02 B*15:07 0.38 B*48:01 2.81 C*12:03 1.86 DRB1*14:01 0.52 
A*02:53 0.10 B*15:10 0.02 B*48:03 0.07 C*14:02 4.24 DRB1*14:02 0.02 
A*02:85 0.02 B*15:11 2.28 B*49:01 0.24 C*14:03 0.87 DRB1*14:03 0.56 
A*03:01 3.46 B*15:12 0.12 B*50:01 0.73 C*15:02 3.72 DRB1*14:04 0.66 
A*03:02 0.26 B*15:13 0.12 B*51:01 5.72 C*15:04 0.05 DRB1*14:05 2.36 
A*03:77 0.02 B*15:17 0.21 B*51:02 1.16 C*15:05 0.63 DRB1*14:06 0.02 
A*11:01 19.15 B*15:18 1.49 B*51:08 0.02 C*15:11 0.02 DRB1*14:07 0.17 
A*11:02 1.44 B*15:21 0.07 B*52:01 3.25 C*15:12 0.04 DRB1*14:10 0.04 
A*23:01 0.26 B*15:25 0.30 B*53:01 0.04 C*15:21 0.02 DRB1*14:11 0.04 
A*24:02 16.12 B*15:27 0.78 B*54:01 3.15 C*16:01 0.02 DRB1*14:12 0.02 
A*24:03 0.10 B*15:29 0.05 B*55:01 0.14 C*16:02 0.12 DRB1*14:14 0.02 
A*24:04 0.02 B*15:32 0.19 B*55:02 2.03 C*16:04 0.09 DRB1*14:18 0.04 
A*24:07 0.10 B*15:35 0.05 B*55:04 0.05 C*17:01 0.12 DRB1*14:25 0.02 
A*24:08 0.05 B*15:46 0.14 B*55:07 0.02 C*17:03 0.02 DRB1*14:49 0.02 
A*24:10 0.05 B*15:58 0.10 B*55:12 0.05 DRB1*14:54 2.68 
A*24:13 0.02 B*18:01 0.23 B*56:01 0.37 DRB1*01:01 1.93 DRB1*15:01 13.13 
A*24:20 0.19 B*18:02 0.07 B*56:03 0.04 DRB1*01:02 0.35 DRB1*15:02 3.18 
A*26:01 2.76 B*27:02 0.05 B*56:04 0.07 DRB1*03:01 3.84 DRB1*15:04 0.19 
A*26:20 0.02 B*27:03 0.02 B*56:10 0.02 DRB1*03:04 0.02 DRB1*16:01 0.09 
A*29:01 0.68 B*27:04 0.61 B*57:01 1.13 DRB1*03:27 0.02 DRB1*16:02 2.17 
A*29:02 0.07 B*27:05 0.52 B*58:01 4.81 DRB1*04:01 0.97 
A*30:01 6.34 B*27:06 0.04 B*59:01 0.12 DRB1*04:02 0.10 DQB1*02:01 3.84 
A*30:02 0.02 B*27:07 0.10 B*67:01 0.75 DRB1*04:03 1.30 DQB1*02:02 8.36 
A*30:04 0.05 B*27:24 0.04 B*73:01 0.02 DRB1*04:04 0.57 DQB1*03:01 20.78 
A*30:11 0.02 B*27:25 0.02 B*81:02 0.14 DRB1*04:05 4.76 DQB1*03:02 5.23 
A*31:01 3.02 B*27:36 0.04 DRB1*04:06 2.50 DQB1*03:03 17.06 
A*31:02 0.02 B*35:01 3.21 C*01:02 15.12 DRB1*04:07 0.19 DQB1*03:04 0.02 
A*31:03 0.02 B*35:02 0.28 C*01:03 0.76 DRB1*04:08 0.12 DQB1*03:05 0.04 
A*32:01 1.37 B*35:03 1.04 C*01:06 0.10 DRB1*04:10 0.37 DQB1*03:13 0.05 
A*33:01 0.23 B*35:05 0.16 C*02:02 0.56 DRB1*07:01 10.01 DQB1*03:17 0.02 
A*33:03 6.27 B*35:08 0.10 C*03:02 4.86 DRB1*08:01 0.04 DQB1*03:38 0.02 
A*34:01 0.07 B*35:31 0.02 C*03:03 7.82 DRB1*08:02 0.63 DQB1*04:01 4.64 
A*66:01 0.07 B*37:01 1.11 C*03:04 9.42 DRB1*08:03 6.10 DQB1*04:02 1.18 
A*68:01 0.70 B*38:01 0.43 C*03:56 0.02 DRB1*08:04 0.02 DQB1*04:05 0.02 
A*68:02 0.02 B*38:02 2.45 C*04:01 5.68 DRB1*08:09 0.14 DQB1*05:01 4.08 
A*68:24 0.02 B*39:01 1.88 C*04:03 0.75 DRB1*09:01 15.86 DQB1*05:02 5.75 
A*69:01 0.05 B*39:05 0.12 C*04:69 0.02 DRB1*09:04 0.04 DQB1*05:03 4.33 
A*74:01 0.02 B*39:09 0.02 C*04:81 0.02 DRB1*09:10 0.02 DQB1*05:04 0.04 
A*74:02 0.05 B*39:24 0.04 C*05:01 1.10 DRB1*10:01 1.18 DQB1*06:01 10.32 
A*74:13 0.04 B*40:01 9.21 C*06:02 9.83 DRB1*11:01 5.92 DQB1*06:02 10.04 

B*40:02 1.93 C*07:01 0.71 DRB1*11:02 0.05 DQB1*06:03 1.41 
B*07:02 2.80 B*40:03 0.26 C*07:02 14.99 DRB1*11:04 0.61 DQB1*06:04 1.23 
B*07:05 0.61 B*40:06 3.93 C*07:04 1.16 DRB1*11:06 0.12 DQB1*06:07 0.02 
B*07:06 0.09 B*40:15 0.02 C*07:06 0.70 DRB1*12:01 3.35 DQB1*06:09 1.44 
B*07:68 0.02 B*40:40 0.16 C*07:18 0.02 DRB1*12:02 7.87 DQB1*06:10 0.04 
B*08:01 0.82 B*40:78 0.04 C*07:51 0.02 DRB1*12:06 0.02 

Table 3 AF of HLA-A, -B, -C, -DRB1, and -DQB1 in 2,878 patients with hematological diseases
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and its ethnic origins were shown to be Caucasoid or 
Oriental. The B*15 group was found to be the most 
diverse allele family. The B27, B35, B40, and B55 
serological groups also exhibited high diversity and 
included nine, six, seven, and five different alleles, 
respectively. 

HLA-C locus comprised a total of 42 alleles, all 
of them were CWD alleles. Seven HLA-C alleles 
had a frequency higher than 5%, accounting for 
72.29% of the total CWD alleles. The C07 serologi-
cal group showed the most complex diversity, and 
was shown to be comprised of eight alleles. The C15 
group was found also to be highly diverse and in-
cluded six alleles. 

At the HLA-DRB1 locus, 59 alleles were identified, 
including 55 CWD and 4 rare alleles (DRB1*03:04, 
DRB1*12:06, DRB1*13:56, and DRB1*14:14). These 
rare alleles were found one time each in the studied 
population. In the IMGT/HLA database, DRB1*03:04 
and DRB1*14:14 were defined as well-documented 
alleles, but the CWD v2.0 status of the DRB1*12:06 
and DRB1*13:56 alleles was unknown. DRB1*03:04 
was found in and individual with Caucasoid back-
ground, DRB1*12:06 in an Oriental individual, 
DRB1*13:56 in an individual with a Caucasoid or 
Hispanic background, and DRB1*14:14 in an in-
dividual with an Australian aboriginal background. 
The most common DRB1 alleles were DRB1*09:01 
(AF=15.86%), DRB1*15:01 (AF=13.13%), and 
DRB1*07:01 (AF=10.01%). The six most common 
alleles (DRB1*09:01, DRB1*15:01, DRB1*07:01, 
DRB1*12:02, DRB1*08:03, and DRB1*11:01), were 
all found with a frequency above 5%, and accounted 
for 58.89% of all DR alleles. DR14 was demonstrated 

to be the most diverse serological group, comprising 
of 15 alleles. DR04, DR13, and DR08 groups included 
9, 7, and 5 alleles, respectively.

The HLA-DQ locus showed the lowest diver-
sity, and 24 HLA-DQB1 alleles were detected, 
of which 4 alleles had a frequency higher than 
10%. DQB1*03:01, DQB1*03:03, DQB1*06:01, 
DQB1*06:02, DQB1*02:02, DQB1*03:02, and 
DQB1*05:02, with frequencies higher than 5%, which 
comprised of 77.54% of the total DQB1 alleles. The 
most diverse serological group was DQB1*03, which 
included eight alleles. Seven alleles were detected in 
the DQ06 group and four alleles were detected in the 
DQ05 group. These twenty-four HLA-DQB1 alleles 
included twenty-three CWD and only one rare allele, 
DQB1*04:05, which was observed in a single indi-
vidual in this sample population. We were unable to 
find any additional information about this allele in the 
IMGT/HLA database.

Two-, three-, four- and five-locus HF of HLA
Two-locus HLA haplotypes

HLA HF were estimated by the expectation-max-
imization (EM) method. Common two-locus HLA 
haplotypes among the 2,878 patients with hemato-
logical diseases are listed in Table 4. A total of 12 
A-C, 7 A-B, 15 C-B, 4 B-DRB1, and 14 DRB1-
DQB1 haplotypes with frequencies higher than 2% 
were observed in the population. The common A-C 
haplotypes (with frequencies of >2%), accounted for 
40.36% of all A-C haplotypes, common A-B haplo-
types (HF>2%) comprised 25.67% of all A-B haplo-
types, common C-B haplotypes (HF>2%) contributed 
to 57.00% of all C-B haplotypes, common B-DRB1 

Haplotypes HF (%) Haplotypes HF (%) Haplotypes HF (%)
A*02:07-C*01:02 6.13 C*01:02-B*46:01 8.78 B*13:01-DRB1*12:02 2.30
A*30:01-C*06:02 5.60 C*06:02-B*13:02 6.64
A*11:01-C*07:02 4.32 C*03:02-B*58:01 4.73 DRB1*09:01-DQB1*03:03 15.26
A*33:03-C*03:02 3.75 C*03:04-B*13:01 4.40 DRB1*15:01-DQB1*06:02 9.75
A*11:01-C*08:01 3.02 C*07:02-B*40:01 4.35 DRB1*07:01-DQB1*02:02 8.30
A*11:01-C*03:04 2.95 C*14:02-B*51:01 4.05 DRB1*12:02-DQB1*03:01 7.51
A*02:01-C*03:03 2.72 C*08:01-B*40:06 3.13 DRB1*08:03-DQB1*06:01 5.85
A*24:02-C*07:02 2.65 C*01:02-B*54:01 2.99 DRB1*11:01-DQB1*03:01 5.80
A*11:01-C*01:02 2.51 C*08:01-B*15:02 2.90 DRB1*04:05-DQB1*04:01 4.48
A*24:02-C*03:04 2.48 C*03:04-B*40:01 2.86 DRB1*03:01-DQB1*02:01 3.79
A*24:02-C*01:02 2.22 C*07:02-B*07:02 2.76 DRB1*12:01-DQB1*03:01 3.18
A*02:01-C*03:04 2.01 C*12:02-B*52:01 2.59 DRB1*04:06-DQB1*03:02 2.47
A*02:07-B*46:01 6.43 C*07:02-B*38:02 2.38 DRB1*15:02-DQB1*06:01 2.21
A*30:01-B*13:02 5.47 C*03:03-B*15:11 2.24 DRB1*16:02-DQB1*05:02 2.17
A*33:03-B*58:01 3.74 C*03:03-B*35:01 2.20 DRB1*15:01-DQB1*06:01 2.15
A*11:01-B*40:01 3.12 DRB1*14:05-DQB1*05:03 2.12
A*24:02-B*40:01 2.63 B*13:02-DRB1*07:01 5.65
A*11:01-B*15:02 2.17 B*46:01-DRB1*09:01 5.07
A*11:01-B*13:01 2.11 B*58:01-DRB1*03:01 2.36

Table 4　Common (HF>2%) HLA two-locus haplotypes in 2,878 patients with hematological diseases
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haplotypes (HF>2%) comprised 15.36% of the total 
B-DRB1 haplotypes, and DRB1-DQB1 haplotypes 
(HF>2%) accounted for 75.04% of all DRB1-DQB1 
haplotypes. Fourteen predominant haplotypes, with 
frequencies higher than 5% at each locus were found 
in the study population.

Three-locus HLA haplotypes
A total of 956 different HLA-A-C-B haplotypes and 

1,777 different HLA-A-B-DRB1 haplotypes with fre-
quencies higher than 0.01% were identified in the 2,878 
samples estimated by the EM method. Table 5 lists 
all three-locus haplotypes with frequencies higher 
than 1%, which comprised 27.45% of all A-C-B 
haplotypes, and 13.43% of all A-B-DRB1 haplo-
types. The most frequent haplotypes in each set were 
A*02:07-C*01:02-B*46:01 (HF=5.92%), A*30:01-
C*06:02-B*13:02 (HF=5.43%), A*30:01-B*13:02-
DRB1*07:01 (HF=4.62%), and A*02:07-B*46:01-
DRB1*09:01 (HF=3.52%).

Five-locus HLA haplotypes
Table 7 lists the 20 most common HLA-A-B-

C-DRB1-DQB1 haplotypes as determined by EM. 
These haplotypes accounted for 20.99% of all A-C-
B-DRB1-DQB1 haplotypes. The most frequent five-
locus haplotype was A*30:01-C*06:02-B*13:02-
DRB1*07:01-DQB1*02:02, with a frequency of 
4.41%. 

Four-locus HLA haplotypes
A total of 2,169 A-C-B-DRB1 and 1,339 C-B-

DRB1-DQB1 haplotypes (HF>0.01%, determined 
by EM) were observed in the study population. Four-
locus haplotypes with frequencies >1% are pre-
sented in Table 6. Eleven A-C-B-DRB1 haplotypes 
(HF>1%) comprised 18.7% of all A-C-B-DRB1 
haplotypes, and 13 C-B-DRB10DQB1 haplotypes 
(HF>1%) made up 26.74% of all C-B-DRB1-DQB1 
haplotypes. The most frequent A-C-B-DRB1 haplo-
type was A*30:01-C*06:02-B*13:02-DRB1*07:01, 
with a frequency of 4.58%, which was clearly the 
predominant haplotype in this hematological disease 
patient population. The second most frequent haplo-
type was A*02:07-C*01:02-B*46:01-DRB1*09:01, 
with a frequency of 3.26%. The two most common 
C-B-DRB1-DQB1 haplotypes were C*06:02-
B*13:02-DRB1*07:01-DQB1*02:02 (HF=5.41%) 
and C*01:02-B*46:01-DRB1*09:01-DQB1*03:03 
(HF=4.42%).

Haplotypes HF (%) Haplotypes HF (%)
A*02:07-C*01:02-B*46:01 5.92 A*02:03-C*07:02-B*38:02 1.17
A*30:01-C*06:02-B*13:02 5.43 A*24:02-C*07:02-B*40:01 1.13
A*33:03-C*03:02-B*58:01 3.74
A*11:01-C*08:01-B*15:02 2.07 A*30:01-B*13:02-DRB1*07:01 4.62
A*11:01-C*07:02-B*40:01 2.06 A*02:07-B*46:01-DRB1*09:01 3.52
A*11:01-C*03:04-B*13:01 1.91 A*33:03-B*58:01-DRB1*03:01 1.89
A*02:01-C*03:03-B*15:11 1.51 A*11:01-B*15:02-DRB1*12:02 1.22
A*02:01-C*03:04-B*13:01 1.27 A*02:07-B*46:01-DRB1*08:03 1.16
A*11:01-C*14:02-B*51:01 1.24 A*02:01-B*13:01-DRB1*12:02 1.02

Table 5　Common (HF>1%) HLA three-locus haplotypes in 2,878 patients with hematological diseases

Haplotypes HF (%) Haplotypes HF (%)
A*30:01-C*06:02-B*13:02-DRB1*07:01 4.58 C*03:04-B*13:01-DRB1*12:02-DQB1*03:01 2.09
A*02:07-C*01:02-B*46:01-DRB1*09:01 3.26 C*01:02-B*46:01-DRB1*08:03-DQB1*06:01 1.84
A*33:03-C*03:02-B*58:01-DRB1*03:01 1.89 C*12:02-B*52:01-DRB1*15:02-DQB1*06:01 1.61
A*11:01-C*08:01-B*15:02-DRB1*12:02 1.22 C*08:01-B*15:02-DRB1*12:02-DQB1*03:01 1.52
A*02:07-C*01:02-B*46:01-DRB1*08:03 1.19 C*14:02-B*51:01-DRB1*09:01-DQB1*03:03 1.39
A*02:01-C*03:04-B*13:01-DRB1*12:02 1.04 C*07:02-B*07:02-DRB1*15:01-DQB1*06:02 1.38
  C*01:02-B*54:01-DRB1*04:05-DQB1*04:01 1.26
C*06:02-B*13:02-DRB1*07:01-DQB1*02:02 5.41 C*08:01-B*40:06-DRB1*09:01-DQB1*03:03 1.19
C*01:02-B*46:01-DRB1*09:01-DQB1*03:03 4.42 C*03:02-B*58:01-DRB1*13:02-DQB1*06:09 1.18
C*03:02-B*58:01-DRB1*03:01-DQB1*02:01 2.31 C*07:02-B*40:01-DRB1*09:01-DQB1*03:03 1.14

Table 6　Common (HF>1%) HLA four-locus haplotypes in 2,878 patients with hematological diseases

DISCUSSION

HSCT was developed as an effective treatment for 
many malignant and non-malignant hematological 
disorders. Due to the importance of HLA in the re-
jection of transplants and graft-versus-host disease 
(GvHD), finding an HLA-matched HSC donor is 
crucial for the success of a transplantation. The first 
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patients, but there is little data showing information 
regarding HLA AF and HF in patients. Some research 
groups have suggested that patients with common 
HLA alleles and haplotypes have a higher probability 
of finding an MUD, compared with patients with rare 
HLA alleles or unusual haplotypes[20, 21].

An additional rationale for conducting this study 
is the association that exists between HLA alleles, 
haplotypes and some diseases[22]. A relationship be-
tween HLA class Ⅱ genes and multiple sclerosis 
(MS) has been reported repeatedly in Caucasians and 
other ethnic groups worldwide[23]. For example, HLA-
DRB1*15:01 and DQB1*06:02 alleles are the main 
alleles associated with an increased risk of developing 
MS[24, 25]. In the Chinese Han population, the relevance 
of HLA-DR2/DRB1*15 for MS was confirmed by 
a meta-analysis[26]. Several studies have also indi-
cated that the HLA gene complex may mediate sus-
ceptibility to certain hematological malignancies, 
such as Hodgkin's disease. In Caucasians, patients 
with the HLA-DPB1*03:01 allele are more likely 
to develop Hodgkin's disease, whereas the HLA-
DPB1*0401 allele exerts protective effects against 
this disease in Orientals [27]. A large study conducted 
by two centers in United Kingdom suggested that 
the susceptibility to Hodgkin's disease may corre-
late with a specific HLA-DPB1 hyper-variable se-
quence motif, rather than with the DBP1*03:01 allele 
perse[28]. Furthermore, the association of HLA with 
other hematological malignancies was demonstrated 
by several research groups. Also, the frequency of 
the HLA class Ⅱ DRB1*11(DR5) phenotype and 
HLA-DQB1*03 allele was shown to be increased in 
patients with cutaneous T-cell lymphoma[29], and the 
HLA-DRB4 gene was shown to be associated with a 
predisposition to childhood acute lymphoblastic leu-
kemia (ALL)[30], together with the HLA-DPB1*02:01, 
HLA-DQA1* 01:01/01:04, and HLA-DQB1*05:01 
alleles, which also were shown to represent risk fac-
tors for ALL[31, 32]. A recent case-control study[33], 
involving 222 non-Hispanic patients with white fol-
licular lymphoma (FL) and 220 matched controls, 
indicated that the HLA-DPB1 allele represented a 
protective factor for resistance to FL, while the haplo-
types DRB1*01:01-DQA1*01:01-DQB1*05:01 and 
DRB1*15-DQA1*01-DQB1*06 were shown to af-
fect the development of FL. 

Here, we performed a detailed analysis of five-locus 
polymorphisms, as well as two-, three-, four-, and 
five-locus HF in Chinese Han patients with various 
hematological diseases, by high-resolution DNA typ-
ing method, i.e., the SBT method. SBT is widely used 
for HLA typing, and it represents the current gold-

Five-locus Haplotypes HF (%)
A*30:01-C*06:02-B*13:02-DRB1*07:01-DQB1*02:02 4.41
A*02:07-C*01:02-B*46:01-DRB1*09:01-DQB1*03:03 3.17
A*33:03-C*03:02-B*58:01-DRB1*03:01-DQB1*02:01 1.85
A*02:07-C*01:02-B*46:01-DRB1*08:03-DQB1*06:01 1.20
A*11:01-C*08:01-B*15:02-DRB1*12:02-DQB1*03:01 1.17
A*02:01-C*03:04-B*13:01-DRB1*12:02-DQB1*03:01 1.04
A*33:03-C*03:02-B*58:01-DRB1*13:02-DQB1*06:09 0.93
A*11:01-C*03:04-B*13:01-DRB1*15:01-DQB1*06:01 0.78
A*02:01-C*03:03-B*15:11-DRB1*09:01-DQB1*03:03 0.68
A*11:01-C*04:01-B*15:01-DRB1*04:06-DQB1*03:02 0.66
A*11:01-C*07:02-B*40:01-DRB1*09:01-DQB1*03:03 0.59
A*11:01-C*01:02-B*46:01-DRB1*09:01-DQB1*03:03 0.58
A*01:01-C*06:02-B*57:01-DRB1*07:01-DQB1*03:03 0.55
A*24:02-C*08:01-B*40:06-DRB1*09:01-DQB1*03:03 0.52
A*11:01-C*08:01-B*15:02-DRB1*15:01-DQB1*06:01 0.51
A*33:03-C*14:03-B*44:03-DRB1*13:02-DQB1*06:04 0.50
A*33:03-C*07:06-B*44:03-DRB1*07:01-DQB1*02:02 0.48
A*03:01-C*07:02-B*07:02-DRB1*15:01-DQB1*06:02 0.47
A*02:03-C*07:02-B*38:02-DRB1*16:02-DQB1*05:02 0.45
A*24:02-C*14:02-B*51:01-DRB1*09:01-DQB1*03:03 0.45

Table 7　Twenty most common HLA-A-B-C-
DRB1-DQB1 five-locus haplotypes 
in 2,878 patients with hematological 
diseases

choice is a donor among the patient's siblings, who 
have a 1/4 probability of sharing the same HLA phe-
notype. However, it was reported that only 30% of 
patients in need of HSCT are able to find an HLA-
identical related donor[14]. Such data are not available 
for Chinese patients. Nevertheless, using the data 
presented above, we can infer that the probability of 
finding an HLA-identical sibling would be even lower 
in Chinese individuals, since many do not have sib-
lings due to the Chinese one-child policy, which has 
been in place for over 30 years. Another option is se-
lecting an HLA matched unrelated donor (MUD) from 
an HSC donor registry, such as NMDP and CMDP. 
This selection is based on high-resolution typing for 
HLA-A, -B, -C, -DRB1, and -DQB1 alleles (10/10 
matching) in most transplant centers. Previous stud-
ies have demonstrated that the degree of matching of 
these HLA alleles have great impact on the incidence 
of GvHD and patient mortality[3, 15-18]. Disease-free 
survival for patients who received HSC from fully 
matched unrelated donors was significantly longer 
than for patients with HLA allele-mismatched ones[19]. 
In order to improve the success rate of identifying an 
MUD for patients needing HSCT, knowing the HLA 
AF and HF in a certain population is very important. 
Additionally, our data are useful for the evaluation 
of the optimum size and composition of the donor 
registry. Statistical data reported earlier on HLA al-
lele and haplotype frequencies in Chinese populations 
were mostly focused on healthy volunteers, instead of 
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standard high-resolution method. In order to compare 
HLA AF and HF in the hematological disease study 
population, and healthy donor population, we se-
lected data reported by Hei et al.[10] and the CWD list 
reported by CMDP in 2014 as our reference sources 
of information. The former represents the profile of 
HLA polymorphisms in 718 healthy Chinese marrow 
donors in the CMDP registry, and the latter repre-
sents five-locus HLA genotyping results from over 
160,000 CMDP-enrolled HSC donors. Table 8 lists 
the frequencies and the rank of the 10 most common 
alleles at HLA-A, -B, -C, -DRB1, and-DQB1 loci, 
according to the results of our study and the other 
two sources. Our results are consistent with these, as 
demonstrated by the overall similarity in AF between 
the study populations. However, some differences in 
the incidence of alleles at each locus remain. For the 
HLA-A locus, the four most common alleles are the 
same in all populations. The most pronounced dif-
ference is observed for A*03:01, which was ranked 
eighth (AF=3.46%) in this study, while it is ranked 
11th and 13th in the CWD list and the report by Hei 
et al.[10], respectively. A*02:03 was ranked eighth 
in both the CWD list (AF=3.48%) and the study by 
Hei et al. (AF=4.18%), but was not among the 10 
most common alleles in this study (AF=2.69%). Dis-
crepancies were observed for the HLA-B locus as 
well, and, for example, B*46:01 was shown to be the 
most frequent allele in this study and the CWD list, 
while it was the second most common allele found 
by Hei et al.[10]. The frequencies of B*52:01 (rank 9, 
AF=3.25%) and B*35:01 (rank 10, AF=3.21%) in our 
study population were different from those reported 
by Hei et al. (rank 19, with AF=2.02%, and rank 18, 
with AF=2.16%, respectively). The 10 most common 
HLA-C alleles were the same in the three studies, but 
their ranking was different. The biggest difference in 
allele frequency was found for the C*03:04 allele. For 
HLA Class Ⅱ alleles, the results were more consistent 
between these three study populations. At the HLA-
DRB1 locus, the six most common alleles had the 
same ranking and similar frequencies. The major dif-
ference between the three studies was the frequency 
of DRB1*15:02, which was ranked 10th (AF=3.18%) 
in our study population, but 13th (AF=3.05%) in 
the CWD list and 14th (AF=2.65%) in the Hei et al. 
study. DQB1*02:01 was shown to be a common al-
lele, ranked eighth (AF=4.92%) in the CWD list and 
ninth (AF=3.76%) in the Hei et al.[10] study . However, 
in our study this allele had a frequency of 3.16%, and 
was not among the 10 most common ones.

HLA haplotype analysis is of practical importance 
for human population genetics, anthropological stud-

ies, and HLA-matching for HSCT. The data on com-
mon haplotypes can be used to estimate the probabili-
ty of finding a fully matched donor or closely matched 
donors in the HSCT donor registry and to delineate 
donor search strategies[34]. A number of studies have 
reported HLA allele and haplotype distribution in 
specific areas of China[35-40]. Unfortunately, most of 
them cannot be used as a reference, due to the low-
resolution or small sample sizes, resulting in low 
levels of AF and HF accuracy. Even though the study 
conducted by Hei et al.[10] enrolled only 718 patients, it 
provided high-resolution AF and HF data at five HLA 
loci, and represented the HLA polymorphism profile 
at anational level, instead of merely within a certain 
geographical area or population, which led us to select 
this study as a comparison for our data. Our results 
regarding common two-, three-, four-, and five-
locus haplotype frequencies are in agreement with 
this report. For HLA two-locus haplotypes, the five 
most common A-B haplotypes had similar frequen-
cies and they were ranked the same in the two stud-
ies. The five most frequent C-B haplotypes were the 
same, but their ranking was different. Hei et al. pro-
vided the frequencies of only 2 B-DRB1 haplotypes, 
which are consistent with the results obtained in our 
study in terms of HF and ranking. Top 5 of DRB1-
DQB1 haplotypes in these two population were also 
similar except for DRB1*15:01-DQB1*06:02 which 
was ranked 2nd in our study but ranked 4th in Hei 
et al. The three-locus A-C-B haplotypes with a 
frequency higher than 1% were almost the same in 
the two studies, and the three most common haplo-
types were ranked in the same order. Furthermore, 
the composition and ranking of A-B-DR haplotypes 
and of four-locus haplotypes A-C-B-DRB1 or C-
B-DRB1-DQB1 (with a frequency over 1% in these 
two studies) were the same.

To the best of our knowledge, here, for the first 
time we have presented frequency data obtained 
from a relatively large sample of Chinese Han pa-
tients with hematological diseases, and our results 
may help physicians find a fully matched HSC 
donor more easily and quickly. Additionally, our 
research demonstrated that no significant differ-
ences exist in AF and haplotype diversity between 
healthy donors and patients with hematological 
diseases in China, although several previous stud-
ies have suggested relationships between HLA al-
leles and such diseases. We think that this may be 
because our study population consisted of patients 
with different hematological diseases, such as 
ALL, AML, CML, MDS, and SAA. Subsequently 
we will focus further research on the determina-
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Allele
This study

            Rank            Freq
CWD

            Rank            Freq
Hei et al

            Rank            Freq
A*11:01 1 19.15 1 21.08 1 21.66
A*24:02 2 16.12 2 15.59 2 16.43
A*02:01 3 14.85 3 12.26 3 13.79
A*02:07 4 8.83 4 8.55 4 9.75
A*30:01 5 6.34 6 5.60 7 6.20
A*33:03 6 6.27 5 7.94 5 7.24
A*02:06 7 6.03 7 5.17 6 7.03
A*03:01 8 3.46 11 2.97 13 1.74
A*01:01 9 3.23 9 3.40 10 2.16
A*31:01 10 3.02 10 3.27 9 2.58

B*46:01 1 9.85 1 10.27 2 9.54
B*40:01 2 9.21 2 9.88 1 11.49
B*13:02 3 6.83 3 5.94 3 7.10
B*51:01 4 5.72 5 5.66 7 5.15
B*15:01 5 4.99 7 4.87 4 5.85
B*13:01 6 4.95 6 4.98 5 5.57
B*58:01 7 4.81 4 5.88 6 5.36
B*40:06 8 3.93 9 3.21 8 3.76
B*52:01 9 3.25 12 2.85 19 2.02
B*35:01 10 3.21 11 2.87 18 2.16

C*01:02 1 15.03 1 15.63 2 15.32
C*07:02 2 14.99 2 15.08 1 15.74
C*06:02 3 9.83 4 9.11 5 8.98
C*08:01 4 9.43 5 8.49 4 9.61
C*03:04 5 9.42 3 9.87 3 11.56
C*03:03 6 7.82 6 7.07 6 7.66
C*04:01 7 5.66 8 5.83 7 6.48
C*03:02 8 4.80 7 5.86 8 5.50
C*14:02 9 4.24 9 4.25 9 4.25
C*15:02 10 3.68 10 3.37 10 3.55

DRB1*09:01 1 15.86 1 14.37 1 14.69
DRB1*15:01 2 13.13 2 11.61 2 12.40
DRB1*07:01 3 10.10 3 9.11 3 9.89
DRB1*12:02 4 7.87 4 8.67 4 8.98
DRB1*08:03 5 6.10 5 6.23 5 6.76
DRB1*11:01 6 5.92 6 5.69 6 5.64
DRB1*04:05 7 4.76 8 4.72 7 4.74
DRB1*03:01 8 3.84 7 4.93 8 3.69
DRB1*12:01 9 3.35 9 3.26 10 3.69
DRB1*15:02 10 3.18 13 3.05 14 2.65

DQB1*03:01 1 20.78 1 21.03 1 20.54
DQB1*03:03 2 17.06 2 15.78 2 15.81
DQB1*06:01 3 10.32 3 10.20 3 10.79
DQB1*06:02 4 10.04 4 7.82 5 8.08
DQB1*02:02 5 8.36 5 7.75 4 8.57
DQB1*05:02 6 5.75 6 7.18 7 6.20
DQB1*03:02 7 5.23 7 5.75 6 7.66
DQB1*04:01 8 4.64 10 4.49 9 4.39
DQB1*05:03 9 4.33 11 4.20 8 5.64
DQB1*05:01 10 4.08 9 4.62 10 2.58

Table 8　Comparison of frequency and ranking of the most common HLA alleles in this study, WD list, and the 
study conducted by Hei et al.
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tion of HLA AF and HF of larger and more varied 
population samples to address this issue. 
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