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A B S T R A C T

The Human Leukocyte Antigen (HLA) genes, playing key roles in mediating the immune response, especially
HLA class II alleles were suggested to play a role in the activation of autoreactive T-cells in aplastic anemia (AA).
Previous studies in different ethnic groups have indicated that some of HLA-A,-B,-DRB1 alleles had a protective
or susceptive association with the prevalence, pathogenesis and development of AA. HLA class II genes, espe-
cially HLA-DQB1 and -DPB1 alleles or haplotypes at high-resolution level associated with AA have not been fully
identified in northern Chinese Han populations. The aim of this study was to identify association of the varia-
tions in HLA class II region with AA in northern Chinese Han population. A recent case-control study, including
96 AA patients and 824 healthy controls was performed. The high-resolution HLA genotyping was conducted by
PCR-SBT, -SSO and NGS-ION S5TM platform. Based on genotypic data of the three loci, haplotype estimation was
carried out. HLA-DRB1*15:01 (Pc = 2.87 × 10-3; OR = 2.11, 95% CI = 1.45–3.07) and HLA-DQB1*06:02
(Pc = 1.86 × 10-2; OR = 2.01, 95% CI = 1.32–3.06) were the risk and predisposition alleles to AA in northern
Chinese Han after considering multiple testing. Moreover, the HLA-DRB1*15:01-DQB1*06:02 (Pc= 4.90 × 10-3;
OR = 2.09, 95% CI = 1.37–3.19) and HLA-DRB1*14:05-DQB1*05:03 (Pc = 2.65 × 10-2; OR = 2.82,
95%CI = 1.45–5.50) haplotypes had direct strong relevance to AA and were the susceptible haplotypes. HLA-
DPB1 alleles and 23 polymorphic amino acid residues spanning exon 2 ~ 4 of DPβ1 molecules have showed no
statistically significant associations between AA and controls. The present findings establish a novel link between
inherited HLA-DRB1,-DQB1,-DPB1 risk alleles and haplotypes in northern Chinese Han with AA, and open new
avenues for development of targeted therapies to prevent or redirect immunopathology in AA.

1. Introduction

Aplastic anemia (AA) is a rare and life-threatening hematopoietic
stem cell disease characterized by cytopenia in peripheral blood and
hypoplasia in bone marrow. AA incidence in Asia is 2–3 times higher
than United States and Europe where is below 2.5 per million [1,2]. In
China, the prevalence of AA is 7.4 per million [3].

The Human Leukocyte Antigen (HLA) genes, playing key roles in
mediating the immune response, especially class II alleles were sug-
gested to play a role in the activation of autoreactive T-cells in AA [4,5]
and other types of autoimmune diseases [6,7]. Many collaborative
studies in different ethnic group are indicated that some of HLA-A,-B,-
DRB1 alleles had a protective or susceptive association with the

prevalence, pathogenesis and development of AA; however, the results
showed considerable controversy [4,8–12]. Meanwhile, most of related
studies focus on the relationship between HLA-A,-B,-DRB1 alleles and
AA, lacking of evaluating the association of HLA-DQB1,-DPB1 allele
and haplotype polymorphisms with AA by a large recent case-control
study in northern Chinese Han.

In addition, reflecting distinct features of its polymorphism, HLA-
DPB1 has been the first locus being explored as a model for clinical
permissive HLA mismatches [13]. More recently, new strategies for
exploiting mismatched HLA-DPB1 in adoptive cellular immunotherapy
of malignant blood disorders are emerging [14]. However, the data on
HLA-DPB1 polymorphisms of Chinese Han with AA was relatively rare.
Whether or not differential HLA-DPB1 alleles contribute to the
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prevalence and pathogenesis of AA in northern Chinese Han is un-
known.

The aim of our present study was to investigate the association of
the variations in the HLA class II region with AA in northern Chinese
Han population. It is the first study to evaluate the role of HLA class II
loci haplotypes in AA patients from northern Chinese Han populations.
We analyzed a relatively large and homogenous AA cohort with HLA
class II alleles at high resolution-level, including HLA-DRB1,-DQB1, and
-DPB1 loci, discussing the relationship of HLA typical class II gene and
haplotype polymorphisms with AA.

2. Material and methods

2.1. Study subjects

A total of 920 individuals were enrolled in the study: 96 patients
with AA and 824 healthy control participants. The patients were re-
cruited from the hematopoietic stem cell transplantation (HSCT) pro-
gram in Shaanxi Blood Center from June 2016 to May 2019. The AA
patients were selected from primary acquired aplastic anemia with
unknown causes prior to onset, initially diagnosed according to Chinese
expert consensus on the diagnosis and treatment of aplastic anemia
(2017) [15]. General or disease characteristics of AA patients and
controls were shown as Table 1. The controls were randomly recruited
by the Shaanxi Branch of China Marrow Donor Program (CMDP). All
subjects are self-identified as northern Chinese Han. Written informed
consent was obtained from all study participants. The authors confirm
that all the research meets the ethical guidelines, including adherence
to the legal requirements of the study country.

2.2. DNA extraction

The peripheral whole blood of all the samples were collected in 5 ml
tubes with EDTA-Na2 anticoagulant and stored at below −25℃ until
processed. Genomic DNA was extracted from whole blood using
MagCore Automated Nucleic Acid Extractor HF16 Super with com-
mercial MagCore Geneomic DNA Whole Blood kit (RBC Bioscience
(Xiamen) CO., LTD.CHN) according to the manufacturer’s instruction.
The extracted DNA should be satisfied with concentration of
20–100 ng/µl, and purity at 260/280 of 1.7 ~ 1.9. The prepared
samples should be stored at 2-8℃ and tested within 48 h, otherwise
frozen at −20℃ or below.

2.3. Hla-DRB1, -DQB1 and -DPB1 routine typing and amino acid sequences
alignment of HLA-DPβ1 molecules

The routine high-resolution typing was performed using HLA-DRB1,
-DQB1 and -DPB1 SeCoreTM sequencing commercial kits (One Lambda,
INC., CA, USA) by polymerase chain reaction sequencing-based typing
(PCR-SBT). In briefly, both directions sequencing for exon 2 (or 2 ~ 3)
and Codon 86 of HLA-DRB1, exon 2 ~ 3 of HLA-DQB1, and exons 2 ~ 4
of HLA-DPB1 were performed by the amplifications with locus-specific
primers respectively, according to the manufacturer’s protocol. The
DNA sequencing was processed with an ABI 3730xl DNA Analyzer
(Applied Biosystems, Foster City, CA, USA), and the genotype of HLA
loci for the samples was assigned using HLA SBT uTYPE software ver-
sion7.2 (One Lambda, INC., CA, USA). For some samples, PCR-sequence
specific oligonucleotide (SSO) method with Luminex LABTypeTM

RSSOX2B1/RSSO2Q/RSSO2P kits (OneLambda, Inc. CA, USA) per-
formed on LABScan® 3D flow analyzer, and data were analyzed by HLA
Fusion 4.2 software. Meanwhile, group-specific sequencing primers
(GSSP) by SBT or high-resolution specific sequencing primers (SSP) for
other exons of the HLA loci were also used to resolve the ambiguous
allele combinations according to the standards of the CMDP.

However, partial G group alleles were not discriminated in the
present study, including HLA-DRB1*11:06:01G (DRB1*11:06/11:129),
HLA-DRB1*12:01:01G (DRB1*12:01/12:06/12:10), HLA-
DRB1*14:01:01G (DRB1*14:01/14:54); HLA-DPB1*03:01:01G
(DPB1*03:01/104:01), HLA-DPB1*04:01:01G (DPB1*04:01/126:01),
HLA-DPB1*04:02:01G (DPB1*04:02/105:01), HLA-DPB1*05:01:01G
(DPB1*05:01/135:01/744:01), HLA-DPB1*19:01:01G (DPB1*19:01/
106:01/535:01).

Amino acid sequences encoded by the HLA-DPβ1 exon 2 were in-
ferred using the four-digit sequencing results and obtained from the
IMGT/HLA database release 3.39.0 (2020–01) (http://www.ebi.ac.uk/
imgt/hla/). All polymorphic amino acid positions in HLA-DPβ1 exon
2 ~ 4 were assessed.

2.4. The next-generation sequencing (NGS-ION S5TM platform)

For the samples with inconclusive results, putative novel alleles
were typed again using new DNA isolates by Sanger SBT. Then, we
performed whole-gene NGS using the Ion Torrent S5 system (Life
Technologies, One Lambda, INC., CA, USA). HLA locus-specific target
generation was accomplished using NXType™ kits (One Lambda, INC.,
CA, USA). The whole gene from 5′UTR to 3′UTR for HLA-A/B/C, re-
levant parts of HLA-DRB1/DQB1 from exon 2 to intron 3, and HLA-
DPB1 from exon 2 to 3′UTR were sequenced. After library preparation
that comprised of fragmexentation and adapter ligation onto the PCR
products, clonal amplification, enrichment and sequencing steps were
carried out with Ion Torrent specific equipment and reagents according
to the protocols. The prepared samples of ion sphere particles (ISP)
were loaded onto an Ion 530™ chip (Life Technologies, One Lambda,
INC., CA, USA), and sequencing was performed using the Ion S5™ se-
quencing reagents (Life Technologies, One Lambda, INC., CA, USA).
Analysis of NGS data was achieved using the software TypeStream™
V1.1.

2.5. Statistical analyses

The Hardy-Weinberg equilibrium (HWE) of genotype distributions
and the linkage disequilibrium (LD) between allele pairs were examined
using Arlequin software 3.5.2.2 [16]. The allele frequencies (AFs) of
HLA-DRB1,-DQB1,-DPB1 loci and the haplotype frequencies (HFs) were
also calculated using Arlequin 3.5.2.2 based on the ex-
pectation–maximization (EM) algorithm with maximum number of
iterations as 9999. Value of P < 0.05 was regarded as significant.

The comparisons between AA patients and the controls were as-
sessed by Pearson χ2 test for categorical variables. P values were

Table 1
The general and disease characteristics of AA patients and the controls.

AA group (n = 96)
(%)

Control group
(n = 824) (%)

P

Sex (%)
Male 61 (63.54) 483 (58.62) ＜0.05
Female 35 (36.46) 341 (41.38)
Age at diagnosis

(years)
Mean (± SD) 22.46 ± 11.63 21.56 ± 1.43 ＜0.05
Median (range) 22.50 (5 ~ 48) 21.83 (18 ~ 25) ＜0.05
Ethnic (northern

Chinese Han)
96 (100) 824 (100) ＜0.05

Diagnosis category
(%)

SAA 69 (71.88) — —
VSAA 18 (18.75) — —
NSAA 9 (9.37) — —

n: the number of cases/controls; SAA: severe aplastic anemia; VSAA: very se-
vere aplastic anemia; NSAA: non-severe aplastic anemia [15].
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calculated with two-tailed Fisher’s exact test applied when expected
samples were small. The above statistical analyses were performe-d
using GraphPad software 5.0 (http://www.graphpad.com/). Odds ra-
tios (ORs) and 95% confidence intervals (CIs) were calculated on soft-
ware VassarStats (Richard Lowry, Pough-keepsie, NY USA) (http://
faculty.vassar.edu/lowry/tabs.html]). Multiple comparisons were a-
djusted by Bonferroni Correction (SISA Calculate Bonferroni Correction
[http://www.quanti-tativeskills.com/sisa/calculations/bonfer.htm])
[17]. Factors having a Pc lower than the thre-shold with Bonferroni
correction were considered statistically significant; the thresholds w-ere
set at α = 0.05/44, 0.05/20 and 0.05/28 for HLA-DRB1, HLA-DQB1
and HLA-DPB1 alleles, respectively, on the basis of the number of de-
tected alleles.

3. Results

3.1. Clinical characteristics and Hardy-Weinberg equilibrium test

The distributions of sex, age, ethnic and genetic family history of
subjects showed no statistical differences between the AA group and
healthy controls (Table 1).

Hardy-Weinberg equilibrium was estimated by Fisher’s exact test
using Arlequin 3.5.2.2 software. In order to be accordant with HWE,
some HLA-DPB1 alleles detected in this study were classified G group,
including HLA-DPB1*104:01 (DPB1*03:01:01G) with the frequencies of
0.52% and 0.67% in AA patients and controls, respectively; HLA-
DPB1*135:01 (DPB1*05:01:01G) with 2.60% and 1.09% in AA patients
and controls, respectively; and HLA-DPB1*744:01 (DPB1*05:01:01G)
with 0.06% in controls. There was no significant difference between
observed and expected frequencies of each genotype in these involved
populations (P = 0.98, 0.08 on DRB1 locus, P = 0.45, 0.30 on DQB1
locus, and P = 0.40, 0.67 for DPB1 locus of AA group and controls,
respectively). This result indicated that these populations had a rela-
tively uniform genetic background and were suitable for further genetic
statistical analysis.

3.2. Distribution of HLA-DRB1,-DQB1 and DPB1 alleles in subjects

As shown in Table 2, the top two frequent alleles of HLA-DQB1 locus
were HLA-DQB1*03:01 and HLA-DQB1*03:03 in both AA patients and
controls, with the cumulative frequency of 35.94% and 36.29%, re-
spectively. In HLA-DPB1 locus, the top three frequent alleles were HLA-
DPB1*05:01, HLA-DPB1*02:01 and HLA-DPB1*04:01 in both AA pa-
tients and controls, with a cumulative frequency of 62.50% and
62.20%, respectively. For HLA-DRB1 locus, HLA-DRB1*15:01 was the
most frequent allele of 21.88% in AA patients; however, in controls
HLA-DRB1*09:01 was the most common allele with a frequency of
13.77%.

Although the HLA class II polymorphisms of AA patients showed
lower degree than that of the controls because of the different size of
the cohorts, HLA-DQB1*05:04, -DQB1*06:117 and -DPB1*31:01 found
in AA patients were not detected in controls. Among them, HLA-
DQB1*06:117 is a rare allele not existing in the Chinese CWD2.3 [18],
but a well-documented (WD) allele based on European population in
ASHI CIWD 3.0 report [19]; and HLA-DPB1*31:01 is a common allele in
Asians/Pacific Islanders. There was no statistical difference in dis-
tribution of these low-frequency alleles.

Additionally, in the controls we found one potential HLA-DQB1*new
allele and three HLA-DPB1*new alleles, as well as two HLA-DPB1*new
alleles were detected in AA patients, which are currently being sub-
mitted and officially named by WHO HLA Nomenclature Committee.

3.3. Association of HLA-DRB1, -DQB1 polymorphisms and DPβ1 amino
acid residues with the susceptibility of AA

In our case-control study, we assessed the association between HLA

class II alleles with AA susceptibility and revealed 5 alleles with P＜
0.05 (listed in Table 3 and shown as Fig. 1). The frequencies of HLA-
DRB1*14:05, -DRB1*15:01 and -DQB1*06:02 were significantly ele-
vated in northern Chinese Han AA patients as compared with healthy
controls (6.25% vs 2.43%, P = 2.49 × 10-3; 21.88% vs 11.71%,
P = 6.52 × 10-5; 16.15% vs 8.74%, P = 9.28 × 10-4; respectively);
whereas, HLA-DQB1*03:02 and -DQB1*05:01 had a decreased fre-
quency in AA patients as compared with the controls (1.56% vs 5.10%,
P = 2.90 × 10-2; 2.60% vs 6.31%, P = 3.95 × 10-2; respectively). Out
of them, 1 risk allele in HLA-DRB1 and 1 risk allele in HLA-DQB1
reached statistical significance after considering multiple testing. HLA-
DRB1*15:01 was the most frequent allele of 21.88% in AA patients, and
was significantly and highly relevant with the susceptibility of AA even
by Bonferroni correction (Pc = 2.87 × 10-3, OR = 2.11,
95%CI = 1.45–3.07). HLA-DQB1*06:02 was identified as another AA
risk allele with a significantly higher prevalence in AA patients com-
pared with controls (Pc = 1.86 × 10-2, OR = 2.01, 95%
CI = 1.32–3.06).

Considering of the patients with homozygous for either allele, pa-
tients with HLA-DRB1*15:01 or HLA-DQB1*06:02 allele had sig-
nificantly higher risk of developing AA compared to non-carriers. The
incidence of AA was 17.32% (40 of 231) and 8.13% (56 of 689) for
patients carrying HLA-DRB1*15:01 allele and for non-carriers, respec-
tively (P = 7.71 × 10-5). In the case of patients with HLA-DQB1*06:02
allele, the incidence of AA was 17.47 (29 of 166), while it was 8.89%
(67/754) for patients who did not carry the allele (P = 1.06 × 10-3)
(Fig. 2).

Sequencing analysis of the polymorphic exon 2 of DPβ1 gene
showed 17 polymorphic amino acid residues. No significant differences
in the frequencies of variant amino acids between AA and controls were
observed at positions 8, 9, 11, 17, 33, 35, 36, 55, 56, 57, 65, 69, 76 and
84 ~ 87, as well as the other six polymorphic amino acid positions in
exon 3 ~ 4 of DPβ1 molecules.

3.4. Linkage disequilibrium analysis for pairwise haplotypes

Because of the extremely weak LD between HLA-DPB1 and HLA-
DRB1 locus, the likelihood ratios test for LD between HLA-DRB1 or
-DPB1 and HLA-DQB1 locus were only performed and revealed that the
majority of the pairwise associations were statistically significant. The
LD of the detected alleles and the two loci haplotype frequencies are
shown in Supplementary Table 1. Strong LD was observed between
HLA-DRB1*15:01 and HLA-DQB1*06:02 (D’=1.00,γ2 = 0.67,
P < 0.01), as well as between HLA-DRB1*14:05 and HLA-DQB1*05:03
(D’=1.00,γ2 = 0.82, P < 0.01) in AA patients. Meanwhile, the HLA-
DRB1*15:01-DQB1*06:02 haplotype and DRB1*14:05-DQB1*05:03
haplotype had a significantly higher prevalence (16.15% vs 8.43%,
P = 2.72 × 10-4, Pc = 4.90 × 10-3; 6.25% vs 2.31%, P = 1.47 × 10-3,
Pc = 2.65 × 10-2; respectively) after multiple testing, and were the
susceptible haplotypes in north Chinese Han patients with AA
(OR = 2.09, 95% CI = 1.37–3.19; OR = 2.82, 95% CI = 1.45–5.50;
respectively) (listed in Table 4). Our data have not found that there was
any haplotype of HLA-DQB1-DPB1 with significant differential fre-
quency between the two cohorts after considering multiple testing; al-
though linkage disequilibrium patterns for some HLA-DQB1 and HLA-
DPB1 allele combinations differed significantly between cases and
controls, such as the HLA-DQB1*06:02-DPB1*02:01 haplotype in AA
patients and controls (3.71% vs 3.14%, P > 0.05; D’=0.02,
γ2 = 4.1 × 10-4, P = 0.79; D’=0.25,γ2 = 2.46 × 10-2, P < 0.01;
respectively).

3.5. The differential distribution of HLA-DRB1-DQB1-DPB1 haplotype
polymorphisms

In AA patients, the cumulative frequency of the HLA-DRB1-DQB1
haplotypes or three-locus haplotypes carried HLA-DRB1*14:05 or
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-DRB1*15:01 or -DQB1*06:02 was significantly increased compared
with controls (6.25% vs 2.43%, P = 2.49 × 10-3; 21.88% vs 11.71%,
P= 6.52 × 10-5; 16.15% vs 8.74%, P= 9.28 × 10-4; respectively). The
significant different distributions of three-locus haplotypes between AA

patients and controls were shown in Table 4. All three-locus haplotype
frequencies are shown in Supplementary Table 2. There were five
haplotypes increased in AA patients, however all of them lost their
statistical difference after multiple testing. We didn’t find any

Table 2
Frequency of HLA-DRB1,-DQB1,-DPB1 high resolution alleles in the AA patients and control group.

Alleles AF% Alleles AF% Alleles AF% Alleles AF%

Controls AA Controls AA Controls AA Controls AA

n = 824 n = 96 n = 824 n = 96 n = 824 n = 96 n = 824 n = 96

DRB1*01:01 3.64 2.60 DRB1*13:01 1.34 0.52 DQB1*02:01 4.37 1.56 DPB1*04:01:01G 11.47 9.90
DRB1*01:02 0.55 — DRB1*13:02 2.43 4.17 DQB1*02:02 8.31 9.90 DPB1*04:02:01G 7.04 5.73
DRB1*03:01 4.43 1.56 DRB1*13:03 0.06 — DQB1*03:01 21.30 18.75 DPB1*05:01:01G 36.23 33.33
DRB1*04:01 1.27 1.04 DRB1*13:12 0.36 — DQB1*03:02 5.10 1.56 DPB1*06:01 0.06 —
DRB1*04:02 0.06 — DRB1*14:02 0.06 — DQB1*03:03 14.99 17.19 DPB1*09:01 1.09 1.04
DRB1*04:03 1.27 — DRB1*14:03 0.36 1.56 DQB1*03:05 0.12 — DPB1*10:01 0.30 0.52
DRB1*04:04 0.61 — DRB1*14:04 0.67 0.52 DQB1*04:01 4.73 6.25 DPB1*11:01 0.06 —
DRB1*04:05 4.92 6.25 DRB1*14:05 2.43 6.25 DQB1*04:02 1.94 — DPB1*13:01 4.37 4.69
DRB1*04:06 2.31 1.04 DRB1*14:07 0.30 0.52 DQB1*05:01 6.31 2.60 DPB1*14:01 2.43 2.60
DRB1*04:07 0.12 0.52 DRB1*14:12 0.06 — DQB1*05:02 5.46 4.17 DPB1*15:01 0.06 —
DRB1*04:08 0.24 — DRB1*14:18 0.06 — DQB1*05:03 4.85 7.29 DPB1*17:01 3.16 3.65
DRB1*04:10 0.55 — DRB1*14:01:01G 2.79 0.52 DQB1*05:04 — 0.52 DPB1*18:01 0.06 —
DRB1*07:01 9.53 10.42 DRB1*15:01 11.71 21.88 DQB1*06:01 9.89 9.38 DPB1*19:01:01G 0.97 —
DRB1*08:01 0.06 — DRB1*15:02 3.16 1.56 DQB1*06:02 8.74 16.15 DPB1*21:01 1.34 1.04
DRB1*08:02 0.97 — DRB1*15:03 0.06 — DQB1*06:03 1.27 0.52 DPB1*23:01 0.12 —
DRB1*08:03 5.95 5.73 DRB1*15:04 0.30 — DQB1*06:04 1.46 1.04 DPB1*26:01 0.42 —
DRB1*08:04 0.12 — DRB1*16:01 0.12 — DQB1*06:09 0.97 2.60 DPB1*31:01 — 0.52
DRB1*08:09 0.18 — DRB1*16:02 2.49 2.08 DQB1*06:10 0.06 — DPB1*36:01 0.18 0.52
DRB1*09:01 13.77 16.67 DQB1*06:101 0.06 — DPB1*38:01 0.18 0.52
DRB1*10:01 1.76 0.52 DQB1*06:117 — 0.52 DPB1*41:01 0.18 0.16
DRB1*11:01 6.43 6.25 DQB1*new 0.06 — DPB1*47:01 0.12 —
DRB1*11:03 0.06 — DPB1*72:01 0.06 —
DRB1*11:04 1.09 0.52 DPB1*01:01 0.18 — DPB1*93:01 0.06 —
DRB1*11:06:01G 0.06 0.52 DPB1*02:01 18.93 23.44 DPB1*296:01 0.06 —
DRB1*12:01:01G 3.64 1.56 DPB1*02:02 6.07 6.77 DPB1*new 0.18 1.04
DRB1*12:02 7.65 5.21 DPB1*03:01:01G 4.61 4.69

n: the number of cases/controls; AF: allelic frequency.

Table 3
The distribution differences of HLA-DRB1,-DQB1,-DPB1 between AA group and the control group.

Alleles AA group AF% (n = 96) control group AF% (n = 824) P OR (95% CI) Pc

DRB1
DRB1*14:05 u 6.25 2.43 2.49 × 10-3* 2.68 (1.38, 5.20) NS
DRB1*15:01 u 21.88 11.71 6.52 × 10-5* 2.11 (1.45, 3.07) 2.87 × 10-3**
DQB1
DQB1*03:02 d 1.56 5.10 2.90 × 10-2* 0.30 (0.09, 0.94) NS
DQB1*05:01 d 2.60 6.31 3.95 × 10-2* 0.40 (0.16, 0.99) NS
DQB1*06:02 u 16.15 8.74 9.28 × 10-4* 2.01 (1.32, 3.06) 1.86 × 10-2**

n: the number of cases/controls; AF: alleleic frequency; d: the allele with decreased frequency in AA patients compared to controls; u: the allele with increased
frequency in AA patients compared to controls; OR: odds ratio; Pc: P*＜0.05 corrected by Bonferroni, Pc**＜0.05 is considered statistically significant; NS: not
significant.

Fig. 1. Comparisons of the frequencies of HLA class II alleles between AA patients from northern Chinese Han and controls. Frequencies of HLA-DRB1 alleles (A) and
-DQB1,-DPB1 (B) alleles between AA patients (white column with black dots) and control subjects (black column) were compared. Alleles with > 2% frequencies in
either group were shown. P values for multiple comparisons (Pc) were corrected by Bonferroni correction. *P < 0.05, **Pc < 0.05.
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significant overrepresented three-locus haplotype containing
DRB1*15:01-DQB1*06:02 or DRB1*14:05-DQB1*05:03 in AA patients,
probably because of the weak LD between HLA-DPB1 and other HLA
classic II loci.

4. Discussion

Most cases of AA are acquired and idiopathic and has been re-
cognized as an autoimmune disease with hematopoietic stem/pro-
genitor cells (HSPCs) as the target attacked by the activated T lym-
phocytes and secreting proinflammatory cytokines, which induce
apoptosis of CD34 + cells [8]. In AA, there is overrepresentation of
HLA-DRB1*15 and class I HLA-B*40:02 and HLA-A*02:06 [20–21]. The
reason of higher incidence of AA in Asia than in the USA and Europe
might be more contributing to the impact of hereditary genetic poly-
morphisms and susceptibility, including HLA ethnic and geographic
diversity on immune-regulated mechanism of AA. The allelic frequency
of HLA-B*40:02 in Asian populations is reported to be higher, with
rates of 7.9% in Japanese, 8.7% in South Korean, 1.9% in Chinese, 2.4%
in Thai, in comparison with rates of 1.6% in German, 0.3% in Northern
Irish, 1.8% in Italian, and 1.5% in U.S. Caucasian populations [22] The
higher frequency of this class I allele may partly explain the higher
incidence of AA in Asian countries than in Western countries. Ad-
ditionally, radiation exposure, drugs and viral infection may be the
triggers to AA [23].

Recent advances in genome analysis, including single nucleotide
polymorphism arrays (SNP-As), targeted next-generation sequencing
(NGS), whole-exome sequencing (WES), and NGS-based HLA typing,
have exposed somatic mutations in AA patients [24], likely represent
immune escape clones and correlate with response to im-
munosuppressive therapy [25]. Up to now, a number of studies have
predominantly focused on characterizing HLA class II-driven

immunopathology. Despite substantial progress, more specific me-
chanisms of autoimmunity in AA have not been defined.

On the other hand, an autoimmune response against HSPCs and
regulatory T cells (Tregs) deficiency are two pivotal characteristics of
AA. Studies have shown a reduction in the number and function of Treg
in AA [8,26]. Tregs from AA patients also secrete pro-inflammatory
cytokines [8]. MHC class II molecules are highly expressed in early
HSPCs and their putative physiological role in regulation of hemato-
poiesis via to Tregs TCR—peptide—MHC class II seems to be proven
outside the immune and autoimmune response [27]. Recently, it has
been clearly established in transplantation and ectopic myelopoiesis
models that contact-dependent interaction between
CD4 + CD25 + FoxP3 + Treg cells and hematopoietic progenitor cells
is required for the regulation of hematopoiesis and it is dependent on
MHC class II [27,28]. The data suggest a crucial role of extremely high
specificity of TCR-peptide-MHC class II ligation and MHC expression
level in regulation of hematopoieisis. Our observation of higher asso-
ciation of HLA-DRB1*15:01, -DQB1*06:02 and extended haplotypes
with AA fits well with the model of dominant presentation of certain
self-peptides, especially in the related studies about AA/paroxysmal
nocturnal hemoglobinuria (PNH) and MHC-II [29,30]. AA-associated
MHC molecules might be particularly efficient presenters of certain
peptide fragments of these promiscuous proteins naturally expressed in
HSPCs. Certain MHC class II molecule fragments are efficiently pre-
sented in the context of AA-associated MHC class II molecules them-
selves and more strongly inhibited Treg-mediated self-recognition [27].
AA-associated DRB1*15:01 encoded molecules displayed extremely
wide ranges of peptides derived from MHC class II molecules as com-
pared with presentation repertoires of other class II molecules [30].
Thus, we hypothesize that high expression of MHC class II molecules in
HSPCs of AA patients and the strong autologous signal made by the
broad presentation of self class II peptides in DRB1*15:01 carriers could
effectively trigger suppression of Treg and Treg-mediated autoimmune
recognition to MHC class II-expressing HSCs in pathogenesis of AA;
however, more experiments to test the hypothesis about peptide re-
pertoire are needed.

Many of researches tend to consider that HLA-DRB1*15 is a sus-
ceptibility gene in AA, and also be regarded by some study as one of the
important marker of severe AA [31]. Saunthararajah Y et al.[32,33],
Fernández-Torres et al.[5], Dhaliwal et al.[11], and Song et al.[34]
found that AA patients in north American Caucasian, north America
Mexico, Malaysia, and North Korea, respectively, had a significantly
higher frequency of DRB1*15 than that of controls. For HLA class II in
Asian, Dhaliwai et al. [11] demonstrated a significant association of
HLA-DRB1*15 polymorphisms with AA (OR = 11.09). Deng XZ et al.
[35] employed meta-analysis on a total of 17 studies including 1372 AA
cases and 7792 controls, and revealed that HLA-A*02 and
-DRB1(*04:07, *15 and *15:01) polymorphisms had a significantly
higher frequency in AA patients and might increase susceptibility to
AA, but lack of the data on the high-resolution alleles in all loci of HLA
typical class II. Liu S et al. [36] reviewed and quantitatively analyzed
24 previous studies by meta-analysis and indicated that HLA-DRB1*15

Fig. 2. AA patients and controls carrying the HLA-DRB1*15:01 or HLA-
DQB1*06:02 alleles had strong association with susceptibility of AA in northern
Chinese Han. The incidence of AA was 17.32% (40 of 231) and 8.13% (56 of
689) for patients carrying HLA-DRB1*15:01 allele and for non-carriers, re-
spectively (P = 7.71 × 10-5). In the case of patients with HLA-DQB1*06:02
allele, the incidence of AA was 17.47 (29 of 166), while it was 8.89% (67/754)
for patients who did not carry the allele (P = 1.06 × 10-3).

Table 4
The differential distribution of HLA-DRB1-DQB1-DPB1 haplotype between AA group and the control group.

Two/three-loci haplotype AA group HF% (n = 96) control group HF% (n = 824) P OR (95% CI) Pc

DRB1*15:01-DQB1*06:02 u 16.15 8.43 2.72 × 10-4* 2.09 (1.37, 3.19) 4.90 × 10-3**
DRB1*14:05-DQB1*05:03u 6.25 2.31 1.47 × 10-3* 2.82 (1.45, 5.50) 2.65 × 10-2**
DRB1*14:05-DQB1*05:03-DPB1*05:01 u 3.98 1.51 1.98 × 10-2* 2.82 (1.25, 6.35) NS
DRB1*07:01-DQB1*02:02-DPB1*04:01 u 3.13 0.97 2.46 × 10-2* 3.29 (1.27, 8.51) NS
DRB1*15:01-DQB1*06:02-DPB1*04:01 u 2.11 0.44 2.00 × 10-2* 4.99 (1.45, 17.20) NS
DRB1*15:01-DQB1*06:02-DPB1*03:01 u 1.56 0.10 9.55 × 10-3* 13.06 (2.17, 78.68) NS
DRB1*15:01-DQB1*05:02-DPB1*05:01 u 1.56 0.13 9.55 × 10-3* 13.06 (2.17, 78.68) NS

n: the number of cases/controls; HF: haplotype frequency; u: the haplotype with increased frequency in AA patients compared to controls; OR: odds ratio; Pc: P*＜
0.05 corrected by Bonferroni, Pc**＜0.05 is considered statistically significant; NS: not significant.
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and HLA-DRB1*15:01 polymorphisms might be associated with in-
creased AA risk in Asians; and immunosuppressive therapy (IST) might
be more effective in HLA-DRB1*15 + and HLA-DRB1*15:01 + Asian
patients with AA. It has been suggested that allele frequencies of
DRB1*15 and DQB1*06 were predominantly high AA patients from
Pakistan [2]. This is in agreement with our findings to some extent,
which we obtained by employing the stricter statistical correction and
regional limitation.

Some reports, including their relatively smaller sample sizes, iden-
tified the different HLA-DRB1 susceptible alleles from our results, such
as HLA-DRB1*07:01,*09:01 and HLA-DQB1*02:02 [37,38]. Some HLA
genes have been reported to be protective alleles for AA, such as HLA-
DRB1*13:01[12], *03/03:01[39,40], *11:01[40] with lower fre-
quencies in AA of Chinese Han; meanwhile the frequencies of HLA-
DRB1*03,*13 and *13:02 are reduced in AA of non-Chinese [41,42].
But in our present study, we did not reveal any HLA class II allele with a
statistically significant reduced frequency in AA patients. Possible ex-
planations for the discrepancy between these studies includes differ-
ences in cohort size, HLA typing method, disease grading, type I error in
statistical methods, and significant distribution bias in ethnic and re-
gional distribution due to high polymorphisms of HLA system. To ob-
tian the reliability of our inference results, we increased the statistical
power via to Bonferroni correction. Meanwhile, we should notice it
might result in over-conservative outcome when the number of multiple
testing is> 10 times because the test level is too low [17]. In our re-
sults, the role of HLA-DRB1*14:05, which was overrepresented in AA at
6.25% vs 2.43% (P = 2.49 × 10-3, Pc = 0.11), in the pathogenesis and
higher prevalence of AA might be underestimated. Furthermore, the
view of the risk HLA-DRB1*14:05-DQB1*05:03 haplotype (OR = 2.82,
95%CI = 1.45–5.50, Pc = 2.65 × 10-2) associated with AA suscept-
ibility and development was first time put forward.

In order to further investigate the relationship between HLA-
DRB1*15:01 and HLA-DQB1*06:02 alleles associated with AA, we es-
timated haplotypes using the Arlequin software. The haplotype re-
construction results showed 5 two-locus haplotypes and 15 three-locus
haplotypes containing HLA-DRB1*15:01 allele were estimated among
AA patients. Out of them, only the HLA-DRB1*15:02-DQB1*06:02 and
HLA-DRB1*14:05-DQB1*05:03 haplotype reached statistical sig-
nificance and represented a positive association with AA. The associa-
tion of HLA-DQB1*06:02 alone (with the absence of DRB1*15:01) with
AA could not be confirmed because of complete linkage disequilibrium
of these alleles in the tested populations. Nowak J et al. believe that in
HLA-DRB1*15:01 carriers MHC self-presentation by HLA-DRB1*15:01
molecule can be broader and triggering of Treg activity can be more
efficient in the presence of HLA-DQB1*06:02 allele than in HLA-
DRB1*15:01 individuals with alternative HLA-DQB1 allele not present
in the context of HLA-DRB1*15:01 molecule [30]. HLA-DRB1*15:01
molecule presented fragments of tightly genetically linked haplotype
component molecules DQ6β [43,44]. Furthermore, it was reported that
for DRB1*15:01-encoded molecule autopresentation of 18-peptide de-
rived directly from DRB1*15:01 molecule was accompanied by the
presentation of 20-peptide and several of its shorter fragments derived
from DQB1*06:02-encoded molecule [45]. Combined with our findings,
it is raising the possibility that it is the HLA-DRB1*15:01-DQB1*06:02
extended haplotype rather than the individual alleles that is important
in hematopoietic immunosuppression in the pathogenesis of AA. The
similar view was mentioned in a study by Sakai A et al [46]. Naturally,
further investigations are warranted to elucidate the actual causality.

A role for the immune system in development of AA has been sup-
ported by the finding of association between AA and certain allelic
variants of MHC. Recently, Savage SA et al.[47] conducted a genome-
wide association study and identified the SNP (rs1042151A > G) en-
coded p.Met76Val in the P4 binding pocket of HLA-DPB1 (OR = 1.75,
95%CI = 1.50–2.03, P = 1.94 × 10-13) and the imputation of Val76-
encoding alleles DPB1*03:01, DPB1*10:01 and DPB1*01:01 revealed
increased risk of SAA. The replacement of Met76 to Val76 in certain

DPB1 alleles might influence risk of SAA through mechanisms involving
DP peptide binding specificity, expression, and/or other factors af-
fecting DP function. For the first time, our study was referred to the
relationship of HLA-DPB1 alleles to northern Chinese Han with AA,
although we did not uncover any HLA-DPB1 allele or the bearing
haplotype with a statistically significant difference between AA patients
and controls (Table 2; Table 4; Fig. 1). Furthermore we assessed the
amino acid sequences alignment and residues analysis. 23 polymorphic
amino acid residues spanning exon 2 ~ 4 of DPβ1 molecules have
showed no statistically significant differences in frequency as well as
variant, including the replacement of Met76 to Val76. This might be
attributed to the population or ethnic divergence in long-term AA
outcomes based on immunogenic variation. Another reason that the
Savage et al DPB1 association was not replicated could be related to
limited accuracy of imputation of DPB1 locus variants from GWAS
SNPs. Targeted HLA genotyping, as was performed in the present study,
is much more accurate.

Our data have not found that there was any haplotype of HLA-
DQB1-DPB1 with significant differential frequency between the two
cohorts after considering multiple testing; although some LD values
between the same HLA-DQB1 and DPB1 alleles showed the statistical
discrepancy. The discrepancy of LD values between the AA patients and
controls did not represent the frequency difference of corresponding
bearing haplotype, and the two types of differences are not always
keeping consistent.

The one of limitations of our study is the number of patients studied
is relatively small; however, this is one of largest AA cohorts with HLA
class II at high resolution-level, including HLA-DRB1,-DQB1, and -DPB1
loci in northern Chinese Han. Additionally, haplotype phasing re-
presents a maximum likelihood estimate from the EM algorithm, not
being determined experimentally. In the present study, haplotypes
frequency estimation with a count< 3 were binned as rare haplotypes
and not tested to avoid a source of uncertainty as much as possible. We
also did not assess the role of risk alleles in disease course, developing
chromosomal abnormalities and other clonal evolution, although no
consensus has been reached [48]. In the next step our study group will
investigate this part of research and analyze a common structural ele-
ment or shared structural motifs within the peptide binding cleft of the
2 HLA risk alleles HLA-DRB1*15:01 and HLA-DQB1*06:02.

In conclusion, our findings establish a novel link between inherited
HLA-DRB1,-DQB1 and -DPB1 risk alleles and extended haplotypes with
AA. It is the first study to evaluate the role of HLA class II loci haplo-
types in AA patients from northern Chinese Han populations, and our
results indicated that the HLA haplotype-based risk prediction might be
more precise than the single allele-based risk calculation. Our study
opens new avenues for development of targeted therapies to prevent or
redirect immunopathology in AA.

Data availability statement

The data used to support the findings of this study are available
from the corresponding author upon request.

Funding information

Project supported by Weigao Research Fundation of Chinese Society
of Blood Transfusion (CSBT-WG-2017-06) and the Natural Science
Foundation of Xi’an Health Commission (J201701003). Additional
supporting information was provided by China Marrow Donor Program
(CMDP).

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to

J. Qi, et al. Human Immunology xxx (xxxx) xxx–xxx

6



influence the work reported in this paper.

Acknowledgments

This work was supported by Weigao Research Fundation of Chinese
Society of Blood Transfusion (CSBT-WG-2017-06) and the Natural
Science Foundation of Xi’an Health Commission (J201701003).
Additional supporting information was provided by China Marrow
Donor Program (CMDP). We are grateful to all the volunteers who were
willing to participate into the study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.humimm.2020.07.001.

References

[1] R. Fan, W. Wang, X.Q. Wang, G.W. Lin, Incidence of adult acquired severe aplastic
anemia was not increased in Shanghai China, Ann Hematol. 90 (2011) 1239–1240.

[2] Z. Akram, P. Ahmed, S. Kajigaya, et al., Epidemiological, clinical and genetic
characterization of aplastic anemia patients in Pakistan, Ann Hematol. 98 (2)
(2019) 301–312.

[3] Red Blood Cell Disease (Anemia) Group, Chinese Society of Hematology, Chinese
Medical Association. Chinese expert consensus on the diagnosis and treatment of
aplastic anemia (2010), Zhonghuo Xue Ye Xue Za Zhi. 31(11) (2010) 790–792.

[4] M. Wang, N. Nie, S. Feng, et al., The polymorphisms of human leukocyte antigen
loci may contribute to the susceptibility and severity of severe aplastic anemia in
Chinese patients, Hum. Immunol. 75 (8) (2014) 867–872.

[5] J. Fernandez-Torres, D. Flores-Jimenez, A. Arroyo-Perez, J. Granados, A. Lopez-
Reyes, The ancestry of the HLA-DRB1*15 allele predisposes the Mexican mestizo to
the development of aplastic anemia, Hum. Immunol. 73 (8) (2012) 840–843.

[6] Z. Niu, P. Zhang, Y. Tong, Value of HLA-DR genotype in systemic lupus er-
ythematosus and lupus nephritis: a meta-analysis, Int. J. Rheumat. Dis. 18 (1)
(2015) 17–28.

[7] M. Yang, X. Kuang, J. Li, Y. Pan, et al., Meta-analysis of the association of HLA-
DRB1 with rheumatoid arthritis in Chinese populations, BMC Musculoskeletal
Disorders. 14 (2013) 307–316.

[8] S. Kordasti, J. Marsh, S. Al-Khan, et al., Functional characterization of CD4+ T cells
in aplastic anemia, Blood 119 (9) (2012) 2033–2043.

[9] F. Yari, M. Sobhani, M.Z. Vaziri, N. Bagheri, F. Sabaghi, A. Talebian, Association of
aplastic anaemia and Fanconi’s disease with HLA-DRB1 alleles, Int J Immunogenet.
35 (6) (2008) 453–456.

[10] M.R. Huo, Y. Yu, H.Y. Liu, B. Xi, X.J. Huang, D. Li, Association of HLA DRB1
polymorphism with susceptibility to myelodysplastic syndrome and aplastic anemia
in Chinese Han population, Zhonghua Yi Xue Yi Chuan Xue Za Zhi. 28 (3) (2011)
296–299.

[11] J.S. Dhaliwal, L. Wong, M.A. Kamaluddin, L.Y. Yin, S. Murad, Susceptibility to
aplastic anemia is associated with HLA-DRB1*1501 in an aboriginal population in
Sabah, Malaysia. Hum Immunol. 72 (10) (2011) 889–892.

[12] X.L. Liang, L.G. Qiu, L.J. Sun, et al., Correlation of HLA-alleles with aplastic anemia,
Zhongguo Shi Yan Xue Ye Xue Za Zhi. 15 (6) (2007) 1208–1211.

[13] K. Fleischhauer, B.E. Shaw, T. Gooley, et al., Effect of T-cell-epitope matching at
HLA-DPB1 in recipients of unrelated-donor haemopoietic-cell transplantation: a
retrospective study, Lancet Oncol. 13 (4) (2012) 366–374.

[14] W. Herr, Y. Eichinger, J. Beshay, et al., HLA-DPB1 mismatch alleles represent
powerful leukemia rejection antigens in CD4 T-cell immunotherapy after allogeneic
stem-cell transplantation, Leukemia 31 (2) (2017) 434–445.

[15] Red Blood Cell Disease (Anemia) Group, Chinese Society of Hematology, Chinese
Medical Association. Chinese expert consensus on the diagnosis and treatment of
aplastic anemia (2017), Zhonghuo Xue Ye Xue Za Zhi. 38(1) (2017) 1–5.

[16] L. Excoffier, H.E.L. Lischer, Arlequin suite ver 3.5: A new series of programs to
perform population genetics analyses under Linux and Windows, Mol. Ecol. Resour.
10 (2010) 564–567.

[17] R.A. Armstrong, When to use the Bonferroni correction, Ophthalmic Physiol Opt. 34
(5) (2014) 502–508.

[18] Y. He, J. Li, W. Mao, et al., HLA common and well-documented alleles in China,
HLA. 92 (4) (2018) 199–205.

[19] C.K. Hurley, J. Kempenich, K. Wadsworth, et al., Common, intermediate and
well‐documented HLA alleles in world populations: CIWD version 3.0.0, HLA 95 (6)
(2020) 516–531.

[20] T. Shichishima, H. Noji, K. Ikeda, K. Akutsu, Y. Maruyama, The frequency of HLA
class I alleles in Japanese patients with bone marrow failure, Haematologica 91 (6)
(2006) 856–857.

[21] Y. Takahashi, A. Ohara, R. Kobayashi, et al., Expression of Human Leukocyte
Antigen B61 Is Associated with Idiopathic Aplastic Anemia, Hepatitis-Associated
Aplastic Anemia and Fulminant Hepatic Failure in Children [abstract], Blood

Abstract (2012;120(21).) 3487.
[22] Gonźalez-Galarza FF, Takeshita LY, Santos EJ, et al. Allele frequency net 2015

update: new features for HLA epitopes, KIR and disease and HLA adverse drug
reaction associations. Nucleic Acids Res. 2015;43(D1):D784-D788.

[23] T. Zhang, C. Liu, H. Liu, et al., Epstein Barr virus infection affects function of cy-
totoxic T lymphocytes in patients with severe aplastic anemia, Biomed Res Int. 2018
(2018) 6413815.

[24] D.V. Babushok, A brief, but comprehensive, guide to clonal evolution in aplastic
anemia, Hematology Am Soc Hematol Educ Program. 1 (2018) 457–466.

[25] G.J. Mufti, J.C.W. Marsh, Somatic mutations in aplastic anemia, Hematol Oncol
Clin North Am. 32 (4) (2018) 595–607.

[26] J. Shi, M. Ge, S. Lu, et al., Intrinsic impairment of CD4(+)CD25(+) regulatory T
cells in acquired aplastic anemia, Blood 120 (8) (2012) 1624–1632.

[27] M. Urbieta, I. Barao, M. Jones, et al., Hematopoietic progenitor cell regulation by
CD4+CD25+T cells, Blood 115 (23) (2010) 4934–4943.

[28] J.H. Lee, C. Wang, C.H. Kim, FoxP3+ regulatory T cells restrain splenic extra-
medullary myelopoiesis via suppression of hemopoietic cytokine-producing T cells,
J. Immunol. 183 (10) (2009) 6377–6386.

[29] J. Nowak, R. Mika-Witkowska, E. Mendek-Czajkowska, et al., The patterns of MHC
association in aplastic and non-aplastic paroxysmal nocturnal hemoglobinuria,
Archivum Immunologiae et Therapiae Experimentalis. 59 (3) (2011) 231–238.

[30] J. Nowak, J. Wozniak, E. Mendek-Czajkowska, et al., Potential link between MHC-
self-peptide presentation and hematopoiesis; the analysis of HLA-DR expression in
CD34-posotive cells and self-peptide presentation repertoires of MHC molecules
associated with paroxysmal nocturnal hemoglobinuria, Cell Biochem Biophys. 65
(3) (2013) 321–333.

[31] M. Battiwalla, T. Wang, J. Carreras, et al., HLA-matched sibling transplantation for
severe aplastic anemia: impact of HLA-DR*15 antigen status on engraftment, graft-
versus-host disease, and overall survival, Biol Blood Marrow Transplant. 18 (9)
(2012) 1401–1406.

[32] Y. Saunthararajah, R. Nakamura, J.M. Nam, et al., HLA-DR15 (DR2) is over-
represented in myelodysplastic syndrome and aplastic anemia and predicts a re-
sponse to immunosuppression in myelodysplastic syndrome, Blood 100 (5) (2002)
1570–1574.

[33] Y. Saunthararajah, R. Nakamura, R. Wesley, Q.J. Wang, A.J. Barrett, A simple
method to predict response to immunosupp ressive therapy in patients with mye-
lodysplastic syndrome, Blood 102 (8) (2003) 3025–3027.

[34] E.Y. Song, H.J. Kang, H.Y. Shin, et al., Association of human leukocyte antigen class
II alleles with response to immunosuppressive therapy in Korean aplastic anemia
patients, Hum Immunol. 71 (1) (2010) 88–92.

[35] X.Z. Deng, M. Du, J. Peng, et al., Associations between the HLA-A/B/DRB1 poly-
morphisms and aplastic anemia: evidence from 17 case-control studies,
Hematology. 23 (3) (2018) 154–162.

[36] S. Liu, Q. Li, Y. Zhang, et al., Association of human leukocyte antigen DRB1*15 and
DRB1*15:01 polymorphisms with response to immunosuppressive therapy in pa-
tients with aplastic anemia: a meta-analysis, PLoS ONE 11 (9) (2016) e0162382.

[37] B.J. Wang, Y.M. Wu, X.H. Li, et al., Relationship between HLA gene polymorphism
and aplastic anemia in northern Chinese Han patients, Zhongguo Shi Yan Xue Ye
Xue Za Zhi. 26 (6) (2018) 1731–1737.

[38] C. Chen, S.Y. Lu, M. Luo, B.H. Zhang, L.L. Xiao, Correlations between HLA-A, HLA-B
and HLA-DRB1 allele polymorphisms and childhood susceptibility to acquired
aplastic anemia, Acta Haematol. 128 (1) (2012) 23–27.

[39] X.J. Wang, X.L. Liang, X.F. Ai, et al., HLA associations with severe hematologic
diseases, Zhonghua Jian Yan Ye Xue Za Zhi. 30 (10) (2007) 1114–1118.

[40] S.Y. Lu, L.L. Xiao, M. Luo, B.H. Zhang, C. Chen, Relationship between poly-
morphism of HLA-A,-B,-DRB1 alleles and susceptibility of children to acquired
aplastic anemia, Zhongguo Shi Yan Xue Ye Xue Za Zhi. 20 (1) (2012) 120–124.

[41] S. Rehman, N. Saba, Khalilullah, S. Munir, P. Ahmed, T. Mehmood, The frequency
of HLA Class I and II alleles in Pakistani patients with aplastic anemia, Immunol.
Invest. 38 (8) (2009) 812–819.

[42] E.Y. Song, S. Park, D.S. Lee, H.I. Cho, M.H. Park, Association of human leukocyte
antigen-DRB1 alleles with disease susceptibility and severity of aplastic anemia in
Korean patients, Hum Immunol. 69 (6) (2008) 354–359.

[43] A.B. Vogt, H. Kropshofer, H. Kalbacher, et al., Ligand motifs of HLA-DRB5*0101
and DRB1*1501 molecules delineated from self-peptides, J. Immunol. 153 (1994)
1665–1673.

[44] D.A. Kirschmann, K.L. Duffin, K.E. Smith, et al., Naturally processed peptides from
rheumatoid arthritis associated and non-associated HLA-DR alleles, J. Immunol.
155 (1995) 5655–5662.

[45] R.M. Chicz, R.G. Urban, J.C. Gorga, D.A. Vignali, W.S. Lane, J.L. Strominger,
Specificity and promiscuity among naturally processed peptides bound to HLA-DR
alleles, J. Exp. Med. 178 (1993) 27–47.

[46] A. Sakai, E. Noguchi, T. Fukushima, et al., Identification of amino acids in antigen-
binding site of class II HLA proteins independently associated with hepatitis B
vaccine response, Vaccine. 35 (4) (2017) 703–710.

[47] S.A. Savage, M. Viard, C. O’hUiqin, et al., Genome-wide association study identifies
HLA-DPB1 as a significant risk factor for severe aplastic anemia, Am. J. Hum. Genet.
106 (2) (2020) 264–271.

[48] D.V. Babushok, J.L. Duke, H.M. Xie, et al., Somatic HLA mutations expose the role
of class I-mediated autoimmunity in aplastic anemia and its clonal complications,
Blood Adv. 1 (22) (2017) 1900–1910.

J. Qi, et al. Human Immunology xxx (xxxx) xxx–xxx

7

https://doi.org/10.1016/j.humimm.2020.07.001
https://doi.org/10.1016/j.humimm.2020.07.001
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0005
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0005
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0010
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0010
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0010
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0020
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0020
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0020
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0025
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0025
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0025
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0030
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0030
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0030
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0035
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0035
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0035
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0040
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0040
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0045
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0045
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0045
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0050
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0050
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0050
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0050
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0055
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0055
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0055
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0060
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0060
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0065
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0065
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0065
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0070
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0070
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0070
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0080
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0080
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0080
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0085
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0085
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0090
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0090
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0095
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0095
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0095
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0100
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0100
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0100
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0105
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0105
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0105
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0105
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0115
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0115
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0115
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0120
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0120
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0125
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0125
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0130
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0130
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0135
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0135
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0140
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0140
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0140
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0145
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0145
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0145
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0150
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0150
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0150
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0150
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0150
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0155
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0155
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0155
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0155
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0160
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0160
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0160
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0160
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0165
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0165
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0165
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0170
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0170
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0170
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0175
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0175
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0175
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0180
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0180
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0180
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0185
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0185
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0185
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0190
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0190
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0190
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0195
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0195
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0200
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0200
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0200
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0205
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0205
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0205
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0210
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0210
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0210
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0215
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0215
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0215
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0220
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0220
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0220
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0225
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0225
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0225
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0230
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0230
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0230
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0235
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0235
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0235
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0240
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0240
http://refhub.elsevier.com/S0198-8859(20)30347-5/h0240

	Association of HLA class II (-DRB1,-DQB1,-DPB1) alleles and haplotypes on susceptibility to aplastic anemia in northern Chinese Han
	Introduction
	Material and methods
	Study subjects
	DNA extraction
	Hla-DRB1, -DQB1 and -DPB1 routine typing and amino acid sequences alignment of HLA-DPβ1 molecules
	The next-generation sequencing (NGS-ION S5TM platform)
	Statistical analyses

	Results
	Clinical characteristics and Hardy-Weinberg equilibrium test
	Distribution of HLA-DRB1,-DQB1 and DPB1 alleles in subjects
	Association of HLA-DRB1, -DQB1 polymorphisms and DPβ1 amino acid residues with the susceptibility of AA
	Linkage disequilibrium analysis for pairwise haplotypes
	The differential distribution of HLA-DRB1-DQB1-DPB1 haplotype polymorphisms

	Discussion
	Data availability statement
	Funding information
	Declaration of Competing Interest
	Acknowledgments
	Supplementary data
	References




