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Abstract

Hepeatitis B virus (HBV) affects approximately 68 million people in China, and 10-15% of adults infected with HBV develop chronic
hepatitis B, liver cirrhosis, liver failure or hepatocellular carcinoma (HCC). HLA-DPB1 gene polymorphism and expression have
been shown to be associated with HBV infection susceptibility and spontaneous clearance. The aim of this study is to evaluate the
role of HLA-DPBI1 gene polymorphism in HBV infection. HLA-DPB1 and rs9277535 polymorphisms were investigated in 259
patients with HBV infection and 442 healthy controls (HCs) using sequence-based typing. The mRNA of HLA-DPB1 was measured
by real-time polymerase chain reaction. HLA-DPB1 genes and rs9277535 polymorphisms were all associated with HBV infection in
the Sichuan Han population. rs9277535A and HLA-DPB1#04:02 played a protective role against HBV infection. rs9277535G and
DPB1*05:01 were associated with susceptibility to HBV infection. rs9277535GG had significantly higher HLA-DPB1 mRNA expres-
sion in the HBV infection group compared with the HC group. HLA-DPB1*05:01 and HLA-DPB1*21:01 had significantly lower
mRNA expression in the HBV infection group compared with the HC group. The meta-analysis revealed that HLA-DPB1*#02:01,
HLA-DPB1#02:02, HAL-DPB1*04:01 and HLA-DPB1*04:02 protected against HBV infection, while HLA-DPB1*05:01, HLA-
DPB1*#09:01, and HLA-DPB1*13:01 were risk factors for susceptibility to HBV infection. HLA-DPB1*#02:01, HLA-DPB1*#02:02,
and HLA-DPB1%04:01 were associated with HBV spontaneous clearance, while HLA-DPB1#05:01 was associated with chronic
HBYV infection. HLA-DPBI alleles and rs9277535 have a major effect on the risk of HBV infection, and HBV infection is associated
with lower HLA-DPBI1 expression. HLA-DPBI alleles have an important role in HBV susceptibility and spontaneous clearance.
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Introduction

There is a high prevalence of hepatitis B virus (HBV) in
China, with an estimated 5.49% seropositivity for hepati-
tis B surface antigen (HBsAg) in 2015 (Schweitzer et al.
2015), meaning that~93 million people were infected by
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HBYV at that time. Around 10-20% of adults with HBV
infection progress to chronic hepatitis B (CHB), alone or
in combination with liver cirrhosis and/or hepatocellular
carcinoma (Cui and Jia 2013). This leads to a heavy public
health burden of HBV-related liver disease in China (Wang
et al. 2014).
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Multiple factors contribute to the risk of chronic HBV
infection, such as age, sex, body mass index, ethnicity, viral
mutation and genotypes, host genetic variations, and related
host immune responses. A genome-wide association study
(Kamatani et al. 2009) in Japanese and other Asian popula-
tions found a significant association between CHB and sev-
eral polymorphisms of the HLA loci, including HLA-DPBI1
and associated single nucleotide polymorphism (SNP)
rs9277535A/G, and DPB1-rs9277535A/G haplotypes.
Subsequently, they revealed risk alleles HLA-DPB1%05:01
and HLA-DPB1%#03:01, and protective alleles HLA-
DPB1%04:02 and HLA-DPB1*04:01. Many researchers
(Donaldson et al. 2001; Nishida et al. 2015; Cho et al. 2008;
Katrinli 2017; Nishida et al. 2016; Zhu et al. 2016; Nishida
et al. 2014) have verified these results in different ethnic
genetic populations. They have revealed that HLA-DPB1
and rs9277535A/G are related to susceptibility to HBV
infection and whether the outcome is spontaneous clear-
ance or CHB. Not only DPB1 gene, the DRB1 (Doganay
etal. 2014; Yan et al. 2012) and DQB1 (Nishida et al. 2016;
Ou et al. 2018) gene and the DRB1-DQB1-DPB1 haplo-
types (Liao et al. 2014; Hu et al. 2012; Nishida et al. 2018)
were also related HBV infection.

Recent research (O’Brien et al. 2011) has found that risk
alleles of HLA-DP decrease liver mRNA expression of
HLA-DP in HBV-infected patients, suggesting that expres-
sion of HLA-DP genes is important for control of HBV
in non-Hispanic European populations. Thomas and col-
leagues found (Thomas et al. 2012) that the rs9277534A/G
variant distinguishes the most protective HLA-DPBI1 allele
(HLA-DPB1*04:01) from the most susceptible (HLA-
DPB1*01:01) after HBV infection. They also showed that
healthy individuals with rs9277534GG had significantly
higher levels of HLA-DPBI1 surface protein and mRNA
expression compared with individuals with rs9277534AA
genotype, and that rs9277534A/G could be an HLA-DPB1
expression marker (Schone et al. 2018). Decreased expres-
sion of HLA-DPB1 mRNA is associated with HBV reacti-
vation in patients treated with immunomodulatory agents
(Matsuda et al. 2018), and increased HCV-related liver dis-
ease and correlated with HCV-related disease progression
(Hiramatsu et al. 2017). These results suggest that differ-
ences in HLA-DPBI1 alleles and HLA-DPB1 expression may
influence the risk of persistent HBV infection.

Recent research has found (Niehrs et al. 2019) that a sub-
set of HLA-DP molecules, such as HLA-DP401, which inter-
act with NKp44, trigger functional natural killer (NK) cell
responses. This interaction between DP alleles and NKp44
implicates HLA class II as a component of the innate immune
response, much like HLA-C and KIR molecular. It may pro-
vide a potential mechanism (Niehrs and Altfeld 2020) for the
relationship between HLA-DP alleles and disease outcomes,
including for HBV infection. It is speculated that during
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acute HBV infection, NKp44 interacts with HLA-DP401
allele expressed on the surface of infected hepatocytes,
and interferon-vy is secreted by T-helper 1 and NK cells that
contribute to lysis of HBV-infected cells. In HBV-infected
individuals carrying HLA-DP301, NKp44 is unable to bind
to HLA-DP301 molecules, resulting in inefficient lysis of
infected hepatocytes by NK cells, and this leads to a higher
risk of chronic HBV infection.

The distribution of HLA-DPB1 molecules in Chinese
populations is similar to that in other Asian populations,
but HLA-DPBI1 expression in Asian populations with HBV
infection has not been reported yet. In this study, we typed
HLA-DPB1 and associated rs9277535A/G in a population-
based case—control study in the Chinese Han population in
Sichuan Province, including 259 patients with HBV infec-
tion and 441 healthy controls (HCs). We also identified the
different HLA-DPB1 expression in different alleles of these
two groups. Meta-analysis was also used to comprehen-
sively evaluate the correlation between HLA-DPBI1 alleles
and HBV infection susceptibility and HBV spontaneous
clearance.

Materials and methods
Samples

The study samples were from the Physical Examination
Center of Deyang People’s Hospital, Sichuan Province,
China. There were 499 participants, including 259 patients
with CHB and 441 HCs. HBV infection status was based
on the serological results for hepatitis B surface antigen
(HBsAg), hepatitis B surface antibody, hepatitis B e antigen
(HBeAg), hepatitis B e antibody (HBeAb), and hepatitis B
core antibody (HBcAb). Volunteers with seropositive for
HBsAg combine with seropositive for HBeAg and HBcAb
or HBeAb and HBcAb were considered to be HBV carriers.
The HCs were seronegative for both HBsAg and HBeAg. All
blood samples were negative for hepatitis C virus and human
immunodeficiency virus. Subjects who were seropositive for
HBsAg, had normal serum alanine aminotransferase levels
(<35 U/L) Supplementary Table 1, and had no obvious clin-
ical symptoms were considered to be asymptomatic carriers
and had not used any antiretroviral drugs. All subjects gave
written informed consent before enrolment.

rs9277535 and HLA-DPB1 genotyping

Peripheral blood sampling and DNA extraction were per-
formed as previously reported (Ou et al. 2018, 2019). Gen-
otyping was performed using polymerase chain reaction
(PCR) sequence-based typing. Amplification primers were
as follows: rs9277535 forward, 5'-TAACTGTGTGTGTTG
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CTGC-3', reverse, 5'-CTGCGTGGTGAGAAAACAGG-3,
and HLA-DPBI1 exon 2 forward, 5'-CTGCGTGGTGAG
AAAACAGG-3', 5'-CCTGACAAGCTCCAGATGGG-3',
and reverse, 5'-TTCCTTTATGGTGTTGCTCCT-3'. Each
PCR mix (total volume, 10 pL) contained 1 pL DNA and
5 pM primers and 5 pL. GoTaq Green Master Mix (Promega,
Madison, WI, USA). The DPB1 ambiguities were resolved
by group-specific sequencing primers sequencing, and each
primer was referenced by the EBI-IMGT database. The
primers are shown in Table 1. Thermal cycling conditions
were: 96 °C for 3 min, 30 cycles at 95 °C for 20 s, 62 °C
for 15 s, 72 °C for 1 min, and 72 °C for 5 min. The PCR
products were analyzed by an ABI 3730 DNA Sequencer
(Applied Biosystem, Foster City, CA, USA).

Measurement of HLA-DPB1 mRNA level

RNA was prepared from suspensions of freshly isolated
peripheral blood mononuclear cells using a TRIzol method
(ThermoFisher, USA). RNA extraction and cDNA prepa-
ration were performed as previously reported (Ou et al.
2018, 2019).

Expression of HLA-DPB1 was quantified by SYBR
Green quantitative PCR using the threshold cycle method in
a CFX96 Touch PCR machine (Bio-Rad, USA) with the fol-
lowing primers: forward, 5'-GTGCATTGCAGAAGGTCA
GA-3', and reverse, 5'-CTGGTGATAGGCCATCAGGT-3'.
Each PCR was run in triplicate, including 12.5 pL FastStart
Universal SYBR Green Master (Roche, USA), 200 nM
primers, and 2.5 pL. cDNA in a total volume of 25 pL. The
quantitative PCR protocol was that recommended by the
Roche specification. The specificity of the DPB1 primers
was confirmed by melt curve analysis using a single-peak

Table 1 Group-specific sequencing primers for DPB1 high-resolution
typing

Primers Directions Sequences Positions

DPB1-Z38R1 Reward CGA CGT CCC AGT GCC 341

GGA

DPB1-Z38R2 Reward GAG CCG CGA CGT ccC 346
AGT G

DPB1-Z39F1 Forward CCC CGC AGA GAA TTA 109
CC

DPB1-Z39F2 Forward GC AGA GAA TTA CCT 113
TTT

DPB1-Z62R  Reward AGC ATC AAC ACA GAC 315
GTG

DPB1-Z64R  Reward ACA AGG TCATGA GGC 251
GTC

DPB1-Z65R  Reward CCG ACAAGGTCATGA 294
GGC

Group-specific sequencing primers used to resolve alternative geno-
types, the primers based on ambiguous genotypes obtained

dissociation step. All reactions were standardized to expres-
sion of the reference gene GAPDH.

Linkage of HLA-DPB1 and SNPs

Genotype frequency was tested for Hardy—Weinberg
equilibrium using Arlequin version 3.5.1.2. D’ was cal-
culated as described by (Paximadis et al. 2012). The
maximum-likelihood method was used to estimate the
linkage disequilibrium (LD). An expectation—
maximization algorithm for multilocus genotypic data
was used for the observed data with an unknown gametic
phase. An ELB algorithm was used to estimate the
gametic phase of the genotype data generated at all the
polymorphic positions within the gene region when the
recessive alleles were present. The statistical significance
of the LD between each of the allele pairs was evaluated
by the approximate X2 test as described previously (Ou
et al. 2019). All statistical significance was defined as
P <0.05. (Supplementary Material)

Meta-analysis study

In order to demonstrate the influence of HLA-DPB1 on the
susceptibility to HBV infection and its spontaneous clear-
ance, we performed a meta-analysis. Relevant studies were
identified by a computerized literature search of electronic
databases, including PubMed, EBSCO, Elsevier, and Web
of Science, with English as the language restriction. The
following index terms were used: hepatitis B and HLA-DP.
The inclusion criteria were as follows: (1) genotype frequen-
cies of HLA-DPB1 were obtained in HCs, HBV carriers,
and individuals with chronic HBV infection and HBV spon-
taneous clearance; (2) the study included specific criteria
for enrolling the samples; (3) the study had a case—control
design; and (4) the numbers of cases and controls, and the
alleles frequencies were clearly stated. Studies that did not
meet these criteria were excluded, details of the mata-analysis
were in the Supplementary Materials.

Statistical analysis

The Hardy—Weinberg equilibrium of the genotype distribu-
tions and the LD of the SNPs were examined using Arliquin
version 3.5 software. The differences in categorical variables
and continuous variables were compared using the y* test
and Student’s t test, respectively. We used a logistic regres-
sion model to calculate the age- and sex-adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) between the HLA-
DPB1 variants and the risk of HBV infection. The meta-
analysis was performed by Review Manager version 5.2 soft-
ware, and ORs with 95% ClIs were used to assess the strength
of HLA-DPB1 polymorphisms in HBV susceptibility. The /*
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Table 2 Distribution of rs9277535 alleles in HBV and HC groups

N AA AG GG A G
HBYV group 259 19 (7.3%) 107 (41.3%) 133 (51.4%) 0.28 0.72
HC 441 77 (17.5%) 213 (48.3%) 153 (34.7%) 0.42 0.58
HBYV versus HC AA versus GG+ AG GG+ AG versus AA A versus G G versus A
P value <0.001? <0.001% <0.001* <0.001%
Risk ratio (95% CI) 0.37 (0.22-0.63) 1.99 (1.45-2.72) 0.52 (0.41-0.65) 1.94 (1.54-2.46)

HBYV hepatitis B virus, HC healthy control, CI confidence interval

2P <0.01 (after Bonferroni correction)

test was used for heterogeneity examine between the studies,
and the fixed-effect model (F) was used if there was <50%
heterogeneity; otherwise, the random-effect model (R) was
used. We added it in the manuscript. P <(0.05 was consid-
ered statistically significant.

Results

Relationship between HLA-DPB1 and rs9277535A/G
in HBV infection

The carriage of HLA-DPB1 rs9277535A indicated stronger
protection against HBV infection (OR =0.52, 95% Cl
0.41-0.65), while rs9277535G indicated susceptibility to
HBYV infection (OR=1.94, 95% C1 1.54-2.46) (Table 2).
HLA-DPB1 was highly polymorphic, and the most preva-
lent allele in our population was HLA-DPB1*05:01, which
was significantly associated with HBV susceptibility in the
Sichuan Han population (OR=1.41, 95% CI 1.14-1.76).

Both HLA-DPB1*04:02 were significantly associated with
protection against HBV infection in our study population
(OR=0.31, 95% C1 0.16-0.59) (Table 3).

After meta-analysis, we found that HLA-DPB1*02:01, HLA-
DPB1%02:02, HLA-DPB1*04:01, and HLA-DPB1%04:02
were paly protect role in HBV infection; however, HLA-
DPB1%#05:01, HLA-DPB1*09:01, and HLA-DPB1*#13:01 were
associated with HBV susceptibility. HLA-DPB1+%02:01, HLA-
DPB1#02:02, and HLA-DPB1*04:01 were associated with
HBYV spontaneous clearance, while HLA-DPB1*05:01 was
associated with chronic HBV infection as shown in Tables 5-
8 and Supplementary Tables 2-3 and Figs. 2-11.

Expression of HLA-DPB1 mRNA levels in HBV
infection

HLA-DPB1 mRNA expression was significantly lower in
subjects with the rs9277535AA genotype compared with the
1s9277535GG genotype in HC group. rs9277535GG geno-
type, HLA-DPB1*05:01, and HLA-DPB1%21:01 in the HBV

Table 3 Distribution of the

o DPBI alleles HC F (%) HBYV carriers F (%) P (HBV VS.HC) Risk ratio (95% CI)

HLA-DPBI alleles in different

groups N=441 N=259
01:01 8 0.9 2 04 0.22 0.42 (0.09-2.00)
02:01 141 16.0 73 14.0 0.19 0.86 (0.64-1.17)
02:02 62 7.0 30 5.8 0.22 0.81 (0.52-1.28)
03:01 36 4.1 20 39 0.48 0.94 (0.54-1.65)
04:01 67 7.6 31 6.0 0.15 0.77 (0.50-1.20)
04:02 40 4.5 13 2.5 <0.001? 0.31 (0.16-0.59)
05:01 362 41.0 257 50 0.001% 1.41 (1.14-1.76)
09:01 5 0.6 5 1.0 0.29 1.71 (0.49-5.93)
13:01 65 74 31 6.0 0.19 0.80 (0.51-1.25)
14:01 24 2.7 12 2.3 0.39 0.85 (0.42-1.71)
17:01 20 2.3 14 2.7 0.37 1.20 (0.60-2.39)
19:01 3 0.3 4 0.8 0.23 2.28 (0.51-10.23)
21:01 28 32 21 4.1 0.24 1.29 (0.72-2.29)

The HLA-DPBI1 alleles only present in HBV carriers or healthy controls were not listed in the table
HBYV hepatitis B virus, HC healthy control, CI confidence interval

4P <0.01 (after Bonferroni correction)
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Fig.1 HLA-DPB1 mRNA expression in rs9277535 alleles

infection group showed significantly lower HLA-DPB1 mRNA
expression compared with the HC group, as shown in Figs. 1,2
and 3, Supplementary Fig 1.

LD between rs9277535A/G and HLA-DPB1 alleles

The LD test indicated the association between HLA-DPB1
alleles and different rs9277535A/G that make up the hap-
lotypes. HLA-DPB1%04:01 and HLA-DPB1%*04:02 had
strong linkage with rs9277535A, which had a protective
role in HBV infection. HLA-DPB1%#05:01 had strong link-
age with rs9277535G, which was associated with suscep-
tibility to HBV infection (Tables 4, 5, 6, 7 and 8).

= 3] *
=) |—|
Z
L
2 27 T
o e
> s S
x e s
e, e
E 11 e a
- - S
= R S
B S
0 e ' o
I 1
N N N N
6- ‘7' A A
& & Q &
¢ L ¢ Ny
<8 ¢

Fig.2 HLA-DPB1 mRNA expression levels of 159277535 alleles in
the hepatitis B virus-infected (HBV) and healthy control (HC) groups

HLA-DPB1 mRNA level

R

Fig.3 HLA-DPB1 mRNA expression levels in the hepatitis B virus-
infected (HBV) and healthy control (HC) groups

Discussion

China is a high-endemic area for HBV infection. There
are many HBV carriers, and patients with chronic hepati-
tis, cirrhosis, or hepatocellular carcinoma caused by HBV
infection; all of which cause a heavy social burden (Shin
et al. 2010). After the introduction of the HBV vaccine
into the immunization program in China in 1992, the gov-
ernment administered free HBV vaccine to newborns to
reduce the spread of the virus. At the same time, China
adopted a variety of methods to prevent and control HBV,
strengthening the standardized management of HBV
screening and medical treatment for blood donors, and
effectively controlling iatrogenic HBV infection. All the
above measures have significantly reduced the infection
rate of new HBV infections, and the total HBV prevalence
rate in China had dropped to 5.49% by 2015 (Schweitzer
et al. 2015). Therefore, it is important to study the infec-
tive mechanism of HBV for the prevention and treatment
of hepatitis B.

HLA-II genes play a key role in viral antigen presenta-
tion to mediate cellular and humoral immune responses. A
genome-wide association study of a large cohort with HBV
infection showed that HLA-DPB1 and the related SNP
1$9277535A/G are strong risk factors for persistent HBV
infection (Kamatani et al. 2009). Thereafter, many stud-
ies focused on and successfully repeated the association
between HLA-DPB1 and HBV infection and its outcomes
(Yu et al. 2015). HLA-DPB1*09:01 increased HBV suscep-
tibility, HLA-DPB1*02:01 was not related to susceptibility,
and HLA-DPB1*02:01 was associated with reduced risk of
HBYV progression to CHB (Nishida et al. 2014). Studies in
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Table 4 Linkage disequilibrium
between the HLA-DPBI alleles
and rs9277535 in different
groups

Table 5 Characteristics of the
studies regarding hepatitis B
virus infection susceptibility

Table 6 Overall results
regarding HLA-DPB1
polymorphisms in hepatitis B
virus-susceptible patients

Table 7 Meta-analysis of
HLA-DPBI1 polymorphisms and
hepatitis B virus clearance
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HLA-DPB1 HC HBYV carriers
Rs9277535 F (%) D P Rs9277535 F (%) D P
*#02:01 A 16.0 0.95 <0.001 A 11.4 0.73 <0.001
*02:02 A 7.0 0 <0.001 A 44 0.68 <0.001
*03:01 G 4.1 1 <0.001 G 3.7 0.82 0.02
*04:01 A 7.6 0.95 <0.001 A 5.0 0.78 <0.001
*04:02 A 44 0.99 <0.001 A 1.9 0.68 <0.001
*#05:01 G 40.4 0.95 <0.001 G 48.5 0.92 <0.001
*#13:01 G 7.3 0.99 <0.001 G 52 0.87 <0.001
*14:01 G 24 1 <0.001 G 2.1 0.78 NS
*17:01 A 2.3 1 <0.001 A 1.9 0.6 <0.001
*21:01 G 3.1 0.99 <0.001 G 4.1 1 <0.001
HBYV hepatitis B virus, HC healthy control
First author Year Ethnicity Total Genotype method Refs
Case Control

Donaldson PT 2001 Hong Kong 121 123 PCR-SSO (Donaldson et al. 2001)
Kamatani Y 2009 Japanese 607 934 PCR-SBT (Kamatani et al. 2009)
Nishida N 2014 Japanese 488 464 PCR-SSO (Nishida et al. 2014)
Nishida N 2014 Korean 251 140 PCR-SSO (Nishida et al. 2014)
Nishida N 2014 Hong Kong 280 156 PCR-SSO (Nishida et al. 2014)
Nishida N 2014 Thai 369 122 PCR-SSO (Nishida et al. 2014)
Nishida N 2015 Japanese 1357 1225 PCR-SSO (Nishida et al. 2015)
Nishida N 2016 Japanese 2278 805 Array assay (Nishida et al. 2016)
Zhu M 2016 Chinese Han 951 937 Array assay (Zhu et al. 2016)
HLA-DPB1* N Heterogeneity Overall relationship

2% P Model OR (95% CI) P value
02:01 9 14 0.32 F 0.73 (0.68-0.78) <0.00001
02:02 9 0 0.79 F 0.81 (0.71-0.93) 0.002
03:01 9 23 0.24 F 1.05 (0.92-1.19) 0.49
04:01 9 58 0.01 R 0.50 (0.40-0.63) <0.00001
04:02 8 61 0.01 R 0.49 (0.39-0.61) <0.00001
05:01 9 22 0.24 F 1.39 (1.32-1.47) <0.00001
09:01 9 58 0.01 R 1.55 (1.30-1.86) <0.00001
13:01 9 40 0.40 F 1.26 (1.08-1.47) 0.003
14:01 9 0 0.67 F 0.97 (0.79-1.20) 0.80
17:01 5 0 0.80 F 1.15 (0.88-1.51) 0.31
First author Year  Ethnicity Total Genotype method Refs

Case Control

Cho SW 2008  Koreans 80 384 PCR-SBT (Cho et al. 2008)
Thomas R 2012  Americans 421 241 PCR-SBT (Thomas et al. 2012)
Nishida N 2014  Japanese 570 488 PCR-SSO (Nishida et al. 2014)
Nishida N 2014  Korean 106 251 PCR-SSO (Nishida et al. 2014)
Nishida N 2014  Hong Kong 84 280 PCR-SSO (Nishida et al. 2014)
Nishida N 2014  Thai 109 369 PCR-SSO (Nishida et al. 2014)
Katrinli S 2017  Turkey 85 94 PCR-RFLP and PCR-SBT (Katrinli 2017)
Huang YH 2020  Taiwan 2688 549 Array assay (Huang et al. 2020)
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Table Meta—analysis of HLA_ HLA-DPB1* N Heterogeneity Overall relationship

DPBI1 alleles associated with

hepatitis B virus spontaneous 2% P Model OR (95% CI) P value

clearance
02:01 6 10 0.35 F 1.30 (1.15-1.46) <0.0001
02:02 5 6 0.37 F 1.22 (0.94-1.59) 0.14
03:01 6 36 0.23 F 1.17 (0.91-1.52) 0.23
04:01 7 62 0.01 R 1.56 (1.16-2.11) 0.004
04:02 6 78 0.0004 R 1.77 (0.98-3.02) 0.06
05:01 5 75 0.003 R 0.78 (0.66-0.92) 0.004
09:01 5 59 0.04 F 1.01 (0.58-1.77) 0.97
13:01 6 35 0.16 F 0.65 (0.51-0.84) 0.0008
14:01 6 0 0.87 F 0.68 (0.43-1.07) 0.09
17:01 5 0 0.68 F 1.28 (0.79-2.08) 0.32

American populations found that HLA-DPB1*01:01 allele
was associated with the greatest risk of HBV persistent infec-
tion, and HLA-DPB1*04:01 allele with the greatest protec-
tion against HBV persistent infection (Thomas et al. 2012).
Subsequently, the genotypes of HLA-DPB1*05:01 and HLA-
DPB1*09:01, and HLA-DPB1*#02:01, HLA-DPB1*04:01,
and HLA-DPB1*04:02 were found to be associated with
susceptibility to HBV in Japanese (Nishida et al. 2016) and
Chinese (Zhu et al. 2016; Huang et al. 2020) populations.
Some HLA-DPBI alleles and rs9277535G were related to
weak HBV vaccine response (Wang et al. 2019), low sen-
sitivity to anti-HBV drug therapy (Matsuda et al. 2018),
incidence of occult HBV infection (Mardian et al. 2017),
and susceptibility to hepatocellular carcinoma development
(Zhang et al. 2013). In our study, we found a strong associa-
tion between rs9277535 and HLA-DPBI1 alleles and HBV
infection susceptibility. We found that rs9277535A and
HLA-DPB1*04:02 were protective factors against chronic
HBYV infection, and the results were according to the previous
study. rs9277535G and HLA-DPB1*05:01 were significantly
associated with HBV susceptibility. Our results suggest that
HLA-DP has a key role in HBV infection progression.

The influence of the HLA-DPBI1 region on HBV recovery
results from levels of HLA-DPB1 expression and less likely
from differences in the peptides presented by different HLA-
DPBI alleles. HLA-DPBI1 expression differed significantly
from that of rs9277535AA and rs9277535GG:; the protective
genotype 9277535AA had significantly lower HLA-DPB1
mRNA expression level compared with the high-risk geno-
type rs9277535GG in HCs. Previous research found (Peters-
dorf and Malkki 2015) rs9277534A with lower HLA-DPB1
expression than rs9277535G, the risk of acute GVHD was
lower for recipients with rs9277534A-linked HLA-DPB1
mismatches compared than that with rs9277534G-linked
HLA-DPB1 mismatches. Thomas and colleagues also
demonstrated (Thomas et al. 2012) that rs9277534GG
genotype, which confers susceptibility to HBV persistence,
with significantly higher levels of HLA-DP surface protein

and transcription in healthy donors. O’Brien reported that
rs9277535AA with higher HLA-DPB1 mRNA expression
in the liver was associated with lower risk of chronic HBV
infection (O’Brien et al. 2011). We obtained a similar result
with HLA-DPB1 expression in peripheral blood mononu-
clear cells. The HLA-DPB1*05:01 and HLA-DPB1%21:01
alleles in the HBV group showed significantly lower mRNA
expression compared with the HCs. Previous research (Cho
et al. 2008) showed that decreased expression of HLA-DPA1
and HLA-DPB1 mRNA was correlated with HBV activa-
tion after 2 years’ treatment with anti-HBV drugs, and high
expression of HLA-DPA1 mRNA was associated with lower
HBYV viral load (Matsuda et al. 2018). These results suggest
that persistence of HBV infection is influenced by differ-
ences in HLA-DPBI1 expression. Lower HLA-DPB1 expres-
sion may lower antigen peptide presentation, resulting in
decreased immune response to HBV, and increased risk of
persistent infection.

The amino acids at positions 84—87 of the second
exon antigen presentation sequence of HLA-DPB1 have
a complete linkage with the HLA-DPB1 alleles, and there
are two major amino acids at these positions with 84Gly
and 84Asp (Zhu et al. 2016), from IPD-IMGT/HLA of
EMBL-EBI database, we can see that the DPB1 amino
acid with GGPM at position 84-87 were linkage with
DPB1%02:01, 02:02, 04:01, 04:02 (r>=1), while amino
acid with DEAV at position 84-87 were linkage with
DPB1* 03:01, 05:01, 09:01, 13:01, 14:01, 17:01 (r*=1).
Bioinformatics analysis has found that the four amino
acids are located at the groove contacting peptide residues
pocket-1, which can cause different antigen-presenting
functions and immunity to HBV infection. Class II HLA
molecules expression on the surface of antigen-present-
ing cells, to combine with antigenic peptide to CD4 + T
helper cells. The T cells play a crucial role in the response
of HBV to the host immune response.

Usually, HLA class II molecules present exogenous anti-
gen peptides; however, HLA-DP molecules with beta-chains
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encoding DP84Gly (Yamashita et al. 2017) do not bind invariant
chain via the class-II-associated invariant chain peptide region
to constitutively present endogenous peptides. And DP84Gly
processed by the proteasome and transported to the endoplasmic
reticulum by the transporter associated with antigen process-
ing. Therefore, DP84Gly can uniquely uses both class I and II
antigen-processing pathways to present peptides derived from
intracellular and extracellular sources, but DP84Asp has no
such endogenous antigen-presentation function. Therefore, this
polymorphism has different functions in autoimmune, antiviral,
and tumor mechanisms through its different functions of antigen
presentation (Anczurowski and Hirano 2018).

The DP84Gly genotype not only has a unique antiviral func-
tion in adaptive immunity but also acts as a ligand of NKp44 to
activate NKT cells to play an antiviral role in natural immune
function (Niehrs et al. 2019). Compared with HCs, NK cells
in CHB patients show inhibitory phenotypes, in which the
expression of activated receptors NKp44 and NKp46 is down-
regulated (Li et al. 2017). Whether the DP84Gly genotype can
promote the spontaneous clearance of HBV by binding NKp44
to activated NK cells after HBV infection has not been studied.

The association of HLA-DPB1 expression with HBV infec-
tion has not been verified in the Chinese population. To the
best of our knowledge, the present study is the first to investi-
gate HLA-DPB1 mRNA expression in different HLA-DPB1
and SNP alleles, and the association between mRNA expres-
sion and HBV infection. Further research is needed to verify
the role of NK cells and CD4" T cells in DP84Gly, including
HLA-DPB1*#04:01, HLA-DPB1*04:02, HLA-DPB1*02:01,
and HLA-DPB1%02:02 in HBV protection and clearance.

Conclusion

HLA-DPBI gene has a major effect on the risk of HBV infec-
tion. 1s9277535A, HLA-DPB1*02:01, HLA-DPB1*02:02,
HLA-DPB1%*04:01, and HLA-DPB1*04:02 protect against
HBYV infection, while rs9277535G, HLA-DPB1*05:01,
HLA-DPB1*09:01, and HLA-DPB1*13:01 are associated
with susceptibility to HBV infection. HLA-DPB1*02:01,
HLA-DPB1*02:02, and HLA-DPB1#04:01 are associated
with HBV spontaneous clearance, while HLA-DPB1*05:01
is associated with chronic HBV infection. rs9277535GG
has significantly higher HLA-DPB1 mRNA expression in
patients with HBV infection compared with HCs. Alleles
associated with susceptibility to HBV infection appear to
have decreased HLA-DPB1 mRNA expression.
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