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1 | INTRODUCTION

Nearly 240 million people are chronically infected with hepatitis B
virus (HBV),! and more than 686 million deaths are reported due to
hepatitis B-related cirrhosis and liver cancer every year.2 In China,
approximately 90 million people are infected with HBV each year
and nearly 28 million require therapeutic intervention.®

Interleukin-21 (IL-21) is a member of the interleukin-2 family,
which is primarily secreted by activated CD4* T cells and natural
killer T cells.* IL-21 promotes the proliferation and differentiation
of NK cells, T cells, and B cells; it also stimulates immunoglobulin
production and induces apoptosis in both immune and nonimmune
cells.® IL-21 binds to its receptor, IL-21R, which is preferentially ex-
pressed in T and B lymphocytes, NK cells, certain myeloid cells, and
keratinocytes, but is absent in other tissues and solid tumors. IL-21
binding to the IL-21 receptor regulates the activation and prolifera-
tion of T, B, and NK cells by stimulating the JAK-STAT signaling path-
way.® JAK3 and STAT3 are the two key proteins that are integral to
the JAK/STAT signaling pathway.””?

The broad immunomodulatory activity of IL-21 is critical in
chronic viral infections.’® IL-21 promotes proliferation of Tfh and
Th17 lymphocytes, enhances the cytotoxicity of CD8" T cells and NK
cells, and induces differentiation of the B lymphocytes into plasma
cells.!! Conversely, IL-21 inhibits dendritic cells, induces apoptosis
of B cells and NK cells, and inhibits Treg cells. Based on these mech-
anisms, IL-21 regulates immune response to HBV. IL-21 also plays a
key regulatory role in HBV infection pathogenesis. High serum IL-21
levels are associated with a high model for end-stage liver disease
(MELD) score and mortality rates.'® In the mouse model of HBYV,
IL-21 regulates specific CD8" T- and B-lymphocyte responses that
are crucial for the clearance of the viral antigens.!? IL-21 also modu-
lates CD4" T-helper 2 (Th2) response that promotes HBV clearance
and in vivo fibrogenesis. IL-21 is also involved in the development of
severe liver inflammation.*®

Host genetic factors influence the extent of HBV-related liver
injury, fibrosis, and tumorigenesis.'* Therefore, designing effec-
tive therapeutic strategies against chronic HBV infection requires
a better understanding of the host and viral mechanisms that af-
fect HBV replication and persistence. IL-21 polymorphisms are
associated with systemic lupus erythematosus, Graves’ disease,
ischemic stroke, chronic hepatitis B infection, breast cancer, and
thyroid cancer.’>?° Moreover, polymorphisms in the IL21-JAK-
STAT signaling pathway are associated with breast cancer, renal
cell carcinoma, and chronic myelogenous leukemia.?*23 |L-21 gene
polymorphisms such as rs12508721 T/C and rs2221903 A/G are
also recognized as risk factors for HBV-related HCC and chronic
HBV infections.?*

In this study, we investigated the association of five SNPs in the
IL21-JAK-STAT signaling pathway genes with HBV infection and re-
lated pathology.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

This study was approved by the Ethics Committee of West China
Hospital, Sichuan University, and conducted according to the
World Medical Association Declaration of Helsinki guidelines.
Signed informed consent forms were obtained from all the study

subjects.

2.2 | Study subjects

We recruited 546 HBV patients that were diagnosed at the West
China Hospital of Sichuan University between May 2014 and
December 2016. These patients were further divided into three
subgroups based on the disease progression, namely chronic
hepatitis B (CHB; 302 cases), HBV-related liver cirrhosis (LC; 115
cases), and HBV-related hepatocellular carcinoma (HCC; 129
cases). Two physicians independently diagnosed and evaluated
each patient according to the following criteria: (a) CHB subgroup:
patients with an HBV infection history based on HBsAg positiv-
ity for more than 6 months; patients were all HBsAg-positive and
in some cases HBV DNA-positive; and high serum ALT levels or
histological examination showed inflammatory liver injury; (b)
HBV-related liver cirrhosis (LC) subgroup: Histological examina-
tion showed diffuse fibroplasias and pseudolobules in addition to
CHB-related pathology; and (c) HBV-related hepatocellular car-
cinoma (HCC) subgroup: HCC was diagnosed and staged consid-
ering the HBV infection history, clinical symptoms, imaging data,
and AFP test results.

We excluded individuals with a history of other infectious dis-
eases such as HIV and syphilis and other complex health problems,
such as cardiomyopathy, hypertension, or diabetes. We also en-
rolled 353 healthy subjects based on physical examination from the
general population. Based on the HBV serological marker testing,
the controls were divided into negative (253 cases) and anti-HBs-
positive (100 cases) subgroups.

2.3 | Selection of SNPs

We searched the dbSNP (http://www.ncbi.nIlm.nih.gov/projects/
SNP/), miRBase registry (http://microrna.sanger.ac.uk), to identify
SNPs in the IL-21, IL-21R, JAK3, and STAT3 genes with a minor allele
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TABLE 1 Basic characteristics of

patients and controls Groups n
Patients 546
CHB 302
Cirrhosis 115
HCC 129
Controls 353

Males/females
388/158 (2.46)
218/84 (2.60)
85/30(2.83)
100/29 (6.59)
245/108 (2.27)

0.60°
0.44°
0.36°
0.08¢

Age

41.05 £ 13.65
40.40 + 11.22
41.69 +12.12
44.76 + 13.30
41.05 +13.65

WILEY--2

0.40°
0.79°
0.50¢
0.60¢

?Patients vs Controls.
PCHB vs Controls.
‘Cirrhosis vs Controls.
4HCC vs Controls.

frequency (MAF) = 0.05. We identified five potential functional pol-
ymorphisms, namely rs2221903 and rs4833837 in IL-21, rs2285452
in IL-21R, rs3008 in JAK3, and rs1053023 in STAT3 based on the
following criteria: (a) Reported MAF was 20.10 for the SNPs in the
Chinese Han population; (b) SNPs were located in potential func-
tional regions such as exons, UTRs, and promoters (within 2 kb of
the genes); (c) sequencing primers were available; and (d) SNPs were
reported in previous studies.

2.4 | Genomic DNA extraction

We collected 5-10 mL peripheral blood sample with disposable syringes
under aseptic conditions from each study subject. Then, genomic DNA
was extracted from 200 pL of blood using the QIAamp® DNA Blood
Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's in-
structions. The DNA was quantified in each sample and then diluted to
10 ng/uL with AE buffer (10 mM Tris-Cl 0.5 mM EDTA,; pH 9.0).

2.5 | Genotyping by HRM analysis

The PCR primers used to detect the five SNPs by the high-resolution
melting (HRM) method are shown in Table 9. The primers were de-
signed using Primer premier 3.0 (http://bioinfo.ut.ee/primer3-0.4.0/)
for the target gene sequences obtained from NCBI website (http://
blast.ncbi.nlm.nih.gov/).

PCR was performed in the LightCycler 480 Real-Time PCR
System (Roche Diagnostics, Germany). The total PCR mixture
(10 pL) contained 5 uL of Roche PCR mix (DNA Polymerase, dNTP,
buffer and fluorescent dye), 2.5 pL of MgCI2 (Roche), 0.2 pL each
of forward and reverse primers, 2.4 pL of double-distilled water,
and 1 pL of purified genomic DNA. The PCR protocol included

TABLE 2 Theresults of HWE analyses

for the genotypes of five SNPs
Groups n
Controls 353
Patients 546
CHB 302

Cirrhosis 115
HCC 129

hot start at 95°C for 15 minutes followed by 55 cycles of dena-
turation at 95°C for 15 seconds, annealing at 63°C for 10 sec-
onds, and extension at 72°C for 10 seconds. Then, HRM analysis
was performed by denaturing at 95°C for 30 seconds, cooling
to 65°C, and then gradually increasing the temperature from
65°C to 95°C at a rate of 1°C/s in 30 seconds. Finally, the re-
action was cooled to 40°C for 30 seconds. Data were collected
and analyzed by the LightCycler® 480 Gene Scanning software
v1.2 (Roche Diagnostics, Penzberg, Germany). First, normaliza-
tion was performed by selecting linear regions before (100%
fluorescence) and after (0% fluorescence) the melting transition.
Then, temperature shift was carried out by selecting a threshold
using the LightCycler® 480 Gene Scanning software v1.2 (Roche
Diagnostics). Finally, HRM curve's calculations and automatic
groupings were performed in each sample. Samples with delayed
PCR amplification or with <60% fluorescence than the average
were excluded. The samples were divided into various subsets
based on the differences in the melting curve clusters, and then,
genotyping was determined relative to the reference samples of
known genotypes. To improve the reliability of genotyping, three
control samples of each SNP were run in all experiments. Random

samples were verified by sequencing.

2.6 | DNA sequencing

The genotypes of some samples were previously confirmed
by sequencing the control samples of the five SNPs. The PCR
products were purified using 1 unit of shrimp alkaline phos-
phatase. Then, the PCR samples were treated with shrimp alka-
line phosphatase (SAP) and sequenced using the same forward
primers for the five SNPs that were used for the PCR with the

[
rs2221903 rs4833837 rs2285452 rs1053023 rs3008
0.503 0.850 0.191 0.533 0.160
0.954 0.873 1.60e™® 0.544 0.546
0.909 0.182 0.002 0.211 0.822
0.148 0.054 0.599 0.413 0.920
0.075 0.832 1.94e78 0.693 0.368


http://bioinfo.ut.ee/primer3-0.4.0/
http://blast.ncbi.nlm.nih.gov/
http://blast.ncbi.nlm.nih.gov/

of 10
£ |\ ey

TABLE 3 Comparison of genotype and allele frequencies between patient and control groups

Genotype n (%)

Allele n (%)

Allele

22

12

11

OR (95% ClI)

Group

SNP

Gene
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0.83
0.80
0.25

8(1.47)
4(1.13)

7 (1.28)
6(1.70)
446 (81.69)
280(79.32)

21.06)
22.38)
20.70)
21.81
15.20
18.70

1.00

53(9.71)
33(9.35)
106 (19.41)
75(21.25)

0.32

44.69

44.76

50.73

115
79
113
77
83
66

77.47)
76.49)
78.02)
76.49)

423
270
426
270

0.67
0.49
0.68

0.86[0.40-1.82]
1.31[0.61-2.77]
0.93[0.68-1.29]

12.00
12.32
11.63
12.61
89.29
88.67

244
158
277
161

45.60)
45.89)
29.86)
33.14)

249
162

0.96

1.01[0.77-1.31]

32.05
31.73

163
117

0.54

1.08 [0.85-1.37]

55.22

87
127
89
975
626

8.00
87.68)
88.37)
87.39)
10.71)
11.33)

961
619
965
617
117

80
742

G
G
G

Patient
Control
Patient
Control
Patient
Control

rs2221903
rs4833837
rs2285452

IL-21
IL-21
IL-21R

350
224
603
311

67.95)

68.27)
44.78)
55.95)

G

Patient

rs1053023

STAT3

482
489
395

Control

C

Patient
Control

rs3008

JAK3

Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism.

BigDye Terminator v3.1 Cycle Sequencing Kit, and the sequence
was determined using the ABI 3130 genetic analyzer (Applied

Biosystems).

2.7 | Detection of the HBV serological markers

We collected 3 mL peripheral vein blood samples from patients into
vacuum tubes containing heparin. After separating out the blood
cells, we determined the HBV serological markers in the plasma:
(a) HBsAg; (b) anti-HBs; (c) HBeAg; (d) anti-HBe; and (e) anti-HBc
by using the Modular Analytics E170 (Roche Diagnostics), and
there are eight different modes. The most popular mode was “135”
(HBsAg+, HBeAg+, anti-HBc +) which prompted the virus replica-
tion stage with serious infectivity, followed by the mode of “145”
(HBsAg+, anti-HBe+, anti-HBc+); in addition to “135” and “145,"
there were including six rare modes (“13,” “1345,” “1235,” “1245,”
“15, and “12345"). “13" (HBsAg+, HBeAg+) usually appeared in
chronic carriers with strong infection; the contagious capability of
subjects with “15” (HBsAg+, anti-HBc+) was relatively weak; “1345”
(HBsAg+, HBeAg+, anti-HBe+, anti-HBc+) prompted the chronic in-
fection; “1235” (HBsAg+, anti-HBs+, HBeAg+, anti-HBc+) and “1245”
(HBsAg+, anti-HBs+, anti-HBe+, anti-HBc+) prompted the subclinical
or atypical infection; “12345" (HBsAg+, anti-HBs+, HBeAg+, anti-
HBe+, anti-HBc+) may prompt that the anti-HBs generated by the
bodies have mutated.?

2.8 | Statistical analysis

The data regarding age and gender of the different patient sub-
groups and control subjects were analyzed by the t test and Pearson
chi-square test. The deviation of Hardy-Weinberg equilibrium
(HWE) for each group was assessed using the online SHEsis soft-
ware (http://analysis2.bio-x.cn/SHEsisMain.htm). The assessment
of the genotype and the allele frequencies as well as their associa-
tion with the subgroup pathology was determined as follows: (a)
Binary logistic regression model was used to compare HBV-infected
patients as well as cirrhosis and HCC subgroup patients with their
corresponding controls; and (b) Pearson chi-square analysis was
used to compare HBV-infected patients and the CHB subgroup with
their controls. The effect of SNPs was tested for odds ratio (OR) and
95% confidence interval (Cl). All statistical analyses were performed
by the SPSS 17.0 software (IBM, New York, NY, USA). P < 0.05 was

considered statistically significant.

3 | RESULTS

3.1 | Clinicopathological characteristics of study
subjects and Hardy-Weinberg equilibrium (HWE)
analysis

The basic clinicopathological features of both the patients and
the healthy controls in different experimental groups are shown
in Table 1. There were no differences in the mean age and gender
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TABLE 4 Analysis of IL-21-JAK/STAT signaling pathway polymorphisms relevant to the risk of infecting with hepatitis B virus between

patient and control groups

Recessive model

Dominant model

Additive model

Group Gene SNP OR (95% Cl)
Patient vs Control IL-21 rs2221903A>G 0.97 [0.73-1.30]
IL-21 rs4833837A>G 0.91[0.68-1.22]
IL-21R rs2285452G>A 1.10[0.98-1.40]
STAT3 rs1053023A>G 1.02 [0.83-1.25]
JAK3 rs3008C>T 1.03[0.85-1.24]

P OR (95% ClI) P OR (95% Cl) P

0.86 0.77[0.23-2.58] 0.77 1.06 [0.77-1.45] 0.73
0.53 1.33[0.40-4.00] 0.61 1.09 [0.79-1.50] 0.59
0.70 0.86[0.61-1.20] 0.38 1.59 [0.65-3.87] 0.30
0.88 0.96[0.61-1.52] 0.86 0.99 [0.76-1.29] 0.93
0.76 1.12[0.80-1.56] 0.50 0.86[0.64-1.14] 0.30

distributions between HBV-infected patients (P =0.60), CHB pa-
tients (P = 0.44), HBV-related LC patients (P = 0.36), and HBV-related
HCC patients (P = 0.08) with their corresponding controls. Table 2
summarizes the Hardy-Weinberg equilibrium (HWE) analyses for the
genotypes of the five SNPs in all groups. In the controls, the geno-
type distributions of all five polymorphism loci were according to
HWE (P > 0.05). However, in the HBV-infected patients, as well as
the CHB and HBV-related HCC patient subgroups, IL-21R rs2285452
SNP showed deviation from HWE (P = 1.60e™%, 0.002 and 1.94e°8,
respectively). Our findings support previous reports that suggest
such deviations from HWE in the case group as a result of genetic

drift influenced by the disease.?”*®

3.2 | Correlation between the gene
polymorphisms and HBV infection

We genotyped five SNPs (IL-21 rs2221903, IL-21 rs4833837, IL-21R
rs2285452, STAT3 rs1053023, and JAK3 rs3008) in the HBV-in-
fected patients and control subjects. The distribution of genotypic
and allelic frequencies of the five SNPs is summarized in Table 3.
The genotype and allele frequencies were similar in the patient and
control groups for [L-21 rs2221903 (P = 0.83 and 0.67, respectively;
OR =0.86, 95% Cl = 0.40-1.82), IL-21 rs4833837 (P = 0.80 and 0.49,
respectively; OR=1.31, 95% Cl=0.61-2.77), IL-21R rs2285452
(P=0.25 and 0.68, respectively; OR =0.93, 95% Cl =0.68-1.29),
STAT3 rs1053023 (P = 1.00 and 0.96, respectively; OR = 1.01, 95%
Cl =0.77-1.31), and JAK3 rs3008 (P =0.32 and 0.54, respectively;
OR=1.08, 95% Cl=0.85-1.37) polymorphisms. Moreover, there
were no significant differences between the patient and controls
groups in the additive, dominant, and recessive models for the five
candidate SNPs as shown in Table 4.

3.3 | Correlation between the gene
polymorphisms and different HBV-related pathologies

Next, we investigated the correlation between the five SNPs and dif-
ferent HBV-related pathologies such as CHB, HBV-related LC, and
HBV-related HCC (Tables 5-7). The allele and genotype distributions
of the candidate five SNPs were similar in the CHB (Table 5) and the
HBV-related LC (Table 6) relative to the control groups. However,
the AA, GA, and GG genotypes of IL-21R rs2285452 polymorphism

were differently distributed between the HBV-related HCC and
control groups (P = 0.007; Table 7). And the data for the subgroup
analysis based on the different genetic models are shown in Table 8.
In the recessive model, subjects carrying the I[-21R rs2285452 AA
genotype were associated with greater risk (2.27-fold) in develop-
ing HBV-related HCC than the combined genotypes of GA and GG
carriers (AA vs GA + GG; P =0.03, OR = 3.27, 95% Cl = 1.16-9.20).
However, the additive model analysis of the IL-21R rs2285452 SNP
(AA vs GA vs GG; P=0.97, OR = 1.00, 95% CI = 0.67-1.53) showed
no differences for CHB and HBV-related LC subgroups vs control
group (Table 9).

3.4 | Correlation analysis between the gene
polymorphisms and the serological marker
mode of HBV

The serological markers (HBsAg, anti-HBs Ab, HBeAg, anti-HBe
Ab, and anti-HBc Ab) are used to estimate the progression and
outcomes of HBV infection. Therefore, we tested the serological
markers of 257 randomly selected CHB patients and analyzed the
relationship between candidate SNP genotypes and the status of
the serological markers (Table S1). We identified eight serological
modes. The most represented serological mode in the HBV-in-
fected patients was HBsAg+ HBeAg+ anti-HBc+ (n = 44.75%), fol-
lowed by HBsAg+ anti-HBe+ anti-HBc+ (n = 37.35%), and HBsAg+
HBeAg+ anti-HBe+ anti-HBc+ (n = 8.2%). Among the 257 CHB pa-
tients, 139 (54.09%) were HBeAg+. As shown in Table S2, the geno-
type and allele frequencies in the 8 serological marker modes were
similar for IL-21 rs2221903 (P = 0.46 and 0.19, respectively), IL.-21
rs4833837 (P=0.36 and 0.21, respectively), STAT3 rs1053023
(P=0.81 and 0.95, respectively), and JAK3 rs3008 (P =0.79 and
0.94, respectively) SNPs. However, the distribution of the IL-21R
rs2285452 alleles and genotypes showed significant differences
among the eight serological marker modes (P = 0.00 and P = 0.00,
respectively).

4 | DISCUSSION

In our study, we examined the association of five SNPs in the
IL-21-JAK-STAT signaling pathway genes (IL-21 rs2221903, IL-21



LIU eT AL.

WILEY

6 of 10

‘wisiydiowAjod api3oajonu 3|3Uls ‘dNS ‘0134 SPPO ‘YO ‘|EAISIUI DDUIPIFUOD |D

(5212 L (19'51) 19T (v1'e€) £1T (S0't) TTE (56'55) G6€ [o13u0D

LE0 (8¥'€2) LT (€7°05) 85 (6092) 0€ €20 [26'1-98°01 82T (0L'8%) 21T (0£'15) 811 o) 1 SISOULIID 800€s! VI
(5e6) €€ (9£'v¥) 85T (68°St) 29T (eL1€) ¥TT (LT'89) T8V [013u0D)

92°0 (8LT) LT (19'2¥) 6 (19'2¥) 6 €80 [9%'1-29°0] 560 (60'9€) €8 (T6'€9) LT ) v SISOULIID £20€50TS! €1v1S
(z€'6L) 08T (0£'8T) 99 (86'T) L (£9'88) 929 (€€°TT) 08 |o13u0D

850 (6£1L) 68 vL'12) ST (L80)T 090 [£6T-89°019T'T (92°88) £0T (vL17) L2 ) v SISOULIID zsvs8zeTs Nixaall
0L T)9 (18'12) £L (6v'9) 042 (19'2T) 68 (6£8) L19 |013u0D

L0°0 - (ev'08) 5€ (£5°69) 08 8£0 [£5°5-2501 0L'T (zT'sT) 58 (8£'¥8) 56T D) v SISOULIID L£8EE8YSI %Al
€Ty (88'22) 6L (6v'92) 042 (ze'TT) L8 (8928) 619 |o13u0D

ST0 (80T (0£'1€) 9¢ (€829) 8L zT0 [55°T-5T°0] 87°0 (z5'91) 8¢E (8%°£8) 26T o) v SISOULIID £061ZTTS! %Al

d ra4 4 T d (12 %56) 4O z T z T dnoip dNS ausn

(%) u adAjouan (%) u 3211V 3RV

sdno.3 |0J43u0d pue 7 palepl-AgH udamiaq salpuanbauy 9|9||e pue adAjouasd jo uosiiedwo) 9 J19VL

‘wisiydiowAjod ap130a|onu 3|3uis ‘dNS ‘01384 SPPO ‘YO |eAIDIUI DDUIPIJUOD ‘|

(sT12)SL (19°5¥) 19T (P1°€e) LTT (SOv¥) TTE (S6'55) S6¢ [043u0D

050 (tz°81) S8 (£9°6¥) 0ST (crze) L6 zL0 [02°1-££°0]1 960 (s0ev) 09¢ (56'95) ¥¥e o) L aHD 800€s4 evr
(se6) €€ (92'%%) 8ST (68°'G¥) 29T (eL18)vee (£T'89) 28Y% |043u0D

19°0 (6TL) 2T (0L v¥) GET (To8v) GiT 170 [0%'T-£8°0] OT'T (¥9°62) 64T (9€°0L) GTv 5) v aHD €20€50Ts4 €1VLS
(ze6L) 082 (0£'8T) 99 (86'T) L (£9'88) 929 (€€'11) 08 [043u0D

6€°0 (S¥'Z8) 61T (06'71) 5t (59°2)8 V0 [ST'T1-79°0]1 88°0 (06'68) €¥S (ot'01) 19 P) v aHD Z5vS8¢Tsd ATl
(0£1)9 (18'12) £L (67°92) 042 (19°2T) 68 (6€£8) £L19 |043u0)

15°0 (66'T) 9 (TT'8T) G (08'64) T¥C (o]0} [c9'T-€8°019T'T (60°TT) £9 (T6'88) LES 5) v aHD LEBEEBYSI rall
(€T v (8€°C2T) 6L (6¥°9L) 0LT (ceet) L8 (ee'v2) 8€T [043u0D

Vado (66°0) € (r5'81) 95 (£7'08) ¥eT ¥Z'0 [P£'1-£8°0]1€2°T (9z°01) 29 (P£'68) T¥S P) v aHD €0612ZCs! 124

d 44 4 1T d (12 %S6) 4O 4 T 4 T dnoig dNS auag

(%) u adAjous (%) u LRIy 3RIIY

sdnou3 |0J3uU0d pue gHD uaamiaq sapuanbauiy 99|je pue adAjouas Jo uosedwod) ¢ 319VL



LIU ET AL.

TABLE 7 Comparison of genotype and allele frequencies between HBV-related HCC and control groups

Genotype n (%)

Allele n (%)

Allele

12 22

11

OR (95% Cl)

Group

SNP

Gene

0.20

4(3.01)
4(1.13)

23(17.83)
79 (22.38)

102 (79.07)
270 (76.49)
105 (81.40)
270 (76.49)
8(6.02)
7(1.98)

0.43[0.13-1.45]

31(12.02)
87(12.32)

25(9.69)

87.98
87.68
90.31

0.46

1(0.77)

(17.83

23

0.09

2.95[0.85-10.25]

0.007

108 (83.72)

0.78

89 (12.61)
229 (88.76)
626 (88.67)

87.39

0.30

1.34[0.78-2.30]

55 (42.64)

0.74[0.47-1.17] 0.20

88 (34.11)
224 (31.73)

11.33
65.89

0.

33(9.35)
(27.91)
117 (33.14)

36

158 (44.76)
69 (53.49)

161 (45.61)

162 (45.89)
24 (18.60)
75 (21.25)

55

0.

1.14 [0.74-1.75]

117 (43.35)

68.27
54.65

311 (44.05)

55.95

227
619

G

Control
HCC

HCC

rs2221903

IL-21

233

G

rs4833837

IL-21

617

Control
HCC

G

rs2285452

IL-21R

80
170
482
141

G

Control
HCC

rs1053023

STAT3

C

Control
HCC

rs3008

JAK3

395

Control

Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism. Bold value indicate P < 0.05.
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rs4833837, IL-21R rs2285452, STAT3 rs1053023, and JAK3 rs3008)
with HBV infection-related pathogenesis in a Chinese population.

There was no significant association between HBV infection and
all the five SNPs based on our analysis of the patient and control
subjects. However, in the recessive model, the IL-21R rs2285452
AA genotype was associated with HBV-related HCC (P = 0.03). The
subjects with the IL-21R rs2285452 AA genotype were at a higher
risk (2.27 times) for HBV-related HCC than subjects with I[-21R
rs2285452 GA/GG genotypes. This implied that [L-21R was a sus-
ceptibility gene associated with the occurrence and progression of
HBV and that the patients with the heterozygous IL-21R rs2285452
AA genotype were at a greater risk of developing HCC.

IL-21 modulates both T-cell and B-cell responses, which are
critical in the immune response related to the pathogenesis of var-
ious diseases such as type 1 diabetes, autoimmune systemic lupus
erythematosus (SLE), and multiple sclerosis,?® including chronic
HBV infections.”*® Previous reports showed that SNPs in the IL-21
gene, such as rs907715 and rs2221903, increased susceptibility to
Grave's disease.?’ and systemic lupus erythematosus (SLE) in the

28 35 well as the Chinese.?’ Moreover,

Europeans and Americans,
IL-21 rs4833837 SNP was identified as a protective factor for psori-
asis.” Although most IL-21 gene-related SNPs were related to auto-
immune diseases, the [L-21 rs2221903 genotype AG and allele G was
identified as a protective factor against chronic HBV and the IL-21
rs2221903 genotype AA and allele A was identified as a risk factor in
chronic HBV infections.® We postulate that IL-21 modulates B lym-
phocytes, which play a significant role in neutralizing and removing
circulating HBV by producing effective antibodies.®! In our study,
the two SNPs in the IL-21 gene, rs2221903 and rs4833837, were
located in the intron and the 3rd exon of the IL-21 gene, respectively.
However, they were not associated with HBV infection. Although
Li'reseach® and our study both chose Chinese population as study
subjects, Li'reseach was on people in northern China, while ours was
focused on people in western China and Li'reseach had a little bit
larger than our sample sizes. The varying results between our study
and others may be due to the differences in sample sizes and the
study populations.

In the present study, we demonstrated that the IL-21R
rs2285452 SNP was associated with HBV-related HCC. The IL-21R
rs2285452 polymorphism is located in the 3'-UTR. The patients
with the AA genotype of IL-21R rs2285452 show higher risk of
HBV-related HCC than those with the AG/GG genotype. In a pre-
vious study, the IL-21R rs2285452 polymorphism showed differ-
ential genotype distribution in Hashimoto's thyroiditis (HT) and
control subjects.32 Moreover, the [L-21 rs2221903 and IL-21R
rs3093301 polymorphisms were associated with chronic HBV
infection, an interactive role of IL21R rs3093301 CC with IL-21
rs2221903 in inducing the elevation of IL-21 and IgE production
in the HBV patients, thereby suggesting that the SNPs in the IL-21
and IL-21R genes influence the susceptibility and persistence of
HBYV by affecting serum IL-21 and IgE levels.3°

Our finding suggests that the SNPs inlL-21R play an important
role in HBV-related HCC. We postulate that IL-21 may be closely
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TABLE 8 Association between IL-21-JAK/STAT signaling pathway polymorphisms and the risk of infecting with hepatitis B virus between
patient subgroups and control groups

Additive model Recessive model Dominant model
Group Gene SNP OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P
CHB vs Control IL-21 rs2221903A>G 0.84 [0.59-1.20] 0.32 1.11 [0.25-5.00] 1.00  1.22[0.84-1.78] 0.30
IL-21 rs4833837A>G 0.87[0.62-1.21] 0.41 0.85[0.27-2.67] 0.79 1.22[0.84-1.76] 0.31
IL-21R rs2285452G>A 1.12[0.80-1.57] 0.50 0.82[0.55-1.21] 0.31 1.35[0.48-3.75] 0.57
STAT3 rs1053023A>G 0.90[0.71-1.15] 0.40 1.31[0.75-2.30] 0.34 1.10 [0.81-1.49] 0.57
JAK3 rs3008C>T 0.96 [0.78-1.20] 0.72 1.21[0.82-1.79] 0.33 0.95[0.69-1.33] 0.78
Cirrhosis vs Control IL-21 rs2221903A>G 1.16 [0.28-10.49] 0.10 1.31[0.15-11.81] 1.00  0.65[0.84-1.78] 0.07
IL-21 rs4833837A>G 1.26 [0.82-1.94] 0.30 1.01 [1.00-1.03] 0.34  0.70[0.44-1.12] 0.14
IL-21R rs2285452G>A 0.96 [0.61-1.51] 0.87 1.21[0.68-1.86] 0.66  0.43[0.05-3.5¢] 0.67
STAT3 rs1053023A>G 1.22[0.89-1.66] 0.22 0.59 [0.32-1.11] 0.10 0.88[0.57-1.34] 0.54
JAK3 rs3008C>T 1.19 [0.89-1.60] 0.23 0.88[0.53-1.45] 0.62 0.71[0.44-1.14] 0.16
HCC vs Control IL-21 rs2221903A>G 0.97[0.63-1.50] 0.90 0.36[0.09-1.45] 0.22 1.16[0.71-1.90] 0.55
IL-21 rs4833837A>G 0.72[0.45-1.16] 0.17 2.21[0.26-18.5¢] 0.68 1.35[0.81-2.23] 0.27
IL-21R rs2285452G>A 1.00[0.67-1.53] 0.97 3.27 [1.16-9.20] 0.03 0.75[0.44-1.27] 0.28
STAT3 rs1053023A>G 1.12[0.82-1.52] 0.48 0.85[0.44-1.64] 0.62 1.14[0.76-1.71] 0.53
JAK3 rs3008C>T 0.95[0.71-1.26] 0.72 1.28[0.82-2.00] 0.27  0.85[0.51-1.41] 0.53
Cl, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism. Bold value indicate P < 0.05.
Gene s . Length TABLE 9 Primer sequences of the
target SNPs
IL-21 rs2221903 A/G F:5-AGACACAGCTCTGCTGCTTG-3' 116
R:5'-CACTGACGCCCATATTGATG-3'
rs4833837 A/G F:5-TTTGTGGAAGGTGGTTTCCT-3' 120
R:5-TGAGTGGTCAGCTTTTTCCTG-3’
IL-21R rs2285452 G/A F:5'-CTGGGATAATGCCCATGGTA-3’ 126
R:5'-ACGGCTGTTGTCATCTGTTG-3'
JAK3 rs3008 T/C F:5-GGCCTTATGAGGGTCCTCTACT-3' 122
R:5'-ATGCCCATCTGTCTTGAACC-3'
STAT3 rs1053023 A/G F:5-AGGGCTTCTCTGGAGCAGAT-3' 135

R:5'-GCCTGAGGACCCTGTTCTTT-3’

related to HBV-related HCC cells.>*® On the other hand, IL-21 prob-
ably enhances the antibody-dependent cytotoxicity of NK cells.
IL-21 in combination with soluble programmed death receptor-1
(PD-1) stimulated different periods of B lymphocyte, T lymphocyte,
and NK cell proliferation by IL-2, IFN-y, whereas downregulation
of IL-10 significantly inhibited tumor growth.?® Furthermore, HBV
infection promotes HCC, whereas activated CD4+ T lymphocytes
and NK cells that produce IL-21 play a critical role in antitumor im-
munity.®! Moreover, HBV infection suppresses NK cell proliferation,
differentiation, or activation.3° Although we did not find a differ-
ence, previous studies have shown that IL-21 and IL-21R play an im-
portant role in promoting liver fibrosis. They are associated with a
significant increase in HBV in patients with liver cirrhosis. Excessive
IL-21 is produced by the peripheral Thi7 cells and liver cells, which

further results in induced activation of hepatic stellate cells, which

contributes to the severity of the disease and high expression of
IL-17 and IL-21 by the Thi7 cells.3®

IL-21 activates the JAK-STAT, Pl 3-kinase (PI3K), and MAPK sig-
naling pathways. The activation of the JAK-STAT signaling pathway
by IL-21 has been extensively studied in this.>* JAK3 and STAT3 are
the key proteins in the JAK-STAT signaling pathway. Polymorphisms
in the STAT3 gene are associated with a variety of tumors. The STAT3
rs1053023 SNP in the 3"-UTR reduces the risk of B-cell non-Hodgkin's
lymphoma as well as other lymphoma subtypes such as diffuse large
B-cell lymphoma (DLBCL), follicular lymphoma (FL), and chronic lym-
phocytic leukemia (CLL).%> However, the relationship between STAT3
rs1053023 SNP and HBV is unclear. In our study, there was no asso-
ciation between HBV pathogenesis and STAT3 rs1053023 and JAK3
rs3008 SNPs. However, STAT3 promotes cell cycle progression and

cell proliferation of hepatocytes in response to liver regeneration.®*%’
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Hence, further studies are needed to explore the role of SNPs in the
JAK-STAT pathway in susceptibility to infectious diseases.

The serological markers (HBsAg, anti-HBs Ab, HBeAg, anti-HBe
Ab, and anti-HBc Ab) are closely associated with the diagnosis of
HBV infection.?® In general, they are used to determine whether a
suspected individual is suffering from HBV infection and estimate
the replication status of HBV. The serological markers showed
variability probably due to individual variations. In our study, there
was no association between the genotype and allele frequency of
the five polymorphisms and the eight serological marker modes.
Although there was significant correlation between the serological
marker modes and the distribution of the IL-21R rs2285452 geno-
types and alleles (P = 0.00, P = 0.00, respectively), the findings need
to be confirmed by larger sample sizes because insufficient sample
size may have caused a bias. Moreover, IL-21 serum levels modulate
HBsAg seroconversion during treatment.®®

The main limitation of our study is the limited sample size. Hence,
the functional consequences of the SNPs in the IL-21-JAK/STAT sig-
naling pathway in HBV-related pathogenesis need to be confirmed
by large-scale studies in the future.

In summary, our study demonstrates that the IL-21R rs2285452
AA genotype is a risk factor for HBV infections and HBV-related
HCC. Our study suggests that SNPs in the IL21-JAK-STAT signaling
pathway modulate host immune responses to HBV infection and in-

fluence HBV-related disease outcomes.
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