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Background: Polymorphisms in the cytokine genes interleukin-10 (IL-10) and interleukin-10 receptor-B
(IL-10RB) can influence immune responses and inflammation and affect the development of chronic hepatitis
B (CHB) and hepatocellular carcinoma (HCC).

Methods: We investigated the influence of three SNPs in IL-10 (rs3790622, rs1518110, rs1800872)
and one SNP in IL-10RB (rs2244305) on the risk of developing HCC and clinical features of HCC. We
determined the genotypes of 430 HCC patients, 342 CHB patients and 371 matched healthy donors by
MALDI-TOF Mass Spectrometry.

Results: Our study showed that HCC patients had higher frequencies of the T allele at rs1518110 of the
IL-10 gene, the A allele at rs1800872 of the IL-10 gene, and the C allele at rs2244305 of IL-10RB gene
compared to both the CHB and healthy groups. Moreover, compared to both the CHB and healthy groups,
the TT genotype at rs1518110, the AA genotype at rs1800872 and the CC genotype at rs2244305 showed
high frequency in HCC patients. The difference of these SNPs genotype and allele frequencies between
the CHB and healthy groups was not statistically significant. Stratified analysis indicated that both GG/GT
genotypes at rs1518110 and CC/AC genotypes at rs1800872 were strongly correlated to smoking and an
increased rate of tumor recurrence in HCC patients. The CC genotype of rs2244305 was linked to multiple
tumor number, BCLC stage, and distant and lymph node metastasis in HCC. Our results indicated that
IL-10 gene polymorphisms (rs1518110, rs1800872) and IL-10 gene polymorphisms (rs2244305) might be
related to hepatitis B-related HCC in Han population of China. In particular, the GG/GT genotypes at
rs1518110 and CC/AC genotypes at rs1800872 may contribute to the high incidence of tumor recurrence.
Conclusions: Our study indicates that functional IL-10 (rs1518110, rs1800872) and IL-10RB (rs2244305)
polymorphisms may result in the risk of hepatitis B-related HCC in Han population of China.

Keywords: Chronic hepatitis B (CHB); gene polymorphism; hepatocellular carcinoma (HCC); interleukin-10
(IL-10); IL-10 receptor beta (IL-10RB)
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Introduction

Hepatocellular carcinoma (HCC) is the third major fatal
cause of cancer globally, and the most common etiology
for this cancer is chronic infection with hepatitis B virus
(HBV) (1,2). China has the largest disease burdens of HBV
infection and HCC globally (3). However, the precise
mechanism underlying HCC remains poorly understood.
Cytokines are key immunomodulatory molecules in the
immune response system and are reported to be important
factors in HCC progression. It has been reported that
cytokine genotypes may be critical to the genetic regulation
of immune responses to HBV infection and in determining
an individual’s level of HCC risk. Numerous studies have
demonstrated that single nucleotide polymorphisms (SNPs)
appear to be consistently associated with HCC risk (4).
Multiple SNPs in cytokine genes and their receptors are
known to influence different clinical outcomes of HBV-
infected patients and to be involved in the molecular
mechanisms of hepatitis-related HCC (5-7).

Interleukin-10 (IL-10) is a powerful multifunctional
cytokine produced by T-helper 2 cells and macrophages
that exhibits complex biological activity. The IL-10 gene,
which is located in 1q31-32, is composed of 5 exons and
4 introns (8). In recent years, SNPs in IL-10 and IL-10
receptor beta (IL-10RB) have been shown to be closely
correlated to the pathogenesis of many cancers (9-11).
The IL-10RB, interferon-o (IFN-a) and the interferon-y
(IFN-v) receptors are located in a cluster of class II
cytokine receptor gene at 2122 (12). One IL-10RB gene
polymorphism (IL10RB E47K) has been associated with a
risk of HBV persistence (13). The relationships between /L-
10 and IL-10RB gene polymorphisms and inflammation,
such as chronic hepatitis B (CHB) and HCC, have aroused
widespread interest.

In view of this and based on SNP genotype data in
the HapMap phase II + phase III database, four tagSNPs
(rs3790622, rs1518110 and rs1800872 in the IL-10 gene
and rs2244305 in the IL-10RB gene) were selected for
genotyping because they cover about 80% of the SNP sites
(MAF >0.1). To examin the correlations between the four
SNPs and susceptibility to HCC and CHB, polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) and matrix-assisted laser desorption/
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ionization time-of-flight (MALDI-TOF) were applied to
analyze IL-10 and IL-10RB gene polymorphisms in HCC,
CHB and healthy groups. In this study, we present data
describing a relationship between IL-10 and IL-10RB gene

polymorphisms and susceptibility to hepatitis B-related
HCC.

Methods
Study population

Peripheral blood samples were collected from 430 HCC
patients, 342 CHB patients and 371 healthy donors of the
Chinese Han population from November 2001 to April
2010. HCC patients were recruited from Peking University
People’s Hospital (Beijing, China), the Affiliated Hospital
of Guilin Medical University (Guilin, China) and Henan
Cancer Hospital (Henan, China). The diagnosis of HCC
was according to imaging and presence of alpha-fetoprotein
(AFP) level >400 ng/mL. In cases where AFP <400 ng/mL,
the diagnosis of HCC was made by having two typical
dynamic imaging studies or one typical imaging study in
patients with cirrhosis and a nodule >1 or 2 cm, as per the
Asia-Pacific Association of the Study of the Liver (APASL)
guidelines. CHB donors were patients diagnosed at Peking
University People’s Hospital who met the diagnostic
standard (14). Healthy donors were selected randomly
from individuals conducting the medical examination in
Peking University People’s Hospital. Donors with HBV or
HCYV infection, liver cirrhosis and cancer were excluded.
The detailed clinical and biological characteristics of all
patients are showed in Tuble 1. The blood samples were
collected and rapidly transferred to -80 °C for storage.
The Center Ethics Committees of Henan Cancer Hospital
authorized this work. Written informed consent based on
the Declaration of Helsinki was obtained from all patients.

SNP genotyping

From the SNP genotypes of the IL-10 and IL-10RB genes
available in the Hapmap phase II + phase III database, four
tagSNPs (rs3790622, rs1518110 and rs1800872 in the IL-10
gene and rs2244305 in the IL-10RB gene) were selected
based on haplotype analysis using Haploview 4.2 with the
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Table 1 Demographic, clinical and biological characteristics of all patients

Characteristics HCC, n (%), N=430 CHB, n (%), N=342 HEAL, n (%), N=371 P value
Age 0.92
<55 280 (65.1) 221 (64.6) 245 (66.0)
>55 150 (34.9) 121 (35.4) 126 (34.0)
Gender <0.001
Male 379 (88.1) 265 (77.5) 305 (82.2)
Female 51 (11.9) 77 (22.5) 66 (17.8)
Alcohol abuse <0.001
Absent 84 (19.5) 44 (12.9) 31 (8.4)
Present 346 (80.5) 298 (87.1) 340 (91.6)
Cirrhosis
Absent 57 (13.3) 329 (96.2) 371
Present 373 (86.7) 13 (3.8) 0
Anti-HCV positive 0 0 0
HBsAg positive 398 (92.6) 342 (100.0) 0
AFP (ng/mL) 930.8+579.5 6.7+7.6 <0.001
ALT (IU/L) 54.2+25.7 53.9+42.0 20.7+7.5 0.28
AST (IU/L) 36.7+28.6 45.0+27.5 26.4+5.8 0.65
GGT (IU/L) 28.4+22.9 40.4+32.6 18.7£19.0 0.55
TBIL (umol/L) 16.8+12.1 20.0+5.1 13.0+3.5 0.53

HCC, hepatocellular carcinoma patients; CHB, chronic hepatitis B patients; HEAL, healthy controls; AFP, alpha fetoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl transpeptidase; TBIL, total bilirubin.

following filtering criteria: r'>0.8 and a minimum allele
frequency (MAF) >0.1. These four SNPs covered nearly
80% of the MAF >0.1 SNPs.

DNA was extracted from peripheral blood leukocytes
using a standard phenol-chloroform method. Polymorphism
analysis was conducted using the high-throughput array
platform based on the MassARRAY molecular weight
(Sequenom Corporation, CA, USA) according to the
manufacturer’s protocol, as previously described (15).
First, PCR and single-base extension primers were
designed by Sequenom Assay Design 3.1 software (Tuble 2).
Second, target fragments were amplified from the DNA
samples using a semi-nested PCR reaction in a 384-well
SpectroCHIP microarray. Finally, after hybridization of
the SNP sites with the probes, the molecular differences
in bases between the extension products and the non-
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extension primers were detected by an MALDI-TOF Mass
Spectrometer. The Sequenom MassARRAY RT software
was used to analyze the result.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 13.0, SPSS Inc., Chicago, IL, USA). The allele and
genotype frequencies of the IL-10 and IL-10RB genes were
calculated by direct counting. The chi-square test was used
to compare the allele and genotype frequencies between
the groups, and the Hardy-Weinberg equilibrium was used
to determine the genotype distribution. Odds ratio (OR)
and 95% confidence intervals (95% CI) were calculated
using logistic regression. Data were considered statistically
significant at P<0.05.
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Table 2 PCR reaction and extension primers'
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SNP sites Primer sequences of PCR reaction Single-base extension primers
rs3790622 F: ACGTTGGATGTCTACATGAGGGAAACCTGC CATTAGAAGGAGCTTCTTAAT
R: ACGTTGGATGTTCTCCCCACTGTAGACATC
rs1518110 F: ACGTTGGATGTGATTTTTTTGGGCCAGAGC GGCCAGAGCCAATTT
R: ACGTTGGATGATGCGGTCTTTTTGATGCCC
rs1800872 F: ACGTTGGATGTCCTCAAAGTTCCCAAGCAG GGAGACTGGCTTCCTACAG
R: ACGTTGGATGAAAGGAGCCTGGAACACATC
rs2244305 F: ACGTTGGATGCCATGAATGGCATTCAGCTC TCTCAGCTCAGAAGCATTAGGT

R: ACGTTGGATGTTCCTTCCTCTTTGCTAGAC

T, sequences are all provided in the 5'-3' orientation. F, forward; R, reverse; PCR, polymerase chain reaction.

Results
The clinical characteristics of all donors

No significant differences were observed in the age or the
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), y-glutamyl transpeptidase (GGT) or total bilirubin
(TBIL) levels of the HCC or CHB groups when compared
to the healthy group (all P>0.05, Table 1). All healthy donors
were HBsAg negative, but 92.6% of the HCC patients
were HBsAg positive; all donors were anti-HCV negative.
The AFP level and the frequency of cirrhosis in the HCC
group were significantly higher than those of CHB group.
The distributions of gender and alcohol abuse showed
that male, alcohol-abusing donors accounted for the
majority of the HCC, CHB and healthy donors. All donors
were randomized into three groups; thus, these features
represented a true natural history of the incidence of CHB
and HCC in Han population.

The allele frequency distribution of the IL-10 and IL-
10RB gene polymorphisms in all donors

As shown in Tible 3, for rs3790622 in IL-10, the differences
in the C and T allele frequencies between the HCC and
CHB groups and between the HCC and healthy groups
were not significant (P=0.41 and P=0.25, respectively).
However, T allele frequency at rs1518110 in IL-10
(OR =1.32, 95% CI: 1.07-1.63, P=0.01), A allele frequency
at rs1800872 in IL-10 (OR =1.33, 95% CI: 1.08-1.65,
P<0.01), and C allele frequency at rs2244305 in IL-10RB
(OR =1.44, 95% CI: 1.14-1.82, P<0.01) were higher in
HCC patients than in the healthy controls. Compared to
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CHB patients, the above three SNP allele frequencies were
also significantly higher in HCC patients. No significant
differences were found in the allele frequencies at
rs3790622, rs1518110, rs1800872 and rs2244305 between
the CHB and healthy control groups (P=0.77, P=0.78,
P=0.62, and P=0.68, respectively).

The genotype distribution of the IL-10 and IL-10RB gene

polymorphisms in all donors

The genotype frequencies of the IL-10 gene polymorphism
at 1$3790622 between the HCC and CHB groups and
between the HCC and healthy groups had no significant
differences (P=0.71 and P=0.44, respectively, Table 3).
Compared to healthy controls, the distribution frequency
of the T'T genotype at rs1518110 was significantly higher
(OR =1.44, 95% CI: 1.09-1.91; P=0.03) in HCC patients;
in HCC patients, the respective distribution frequencies of
the T'T, GT and GG genotypes at rs1518110 were 51.4%,
40.4% and 8.2%, and were comparable to the frequencies
of 42.3%, 46.6% and 11.1% for healthy controls. The
distribution frequency of the AA genotype at rs1800872
was significantly higher (OR =1.45, 95% CI: 1.10-1.92;
P=0.03) in HCC group; in HCC patients, the respective
distribution frequencies of the AA, AC and CC genotypes
for SNP rs1800872 were 51.6%, 40.2% and 8.2%, which
were comparable to the frequencies of 42.4%, 46.5% and
11.1% in the healthy controls. The distribution frequency
of the CC genotype (rs2244305) was significantly higher
(OR =1.51, 95% CI: 1.14-2.01; P=0.01) in HCC patients
compared to healthy controls; in HCC patients, the
respective distribution frequencies of the CC, CT and TT

Transl Cancer Res 2017;6(2):432-440



Zhou et al. IL-10 and IL-10RB gene polymorphisms are correlated with HCC

436

's]043U00 Ayyesy “TvaH ‘siueied g siedsy oluolyo ‘gHD ‘sjusiied ewouiosed Jejnjjeooieday ‘DOH

(89'1-26°0) G2'L (08'0-¥%'0) 650 (66'0-55°0) ¥2°0 (9'8¢) ev1 (6'e¥) 0Gk (2'1€) 981 10
(8" 1-€1'0) LL°0 (ov'1-0t"0) G20 (r0'1-2€'0) 85°0 (8'2) 62 (1'9) te (L'v) o2 1
(91'1-¥9°0) 98°0 (ree-1e b 6Lt (Log-vL 1) 1L (9'€9) 661 (0°09) +21 (9'€9) €22 00
0€'0 L0'0> 100 soevveesd
(eg'1-v80) €L'L (16°0-15°0) 69°0 (€0'1-65'0) 82°0 (Gop) LLL (9'6%) 691 cov) €Lt ov
(55 1-19'0) 26°0 (8L'1-Gt"0) €2°0 (PL1=v¥'0) LL0 Ly (6'01) L€ (c9) g 00
(02'1-99°0) 68°0 (LL'g-ge 1) €9t (¢6'1-0L" 1) G¥'L (r'ev) 951 (5'6€) S L (9'19) cee v
00 L0'0> €00 2.80081s!
(rG'1-68°0) ¥1°L (16°0-15°0) 89°0 (€0'1-65°0) 82°0 (9ov) eL1 (0°09) 691 (rov) eL1 19
(€2'1-290) 160 (cl'c-26'1) 69°L (16'1L-60"1) ¥¥'L (e'eh) LG1 (6'6€) €L (r'19) 02z 1
(9v"1-95°0) 06°0 (Le'1-61"0) 08°0 (GL1-6+'0) 220 Ly 1y (Lon) v (¢9) g 1)
990 L0'0> €00 0LI8LGISI
(16'1-29°0) LO'L (L2'1-25'0) 68°0 (L2'1-85°0) 98°0 (2's1) 85 (8°S1) ¥ (2'el) 65 10
(96'2-01°0) ¥5°0 (89°6-11"0) 08°0 (5e'2-80°0) €¥°0 (V7 @0z oz 1
(€5'1-69°0) €0°L (621620811 (821-€80) L2'L (c'e8) s0€ (9'e8) 982 (8'58) 89¢ 20
12°0 WA 10 22906.€s4
adAjousn
(e€'1-€8°0) O'L (#8°0-25°0) 99°0 (88°0-65°0) 69°0 (1'22) 102 (1'82) 261 (5'02) 9.1t L
(0z'1-92°0) 6°0 (16'1-02'1) LG°L @8 1-vL L) vi'L (6'2) LvS (6712) 26V (5'62) 289 o)
89°0 L0'0> L0'0> goevveesd
(Le'1-98'0) 90°L (88'0-25°0) LL'0 (€6'0-19'0) G20 (r've) ese (9'ge) eve (€'82) eve 0
(£1'1-92°0) 66°0 wLi-erp 'L (G9'1-80°1) €€°L (9'g9) €8 (7'v9) 6V (1) 219 v
290 100> L0'0> 2.80081s/
(lg'1-82°0) 60 (69'1-0L° 1) 9¢'L (€9'1-20 1) ee'L (9'99) 28% (6'19) 6EY (CHWARKe] 1
(82'1-€8°0) €0°L (16'0-65°0) €20 (¥6'0-19'0) 92°0 (7've) age (1'ge) Le2 (r'82) eve 5
8.0 L0'0> 100 0L18LGIsI
(2€71-59°0) 66°0 ¥z 1-650) 98°0 (91 1-25°0) 1870 (68) 99 (58) 89 (€2) e9 L
(€5'1-€20) 90'L (021-180) 21} (L21-98°0) ¥2'L (1'16) 29 (5'16) 929 (2'26) 562 0
1270 (2] G20 22906.€s4
ajelly
anjea d (1D %56) HO anfeA d (1D %S6) HO anfea d (1D %S6) HO L/E=N ZbE=N 08h=N
V3AH-GHD gHO-O0H IVaH-O0H )uvaH  (%)u‘gHO ‘(%) U "OOH NS

sojdures e ur swstydrowAjod gyyoT-1 pue 07-I Jo uonnqrnsip adAyouad pue Aouanboig o[o[e oy T, ¢ S[qeL,

Transl Cancer Res 2017;6(2):432-440

tcr.amegroups.com

© Translational Cancer Research. All rights reserved.



Translational Cancer Research, Vol 6, No 2 April 2017

genotypes of SNP rs2244305 were 63.6%, 31.7% and 4.7%,
which were comparable to the frequencies of 53.6%, 38.5%
and 7.8% for the control group. Compared to the CHB
group, the HCC patients also showed higher frequencies of
TT genotype at rs1518110 (OR =1.59, 95% CI: 1.92-2.12,
P<0.01), AA genotype at rs1800872 (OR =1.63, 95% CI:
1.22-2.17, P<0.01) and CC genotype at rs2244305 (OR
=1.75, 95% CI: 1.31-2.34, P<0.01). However, differences
in genotype frequency at rs3790622, rs1518110, rs1800872
and rs2244305 were not observed between the CHB
patients and the healthy controls (P=0.77, P=0.66, P=0.70,
and P=0.30, respectively).

The stratified analysis of the association between the IL-
10 and IL-10RB genotypes and HCC clinical pathology

characteristics

Considering the genotypes or alleles of rs1518110,
rs1800872 and rs2244305 were significantly correlated
with HCC susceptibility, we further analyzed the genotypic
effects of the four SNPs in 234 HCC cases with detailed
clinical information, including age, gender, history of
alcohol abuse and smoking, tumor size, tumor number,
Barcelona Clinic Liver Cancer (BCLC) stage, the degree of
hepatic cirrhosis, distant metastasis, lymph node metastasis
and recurrence (Tuble 4). In the stratified analysis, we
observed significant correlations between the GG/GT
genotypes at rs1518110 and the CC/AC genotypes at
rs1800872 with individual smoking habit and HCC risk
(P<0.001) and with an increased rate of tumor recurrence in
HCC patients (P<0.01). In HCC patients, the CC genotype
of rs2244305 was significantly correlated with multiple
tumor number, B or C BCLC stages, distant metastasis
and lymph node metastasis (P<0.01, P<0.01, P=0.01, and
P=0.02, respectively).

Discussion

IL-10 and IL-10RB are regarded as important anti-
inflammatory cytokines in humans and are significant for
maintaining immune system balance by down-regulating
the pro-inflammatory response (16). IL-10 potentially has
dual biological functions in the promotion and inhibition
of cancer and may regulate tumor susceptibility and
development (17). Studies of IL-10 gene polymorphisms
revealed that IL-10 SNPs are related to cancer susceptibility
and affect the severity and progress of the disease as well
as the IL-10 expression level (7). Several studies have
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investigated the associations of polymorphisms in IL-
10 and its receptor IL-10RB with cancer susceptibility
and prognosis (11). Recently, a correlation between
polymorphisms in the IL-10 gene promoter region and a
variety of tumors, including HCC, has been reported (18,19).

In our study, compared to the healthy control and CHB
groups, the T allele frequency of rs1518110, the A allele
(rs1800872) and C allele (rs2244305) have a significantly
higher frequency in HCC patients. The distribution
frequencies of the TT genotype in SNP rs1518110, the
AA genotype in SNP rs1800872 and the CC genotype in
SNP rs2244305 were higher in HCC patients than in CHB
patients. It was hypothesized that patients with the IL-
10 rs1518110, rs1800872 and rs2244305 polymorphisms
were possibly susceptible to HCC. However, the allele and
genotype frequencies of the IL-10 gene SNP rs3790622
among the HCC, healthy control and CHB patients
showed no significant difference. Therefore, it is supposed
that IL-10 gene SNP rs3790622 may not be associated with
the outcome of hepatitis B-related HCC in the Chinese
Han population. In the previous studies, IL-10 gene
polymorphisms were important for HBV infection-induced
immune response. The IL-10/-592 C/C and 1L.-10/1927 A/
A genotypes are related to a higher risk of HCC (20). IL-
10 haplotype 2 (IL10-ht2) significantly up-regulated the
risk of developing cirrhosis and HCC in chronic HBV-
infected patients (21). Our results also showed that the
allele and genotype frequencies of four SNPs (rs3790622,
rs1518110 and rs1800872 in the IL-10 gene and rs2244305
in the IL-10RB gene) in CHB group were not different
from those of healthy control groups. This is compatible
with a previous study that IL-10 promoter polymorphisms
were uncorrelated with HBV infection prognosis (22).
It is, therefore, clear that IL-10 gene SNPs are strongly
associated with HCC.

Our findings also showed that significant interactions
between the IL-10 gene genotypes (GG/GT genotypes at
rs1518110, CC/AC genotypes at rs1800872) and smoking
might increase the risk of HCC and the rate of tumor
recurrence in HCC patients. Inversely, the TT genotype
(rs1518110) and AA genotype (rs1800872) are possibly
protective genotypes for HCC recurrence. Interestingly,
this finding was consistent with a previous report that
genotypes at rs1800872 in IL-10 were linked to a high
risk of gastric cancer in smokers (23). Moreover, the
CC genotype at rs2244305 was significantly associated
with tumor number, BCLC stage, and distant and lymph
node metastasis in HCC patients. Inversely, the TT/CT
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genotypes at rs2244305 are possibly protective genotypes
for tumor metastasis in HCC patients.

The allele and genotype frequencies of rs1518110,
rs1800872 and rs2244305 in CHB patients and healthy
controls have no difference. However, the allele and
genotype frequencies of these SNPs were significantly
different between the HCC patients and the healthy
controls as well as the CHB group. It is supposed that
mutations at the SNP sites can affect IL-10 and IL-10RB
protein expression, T-helper 1/2 cell differentiation and
the balance of immune mechanisms. This suggests that
IL-10 and IL-10RB may play a role in inhibiting anti-
inflammatory cytokine reduction, delaying HBV-related
inflammatory responses and inducing HCC, which may be
caused by a cumulative effect of these processes.

Several studies have shown the central role of
inflammatory cytokines such as IL10 in the continuous
and progressive immune response that eventually leads
to CHB, hepatitis B cirrhosis (HBC) and HCC during
HBYV infection. This study provides further evidence
that functional IL-10 (rs1518110 and rs1800872) and IL-
10RB (rs2244305) polymorphisms may promote the risk
of hepatitis B-related HCC. However, a moderate sample
size limits the statistical power of our study. We will further
determine our findings and clarify the hepatitis B-related
HCC genetic mechanism. Therefore, more in-depth
investigations of the relationships between IL-10 and IL-
10RB gene polymorphisms and host genetic susceptibility
to hepatitis B-related HCC should be conducted to provide
additional clues toward understanding the occurrence and
development of hepatitis B-related HCC.
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