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Abstract

Background: Interleukin-4 (IL-4) is best known as an important mediator and modulator of immune and inflammatory
responses. Hepatocellular carcinoma (HCC) is a typical inflammation-related cancer, and genetic variations in the IL-4 gene
may be associated with the risk of hepatitis B virus (HBV)-related HCC. However, few studies have been conducted on their
association.

Objectives: To clarify the effects of IL-4 gene polymorphisms on the risk of HBV-related HCC, two common variants, 2590C/
T (rs2243250) and 233C/T (rs2070874), and their relationship with HBV-related disease risk were investigated in a Chinese
population.

Methods: IL-4 2590C/T and 233C/T polymorphisms were examined in 154 patients with HBV-related HCC, 62 patients with
HBV-induced liver cirrhosis (LC), 129 patients with chronic hepatitis B (CHB), and 94 healthy controls, using the polymerase
chain reaction-restriction fragment length polymorphism method and DNA sequencing.

Results: Overall, no significant differences were observed regarding the IL-4 2590C/T and 233C/T polymorphism
genotypes, alleles, or haplotypes between the patient groups and the healthy controls. However, the CC genotypes of IL-4
2590C/T and 233C/T polymorphisms were observed to be significantly associated with CHB in subgroup analysis in males
[CC versus TT (OR: 4.193, 95% CI: 1.094–16.071, P= 0.037; and OR: 3.438, 95% CI: 1.032–11.458, P= 0.044) and CC versus TT+
CT (OR: 4.09, 95% CI: 1.08–15.49, P= 0.038; and OR: 3.43, 95% CI: 1.04–11.28, P= 0.042)].

Conclusions: These findings suggest that genetic variants in IL-4 2590C/T and 233C/T polymorphisms may be a risk factor
for CHB in Chinese males but not for HBV-related LC or HCC.

Citation: Lu Y, Wu Z, Peng Q, Ma L, Zhang X, et al. (2014) Role of IL-4 Gene Polymorphisms in HBV-Related Hepatocellular Carcinoma in a Chinese
Population. PLoS ONE 9(10): e110061. doi:10.1371/journal.pone.0110061

Editor: William B. Coleman, University of North Carolina School of Medicine, United States of America

Received July 26, 2014; Accepted September 8, 2014; Published October 8, 2014

Copyright: � 2014 Lu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper and its
Supporting Information files.

Funding: This research was supported by National Natural Science Foundation of China (No. 81260302) and Youth Science Foundation of Guangxi Medical
University (GXMUYSF201334). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* Email: qinxue919@126.com (XQ); lis8858@126.com (SL)

. These authors contributed equally to this work.

Introduction

Hepatitis B virus (HBV) infection is one of the leading causes of

liver disease, with more than 2 billion people infected worldwide

[1,2]. Among them, approximately 350 million individuals

persistently infected with HBV develop chronic hepatitis, which

results in liver cirrhosis (LC) in one third of all cases, more than

three quarters of which progress to hepatocellular carcinoma

(HCC) [3]. It is widely accepted that chronic hepatitis B (CHB),

LC, and HCC are progressive stages of chronic HBV infection [4].

Nevertheless, the mechanisms underlying such progression are not

yet well understood, although immune system-mediated chronic

inflammation is believed to play a pivotal role in HCC

development. HBV clearance depends on an effective host

immune response [5] and, thus, ineffective host immunity may

create a hepatocarcinogenic microenvironment in the presence of

HBV infection [6–8].

Interleukin-4 (IL-4), a multifunctional pleiotropic cytokine

mainly produced by activated T helper 2 (Th2) cells, plays

important roles as a mediator and modulator of immune and

inflammatory responses [9]; it is not only involved in humoral and

cell-mediated immunity, but also an essential regulator in the

immune response of B cells, T cells, and macrophages to fight

against infections and malignant cells [10]; Th2 diseases are, in

their majority, driven by IL-4 [11]. In addition, IL-4 and IL-13 are

the archetypal inducers of M2 [12]- an alternatively activated

macrophage [13] that has been proved to promote HCC

development [14]. Any alterations that influence the expression

and function of IL-4 can lead to weakened immune responses, and

thus increase the susceptibility to infections and inflammation-
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related diseases [15]. Due to their highly polymorphic nature,

genetic mutations in this gene might be the major contributor.

The human IL-4 gene is located on chromosome 5q31 and

consists of 25 kbps [16]. So far, more than 50 allelic variant

polymorphisms have been found (http://www.ncbi.nlm.nih.gov/

SNP/), including 2590C/T (rs2243250), 233C/T (rs2070874), +
3437C/G (rs2227282), and 2979G/T (rs2227284) [17]. The

impact of IL-4 gene polymorphisms in the pathogenesis of HBV

infection has been investigated, and numerous studies have

suggested that IL-4 variants play pivotal roles in hepatitis B

vaccine response and HBV infection risk [18–21]. However, to

date, few studies have been conducted to investigate the role of

these polymorphisms in HCC development [22]. In the present

study, the two most common promoter polymorphisms of IL-4, 2
590C/T (rs2243250) and 233C/T (rs2070874), were evaluated in

four Chinese patient groups – patients with CHB, LC, and HBV-

related HCC, and a healthy control group – to determine whether

these IL-4 gene polymorphisms contribute to the susceptibility of

HBV-related HCC.

Materials and Methods

Study population
A hospital-based series of 345 unrelated patients were recruited

from the First Affiliated Hospital of Guangxi Medical University

(Guangxi, China) between June and November 2013, including

154 patients with HBV-related HCC, 62 patients with HBV-

induced LC, and 129 patients with CHB. To confirm that all

patients had a chronic HBV infection for a period of at least 6

months, hepatitis B surface antigen (HBsAg), hepatitis B virus core

antibody, and hepatitis Be antigen or hepatitis Be antibody were

confirmed as seropositive. CHB was further diagnosed with serum

HBV-DNA levels .1,000 copies/mL, as well as elevated alanine

aminotransferase or aspartate aminotransferase (.2 times the

upper limit of normal) [23]. LC was diagnosed by histologic

analysis of liver biopsy specimens or typical morphologic findings

from computed tomography or ultrasonography, together with

laboratory features. For the HCC group, the patients enrolled

fulfilled the following criteria: i) positive cytologic or pathologic

findings or ii) elevated a-fetoprotein levels ($400 ng/mL) com-

bined with a positive image on computed tomography or

ultrasonography; iii) were newly diagnosed HCC patients without

a prior medical history of HCC; and iv) not diagnosed with other

Figure 1. PCR-RFLP assay for analyzing the IL-4 2589C/T and 233C/T polymorphisms of the IL-4 gene. PCR product was digested by
restriction enzyme and visualized on a 2.5% agarose gel. a 2589C/T polymorphism. Lanes 1 and 2 show CC genotype; lanes 3, 4 and 5 show TT
genotype; lanes 6 and 7 show CT genotype. b 233C/T polymorphism. Lanes 1, 2 and 3 show TT genotype; lanes 4 and 5 show CC genotype; lanes 6
and 7 show CT genotype. M, marker.
doi:10.1371/journal.pone.0110061.g001
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cancers [24]. For comparison, 170 HBV free healthy controls were

randomly selected from the Health Examination Center of the

First Affiliated Hospital of Guangxi Medical University during the

same period. The selection criteria for controls were absence of

any malignancy or other serious illness, as well as other

inflammatory status such as autoimmune hepatitis which may

generate possible bais. All subjects were Chinese from the Guangxi

District. Written informed consent was obtained from each

participant, and the study was approved by the ethics committee

of the First Affiliated Hospital of Guangxi Medical University,

Nanning, Guangxi, China.

DNA extraction and single nucleotide polymorphism
(SNP) genotyping
By using the standard phenol-chloroform method, genomic

DNA was extracted from 2 mL peripheral white blood cells. The

2589C/T and 233C/T SNPs in IL-4 were detected by

polymerase chain reaction-restriction fragment length polymor-

phism (PCR-RFLP). Primers and probes were designed by Sangon

Biotech Company (Shanghai, China). The primer sequences,

annealing temperature, length of the PCR products, and

corresponding restriction enzyme used for genotyping are

presented in Table S1. After amplification, the PCR product

was digested by restriction enzyme, visualized on a 2.5% agarose

gel, and stained with ethidium bromide (Promega Corporation,

Madison, WI, USA) for genotyping (Figure 1). The genotyping

was performed for all participants under blinded conditions. For

quality control, 50% of samples were repeated and direct

sequencing was also performed by Sangon Biotech Company

using 10% randomly selected samples (Figures 2 and 3); a 100%

concordance rate was achieved.

Statistical analysis
The statistical analyses were performed using the statistical

software package SPSS 16.0 (SPSS Inc., Chicago, IL, USA). The

Hardy-Weinberg equilibrium (HWE) was firstly tested with a

goodness-of-fit x2 test. General characteristics among the four

groups were determined via Analysis of Variance (ANOVA) and

the allele frequency and genotype distribution of IL-4 gene

polymorphisms were compared using the x2 test and Fisher’s exact

test, when appropriate. Binary logistic regression was used to

calculate the odds ratios (ORs) and 95% confidence intervals (CIs)

after age and gender status adjustments. Globally, HCC rates are

more than twice as high in males as in females [25] and, therefore,

gender may be a possible confounder. Thus, a stratification of the

study population into males and females was further performed to

evaluate the association within each stratum. Considering the

possible linkage disequilibrium between the polymorphisms, Shi’s

standardized coefficient D’ was used for quantification [26]; using

the Phase program [27,28], haplotypes and their frequencies were

also estimated based on a Bayesian algorithm. All significance tests

were two-sided, and P,0.05 was considered a statistically

significant difference.

Figure 2. Sequencing map of the genotype for the IL-4 2589C/T polymorphism. Arrow in parts a2c indicates CC, TT and C/T genotypes,
respectively.
doi:10.1371/journal.pone.0110061.g002

Figure 3. Sequencing map of the genotype for the IL-4 233C/T polymorphisms. Arrow in parts a2c indicates CC, TT and C/T genotypes,
respectively.
doi:10.1371/journal.pone.0110061.g003
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Results

Characteristics of the study participants
Table 1 summarizes the basic characteristics of the 170 healthy

controls and the 129 CHB, 62 LC, and 154 HCC patients. Briefly,

the LC and HCC patients were, on average, 10 years older than

CHB patients and healthy controls, with the difference being

statistically significant (both P,0.001). As for gender distribution,

there were no significant differences between the case and control

groups (P=0.488, P=0.618, and P=0.751, respectively).

Genotype polymorphisms and the risk of HBV-related
diseases
The genotype and allele frequencies of the 2589C/T and 2

33C/T IL-4 gene polymorphisms for patients with HBV-related

diseases and healthy controls are shown in Table 2. According to

the HWE test, the genotype distribution of the two SNPs in the

patient groups and healthy controls were all agreed with HWE

(P.0.05 for all). However, no significant differences between the

genotype and allele frequencies of the 2589C/T and 233C/T

IL-4 gene polymorphisms and CHB risk were observed. Binary

logistic regression analyses adjusted for age and gender also failed

to reveal any significant difference between them. Further, when

considering LC and HCC patients, similar non-significant results

were also found.

Nevertheless, when subgroup analyses between males and

females were conducted, significant differences were found in

males in the CC genotype in co-dominant genetic model CC

versus TT and recessive genetic model CC versus TT+CT. Both
589C/T CC and 233C/T CC genotypes in males were

associated with a significantly increased risk of CHB compared

with the TT genotype (OR: 4.193, 95% CI: 1.094–16.071, and

P=0.037; and OR: 3.438, 95% CI: 1.032–11.458, and

P=0.044); similar situation was also found in the recessive model

(OR: 4.09, 95% CI: 1.08–15.49, and P=0.038; and OR: 3.43,

95% CI: 1.04–11.28, and P=0.042) (Table 3). On the other

hand, significant differences between case and control groups were

not observed for any genotype in females (Table S2).

Considering that the IL-4 genetic background may be distinct

between different populations, the genotype and allele frequencies

of the two SNPs in our control group were further compared with

those in different races from the Haplotype Map (HapMap)

project (http://www.ncbi.nlm.nih. gov/snp/) as well as in

previous reports [29]. The data shown in Table 4 suggests that

the distribution of the two SNPs in the present study is significantly

different from that in JPT (Japanese in Tokyo) and CEU (Utah

residents with northern and western European ancestry) popula-

tions. For the 589C/T polymorphism, the frequencies of genotype

TT and allele T in JPT and CEU populations are significantly

lower, and the rate of CC genotype and C allele are significantly

higher. With respect to the 233C/T polymorphism, significant

genotype differences between the present study and YRI (Yoruba

in Ibadan) were also found. Further, there were significantly lower

detection rates of the TT genotype and T allele and higher

detection rates of the CC genotype and C allele in the JPT, CEU,

and YRI populations when compared with our data.

Estimated haplotype frequencies and the risk of HBV-
related diseases
Haplotype analyses were performed for all patient groups and

healthy controls using the SHEsis software, and the four possible

haplotype frequencies of the two SNPs are shown in Table 5.

According to the results, the T2589 T233 haplotype is the most

common haplotype and represents .50% in all groups, whereas
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the C2589 C233 haplotype accounts for 14.9% to 23.3% among

the four groups and represents the second highest haplotype. After

haplotype analyses, however, no significant differences in these

haplotype frequencies were found in any group. Finally, C2589

T233 and T2589 C233 are rare haplotypes that account for less

than 2% in the control subjects and therefore further analyses were

not conducted for these.

Discussion

China, a region with 94 million HBsAg carriers, accounts for

50% of the total HCC cases worldwide [30,31]. The predominant

mode of HBV transmission in this hyperendemic region is vertical

transmission from infected mothers during or shortly after birth

[32]. However, only 5% to 10% of perinatally-infected infants

become persistent carriers as adults, despite the approximately

90% risk; further, from these persistent infectors, 10% to 30% will

progress to LC and HCC [33]. Such highly variable disease

outcomes cannot be fully explained by differences in immunolog-

ical, viral, or environmental factors. Thus, differences in host

genetic factors may play essential roles in these processes.

IL-4, a typical pleiotropic Th2 cytokine [9], is best known for

defining the Th2 phenotype of lymphocytes, as well as being

involved in regulating cell proliferation, apoptosis, and expression

of numerous genes in lymphocytes, macrophages, and fibroblasts,

among others [34–39]. Functional variations in this gene may

contribute to viral clearance as well as HBV-associated HCC in

high-risk Chinese patients. However, in the present study, we did

not observe any association of IL-4 genotypes, alleles, and

haplotypes with the overall CHB, LC, and HCC patients.

Nevertheless, in subgroup analysis, CC genotypes of the IL-4 2

589C/T and 233C/T polymorphisms were observed to be

significantly associated with CHB in males as compared with the

TT genotypes and TT+CT genotypes. In females, a similar trend

towards an increased risk effect of CC genotypes in CHB was also

observed, but the difference was not significant. These results

indicate that IL-4 gene polymorphisms may be a risk factor for

CHB in the Chinese male population only.

Data from previous epidemiological studies was consistent with

our results. In a meta-analysis conducted by Zheng et al. [20]

exploring the IL-4 590C/T polymorphism and its susceptibility to

liver disease (including HBV infection, HCV infection, liver

cirrhosis, etc.), significant associations between the IL-4 590T

polymorphism and increased risk of liver diseases was found in

Caucasian populations, but not in Asian populations. Another

meta-analysis investigating the association of IL-4 polymorphisms

with response to HBV vaccine and susceptibility to HBV infection,

also found no evidence indicating a correlation between IL-4
polymorphisms (rs2243250 C.T) and susceptibility to HBV

infection [21]. It is noted that all ‘‘Asian population’’ studies

included in the two meta-analyses mentioned above were

conducted in China [40–45].

It is noteworthy that, in the present study, the significant

association between CHB in males was found in the CC genotypes

of 2589C/T and 233C/T polymorphisms, as opposed to the T

allele in the Caucasian populations studied in the meta-analysis of

Zheng et al. [20]. The fact that the same polymorphism site has

distinct genotype frequencies which play different roles in the same

disease may be principally explained by differences in the IL-4
genetic background among ethnicities; results from the compar-

ison of genotype and allele frequencies in the healthy control

subjects in the present study and those from the HapMap project

provide evidence to this effect. In the current study, the IL-4 2

590T and 233T allele frequencies among healthy controls were
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82.6% and 81.8%, respectively, which were significantly higher

than those observed in healthy Caucasians (both were 13.7%),

while the C allele frequencies accounted for 17.4% in 2590C/T

mutations and 18.2% in 233C/T mutations, which were

significantly lower than in Caucasians (both were 86.3%). Thus,

the T allele may be the major allele in 2589C/T and 233C/T

SNPs in the Chinese population, and the C allele is the variant

responsible for various diseases, while the opposite is true for

Caucasians.

With respect to HCC, only two studies were found regarding

the IL-4 2590 C/T polymorphism and HCC risk in a high-risk

Chinese population [46] and in low-risk non-Asians in the USA

[22], both conducted by Ognjanovic et al. [22,46]. Contrary to

our results, the authors noted a substantial decrease in HCC risk

associated with the IL-4 2590 CC genotype in Guangxi, China,

and a non-significant result in Los Angeles non-Asians. However,

in the present study, no association was found for either IL-4 2

590C/T or 233C/T polymorphisms and HCC risk in the

Chinese population. Drinking status may be a possible factor in

the disparate associations between our study and theirs. According

to their results [46], the IL-4 2590 CC genotype was not

associated with a lower risk of HCC when initially adjusted for

age, gender, and ethnicity (CC vs. CT/TT, OR: 0.46, 95% CI:

0.16–1.31); however, after further adjustment for HBsAg seropos-

itivity and the number of alcoholic drinks per day (0, ,3, or .3),

the CC genotype was found to be negatively associated with HCC

risk (CC vs. CT/TT, OR: 0.05, 95% CI: 0.01–0.40); in contrast,

individuals included in our study were all HBsAg seropositive. In

addition, the difference in study design and sample size may also

be possible confounders.

For IL-4 polymorphism haplotypes, previous experimental data

has demonstrated some to be associated with respiratory syncytial

virus [47], multiple sclerosis [48], oral cancer [49], and systemic

lupus erythematosus [50], suggesting that certain important

polymorphisms could affect the regulation of this cytokine. In

addition, the T allele of the IL-4 2590C/T polymorphism has

been reported to be in linkage disequilibrium with233T [51], and

was associated with an increased expression of IL-4 [52].

However, we did not find an association between any of the

estimated haplotype frequencies and the risk of HBV-related

diseases, indicating that the IL-4 gene haplotypes may not play

any facilitative role in the development of HCC.

In conclusion, we could not detect an effect of genetic variants

between IL-4 and HBV-related HCC in a Chinese population.

Interestingly, in subgroup analysis, the CC genotype of IL-4 2

589C/T and 233C/T polymorphisms were observed to be

significantly correlated with the risk of CHB in the Chinese male

population. However, considering the relatively small sample size

of this study, more studies with a larger sample size are warranted

in an attempt to confirm the observed association.
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