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Abstract: Background: Interferon-gamma (IFN-γ) was first defined as an antiviral agent with potent antitumor effects 
in 1957 and this is supported by much subsequent research. IFN-γ rs2430561 polymorphism was found to increase 
IFN-γ production involved in the regulation of immune system. Previous studies of rs2430561 genotypes and hepa-
tocellular carcinoma (HCC) susceptibility have produced inconsistent results. We thus summarized all epidemiologic 
and molecular data and carried out a meta-analysis to evaluate the effects of this functional polymorphism on HCC 
incidence. Methods: Human hospital- or population-based studies were identified by searching multiple databases 
(BIOSIS, Embase, PubMed, Web of Science, Chinese Biomedical Literature database). Six studies were selected for 
the meta-analysis. Crude ORs was calculated assuming the allele, homozygote, heterozygote, dominant and reces-
sive model. The stability and reliability of the combined results were examined by using sensitivity analysis and 
publication bias tests. Results: Meta-analysis under the allele model showed that the T allele compared with the A 
allele showed a moderately but nonsignificantly increased risk of HCC (OR = 1.12, 95% CI = 0.92-1.35). Analyses un-
der the remaining models revealed no evidence of a significant association. In subgroup analysis by infection type, 
summary ORs suggested no significantly elevated risk of HBV-infected HCC in relation to the allele or genotypes 
of rs2430561 polymorphism. The combined results were reliable according to sensitivity analysis and publication 
bias tests. Conclusion: We found no strong evidence supporting a statistically significant association between IFN-γ 
rs2430561 polymorphism and HCC susceptibility.
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Introduction 

A complex and heterogeneous human malig-
nancy that ranks third only to lung cancer and 
gastric cancer as a commonest cause of deaths 
from cancer across the globe is hepatocellular 
carcinoma (HCC) [1]. According to previous 
experimental data, hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infections are universal-
ly acknowledged causative agents of chronic 
hepatitis, liver cirrhosis and liver failure that are 
prone to the development of HCC [2-4]. 
Nevertheless, inherent genetic susceptibility to 
HCC has recently been hypothesized to associ-
ate with various gene polymorphisms because 
of the fact that HBV and HCV are detected in a 
small proportion of patients [5, 6]. In this inves-
tigation we focused on a mostly studied poly-
morphism at interferon-gamma (IFN-γ), a cyto-
kine that produces useful substances important 

for the protection against viral infections via 
suppression of viral replication and determina-
tion of the predominant pattern of host 
response [7].

IFN-γ is a pro-inflammatory Th1 cytokine with a 
fundamental role in downregulating the gene 
expression of HBV in infected hepatocytes by 
disrupting the stability of viral RNA and abrogat-
ing HBV nucleocapsid particles [8]. Products of 
IFN-γ along with activation of T and NK cell 
increase body temperature and thus trigger the 
immune system [9-11]. A study in vivo showed 
that the level of IFN-γ increases from the 4th 
days post-infection [11]; increased IFN-γ serum 
expression has been reported to promote anti-
tumor activity, whereas sustained low-level 
expression of IFN-γ triggers tumorigenesis [12]. 
IFN-γ has dual role as a tumor cell growth sup-
pressor and apoptotic activity promoter, which 
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major authors when data of the original article 
were incompletely reported. The study was not 
considered in the final analysis if no reply was 
received.

We included the human hospital- or population-
based studies that met all pre-defined cri- 
teria: Patients with HCC were investigated; 
IFN-γ rs2430561 polymorphism was geno-
typed; Genetic distributions of cases and con-
trols were reported in detail, or the genetic data 
provided could be used to calculate an odds 
ratio (OR) for at least one contrast model 
tested.

The studies would be excluded based on: 
Duplicate data; Lack of useful data; Studies of 
chronic hepatitis or liver cirrhosis; Published in 
forms of abstract, case report, comment letter, 
editorial, or systematic review.

has been described in human breast tumor 
cells [13]. An intronic single nucleotide  
polymorphism at IFN-γ (+874T/A, rs2430561) 
may affect the production of the cytokine and 
biologically change the function of regulatory 
elements by modifying their affinities to tran-
scription factors [14]. A positive association of 
this T to A transition polymorphism with human 
diseases has been consistently reported [15]. 
The +874T allele, according to Pravica et al., 
functions more actively in increasing IFN-γ  
production relative to the +874A allele [16]. It  
is the important consequences that consti- 
tute the primary impetus for a number of inves-
tigators to examine the effects of IFN-γ 
rs2430561 on the HCC incidence [17-19]. 
Previous results for this polymorphism, howev-
er, are inconsistent. Discrepancy across the 
studies may arise from sampling variation or 
study design differences.

To increase the precision of 
effect estimations and to deter-
mine the role of rs2430561 gen-
otypes in incident HCC, we decid-
ed to perform a meta-analysis of 
epidemiologic and molecular 
data from early-released case-
control studies.

Methods

Search strategy, inclusion crite-
ria, data abstraction

Online databases including 
BIOSIS, Embase, PubMed, Web 
of Science, and Chinese Bio- 
medical Literature (CBM) were 
exhaustively searched until 
January 30, 2014. The possibly 
related studies were identified  
by using various search terms: 
hepatocellular carcinoma, hepa-
tocellular cancer, hepatocarcino-
ma, polymorphism, genetic vari-
ants, genotypes, interferon- 
gamma, and IFN-γ. To maximi- 
ze the number of our study,  
we imposed no restrictions on 
the computer-based literature 
search. In an effort to get addi-
tional data, we checked the ref-
erences of all case-controlled 
studies. We also emailed the 

Figure 1. Studies iden-
tified with criteria for in-
clusion and exclusion.
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Table 1. Baseline information of studies included in this meta-analysis

First author Publica-
tion year

Sample Gender (male/
female) Mean age 

Ethnicity Quality Study 
country Description of controls

Case Control Case Control Case Control 
Ben-Ari [25] 2003 10 48 59/16 / 48.1 ± 14.0 / Caucasian High Israel 10 healthy individuals recovered from HBV infection; 48 healthy controls

Bouzgarrou [17] 2009 58 103 20/38 42/61 61.6 ± 9.8 46 Caucasian High Tunisia Healthy control subjects selected from blood donors

Migita [18] 2005 48 188 39/9 127/67 62.5 ± 8.9 51.5 ± 15.6 East Asian High Japan HBV patients without HCC

Teixeira [27] 2013 111 202 92/20 145/57 55.6 ± 11.5 33.3 ± 8.3 Caucasian Low Brazil Healthy subjects from the same geographic region

Saxena [26] 2014 59 146 / / / / Caucasian High India Healthy subjects 

Nieters [19] 2005 249 250 / / 49.3 ± 9.6 / East Asian High China Hospital controls without history of cancer or clinical liver cirrhosis
HBV-hepatitis B virus; HCC-hepatocellular carcinoma.

Table 2. Overall and stratified analyses of association between IFN-γ rs2430561 SNP and HCC risk 

Variables No. of 
studies

Allele (T vs. A) Homozygote (T/T vs. A/A) Heterozygote  
(A/T vs. A/A)

Dominant  
(T/T + A/T vs. A/A)

Recessive  
(T/T vs. A/T + A/A)

OR (95 % CI) P-Het OR (95 % CI) P-Het OR (95 % CI) P-Het OR (95 % CI) P-Het OR (95 % CI) P-Het

Total 6 1.12 (0.92, 1.35) 0.795 1.29 (0.87, 1.92) 0.505 1.05 (0.79, 1.38) 0.984 1.06 (0.84, 1.35) 0.989 1.07 (0.85, 1.34) 0.150
Infection type
    HBV-infected† 4 1.20 (0.87, 1.66) 0.582 1.88 (0.87, 4.02) 0.403 1.05 (0.69, 1.62) 0.886 1.09 (0.74, 1.61) 0.868 1.04 (0.80, 1.35) 0.067
    Other‡ 2 1.07 (0.84, 1.36) 0.604 1.12 (0.71, 1.79) 0.582 1.04 (0.73, 1.49) 0.709 1.05 (0.78, 1.41) 0.975 1.05 (0.74, 1.77) 0.266
†-hepatitis B virus-infected; ‡-hepatitis C virus-infected or both HBV-infected and HCV-infected patients.
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Two authors independently scanned titles, 
abstracts, even the whole text whenever nec-
essary and excluded the records violating one 
or more requirements listed above. For the 
qualified studies, information was collected on 
the following items: surname of authors, study 
country, year of online publication, ethnicity, 
number of men and women, mean age of case 
and control groups, characteristics of controls, 
number of cases and controls, genotypying 
data, and matching methods of controls to 
cases. A senior author was consulted in case of 
discrepancies.

Quality assessment

The Newcastle-Ottawa Scale (NOS), a quality 
assessment tool for case-controlled or cohort 
studies, was chosen to check the quality of eli-
gible studies in this meta-analysis [20]. NOS 
comprises three parts (selection of population, 
comparability, and exposure or outcome) involv-
ing eight items with nine points. The studies 
that scored six or more points (≥ 6) were 
grouped into ‘high-quality’ category, and those 
less than six scores (< 6) were classified into 
‘low-quality’ category. One score would be 
taken away if the genotype distribution in con-
trol showed deviation from Hardy-Weinberg 
equilibrium (HWE).

Data analysis

We calculated crude ORs with 95% CIs (95% 
confidence interval) by comparing data on the 
rare homozygous genotype to data on the wide-
type homozygous genotype (homozygous 
model) in order to evaluate the association of 
IFN-γ rs2430561 genotypes with HCC suscepti-
bility. The combined effects were also estimat-
ed for the allele, heterozygous, dominant and 
recessive models. To see whether the individu-
al susceptibility differed between HBV-infected 
and other virus infected HCC, we performed 
subgroup analysis by infection type [the limited 
data only allowed further analysis in subgroup 
of HBV-infected HCC and ‘other’ subgroup com-
prising one study for HCV-infected HCC and one 
study for both HBV-infected and HCV-infected 
HCC]. Inter-study heterogeneity was evaluated 
using the Cochran Q test [21]. P values below 
0.05 corresponded to the presence of hetero-
geneity. We used a Mantel-Haenszel meta-
analysis of data derived from the samples in 
order to evaluate the overall evidence of asso-

ciation when no significant heterogeneity was 
indicated [22]; otherwise, the method of 
DerSimonian and Laird was applied to provide 
a pooled OR [23]. Statistical significance of the 
combined meta-analysis results was deter-
mined using the Z statistic, the ratio of the 
point estimate to its standard error. We used 
the Chi-square goodness of fit to test for HWE 
among controls for each study. Sensitivity anal-
ysis was conducted to by omitting the single 
studies, one at a time and recalculating the 
pooled ORs and 95% CIs to examine if the inde-
pendent data sets exerted notable influence on 
the combined results. Publication bias was 
evaluated using the funnel plots and Egger’s 
liner regression test [24]. The significance level 
was fixed at P values less than 0.05 unless spe-
cially stated. All statistical analyses were done 
using STATA software, version 12.0 (Stata 
Corporation, College Station, TX) and Review 
Manager, version 5.2 (Revman, the Cochrane 
Collaboration).

Results

Characteristics of studies

A flow diagram detailing selection process  
of eligible studies is displayed in Figure 1. 
Online searches using the search strategy 
yielded 63 records in total. We initially excluded 
48 records after screening the titles and 
abstracts for obvious irrelevance to the key-
words. We then evaluated the eligibility of the 
remaining 15 studies, of which 9 studies were 
removed due to studies of chronic hepatitis, 
liver cirrhosis, response to treatments, IFN-γ 
rs2069762 or rs2069705, or no reply received 
after having contacted the authors. Therefore, 
6 studies reporting available data were includ-
ed in the final meta-analysis [17-19, 25-27]. 
Most studies were small-sampled (No. of cases 
< 100 and No. of controls < 100). Four studies 
were conducted in Caucasian samples and two 
studies in East Asian samples. One Caucasian 
study included controls with a history of HBV 
infection, and an East Asian study used HBV 
patients without HCC as references. All studies 
were in HWE except for Teixeira et al., the only 
study in ‘low-quality’ category (Table 1). In addi-
tion, only the recessive model (T/T vs. A/T + 
A/A) analyzed the data from all studies, as the 
relatively larger study reported data for AA + AT, 
and TT [19].
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Quantitative data synthesis

As shown in Figure 2 and Table 2, the T allele 
compared with the A allele showed a moder-
ately increased risk of HCC, although the asso-
ciation was not significant (OR = 1.12, 95% CI = 
0.92-1.35). In subsequent analyses, we found 
nonsignificantly increased risk of HCC among 
people with the T/T, A/T, or both T/T and A/T 
genotypes (OR = 1.29, 95% CI = 0.87-1.92 
under the homozygote model; OR = 1.05, 95% 
CI = 0.79-1.38 under the heterozygote model; 
OR = 1.06, 95% CI = 0.84-1.35 under the domi-
nant model; OR = 1.07, 95% CI = 0.85-1.34 
under the recessive model).

In subgroup analysis by infection type, all sum-
mary ORs were near the null value and this sug-
gested no significantly elevated risk of HBV-
infected HCC in relation to the allele or 
genotypes of IFN-γ rs2430561 (Table 2).

Sensitivity analysis, publication bias

Sensitivity analyses via sequentially omitting 
the single studies for IFN-γ rs2430561 showed 
no substantial difference between the primary 
ORs and the recalculated ORs, suggesting our 
results were stable. The funnel plots for all 
genetic models were symmetrical and the 

Egger’s test detected no obvious evidence of 
significant publication bias across the studies. 
Figure 3 displays the funnel plots under the 
recessive model (Egger’s test: P = 0.947).

Discussion 

In this largest investigation to date, we per-
formed a meta-analysis and analyzed epidemi-
ologic data from all published case-controlled 
studies addressing the association of IFN-γ 
rs2430561 genotypes with inherited suscepti-
bility towards HCC. Using distinct genetic mod-
els, we found no strong evidence for a signifi-
cantly increased risk of HCC. In further subgroup 
analysis, the IFN-γ rs2430561 polymorphism, 
both at the genotypic level and the allelic level, 
failed to show any association with HBV-
infected HCC. Because of the sample inade-
quacy, it is unclear whether or not this lack of 
causal association is merely a false-negative 
finding. This issue, therefore, requires a large 
study to clarify.

As human cancer at various sites shares some 
common characteristics, such as the major 
causes of carcinogenesis, investigations into 
other cancers may have implications. Liu et al. 
analyzed thirty- two studies with 4524 cases 
and 5684 controls, attempting to determine 

Figure 2. Meta-Analysis of the association between IFN-γ rs2430561 polymorphism and HCC susceptibility under 
the allele model. Squares correspond to the point estimate of effect for each study, and horizontal lines through the 
squares correspond to 95% CIs. The area of each square reflects the weight assigned to that study. The diamond 
represents the summary point estimate of effect, and the width of the diamond represents the 95% CI of the sum-
mary point estimate of effect. 
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manifests between men and women [38]. It is 
therefore worthwhile to investigate the role of 
IFN-γ rs2430561 in HCC in a number of ethnici-
ties to identify if the polymorphism differential-
ly confers inherent susceptibility to HCC among 
distinct ethnic groups.

The statistical power of this study was obvious-
ly enhanced by performing a meta-analysis,  
in which all individual datasets were incorpo-
rated and analyzed. However, it is noteworthy 
that each of the published studies included a 
small number of individuals, leading to an inad-
equate sample in the final meta-analysis. We 
thus can infer, but cannot conclude, that IFN-γ 
rs2430561 is not associated with HCC suscep-
tibility. Moreover, the incidence of HCC varies 
considerably across the globe, the null associa-
tion may be altered in a larger study when anal-
ysis is restrained to some specific ethnic group. 
Finally, the etiology of HCC is complicated and 
multifactorial in nature. It is better to consider 
the coeffects from environmental carcinogens 
and other predisposition genes such that the 
susceptibility role of IFN-γ rs2430561 could be 
well defined.

In summary, our results did not indicate an 
association between the functional rs2430561 
polymorphism at IFN-γ and HCC incidence. 
Future research based on a large quantity of 
individual studies representing various ethnici-
ties is needed to evaluate the effects of IFN-γ 
rs2430561 on the genetic risk of human HCC.

the role of IFN-γ rs2430561 in the develop-
ment of cancer, with no overall cancer risk sug-
gested in the work. Intriguingly, nearly 60% 
increased risk of breast cancer was shown in 
subgroup analysis by cancer type and signifi-
cantly elevated risks were seen in African and 
European individuals when data were stratified 
by ethnicity [28]. The study by Ge et al., slightly 
larger than the previous study, demonstrated 
evidence not supporting a positive association 
in each subgroup [29]. Based on a large num-
ber of subjects, both analyses showed no evi-
dence of significant associations with overall 
cancer risk, suggesting rs2430561 genotypes 
may not have major impact on the incidence of 
human cancers, including HCC. Several lines of 
evidence showed killer or cytotoxic T cells that 
produce proinflammatory cytokine IFN-γ, includ-
ing CD4+ T cells and cytotoxic CD8+ cells, 
destroy infected and foreign cells [30, 31]. 
IFN-γ controls human innate and adaptive 
immune responses by suppressing prolifera-
tion and enhancing apoptosis to maintain the 
homeostasis of T cells [32]. These data impli-
cate IFN-γ has a significant role in tumor 
immune surveillance. Conversely, a steady flow 
of recent studies has reported that the cyto-
kine gene may have protumorigenic effects in 
some cases [33]. As early as 1957, Isaacs and 
Lindenmann for the first time defined IFN-γ as 
an antiviral agent due to the potent antitumor 
activity [34]. Nakashima et al. developed a 
mouse model and found a clear association 
between administration of IFN-γ and preven-

tion of virally induced leuke-
mia and extended overall sur-
vival time [35]. The antigrowth 
effects were further con-
firmed in a recent report by 
Bekisz and coworkers [36]. 
These theories hint that IFN-γ 
and the polymorphisms at the 
locus are likely to have protec-
tive effect against the inci-
dence of HCC.

One of the high-risk countries 
is China, where more than 
400,000 new HCC cases and 
370,000 deaths were report-
ed in 2008 [37]. According to 
El-Serag et al., the incidence 
rate vary widely across geo-
graphic regions and ethnic 
groups; such variance also 

Figure 3. The funnel plot for publication bias test (the recessive model). Each 
point represents a separate study for the indicated association.
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