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Abstract

Background: Interleukin-12 (IL-12) is considered to be a risk factor for cancer; however, its role
in hepatocellular carcinoma (HCC) remains unknown. This study aimed to explore the impacts of
the IL-12 rs3212227 and rs568408 gene polymorphisms on HCC.

Methods: We searched PubMed, Embase, Web of Science, and Chinese Knowledge
Infrastructure databases for studies on the associations between HCC and IL-12 rs568408 and
rs3212227 polymorphisms published prior to | May 2020. The effects of the polymorphisms on
HCC susceptibility were presented as odds ratios (ORs) and associated 95% confidence intervals.
Results: Seven studies were ultimately included, including 2375 cases and 3445 controls. The
rs3212227 polymorphism was significantly associated with the risk of HCC in both the dominant
model (CC+AC vs. AA, OR=1.22) and the allele model (C vs. A, OR=1.12). Combined analysis
of rs568408 yielded a significant relative risk for HCC in the dominant (AA+AG vs. GG,
OR=1.13), recessive (AA vs. AG+GG, OR=1.72), allele (A vs. G, OR=1.29), heterozygote
(AG vs. GG, OR=1.27), and homozygote models (AA vs. GG, OR 1.17).

Conclusion: The IL-12 rs3212227 and rs568408 gene polymorphisms are associated with an
increased risk of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a fatal
disease that poses a major health threat
worldwide. Hepatitis B virus (HBV) is a
major risk factor for HCC,' with an esti-
mated 75%—85% of HCC cases attributable
to persistent infection with HBV.? Growing
evidence has also highlighted the role of
genetic polymorphisms in HCC, suggesting
an important role for genetic factors in car-
cinogenesis.>* However, the potential value
of genetic polymorphisms in HCC remains
to be elucidated.

Cytokines are important immunoregula-
tory substances that produce inflammatory
responses, thus influencing the occurrence
of chronic inflammation, the tumor micro-
environment,” and the pathogenesis of
HCC.® Interleukin-12 (IL-12) comprises
two subunits (p35 and p40) connected by
a disulfide bond to produce an isoprene
dimer cytokine with multiple biological
effects.” Gene polymorphisms have been
identified in the promoter region, intron,
and 3’-untranslated region of the portion
of the IL-12 gene that codes for the p40
subunit.® IL-12 plays a major role not
only in inducing an appropriate immune
responses against viral infections (including
HBYV), but also in the antitumor immune
response.” IL-12 has been shown to inhibit
the proliferation and metastasis of various
malignant tumors, in vitro and in vivo,'” and
to inhibit the differentiation of natural
killer and Th2 T helper cells, contributing
to a strong anti-tumor effect.'’ IL-12 is
encoded by two genes, ILI2A and ILI2B,

and numerous studies have demonstrated
that the /LI2A and ILI2B genes include
multiple functional polymorphic sites that
might affect the occurrence and progression
of non-Hodgkin lymphoma,'? tuberculo-
sis,'* autoimmune disease,' gastric carci-
noma, '’ lung carcinoma,'® and other
malignancies.'” Tan et al. showed that the
IL12A4 rs568408 variant may be a marker
single-nucleotide  polymorphism  (SNP)
associated with an increased risk of poor
HBV clearance and HBV-related HCC
development.”  Meanwhile, Ben-Selma
et al.'® suggested that IL-124 rs568408
and gene—gene interactions between [L-
124 13568408 and IL-12B rs3212227 con-
tributed to the outcome of chronic HBV
infection, indicating their potential useful-
ness as predictive and diagnostic bio-
markers of HCC. Additional evidence has
shown that the IL-12 signaling pathway
plays a pivotal role during HBV infection
and may contribute to the pathogenesis of
HCC."2° An accurate analysis of the dis-
tribution of IL-12 gene polymorphisms
among human populations from various
geographical regions may reveal a correla-
tion between these polymorphisms and the
occurrence of HCC.

Researchers have previously investigated
the role of IL-12 in the development and
progression of HCC;?! however, the specific
association between IL-12 gene polymor-
phisms and susceptibility to HCC remains
controversial. We conducted a meta-
analysis of related case-control studies
with large sample sizes to obtain additional
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evidence to allow the analysis of the associ-
ation between IL-12 gene polymorphisms
and susceptibility to HCC, to provide a sci-
entific basis for the early diagnosis and
treatment of HCC.

Methods and materials

Search strategy

Previous reports on the associations between
the IL-12 rs568408 and rs3212227 polymor-
phisms and HCC were collected by search-
ing the PubMed, Embase, Web of Science,
Chinese Knowledge Infrastructure (CNKI),
and Wanfang databases using the following
key words: (“interleukin-12” OR
“Interleukin-12” OR “IL-12” OR “IL12”
OR  “rs568408” OR “rs3212227”), and
(“polymorphisms” OR  “polymorphism”
OR “SNP” OR *“variation” OR “variant”
OR  “mutation” OR “genetic” OR
“genotype”), and (“hepatocellular
carcinoma” OR “HCC” OR “liver cancer”).
According to the scope statements on
Medline and Embase, other subject headings
were included based on previous indexes and
keywords that contained synonyms for the
words included in the range description, to
ensure that topic headings were used correct-
ly, according to their definitions.

Only studies published before 1 May
2020 were included in the meta-analysis.
We also screened the reference lists to iden-
tify related titles.

Selection criteria

Studies included in the meta-analysis had to
fulfill the following inclusion criteria: 1) case-
control study; 2) investigation of the associ-
ation between IL-12 rs3212227 or rs568408
polymorphism with HCC; and 3) complete
data, including numbers of patients in the
case and control groups, distribution of
genotype frequency, and related statistical
indicators. If multiple publications referred

to the same study sample, the study with the
largest sample was selected for inclusion in
the meta-analysis.

Data extraction

Cunging Kong and Miao Chen indepen-
dently screened the literature and extracted
the following data: first author, year of pub-
lication, country, ethnicity, baseline charac-
teristics of the control group, sample size of
the case and control groups, genetic frequen-
cy, Hardy—Weinberg equilibrium (HWE)
values for the control group, HCC risk;
r$3212227 polymorphism; rs568408 poly-
morphism; rs3212227 gene mutation (A to
C); and rs568408 gene mutation (C to A).

This was not a primary research study,
and ethical approval and informed consent
were therefore not required.

Statistical analysis

All statistical analyses were performed using
Stata software, version 12.0 (StataCorp LP,
College Station, TX, USA) and Review
Manager 5.3 (Cochrane Collaboration). All
binary variables were presented as summary
risk ratios (RR) with 95% confidence inter-
vals (CI), calculated using a fixed-effects
model except in the event of high heteroge-
neity, in which case a random-effects model
was used. The associations between IL-12
polymorphisms and HCC risk were evaluat-
ed using recessive, dominant, homozygote,
heterozygote, and allelic models.
Unadjusted odds ratios (ORs) and 95%ClIs
were used to describe the susceptibility of
patients with rs3212227 or rs568408 poly-
morphisms to HCC. HWE values in the con-
trol group were determined by Fisher’s exact
test and the effect of combining OR values
on HCC was determined by the Z-test.
Heterogeneity was evaluated using fixed-
effect (I’<50%) and random-effect models
(I>>50%). Subgroup analysis was per-
formed to determine the effect of ethnicity
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on the associations of rs3212227 and
1$568408 polymorphism with HCC. We cal-
culated the summary RR and 95%CI using
a fixed-effect model, or a random-effect
model in cases of high heterogeneity. The
influence of study quality on the results
was assessed by sensitivity analysis. The
extent of heterogeneity was determined as
the total percentage of variation between
studies, measured with the I? statistic. I
values were categorized as low if I? (0%—
25%), moderate (25%-50%), and high
(50%-90%). The Q-statistic was used to
assess the presence of heterogeneity. A PQ
statistic >0.05 was considered to indicate no
significant heterogeneity among the included
studies.

Results

Description of included studies

The search process and inclusion criteria for
this study are shown in Figure 1. A total of
522 studies written in English or Chinese and

published in the searched databases prior to 1
May 2020 were systematically screened
(Figure 1). Seven studies”' 2 were finally
included in this meta-analysis (Table 1).
These seven studies demonstrated the associ-
ation between the rs3212227 polymorphism
and HCC risk (2375 cases, 3445 controls)
and three studies™" also evaluated the rela-
tionship between the rs568408 polymorphism
and HCC risk (1342 cases, 2026 controls).
The genetic distribution of the rs568408 poly-
morphism in all but two controls’** was con-
sistent with the HWE (P>0.05).

Meta-analysis of association between
rs3212227 polymorphism and HCC risk

The associations between rs3212227 poly-
morphism and HCC risk for five models
and various subgroups are shown in
Table 2. All seven studies included in the
meta-analysis (2,375 cases) reported an
association between rs3212227 polymor-
phism and HCC. A fixed-effect analyses
showed that rs3212227 was associated

| PubMed(n=103) " EMBASE(n=124) || Web of Science(n=247) " CNKI(n=48) I

y

4)' 136 duplicated records |

| 3806 aticles for further evaluation l

v

> 374 records excluded after
reviewing titiles and adstracts

I 12 relevant studies included for full-text review |

2 meta-analysis

v

~ . .
“| 1 Korean literature without usable data
2 study reporting duplicated samples

7 studies included in meta-analysis
For rs3212227 polymorphism (n=7)
For rs568408 polymorphism (n=3)

Figure |. Flow diagram of literature research and selection process.
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M-H. Random. 95%CI Year

Case Control

Study or Subgroup Events Total Events Total Weight
1.1.1 Asian

Nieters et al.”* 2005 193 249 178 250 11.0%
Yang etal.” 2011 452 B0B 420 612 21.3%
Liu et al” 2011 582 831 572 844 26.0%
Saxena et al * 2014 40 59 184 300 58%
Tanetal® 2015 291 385 686 977 20.0%
Subtotal(95% CI) 2142 2083 84.1%
Total events 1558 2030

Heterogeneity: 1°=0.00; x°=3.35, df=4 (P=0.50); I*=0%
Test for overall effect: Z=3.06 (P=0.002)

1.1.2 Other
Ognjanovicetal 2000 60 117 95 223  9.2%
Elsayed etal”' 2016 37 78 90 156  66%

Subtotal(95% Cl) 195 379 159%
Total events o7 185

Heterogeneity: 1'=0.23; x’=4.46, df=1 (P=0.03); I’=78%

Test for overall effect; Z=0.04 (P=0.97)

Total(95% Cl) 2337 3362 100.0%
Total events 1655 2215

Heterogeneity: 1=0.01; ’=8.49, df=6 (P=0.20); I=29%
Test for overall effect: Z=2.41 (P=0.02)
Test for subgroup differences: °=0.30, df=1 (P=0.58); I’=0%

Odds ratio Odds ratio

M-H. Random. 95%ClI

1.39[0.93.2.09] 2005
1.32[1.03,1.70] 2011
1.11[0.90,1.37] 2011
1.75[0.97,3.15] 2014
1.13(0.67,1.47] 2015
1.22[1.07,1.38]

411-1.1

1.42(0.90,2.22) 2009
0.66[0.38,1.14] 2016
0.98[0.47,2.08]

1.20{1.03,1.40]

0.005 0.1 1 10 200
Favors [case] Favors [control]

Figure 2. Association between rs3212227 polymorphism and hepatocellular carcinoma risk in the domi-

nant model.
M-H, Mantel-Haenszel; Cl, confidence interval.

with increased risk for HCC in the domi-
nant model (CC4+AC vs. AA, OR 1.22,
95%CI 1.07-1.38, P=0.003) (Figure 2)
and the allele model (C vs. A, OR 1.12,
95%CI 1.03-1.21, P=0.01) (Table 2).
These results suggested that the C-allele
polymorphism of rs3212227 may increase
susceptibility to HCC. However, fixed-
effect analyses using the other models
showed no significant association between
rs3212227 polymorphism and HCC risk
(recessive model: CC vs. AG+AA, OR
1.15, 95%CI 0.99-1.33; heterozygote
model: AC vs. AA, OR 0.96, 95%CI
0.86-1.08; homozygote model: CC vs. AA,
OR 1.13, 95%CI 0.99-1.30).

Subgroup analysis according to ethnic-
ity revealed significant differences between
Asian and other ethnicities (2,180
cases, 3,066 controls; dominant model:
CC+AC vs. AA, OR 1.22, 95%CI 1.07-
1.38, P=0.002; allele model: C vs. A,
OR 1.13, 95%CI 1.04-1.23, P=0.005;

homozygote model: CC vs. AA, OR
1.18, 95%CI 1.02-1.35, P=0.02). These
results indicated a significant association
between the IL-12 rs3212227 polymor-
phism and HCC risk in the Asian popu-
lation (Table 2).

Meta-analysis of association between
rs568408 polymorphism and HCC risk

The associations between rs3212227 poly-
morphism and HCC risk for five models
and various subgroups are shown in
Table 3. The rs568408 polymorphism was
significantly associated with increased risk
of HCC in the overall study population
(1,342 cases, 2,026 controls). The significant
association between the rs568408 polymor-
phism and HCC risk was supported by ORs
of 1.13 in the dominant model (AA+AG vs.
GG: 95%CI 1.01-1.28, P<0.001) (Figure 3)
and 1.72 in the recessive model (AA vs.
AG+GG: 95%CI 1.07-2.78, P=0.003).
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Case Contral

Odds Ratio
i-H xed, 959

tudy or Subgroup d. 95% CI
1.1.1 Chinese
Liu et 1.7 2011 298 802 230 861 517% 1.62[1.32, 2.00] 2011 =
Tanetal® 2015 82 395 267 978 452% 0.70[0.53, 0.92] 2015 -
Subtotal {95% CI) 1197 1839 96.9%  1.19[1.01,1.40] *
Total events 380 497
Helerogeneity: X'= 22.39, df = 1 (P <0.00001 ); P= 96%
Test for overall effect: Z= 2,10 (P=0.04)
1.1.2 Other
Elsayed et al?' 2016 3% 78 23 156 3.1% 4.96 [2.65, 9.29] 2016 o
Subtotal (95% CI) 78 156  3.1%  4.96[2.65,9.29] -
Total events 36 23
Heterogeneity: Not applicable
Test for overall effect: Z=5.00 (P < 0.00001)
Total (95% Cl) 1275 1995 100.0%  1.31[1.12,1.53] +
Total events 416 520 ) ) . )
Heterogeneity: X*= 40.65, df = 2 (P <0.00001 }; F=95% 'U.U'\ UY‘I 1 1'0 100’

Test for overall effect: Z = 3.34 (P = 0.0008)
Tast for suborouo differences: X* = 18.566. df = 1(P< 0.0001). P= 94 6%

Favours [experimental] Favours [control]

Figure 3. Association between rs568408 polymorphism and hepatocellular carcinoma risk in the dominant

model.
M-H, Mantel-Haenszel.

Similar trends were observed for the allele
(A vs. G: OR=1.29, 95%CI 1.12-1.48,
P<0.001), heterozygote (AG vs. GG:
OR=1.27, 95%CI 1.08-1.49, P<0.001),
and homozygote models (AA vs. GG:
OR=1.17, 95%CI 1.88-3.03, P=0.009)
(Table 3).

Subgroup analysis of a study conducted
in China that included 1264 cases and 1870
control showed that the rs568408 polymor-
phism was associated with HCC risk in the
dominant (AA4+AG vs. GG: OR 3.13,95%
CI 2.00-4.90, P =0.04), allele (A vs. G: OR
1.18, 95%CI 1.02-1.36, P=0.03), and het-
erozygote models (AG vs. GG: OR 1.18,
95%CI 1.00-1.39, P=0.06) (Table 3).
These results indicated that the A allele of
rs568408 might be a genetic factor associat-
ed with increased risk of HCC in China.

Sensitivity analysis

Sensitivity analysis was conducted by
excluding one study at a time to assess the
influence on the overall OR. Sensitivity
analysis of the studies investigating the
rs3212227 polymorphism showed that the
results were credible (Figure 4).

Discussion

Numerous studies have evaluated the asso-
ciations between various polymorphisms of
the IL-12 gene and HCC risk, but the
results have been inconsistent. We therefore
conducted a qualitative meta-analysis to
explore the potential association between
inherited variations in the IL-12 gene and
HCC susceptibility in a large patient
cohort. Our findings indicated that the
rs3212227 and rs568408 polymorphisms
were significantly correlated with HCC risk.

Elsayed et al.?! and Liu et al.>® previous-
ly showed that the IL-12 rs568408 A allele
polymorphism was significantly correlated
with HCC susceptibility. However, Tan
et al.” reported conflicting findings, and
found no significant association between
this polymorphism and an increased risk
for HCC. Xiao et al.”’ identified the
STAT4 rs7574865 polymorphism as a risk
factor for HCC, but failed to find any sig-
nificant association between HCC risk and
other polymorphisms in genes related to the
IL-12 signaling pathway, including /LI12A4
rs568408 and IL12B rs3212227. In contrast,
the current meta-analysis indicated that
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Meta-analysis estimates, given named study is omitted

| Lower CI Limit

Nieters et al.** 2005 |
Ognjanovic et al.* 2009
Liu et al.* 2011

Yang et al.* 2011
Saxene et al.”® 2014

Ten et al.® 2015

Elsayed et al.”' 2016 [

> Estimate | Upper CI Limit

Q

1.01 1.02

1.06 1.10 1.12

Figure 4. Sensitivity analysis for IL12 polymorphisms at rs3212227.

Cl, confidence interval.

1568408 polymorphisms in the IL-12 gene
were significantly correlated with HCC risk,
suggesting that the AA wild-type IL-12
genotype may protect against HCC tumor-
igenesis, especially among individuals of
Chinese ethnicity. All 1,342 cases and
2,026 controls included in this meta-
analysis were infected with HBV or hepati-
tis C virus (HCV), further suggesting that
the IL-12 rs568408 polymorphism might
increase the risk of HBV or HCV infection.
Regarding the IL-12 rs3212227 polymor-
phism, several studies®' found no significant
association between this polymorphism and
HCC susceptibility. However, Saxena
et al.® concluded that mutation of the
rs3212227 C allele increased the risk of
HCC. Similarly, a previous meta-analysis®®
reported a significant association between
the rs3212227 polymorphism and HCC
tumorigenesis.

Notably, the current meta-analysis
included seven studies with 2375 HCC
patients and 3445 controls. Most of the
included studies reported a significant asso-
ciation between the rs3212227

polymorphism and an increased risk of
HCC, especially in Asian patients. Overall,
the findings indicated that the IL-12
rs3212227 polymorphism contributes to
the development of HCC.

This study demonstrated a clear increase
in HCC risk associated with the IL-12
rs568408 polymorphism under all the genet-
ic models investigated, further suggesting
that IL-12 may contribute to the etiology
of HCC. IL-12 has been shown to be
involved in Thl cell development and
interferon-gamma (IFN-y) production, as
well as cell-mediated cytotoxicity,” and
has demonstrated antitumor effects in
animal models of melanoma,’ renal carci-
noma,’! and colon carcinoma.*? A previous
study®® demonstrated that IL-12 enhanced
tumor control via the inhibition of tumor
angiogenesis and the expansion of intertu-
moral T regulatory cell populations. As a
tumor suppressor, IL-12 increases produc-
tion of IFN-y, which increases p53 expres-
sion, contributing to tumor cell apoptosis.®
Wang et al.*” showed that IL-12 downregu-
lated the expression of STAT3 and
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promoted macrophage polarization to the
Ml-like phenotype, resulting in HCC
tumor growth.

Inherited genetic variations in ILI2A
and /L12B may dramatically alter the cyto-
kine expression and protein structure. IL-12
has been shown to positively regulate the
expression of the interferon regulatory fac-
tors IRF1 and IRF4, which have demon-
strated tumor suppressor activity in
cancer.>®37 Moreover, the results of several
animal studies indicated that IL-12 regu-
lates the release of cytokines via non-
specific immune mechanisms, inhibiting
carcinogenesis in vivo.>*° IL-12 is associat-
ed with the clearance of HBV and is highly
expressed in hepatic cells in individuals
infected with HBV.***! Many IL-12 SNPs
were recently found to be associated with
HCC susceptibility, including
r$3212227°%* and rs568408.** SNPs in the
IL-12 gene regulate gene expression levels,
leading to dysregulation of the immune
response to infection and tumorigenesis.’
These SNPs may also disrupt signaling
pathways, dysregulate exonic mRNA, and
alter protein expression, contributing to the
occurrence of HCC.*?

This study had several limitations. First,
the control populations in the included
studies did not necessarily comprise healthy
individuals. Second, the P-values for the
HWE test for the rs568408 polymorphism
carried out by Liu et al.>*> and Tan et al.’
were <0.05, similar to the results of Elsayed
et al.,>' which may have led to increased
heterogeneity among the studies. Third,
we did not adjust for factors that may
have influenced the comparison, such as
cancer status, sex, age, and of alcohol use.
Fourth, the assays used to detect genetic
polymorphisms may have varied in terms
of sensitivity and specificity, which may
have affected the reliability of the results.
Fifth, the major studies investigating
rs3212227 polymorphism focused entirely
on Asian populations, suggesting that

larger sample sizes and more sophisticated
designs are needed to validate our findings.

This meta-analysis showed that IL-12
polymorphisms were strongly associated
with HCC risk. The rs3212227 polymor-
phism appeared to be related to a higher
risk of HCC, while the rs568408 polymor-
phism also showed a significant association
with HCC, suggesting that rs568408 may
also lead to increased susceptibility to
HCC.
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