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ARTICLE INFO ABSTRACT

Keywords: Interleukin (IL)-33/ST2 pathway plays a pivotal role in tumorigenesis through influencing cancer stemness,

Interleukin-33 tumor growth, metastasis, angiogenesis, and accumulation of regulatory T cells in tumor microenvironments.

ST2 The aim of this study was to investigate the association of IL-33 rs7025417 and ST2 rs3821204 with the risk of

Polymorphism hepatocellular carcinoma (HCC). Genotyping of IL-33 rs7025417 and ST2 rs3821204 was carried out using a

Plasma . Tagman assay. IL-33 and ST2 mRNA was examined using real-time PCR and plasma IL-33 and sST2 levels were

Hepatocellular carcinoma : N . N .
measured using enzyme-linked immunosorbent assay. The ST2 rs3821204 CC genotype was associated with a
significantly increased risk of HCC (CC vs. GG: adjusted OR = 2.29, 95% CI, 1.39-3.78; dominant model: ad-
justed OR = 1.58, 95% CI, 1.12-2.23; recessive model: adjusted OR = 1.88, 95% CI, 1.21-2.93; C vs. G: adjusted
OR = 1.53, 95% CI, 1.20-1.95). Gene-environment interaction analysis showed that the risk effect of rs3821204
CG/CC genotypes was more evident in smokers (adjusted OR = 1.70, 95% CI, 1.13-2.55) and drinkers (adjusted
OR = 1.57, 95% CI, 1.04-2.37). The increased risk was also observed in combined analysis. Moreover, HCC
patients with ST2 rs3821204 CC genotype had higher levels of mRNA and protein expression (P < 0.05). These
findings suggest that ST2 rs3821204 CC genotype may contribute to hepatocarcinogenesis by enhancing ST2
production at the transcriptional and translational level.

1. Introduction

Hepatocellular carcinoma (HCC) is most common type of primary
liver malignancy and the sixth leading cause of cancer death worldwide
[1]. The geographical disparities are pronounced throughout the world,
with an estimated 82% of cases (and deaths) in less developed countries
and 50% in China alone [1,2]. In 2015, an estimated 466,100 new cases
and 422,100 mortalities occurred in China, making it the fifth most
common cause of cancer incidence and cancer death [3]. It is well
known that multiple risk factors are involved in the initiation and
progression of HCC, including cigarette smoking, alcohol drinking, and
viral hepatitis [4]. In addition to these factors, growing evidence sug-
gests the attribution of genetic factors to HCC carcinogenesis. Nischalke
et al. reported that an rs2228603 T allele in neurocan gene was asso-
ciated a significantly increased risk of HCC [5]. Liu et al. reported a
functional polymorphism 2578C/A in vascular endothelial growth
factor A was significantly associated with a decreased risk of HCC, a
reduced postoperative recurrence, and a longer overall survival time
[6]. Although some susceptibility genes of HCC have been demon-
strated in recent years [5-7], the exact etiology of HCC remains un-
clear.
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Interleukin (IL)-33, belonging to the IL-1 superfamily, is widely
expressed in endothelial cells, epithelial cells [8], and several organs,
such as liver tissues [9] and central nervous system [10]. IL-33 is the
ligand of interleukin 1 receptor-like 1 (ST2) that has 3 isoforms: a
transmembrane form (ST2L), a soluble form (sST2), and a variant form
[11]. By binding to ST2, IL-33 activates NF-kappaB, extracellular
signal-regulated kinase (ERK), p38, serine/threonine protein kinase
Akt, and c-Jun N-terminal kinase, and induces the expression of IL-4, IL-
5, and IL-13, leading to a series of pathological changes [12]. Regarding
the expression of IL-33 in HCC patients, Zhang et al. reported higher
levels of protein IL-33 [9c], whereas Yang et al. reported lower levels of
IL-33 mRNA and reduced cytoplasmic staining [9a], indicating a dual
role of IL-33 in HCC pathogenosis.

In the human genome, IL-33 locates on chromosome 9p24.1 and ST2
located on chromosome 2q12.1. Previously, a functional polymorphism
rs7025417 in the promoter of IL-33 was discovered, with the C allele
yielding a reduced luciferase activity and lower levels of plasma IL-33
[13]. For genetic variants in ST2, a functional polymorphism rs3821204
was identified which located within the 3’ untranslated region of ST2
[14]. The rs3821204 C allele disrupts its binding site to miR-202-3p,
resulting in higher levels of plasma sST2 [14]. In this study, we aimed
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to investigate the association between the 2 polymorphisms and HCC
risk in a Chinese population. Gene-environment interaction and geno-
type-phenotype analyses were also examined.

2. Materials and methods
2.1. Ethics, consent and permissions

This study was approved by the Review Boards of Affiliated Hospital
of Youjiang Medical College for Nationalities. All subjects agreed to
participate in the study and provided informed consent.

2.2. Study population

A hospital-based case-control study was conducted to assess IL-33
157025417 and ST2 rs3821204 polymorphisms in relation to HCC risk.
Cases were consecutively recruited from the Affiliated Hospital of
Youjiang Medical College for Nationalities between January 2010 and
February 2017. All cases were newly diagnosed and histologically
confirmed HCC. During the study period, a total of 511 HCC patients
agreed to participate in the study. Patients with alcoholic liver diseases,
metabolic liver diseases, or a history of familial cancer were excluded
from the study. Controls were healthy volunteers who came to the same
hospital for routine physical examination during the same period. To
avoid selection bias, the inclusion criteria for controls were as follows:
(a) frequency matched to the cases on age, gender, and residential area;
(b) individuals with normal B-mode ultrasound images. Controls were
excluded if they had a history of cancer, or a family history of cancer.
Finally, 592 controls were included in this study. All the cases and
controls were genetically unrelated Han Chinese. Clinical data in-
cluding age, gender, and HBV surface antigen (HBsAg) was acquired
from medical records. After signing written informed consent, each
participant was interviewed using a defined questionnaire to collect
information of environmental exposure history. Individuals smoking
=1 cigarette/day for over 1year were categorized as smokers, and
those consuming =3 alcohol drinks a week for over 6 months were
defined as alcohol drinkers. After interview, about 3 ml venous blood
was taken from each participant. All the samples were centrifuged at
1000g for 10 min, plasma was aliquoted and stored at —80 °C until
analysis.

2.3. DNA extraction and genotyping assays

Genomic DNA was isolated using a commercial kit (BioTeke,
Beijing, China). Genotyping of IL-33 rs7025417 and ST2 rs3821204 was
carried out using a Tagman assay. TaqgMan probes were purchased form
Applied Biosystems (Foster City, CA, USA). The assays ID of probes are
C_31940410_20 for rs7025417 and C_1226153_10 for rs3821204.
Genotyping analysis was performed using the ABI PRISM_7500HT
Sequence Detection System (Applied Biosystems) according to manu-
facturer's instructions. The genotyping results were verified by DNA
sequencing and the concordance between the 2 methods was identical.

2.4. RNA isolation and real-time quantitative PCR

Total RNA was extracted from peripheral blood cells using TRIpure
LS Reagent (BioTeke, Beijing, China) and reverse-transcribed to cDNA
using a PrimeScript® 1st Strand cDNA Synthesis Kit (Takara Bio Inc.,
Nojihigashi, Kusatsu, Shiga, Japan) following the manufacturer's in-
structions. Real-time quantitative PCR was performed using cDNA as
the template and SYBR® Premix Ex Taq™ II (Takara Bio Inc.) in an ABI
PRISM_7500HT Sequence Detection System (Applied Biosystems). The
forward and reverse primers for IL-33 amplification were 5-ATCCCA
ACAGAAGGCCAAAG-3’ and 5-CCAAAGGCAAAGCA CTCCAC-3’, re-
spectively. Primers for ST2 amplification were 5’-GGATTGAGGCCACTC
TGCTC-3’ (forward) and 5’-CCGCCTGCTCTTTCGTATGT-3’ (reverse),
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and primers for f-actin amplification (internal control) were 5-TTGC
CGACAGGATGCAGAA-3’ (forward) and 5-GCCGATCCACACGGAGT
ACT-3’ (reverse) [15]. A comparative 274C method was used to cal-
culate the relative IL-33 and ST2 mRNA expression.

2.5. Plasma levels of IL-33 and sST2 in HCC patients and controls

Plasma concentrations of IL-33 and sST2 were measured in dupli-
cate by enzyme-linked immunosorbent assay (ELISA) using a com-
mercial kit purchased from R&D Systems (Minneapolis, MN, USA). The
assay range was 6.3-400 pg/mL for IL-33 and 31.3-2000 pg/mL for
sST2.

2.6. Statistical analysis

Differences of demographic characteristics between cases and con-
trols were compared using the Student’s t test for continuous variables
and 2 test for categorical variables. Each polymorphism was tested
using the chi-square ‘goodnessof-fit’ test to ensure the fitting with
Hardy-Weinberg equilibrium (HWE). Unconditional logistic regression
analysis was used to examine the association between IL and 33/ST2
polymorphisms and HCC risk by computing the odds ratios (ORs) and
95% confidence intervals (CIs), adjusted for age, gender, smoking
status, drinking status, and HBsAg status. The statistical P level of sig-
nificance was set as 0.0125 (0.05/4) after Bonferroni’s correction for
multiple testing. Plasma levels of IL-33 and sST2 in HCC patients and
controls were analyzed using Mann-Whitney U test. P values < 0.05
were considered statistically significant. Data analyses were performed
using the statistical software package SPSS 13.0 (SPSS Inc., Chicago, IL,
USA).

3. Results
3.1. Characteristics of the study subjects

The general characteristics of the 511 HCC patients and 592 con-
trols are summarized in Table 1. There was no significant difference
between the cases and controls in terms of the distribution of age,
gender, tobacco smoking, and alcohol consumption status (P > 0.05).
Approximately, 80.2% of the HCC cases had positive HBsAg, which was
significantly higher than that of the controls (10.6%) (P < 0.001).

Table 1
Characteristics of HCC patients and controls.
Characteristics Controls HCC patients P value
(n = 592) (n = 511)
Age (years, mean * SD) 56.6 + 10.1 57.5 = 10.7 0.13
Gender, n (%)
Male 460 (77.7) 376 (73.6) 0.11
Female 132 (22.3) 135 (26.4)
Smoking status, n (%)
Never 191 (32.3) 143 (28.0) 0.12
Ever 401 (67.6) 368 (72.0)
Drinking status, n (%)
Never 168 (28.4) 127 (24.9) 0.19
Ever 424 (71.6) 384 (75.1)
HBsAg, n (%)
Positive 63 (10.6) 410 (80.2) < 0.001
Negative 529 (89.4) 101 (19.8)

HCC, hepatocellular carcinoma; SD, standard deviation; HBsAg, HBV surface
antigen.
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Table 2
Association between polymorphisms in IL-33/ST2 and HCC risk.
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Polymorphisms Controls, n = 592 (%) HCC, n = 511 (%) Adjusted OR (95% CD)* Adjusted P value®
rs7025417

TT 171 (28.9) 163 (31.9) 1.00 (Ref)

CT 287 (48.5) 235 (46.0) 0.79 (0.53-1.16) 0.23

CC 134 (22.6) 113 (22.1) 0.90 (0.58-1.40) 0.64
Dominant 421 (71.1) 348 (68.1) 0.82 (0.57-1.18) 0.28
Recessive 458 (77.4) 398 (77.9) 1.01 (0.68-1.51) 0.96

T allele 629 (53.1) 561 (54.9) 1.00 (Ref)

C allele 555 (46.9) 461 (45.1) 0.92 (0.73-1.17) 0.51
rs3821204

GG 262 (44.3) 189 (37.0) 1.00 (Ref)

CG 250 (42.2) 212 (41.5) 1.36 (0.94-1.96) 0.10

CC 80 (13.5) 110 (21.5) 2.29 (1.39-3.78) 0.001
Dominant 330 (55.7) 322 (63.0) 1.58 (1.12-2.23) 0.009
Recessive 512 (86.5) 401 (78.5) 1.88 (1.21-2.93) 0.005

G allele 774 (65.4) 590 (57.7) 1.00 (Ref)

C allele 410 (34.6) 432 (42.3) 1.53 (1.20-1.95) < 0.001

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval.

2 Adjusted based on age, gender, smoking status, drinking status, and HBsAg status.

3.2. Association of IL-33 rs7025417 and ST2 rs3821204 polymorphisms
with HCC risk

The genotype and allelic frequencies of IL-33 rs7025417 and ST2
rs3821204 among HCC cases and controls are presented in Table 2. The
observed genotype frequencies of the 2 SNPs were in agreement with
that expected distributions according to HWE in controls (P = 0.52 for
157025417 and P = 0.10 for rs3821204, respectively). In multivariate
logistic regression models, the ST2 rs3821204 CC genotype was asso-
ciated with a significantly increased risk of HCC (CC vs. GG: adjusted
OR = 2.29, 95% CI, 1.39-3.78, P = 0.001; dominant model: adjusted
OR = 1.58, 95% CI, 1.12-2.23, P = 0.009; recessive model: adjusted
OR = 1.88, 95% CI, 1.21-2.93, P = 0.005). The rs3821204 C allele was
also observed to be associated with a significantly increased risk of HCC
compared to the G allele (adjusted OR = 1.53, 95% CI, 1.20-1.95,
P < 0.001). However, no significant association was observed between
IL and 33 rs7025417 and HCC risk.

We then performed stratification analyses and the results are shown
in Tables 3 and 4. Although null results were found between IL and 33
157025417 and HCC risk in overall analysis, stratification analysis
showed that IL-33 rs7025417 CT/CC genotypes were associated with a
reduced risk of HCC risk in subjects with negative HBsAg (adjusted
OR = 0.56, 95% CI, 0.36-0.87, P = 0.01) (Table 3). Additionally, the
risk effect of rs3821204 CG/CC genotypes was more evident in male
subjects (adjusted OR = 1.71, 95% CI, 1.15-2.55, P = 0.007), ever
smokers (adjusted OR = 1.70, 95% CI, 1.13-2.55, P = 0.009), and ever
drinkers (adjusted OR = 1.57, 95% CI, 1.04-2.37, P = 0.03) (Table 4).

Further combined analysis was conducted to evaluate if the 2 SNPs
had combined effect on the susceptibility to HCC. As shown in Table 5,
the combined genotypes of rs7025417TT-rs3821204CG/CC were asso-
ciated with a significantly increased risk of HCC compared to the
combined genotypes of rs7025417TT-rs3821204GG (OR = 1.86, 95%
CI, 1.19-2.90, P = 0.006).

3.3. Association between ST2 rs3821204 and mRNA and protein levels

IL-33 and ST2 mRNA and protein levels in HCC patients and controls
were examined using real-time PCR and ELISA. As shown in Fig. 1A and
B, there was no significant difference of IL-33 mRNA and protein levels
between HCC patients and controls. The ST2 mRNA and protein levels,
however, were significantly higher in HCC patients than those in con-
trols (P < 0.05). Genotype-phenotype analysis was then performed to
assess whether rs3821204 influences ST2 mRNA and protein expres-
sion. As shown in Fig. 2A and B, in controls, no significant association
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Table 3
Stratified analyses of association between IL and 33 rs7025417 polymorphism
and HCC risk.

Variables Genotypes  Controls HCC Adjusted OR Adjusted
(n = 592) (n =511) (95% CI)* P value®
Gender
Male TT 129 (28.0) 114 (30.3) 1.00 (Ref)
CT/CC 331 (72.0) 262(69.7) 0.94 (0.62-1.44) 0.79
Female TT 42 (31.8) 49 (36.3) 1.00 (Ref)
CT/CC 90 (68.2) 86 (63.7) 0.52 (0.24-1.12) 0.09
Smoking status
Never TT 67 (35.1) 52 (36.4) 1.00 (Ref)
CT/CC 124 (64.9) 91 (63.6) 0.77 (0.38-1.55)  0.46
Ever TT 104 (25.9) 111 (30.2) 1.00 (Ref)
CT/CC 297 (74.1) 257 (69.8) 0.83 (0.54-1.27) 0.39
Drinking status
Never TT 46 (27.4) 36 (28.4) 1.00 (Ref)
CT/CC 122 (72.6) 91 (71.7) 0.73 (0.37-1.45)  0.37
Ever TT 125 (29.5) 127 (33.1) 1.00 (Ref)
CT/CC 299 (70.5) 257 (66.9) 0.87 (0.57-1.35) 0.54
HBsAg
Positive ~ TT 24 (38.1) 123 (30.0)  1.00 (Ref)
CT/CC 39 (61.9) 287 (70.0) 0.67 (0.38-1.17) 0.17
Negative TT 147 (27.8) 40 (39.6) 1.00 (Ref)
CT/CC 382 (72.2) 61 (60.4) 0.56 (0.36-0.87) 0.01

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval; HBsAg,
HBV surface antigen.

@ Adjusted based on age, gender, smoking status, drinking status, and HBsAg
status (excluded the stratified factor in each stratum).

was observed between rs3821204 and ST2 mRNA and protein levels.
Nevertheless, HCC patients carrying rs3821204 CC genotype yielded
increased levels of ST2 mRNA (Fig. 2C) and protein expression (Fig. 2D)
compared to rs3821204 GG genotype (P < 0.05).

4. Discussion

In this report, we analyzed the association of IL-33 rs7025417 and
ST2 rs3821204 with HCC risk and found that the ST2 rs3821204 was
associated with a significantly increased risk of HCC in homozygote
comparison, dominant genetic comparison, recessive genetic compar-
ison, and allele comparison. Combined analysis showed that the com-
bined genotypes of rs7025417TT-rs3821204CG/CC were associated
with a significantly increased risk of HCC. Gene-environment interac-
tion analysis showed that the risk effect of rs3821204 CG/CC genotypes
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Table 4
Stratified analyses of association between ST2 rs3821204 polymorphism and
HCC risk.

Variables Genotypes  Controls HCC Adjusted Adjusted
(n=592) (mn=511) OR (95% CI)* P value®
Gender
Male GG 201 (43.7) 136 (36.2) 1.00 (Ref)
CG/CC 259 (56.3) 240 (63.8) 1.71 (1.15-2.55) 0.007
Female GG 61 (46.2) 53 (39.3) 1.00 (Ref)
CG/CC 71 (53.8) 82 (60.7) 1.19 (0.58-2.45) 0.63
Smoking status
Never GG 87 (45.5) 55 (38.5) 1.00 (Ref)
CG/CC 104 (54.5) 88 (61.5) 1.26 (0.64-2.48) 0.51
Ever GG 175 (43.6) 134 (36.4) 1.00 (Ref)
CG/CC 226 (56.4) 234(63.6) 1.70(1.13-2.55) 0.009
Drinking status
Never GG 72 (42.9) 45 (35.4) 1.00 (Ref)
CG/CC 96 (57.1) 82 (64.6) 1.55 (0.82-2.96) 0.18
Ever GG 190 (44.8) 144 (37.5) 1.00 (Ref)
CG/CC 234 (55.2) 240 (62.5) 1.57 (1.04-2.37) 0.03
HBsAg
Positive GG 32 (50.8) 154 (37.6)  1.00 (Ref)
CG/CC 31 (49.2) 256 (62.4) 0.58 (0.34-1.00) 0.05
Negative GG 230 (43.5) 35(34.7) 1.00 (Ref)
CG/CC 299 (56.5) 66 (65.3) 1.48 (0.94-2.32) 0.08

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval; HBsAg,
HBV surface antigen.

@ Adjusted based on age, gender, smoking status, drinking status, and HBsAg
status (excluded the stratified factor in each stratum).

Table 5
Combined analyses of IL-33 rs7025417 and ST2 rs3821204 with HCC risk.
Polymorphisms Controls (%) Cases (%)  OR (95% CI) P value
1s7025417TT- 82 (13.9) 54 (10.6) 1.00 (Ref)
rs3821204GG
1s7025417CC/CT- 180 (30.4) 135 (26.4) 1.14 0.53
1s3821204GG (0.76-1.72)
1s7025417TT- 89 (15.0) 109 (21.3) 1.86 0.006
rs3821204CG/CC (1.19-2.90)
1s7025417CC/CT- 241 (21.8) 213 (19.3) 1.34 0.14
rs3821204CG/CC (0.91-1.98)

HCC, hepatocellular carcinoma; OR, odds ratio; CI, confidence interval.

was more evident in smokers and drinkers. Genotype-phenotype ana-
lysis showed that HCC patients carrying rs3821204 CC genotype had
higher levels of ST2 mRNA and protein expression. Taken together, our
findings suggest that rs3821204 CC genotype may contribute to hepa-
tocarcinogenesis by enhancing ST2 production.
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Accumulating data has revealed that IL-33 plays a pivotal role in
tumorigenesis through influencing cancer stemness, tumor growth,
metastasis, angiogenesis, polarization of M2 tumor-associated macro-
phages, and accumulation of regulatory T cells in tumor micro-
environments [16]. IL-33 is a dual function cytokine with conflicting
data of expression in different cancer types. Some research groups re-
ported an up-regulation of IL-33 in glioma [17], gastric cancer [18],
colorectal cancer [19], ovarian cancer [20], and squamous cell carci-
noma of tongue [21] while some research groups reported a down-
regulation of IL-33 in breast cancer [22], lung cancer [23], and multiple
myeloma [24]. Even in the same cancer type of HCC, inconsistent re-
sults were observed. Zhang et al. reported increased IL-33 protein levels
in serum and liver tissue from HCC patients [9c], whereas Bergis et al.
did not find significant difference of IL-33 serum levels between HCC
patients and healthy controls [25]. In agreement with the negative re-
sults, we failed to find any significant difference of IL-33 mRNA and
protein levels among HCC patients and controls. Previously, a poly-
morphism rs7025417 in the promoter of IL-33 was discovered, and the
T allele increased the risk of coronary artery disease by enhancing re-
porter gene expression and IL-33 protein levels [13]. Since it is func-
tional, we selected and investigated whether it is related to the risk of
HCC. Even though negative results were found in overall analysis,
stratification analysis showed that IL-33 rs7025417 CT/CC genotypes
were associated with a reduced risk of HCC risk in subjects with ne-
gative HBsAg, indicating that rs7025417 CT/CC genotypes were pro-
tective factors for HCC patients without hepatitis B vaccination.

ST2 was originally considered as an orphan receptor till the specific
ligand (i.e., IL-33) was demonstrated [26]. Subsequent studies identi-
fied the importance of ST2 in anti-tumor immunity [27]. Previous re-
ports and current work have demonstrated higher levels of sST2 in
several cancers including HCC [25,28]. In vitro and in vivo studies re-
vealed that ST2-deficiency protects from tumor development [29].
Recently, a polymorphism rs3821204 in the 3’ untranslated region of
ST2 was found to be functional, with the rs3821204 C allele disrupting
the binding site to miR-202-3p and resulting in higher levels of plasma
sST2 [14]. In this study, we hypothesized that the rs3821204 may be
associated with the risk of HCC. Our findings confirmed this hypothesis.
We found an increased effect of ST2 rs3821204 CC genotype on HCC
risk and the risk effect was more evident in smokers and drinkers, in-
dicating that gene-environment interaction may contribute to the
etiology of HCC in addition to genetic factor of ST2. We then explored
the possible mechanism and found rs3821204 CC genotype carriers
exhibiting higher levels of ST2 mRNA and protein expression in HCC
patients. Taken together, we may conclude that ST2 rs3821204 modi-
fies HCC susceptibility by regulating its expression.

Given the association of ST2 rs3821204 CC genotype with smokers,
we speculated a potential impact of the ST2 polymorphism on other
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Fig. 1. IL-33/ST2 mRNA and protein levels in HCC patients and controls. Data was shown as median with interquatile range (n.s., not significant; " P < 0.05; ™"
P < 0.001). A, IL-33 and ST2 mRNA levels in HCC tissues and adjacent normal tissues (controls); B, Plasma levels of IL-33 and sST2 in patients with HCC and

controls.
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Fig. 2. Comparison of ST2 rs3821204 with mRNA and protein levels in HCC patients and controls. Data was shown as median with interquatile range (n.s., not
significant; " P < 0.05). In controls, no significant association of rs3821204 with mRNA (A) and protein levels (B). In HCC patients, rs3821204 CC genotype was

associated with an increased level of mRNA (C) and protein expression (D).

smoking-related cancers, such as hepatocellular carcinoma [30], lung
cancer, and pancreatic cancer [31]. It is demonstrated that serum levels
of ST2 were elevated in patients with hepatocellular carcinoma [25]
and chronic obstructive pulmonary disease (COPD) [32]. Interleukin-
33/ST2 signaling can promote production of IL-6 and IL-8 in systemic
inflammation in cigarette smoke- induced COPD mice [33]. COPD is a
well established risk factor for lung cancer [34]. Additionally, IL-33/
ST2 axis might act as a crucial mediator in inflammation-associated
pancreatic carcinogenesis [35]. It is likely, therefore, that ST2
153821204 CC genotype may be a risk factor for the development of
hepatocellular carcinoma, lung cancer, and pancreatic cancer. Further
studies are warranted to verify the hypothesis.

As HCC is a complex disease involving in multiple genes, combined
analysis was performed to assess whether IL-33 and ST2 have combined
effect on the susceptibility to HCC. Not surprising, we found that the
combined genotypes of rs7025417TT-rs3821204 CG/CC had a 1.86-
fold increased risk of HCC. This finding seems to be biological plausible
because interaction of IL-33 and ST2 in tumorigenesis has been pre-
viously reported [36]. By binding to ST2, IL-33 promotes cancer-asso-
ciated  inflammation, tumor progression and metastasis
[27b,29b,36,37]. Deletion of IL-33/ST2 axis attenuates tumor growth
through inducing the secretion of some inflammation-related cytokines,
such as interferon-gamma, IL-17 and tumor necrosis factor-a [37a].

This study has limitations with respect to study design and statis-
tical power. The study design is hospital-based and the controls were
selected from the same hospital as the cases, which might not be re-
presentative of the general population. Our sample size is limited to 511
cases and 592 controls that are not sufficiently large. The control
groups with the rs3821204 CC genotype do not display the same in-
crease in ST2 levels as observed in HCC patients with the same CC
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genotype (Fig. 2). It is difficult to exactly explain the discrepancy. Al-
though no significant difference was observed, there is a trend of in-
creasing ST2 mRNA levels in control subjects carrying rs3821204 CC
genotype (Fig. 2A), and thus the limited sample size may be responsible
for the discrepancy in mRNA levels (n = 68). For the discrepancy in
protein levels (Fig. 2C and D), we cannot rule out the possibility for
selection bias of controls tested in ELISA assay. Confirmation studies are
required in larger prospective studies.

Despite these limitations, our study provides initial evidence that
ST2 153821204 CC genotype was a new genetic risk factor for HCC in
the Chinese population, highlighting it as a promising biomarker for
personalized diagnosis and treatment for HCC. Association between ST2
rs3821204 and HCC risk in diverse populations needs further valida-
tion. Moreover, further investigation of the mechanism of ST2
rs3821204 in HCC development and progression will help to improve
prevention and therapeutic strategies.
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