JBUON 2016; 21(1): 142-151

ISSN: 1107-0625, online ISSN: 2241-6293 « www.jbuon.com

E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Aberrant promoter methylation of SOCS-1 gene may
contribute to the pathogenesis of hepatocellular carcinoma: a

meta-analysis

Rong-Ce Zhao'*, Jing Zhou?*, Jing-Yang He?®, Yong-Gang Wei!, Yang Qin?, Bo Li'
'Department of Liver Surgery and Liver Transplantation Center, West China Hospital of Sichuan University, No. 37
Guoxuexiang, Chengdu, Sichuan Province, China; 2Department of Medical Oncology, Cancer Center, State Key Laboratory of
Biotherapy, West China Hospital, Sichuan University, Chengdu, China; *Department of Biochemistry and Molecular Biology,
West China School of Preclinical and Forensic Medicine, Sichuan University, Chengdu, China.

*These authors contributed equally to this work

Summary

Purpose: We conducted this meta-analysis of published
case-control studies aiming to evaluate the relationship
between abnormal suppression of cytokine signaling-1
(SOCS-1) promoter methylation and the risk of hepatocel-
lular carcinoma (HCC).

Methods: Relevant studies were retrieved from PubMed,
Embase, Web of Science, Cochrane Library, Chinese Nation-
al Knowledge Infrastructure (CNKI) and China Biological
Medicine (CBM) databases without language restrictions.
Meta-analysis was conducted using the STATA 12.0 soft-
ware. We calculated odds ratio (OR) and its 95 % confi-
dence interval (95% CI) to estimate the correlations.
Results: Sixteen case-control studies with a total of 941
HCC patients and 114 individuals with benign liver dis-
eases met our inclusion criteria. Our results demonstrat-
ed that the frequency of SOCS-1 promoter methylation in

Introduction

HCC is one of the most common malignan-
cies worldwide and the second leading cause of
cancer-related mortality in China. About 600,000
people are diagnosed with HCC every year [1,2].
Despite significant improvements in the diagnos-
tic methods and treatments for HCC, the progno-
sis remains unsatisfactory and the 5-year survival
rate is only 3-5% according to cancer registries

cancer tissues was significantly higher than in adjacent
non-tumorous tissues and benign tissues (cancer tissue vs
adjacent tissue: OR=3.05, 95%CI 1.62-5.77, p=0.001; can-
cer tissue vs benign tissue: OR=11.55, 95%CI 5.93-22.49,
p=0.000). Subgroup analyses by ethnicity, detecting method
and sample size also suggested that abnormal SOCS-1 pro-
moter methylation was correlated to the risk of HCC in the
majority of these subgroups.

Conclusion: Our findings provide empirical evidence that
abnormal SOCS-1 promoter methylation may contribute to
the pathogenesis of HCC. Thus, detection of SOCS-1 pro-
moter methylation may be a valuable diagnostic biomarker
for HCC.

Key words: hepatocellular carcinoma, meta-analysis, pro-
moter methylation, SOCS-1

in developing countries. The main risk factors as-
sociated with HCC are chronic hepatitis and cir-
rhosis by infection with either hepatitis B virus
(HBV) or hepatitis C virus (HCV) [3].

As it is well known, tumorigenesis is caused
by activation of proto-oncogenes and inactivation
of tumor suppressor genes (TSGs). Recent ad-
vances in genetics have proved that CpG island
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methylation in the promoter regions of TSGs is
a common epigenetic mechanism of transcrip-
tional regulation and is involved in the deregu-
lation of many cellular processes that lead to the
initiation and progression of human cancers [4-0].
Moreover, evidence from epidemiological stud-
ies has indicated the silencing of multiple TSGs
by gene promoter methylation may contribute to
the pathogenesis of HCC [7-9]. Such epigenetic
findings also have been observed in non-tumor-
ous liver tissues of HCC patients, which support
the concept that methylation-induced epigenetic
silencing may be involved in the early stages of
HCC[10].

The Janus kinase-signal transducer and ac-
tivator of transcription (JAK-STAT) pathway me-
diates signaling by cytokines, which play a key
role in survival, proliferation and differentiation
of various cell types. To date, the potential role of
the JAK/STAT pathway in carcinogenesis has been
proposed in many kinds of tumors [11]. There has
been a large amount of evidence demonstrating
that the JAK/STAT pathway may be involved in
carcinogenesis. The constitutive activation of the
JAK/STAT pathway has been observed in numer-
ous transformed cells [12]. The cytokine signal-
ling (SOCS) family has been identified as a neg-
ative feedback protein of this cytokine-induced
signalling pathway. SOCS protein can be activated
by STATs and negatively regulate the JAK/STAT
pathway by directly inhibiting the JAKs or block-
ing the access of the STATs [13]. The SOCS fam-
ily consists of eight members, including SOCS1-
7 and CIS (cytokine inducible SH2-containing
protein). SOCS-1 is a negative regulator of IL-6
signals. The silencing of SOCS-1 leads to consti-
tutive activation of the JAK/STAT pathway. With-
out negative feedback by SOCS-1, the target genes
and downstream pathways are strongly activated
[14]. Although the precise mechanism by which
SOCS-1 protein regulates cytokine signaling has
been studied to an extent, its biological role con-
tinues to be investigated. There are several lines
of evidence supporting the idea that SOCS-1 ex-
pression is suppressed through aberrant promoter
methylation of the CpG islands and thus leading
to carcinogenesis due to persistent activation of
JAK/STAT pathway [15,10].

Up to now, a large number of human studies
have suggested that SOCS-1 promoter methyla-
tion may play a crucial role in the susceptibility
to HCC, but contradictory results have also been
reported due to limited sample size [9,16-19].
Though Liu et al. [20] published a meta-analysis

evaluating the association of SOCS-1 promoter
methylation and HCC risk, we added 5 more stud-
ies and evaluated the quality of each included
study by a insured score, making our results of
meta-analysis more reliable and robust. In con-
sideration of the conflicting evidence on this is-
sue, we performed a meta-analysis of all available
case-control studies to determine the relation-
ships between SOCS-1 promoter methylation and
hepatocarcinogenesis.

Methods

Literature search

To identify all potentially eligible studies, we
searched PubMed, Embase, Web of Science, Cochrane
Library, Chinese National Knowledge Infrastructure
(CNKI) and China Biological Medicine (CBM) databas-
es (last updated on April 9th, 2015) without language
restrictions. We used the following search terms:
(“SOCS1” or “SOCS-1" or “suppressor of cytokine sig-
naling 17) and (“methylation” or “DNA methylation”
or “hypermethylation” or “promoter methylation”) and
(“HCC” or “hepatocellular carcinoma” or “liver cancer”
or “liver neoplasm” or “hepatoma”). A manual search
for references identified in the included articles was
also performed to find other potential articles. In such
cases, if the retrieved articles did not include sufficient
data, an email was sent to the corresponding authors to
get additional information. If our request was refused
or no reply was received, the item was excluded.

Selection criteria

The following criteria were used to determine eli-
gibility for including studies: (1) studies must address
the correlation between SOCS-1 promoter methylation
and the pathogenesis of HCG; (2) diagnosis of HCC pa-
tients should be confirmed by histopathologic exami-
nation; (3) studies should provide sufficient informa-
tion to estimate OR and 95% CI. The exclusion criteria
included the following: (1) letters, reviews, case reports,
conference abstracts, editorials, and expert opinions;
(2) publications regarding in vitro studies, cell lines,
and human xenografts were also excluded. Articles
that met the exclusion criteria and did not meet the
inclusion criteria were excluded. When authors pub-
lished several studies using the same subjects, either
the most recent or largest sample size publication
was included.

Data extraction and methodological assessment

Two authors (Zhao and Zhou) used a standardized
form to extract the following data from included stud-
ies: language of publication, the first author’s surname,
publication year of the article, geographical location,
ethnicity of subjects, detection method of methylation,

JBUON 2016; 21(1):143



144

SOCS-1 aberrant promoter methylation and liver cancer

Table 1. Main characteristics and methodological quality of all eligible studies

Cancer Adjacent

Benign NOS
First author Year  Country Ethnicity Method Total Material score
M U M U M U

Okochi [106] 2003 Japan Asian MSP 100 30 20 0 50 - - Frozen Tissue 6
Yang [9] 2003 USA gia;;lca- MSP 65 33 18 1 6 1 6 PPFE Tissue 8
Miyoshi [17] 2004 Japan Asian MSP 16 9 1 - - 1 5 Frozen and PPFE 7
Lehmann [18] 2005 S;rma' Siaa‘;fa' gMSP 90 38 3 19 2 23 5 FrozenandPPFE 7
Liu [19] 2006 China Asian MSP 98 39 11 24 24 - - Frozen Tissue 7
Nomoto [26] 2007 Japan Asian MSP 142 38 36 2 49 0 17 Frozen Tissue 6
Lou [27] 2008 China Asian MSP 130 35 25 32 28 3 7 Frozen Tissue 8
Vivekanandan 5n50 ggp G yvep 49 13 23 2 2 - - Frozen Tissue 7
[28] sian

Kiran [29] 2009 India Asian MSP 43 23 0 - - 18 2 Frozen Tissue 6
Chu [30] 2010 China Asian MSP 92 18 28 19 27 - - Frozen Tissue 7
fgolr]memer 2010 USA  Asian MSP 98 39 4 41 4 0 10  Frozen Tissue 7
Li[32] 2010 China Asian MSP 174 95 20 24 24 1 10 Frozen Tissue 8

. Cauca- .
Sakamoto [33] 2010 Brazil sian gMSP 25 8 12 - - 0 5 PPFE Tissue 5
Nishida [34] 2012 Japan Asian COBRA 354 66 111 24 153 - - Frozen and PPFE 9
Thai- . .

Saelee [35] 2012 land Asian MSP 58 17 12 0 29 - - Frozen Tissue 6
Zhang [30] 2014 China Asian gMSP 232 65 51 63 53 - - Frozen Tissue 7

MSP: methylation-specific polymerase chain reaction, gMSP: quantitative methylation-specific polymerase chain reaction, COBRA:
combined bisulfite restriction analysis, PPFE: formalin-fixed, paraffin-embedded, NOS: Newcastle-Ottawa Scale

total number of cases, methylation frequencies and
type of samples.

The same authors evaluated the methodological
quality of the included studies using the Newcas-
tle-Ottawa Scale (NOS) criteria, independently [21].
The NOS criteria are scored based on three aspects:
(1) subject selection: 0-4, (2) comparability of sub-
ject: 0-2, and (3) clinical outcome: 0-3. Total NOS
scores ranged from O to 9, with scores =7 indicating
good quality.
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Statistics

Statistical analyses were conducted using the STA-
TA statistical software (version 12.0, Stata Corporation,
College Station, TX, USA). We calculated the ORs and
their 95 %CI to estimate the correlation between SOCS-
1 promoter methylation and the pathogenesis of HCC. Z
test was used to estimate the statistical significance of
the pooled ORs. P values tailed less than 0.05 were con-
sidered statistically significant. The frequency of SOCS-
1 methylation in HCC tissues was compared with the
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Figure 1. Flow chart showing the study selection procedure. Sixteen case-control studies were included in this

meta-analysis.

corresponding adjacent non-tumorous tissues and re-
sected tissues from benign liver diseases, respectively.
Heterogeneity among studies was estimated with the
Cochran’s Q statistic and the I2 metric [22,23]. When
p<0.1 for Q statistic or I2>50%, indicating presence of
significant heterogeneity, the random-effect model was
applied. Otherwise, the fixed-effect model was used [24].
We explored potential sources of heterogeneity using
subgroup analyses. In order to evaluate the influence
of a single study on the overall estimate, a sensitivity
analysis was performed. One single study was excluded
each time to reflect the influence of the individual da-
taset to the pooled ORs. Funnel plots, Begg’s test and
Egger’s linear regression test were applied to investi-
gate publication bias [25]. Asymmetric funnel-shaped
plots or p<0.05 were considered as showing existence
of publication bias.

Results

Baseline characteristics of the included studies

The flow chart of study selection is illustrated
in Figure 1. Based on the predetermined search
strategies, a total of 255 articles were identified.
We reviewed the titles and abstracts of all papers
and excluded 187 articles. After systematically ex-

amining the remaining full texts, we excluded an-
other 47 articles. Five studies were also excluded
due to lack of data integrity. Finally, 16 case-con-
trol studies [9,16-19,26-36], which enrolled a total
of 941 HCC patients and 114 individuals with be-
nign liver diseases met our inclusion criteria and
were included for quantitative data analysis. The
publication years of eligible studies ranged from
2003 to 2014. Of the 16 studies, 12 were conducted
among Asian populations and the other 4 among
Caucasians. Frozen tissues and formalin-fixed,
paraffin-embedded (PPFE) tissues were variously
used to detect SOCS-1 promoter methylation in
these studies. 7 studies used adjacent non-tumor
tissue as control, 3 studies used benign hepatic
diseases such as chronic hepatitis and liver cir-
rhosis as control, and 6 studies used both. The sta-
tus of SOCS-1 promoter methylation was deter-
mined by methylation-specific polymerase chain
reaction (MSP) for most studies. The NOS scores
of all included studies were =5. Detailed charac-
teristics and methodological qualities of the in-
cluded studies are summarized in Table 1.

Quantitative data synthesis

The random-effect model was applied for the
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Cancer tissue vs adjacent tissue

Study %
1D OR (95% Cl) Weight
1
Okochi (2003) | ————————— 15027 (877, 2575.00) 353
1
Yang (2003) —_— 11.00 (1.23, 98.63) 493
1
Lehmann (2005) — 1.33(0.21, 867) 587
1
Liu (2006) —— 3.55(1.48,852) 9.74
1
Nomato (2007) , —— 25.86 (5.85, 114.24) 7.23
1
Lou (2008) ——| 1.23(0.60, 2.52) 10.35
1
Vivekanandan (2008) —_— 0.57(0.07, 4.50) 526
1
Chu (2010) — | 0.91(0.40, 2.10) 9.91
1
Formeister (2010) —a— 095(0.22, 4.07) 735
1
Li (2010) = 4.75(2.26,9.99) 10.27
1
Nishida (2012) += 379(2.24,642) 11.04
1
Saelee (2012) : 82.60 (4.60, 1483.13) 3.45
Zhang (2014) - | 1.07 (0.64, 1.80) 11.07
Overall (I-square = 78.9%, p = 0.000) <> 3.05(1.62 5.77) 100.00
1
1
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00039 1 2575
Cancer tissue vs benign tissue
Study %
D OR (95% Cl) Weight
'
Yang (2003) —_— 11.00 (1.23, 98.63) 9.47
1}
Miyoshi (2004) —_— 45,00 (2.29, 885.60) 1.91
1}
1}
Lehmann (2005) ——— 2.75(0.60, 12.62) 30.51
Ll
Nomocto (2007) —i—~— 36.92(2.14, 636.54) 5.99
]
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Overal (l-square = 38.5%, p =0.112) <> 11.55 (5.93, 22.49) 100.00
1
I
]
]
'

T
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Figure 2. Forest plots for the relationships between SOCS-1 promoter methylation and the pathogenesis of hepato-
cellular carcinoma. The center of each square represents the OR, the area of the square is the number of samples, and
thus the weight used in this analysis and the horizontal line indicate the 95% CL

assessment of the association between SOCS-
1 promoter methylation and the risk of HCC in
comparison to cancer tissues and adjacent tissues,
because significant heterogeneity was observed
(I*=78.9%, P,=0.000). On the contrary, the fixed-ef-
fect model was used for comparison of cancer tis-
sues and benign tissues when absence of heter-
ogeneity was noticed (I?=38.5%, P,=0.112) . Our
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results demonstrated that the frequency of SOCS-
1 promoter methylation in cancer tissues was
significantly higher than in adjacent non-tumor
tissues and benign tissues (cancer tissue vs ad-
jacent tissue: OR=3.05, 95%CI 1.62-5.77, p=0.001;
cancer tissue vs benign tissue: OR=11.55, 95%CI
5.93-22.49, p=0.000) (Figure 2).

To further comprehensively evaluate the as-
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Table 2. Pooled ORs and 95% CIs of stratified meta-analysis
Stratification N Cancer tissue vs adjacent tissue Cancer tissue vs benign tissue
OR (95%CI) I? (%) P, P OR (95%CI) I? (%) P, p

Total 16 3.05 (1.62-5.77)* 789 0.000 0.001 11.55(5.93-22.49) 385 0.112 0.000
Ethnicity

Asian 10 3.36 (1.66-6.80)" 83.0 0.000 0.001 20.87 (5.28-82.51)* 47.0 0.093 0.000

Caucasian 3 2.22 (0.78-6.30) 500 0.135 0136 5.12 (1.68-15.67) 00 0.558 0.004
Method

MSP 10 4.03 (1.66-9.76) 80.0 0.000 0.002 16.31(7.29-36.49) 36.7 0.148 0.000

Others 3 1.87 (0.67-5.22)» 82.5 0.003 0.233 3.64 (0.96-13.81) 0.0 0.556 0.057
Sample size

=100 6 4.17 (1.66-10.46)4 87.1 0.000 0.002 14.67 (2.03-105.95)* 63.2 0.066 0.008

<100 7 2.23 (0.85-5.82)% 652 0.008 0.102 10.57 (4.40-25.35) 338 0.183 0.000

N: number of involved studies, OR: odds ratio, 95%CIL: 95% confidence interval, P ;: p value of heterogeneity test, P: p value of sig-
nificance test, A: estimates for random effects model, MSP: methylation-specific polymerase chain reaction. The results marked in

boldface indicate statistical significance.

sociation of SOCS-1 promoter methylation and
the pathogenesis of HCC, we also carried out
subgroup analysis based on ethnicity, detecting
method and sample size. The results of strati-
fied analysis based on ethnicity and sample size
indicated that aberrant promoter methylation of
SOCS-1 was closely linked to the pathogenesis of
HCC in the majority of subgroups. Furthermore,
method-stratified subgroup analysis revealed that
the frequency of aberrant SOCS-1 promoter meth-
ylation was correlated with the pathogenesis of
HCC among studies which detected methylation
with MSP method in both comparisons. Never-
theless, no association was observed among sub-
groups using other methods in none of the com-
parisons (Table 2).

Sensitivity analysis and publication bias

In the sensitivity analysis, no single study
could influence the overall pooled estimates (Fig-
ure 3). For data on cancer tissue vs adjacent tis-
sue comparison, funnel plots showed no evidence
of obvious asymmetry (Figure 4). Begg’s test and
Egger’s test also showed no evidence of publi-
cation bias (Begg’s test: p=0.127; Egger’s test:
p=0.180). However, with regard to cancer tissue
vs benign tissue comparison, funnel plots demon-
strated apparent asymmetry and Egger’s test also
showed evidence of publication bias (Begg’s test:
p=0.602; Egger’s test: p=0.030).

Discussion

Human SOCS-1 gene is located on chromo-

some 16pl12-p13.1. This gene transcribes a 1215-
nt mRNA which encodes a protein of 211 amino
acid residues [37]. The SOCS-1 protein is a nega-
tive feedback inhibitor of the JAK/STAT signaling
pathway. The SH2 domain of SOCS-1 binds to a
JH1 domain of JAK2 and inhibits the phospho-
rylation of JAK2, thus negatively regulating the
JAK/STAT signaling pathway [38-40]. There is a
variety of gene products in the downstream of the
JAK/STAT pathway, including c-myc or c-fos [41].
Activation of this pathway may result in activa-
tion of a series of oncogenes and growth-associ-
ated genes and eventually lead to carcinogenesis.
Several studies have indicated that dysregulation
of the JAK/STAT pathway is involved in the ma-
lignant transformation for several commonly-en-
countered human cancers, such as HCC [42], non-
small-cell lung cancer (NSCLC) [43,44], and head
and neck squamous cell carcinoma (HNSCC) [45].
It has been reported that SOCS-1 expression was
suppressed through aberrant methylation of the
CpG island in several HCC cell lines [42,46]. More-
over, Yoshikawa et al. [42] found that the SOCS-
1 gene is frequently silenced by methylation of
the CpG island in human HCC. These findings all
suggested that SOCS-1 expression is suppressed
through aberrant promoter methylation of the
CpG islands and thus leading to carcinogenesis
due to persistent activation of JAK/STAT pathway.

In the present meta-analysis, we attempt-
ed to explore the role of aberrant methylation
of SOCS-1 promoter in the pathogenesis of HCC.
Our meta-analysis results demonstrated that the
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Figure 3. Sensitivity analysis of the summary odds ratio coefficients on the relationships between SOCS-1 promoter
methylation and the risk of hepatocellular carcinoma. Results were computed by omitting each study in turn. Bars

indicate 95% CI.

frequency of SOCS-1 promoter methylation in
cancer tissues was significantly higher than in
adjacent non-tumorous tissues and benign tis-
sues, indicating that aberrant methylation of the
SOCS-1 gene can be considered as a potential can-
didate for predicting the risk of HCC. Considering
the possible impact of heterogeneity on the out-
comes, we carefully performed stratified analyses
based on ethnicity, detecting method and sample
size. When stratified by ethnicity, the results sug-
gested that there was a significant association
between aberrant promoter methylation of the

JBUON 2016; 21(1): 148

SOCS-1 gene and the pathogenesis of HCC among
Asians. When it comes to the subgroup of Cauca-
sians, the results turned out to be conflicting for
two comparisons. Only for cancer tissue vs be-
nign tissue comparison the status of methylation
showed significant difference between HCC tis-
sues and benign tissues, while for the other com-
parison, the frequency of SOCS-1 gene methyla-
tion of cancer tissues was not significantly higher
than that of adjacent tissues. The null result may
be due to the limited number of studies with only
3 studies from Caucasians available in our me-
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Figure 4. Funnel plot of publication bias on the relationships between SOCS-1 promoter methylation and the patho-
genesis of hepatocellular carcinoma. Log OR: natural logarithm of OR. Horizontal line: mean effect size.

ta-analysis. Moreover, as reported by Kondo et al.
[10], the silencing of multiple TSGs by gene pro-
moter methylation was observed not only in HCC
tissues but also in non-tumorous liver tissues of
HCC patients. This finding supported the concept
that methylation-induced epigenetic silencing
may be involved in the early stages of HCC, which
could explain why the difference of frequency of
methylation between HCC tissues and adjacent
tissues in our meta-analysis was not so evident. It
is critical that larger and well-designed multicen-
tric studies based on Caucasian patients should be
performed to re-evaluate the association. Similar
results were observed in the subgroup analysis of
sample size. When we compared methylation fre-
quency between cancer tissues and adjacent tis-
sues, we failed to observe differences in the sub-
group of sample size less than 100. This may be
partially due to that studies with smaller sample

size are more likely failing to detect the statistical
differences. Interestingly, we found that research-
es applying the MSP method observed that aber-
rant methylation of SOCS-1 in cancer tissues was
significantly related to the pathogenesis of HCC in
both comparisons, but studies using other meth-
ods didn’t. To the best of our knowledge, though
the MSP method is most widely used, other meth-
ods such as gMSP and COBRA (combined bisulfite
restriction analysis) have higher efficiency of de-
tecting the frequency of methylation. The para-
doxical results may be explained by the limited
number of included studies with only 3 studies
using these other methods.

Some limitations of our study still should
be addressed. First, our results lacked sufficient
statistical power to assess the relationship be-
tween SOCS-1 promoter methylation and the
pathogenesis of HCC due to the relatively small

JBUON 2016; 21(1):149
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sample size of available data. Second, we failed
to obtain the original data from retrieved stud-
ies, thus restraining further investigation of the
role of SOCS-1 methylation in the pathogenesis
of HCC. Last, as a retrospective study, results
of our meta-analysis may have been inevita-
bly affected by subject selection bias. Despite
possessing the above limitations, this is the
first meta-analysis focusing on the association
of SOCS-1 promoter methylation and the sus-
ceptibility of HCC. Most importantly, our me-
ta-analysis employed a comprehensive litera-
ture search strategy, strict selection criteria and
rigorous statistical analyses, which ensured the
robustness and reliability of our results.

In summary, our findings provided empirical
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evidence that aberrant promoter methylation of
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