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Demethylation of SOCS1 mediates its abnormally
high expression in ovarian cancer
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Abstract. The present study aimed to investigate the
association between methylation and the high expression
of the suppressor of cytokine signaling 1 (SOCSI1) in
ovarian cancer by detecting the methylation rate and
the degree of expression. The present study investigated
the expression of SOCS1 mRNA and SOCSI protein in
ovarian cancer and normal ovary tissues using reverse
transcription-quantitative polymerase chain reaction (PCR)
and immunohistochemistry, and the methylation status of the
CpG islands of SOCS1 mRNA in ovarian cancer tissue were
examined using a methylation-specific PCR. The expression
levels of SOCS1 mRNA in ovarian cancer specimens were
significantly increased compared with that in the normal
ovary tissues (P=0.0215). Consistent with this, the expression
levels of SOCSI protein in ovarian cancer specimens were
significantly increased, while the methylation rate of SOCSI1
mRNA was significantly decreased compared with that in
the normal ovary tissues. Therefore, it may be concluded that
the low methylation rate of SOCS1 mRNA in ovarian cancer
increased the expression of SOCS1 mRNA, which may serve
arole in the development of ovarian cancer.
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Introduction

Ovarian cancer has the third highest incidence of all malig-
nant tumor types in the female reproductive system globally,
but is the leading cause of cancer-associated mortality
worldwide (1). A variety of mechanisms may underlie the
occurrence and development of ovarian cancer; however,
further investigation is required. Novel diagnostic and prog-
nostic markers and therapeutic targets are urgently required.
Suppressor of cytokine signaling (SOCS) is a class of negative
regulators that block the cytokine signaling process, and are
also negative regulators of Janus kinase (JAK) and signal
transducers and activators of transcription (STAT), which
are involved in the cytokine signaling pathway (2). Among
the SOCS family, SOCSI1 is the most important cytokine
that induces the JAK/STAT signaling pathway (3,4), and its
main function is to regulate the activation of STAT3 and
STATS (5,6). Altered SOCSI1 expression has been reported
in a wide range of human cancer types and may func-
tion as a diagnostic or prognostic biomarker. In a study by
Scutti et al (7), the potential for the mutation and abnormal
expression of the SOCS1 gene were observed in liver cancer,
non-small cell lung cancer and malignant melanoma. The
mutation usually occurs in the promoter and the first exon
region, and often in the gene regulatory region at the 5' end of
the gene; the abnormal methylation of the SOCS1 gene may
be involved in the occurrence and development of tumors (8).
However, this phenomenon has not been clearly reported in
ovarian cancer. Therefore, the aim of the present study was to
determine the methylation status and differential expression
of the CpG island of the SOCSI gene in ovarian cancer and
normal ovarian tissue. We also investigated the role of the
abnormal methylation and expression of SOCSI1 in ovarian
cancer, and the potential underlying mechanisms.

Materials and methods

Patients and samples. A total of 26 ovarian cancer samples
and 8 normal ovarian tissues were obtained from patients who
underwent laparoscopic oophorectomy at The First Clinical
Hospital of Harbin Medical University (Harbin, China)
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between 2014 and 2016. All patients, with a median age of
40 years (age range, 35-45), were women and were confirmed to
have ovarian cancer by immunohistochemistry (IHC) testing.
According to the classification of the International Federation
of Gynecology and Obstetrics in 2009 (9), there were 6 cases
of stage I, 4 of stage II, 12 of stage III and 4 of stage IV.
The histological grades of the tumor were classified as GI
(well-differentiated) in 9 cases, GII (moderately differentiated)
in 11 cases and GIII (poorly differentiated) in 6 cases. None of
the patients received any radiotherapy or chemotherapy prior
to surgery. Before the specimens were collected, informed
consent was obtained from patients and their families, and
approval was granted from the HMU Medical Science Ethics
Committee. All the specimens were stored at -80°C prior to
analysis to avoid repeated freeze/thawing.

Methylation-specific polymerase chain reaction (MSP). Using
a DNA Extraction kit (Takara Bio, Inc.) according to the manu-
facturer's protocol, DNA was extracted from the epithelium
of the ovarian cancer tissue. Sodium bisulfite modification
was performed using a fast DNA bisulfite kit (Takara Bio,
Inc.), according to the manufacturer's protocols, following the
quantification of the extracted DNA. MSP experiments were
performed using the modified genomic DNA and primers
for non-methylated SOCS1 (forward, 5'-"AACCAAAAAAAT
AAACCATAACATC-3' and reverse, 5"TAGTTGTGTTTA
TTGAGGTTGAATG-3") and primers for methylated SOCS1
(forward, 5'-ACCGAAAAAATAAACCATAACGTC-3'
and reverse, 5-TAGTTGTGTTTATTGAGGTTGAACG-3").
The primers were designed using MethPrimer v2.0 software
(http://www.urogene.org/methprimer2) (10). A total volume of
50 pl reaction solution containing 2 ul DNA, 2 pl primers, 25 ul
SYBR Premix Ex Taq™ (Takara Bio, Inc.) and 21 xl ddH,O
was used. The ABI PRISM 7500 FRT sequence detection
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used for the MSP reaction. The thermocycling conditions
were 95°C for 5 sec and 60°C for 30 sec (40 cycles). The data
were collected and analyzed using the sequence detection
system. The sequence detection system was performed using
7500 Software for 7500 and 7500 Fast Real-Time PCR systems
v2.3 (Thermo Fisher Scientific, Inc.). In order to standardize
the methylated or non-methylated status of the SOCSI gene in
all specimens, all values were expressed as a multiple of the
increase or decrease in methylated SOCSI1 gene relative to the
non-methylated SOCSI1 gene. The gene replication values of
each specimen were expressed by quantification cycle (Cq).
The methylation levels of the gene (ACq) were expressed as the
difference between the methylation value of the SOCSI gene
and the non-methylation value of the SOCSI1 gene; the methyla-

tion rate of genes was determined using the following formula:
2-(Cq methylation-Cq non-melhylalion)/z-(Cq methylation-Ct non-methylation) +1

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The RNA from the tumor tissues and corre-
sponding normal tissues were extracted using the RNeasy®
Mini Kit (Qiagen, Inc.), according to the manufacturer's
protocol. The purity ratio of the optical density at 260/280
for the extracted RNA was between 1.9-2.0. RT-qPCR was
performed using the SuperScript III kit 2-Step RT-PCR
system (Invitrogen; Thermo Fisher Scientific, Inc.). The total
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RNA used was 2 pg. The thermocycling conditions were
as follows: 65°C for 15, 5 min on ice, 50°C for 60 min and
70°C for 15 min. The total reaction volume used was 20 ul.
Applied Biosystems® GeneAmp®PCR System 9700 (Applied
Biosystems; Thermo Fisher Scientific, Inc.) was used for the
RT-qPCR. A primer set (a pair of qPCR primers for each set)
specific for SOCS1 were designed by HaiGene. Primers used
were as follows: SOCS1 forward, 5-GGAACTGCTTTTTCG
CCCCTTA-3' and reverse, 5~ AGCAGCTCGAAGAGGCAG
TC-3". B-actin forward, 5'-AAACTGGAACGGTGAAGG
TG-3' and reverse, 5'-GTGGACTTGGGAGAGGACTG-3".
The reaction system was as follows: 2 ul cDNA, 4 ul SOCS1
primers/B-actin primers (10 pM), 25 ul SYBR Premix Ex
Taq™ (Takara Bio, Inc.) and 19 ul ddH,0O; the total reaction
volume was 50 ul. The ABI PRISM7500 Sequence detection
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used for the qPCR. The thermocycling conditions were as
follows: 95°C for 15 sec and 60°C for 30 sec (40 cycles). The
data was collected and analyzed using the sequence detection
system. The sequence detection system was performed using
7500 Software for 7500 and 7500 Fast Real-Time PCR systems
2.3 software (Thermo Fisher Scientific, Inc.). The f-actin
gene was used as an endogenous reference to standardize the
relative expression of the SOCSI gene in all specimens. All
values were expressed as a multiple of increase or decrease in
SOCSI mRNA relative to the $-actin gene. The value of gene
replication in each specimen was expressed by the quantifica-
tion cycle (Cq limit cycle number). The differences between
the Cq value of the target gene and the endogenous reference
gene B-actin (ACq) were determined. The relative expression
level of the gene (AACq) was expressed as the difference
between the ACq value of the test specimen and the reference
specimen, and the relative expression quantity of the target
gene was expressed as 242%4 (11).

IHC analysis. SP link THC detection kits (biotin-streptavidin
HRP detection systems, including goat anti-rabbit secondary
antibodies, endogenous peroxidase blockers and normal
goat serum) was purchased from Zhongshan Golden Bridge
Biotechnology, Co., Ltd. Endogenous peroxidase blockers
(100 ul; cat. no., SP-9001) was purchased from Zhongshan
Golden Bridge Biotechnology, Co., Ltd. and used as blocking
agent at room temperature for 10 min. Normal goat serum
(100 ul; cat. no., SP-9001) was purchased from Zhongshan
Golden Bridge Biotechnology, Co., Ltd. and sealed for
15 min at room temperature. Concentrated rabbit anti-SOCS1
polyclonal antibody (dilution, 1:100; cat. no., SC-9021) was
purchased from Santa Cruz Biotechnology, Inc. and used as the
primary antibody. A total of 4% paraformaldehyde (Biosharp;
REF:BL539A) was used as a fixative at room temperature for
48 h. The thickness of the sections was 5 ym. Tissue sections
were incubated with primary antibody at 4°C overnight. Then,
tissue sections were incubated with HRP-conjugated goat
anti-rabbit secondary antibody (100 pl; cat. no., SP-9001) at
37°C for 60 min. The protein location and expression intensity
were visualized by 3,3-diaminobenzidine tetrahydrochloride
(Boster Biological Technology) and hematoxylin staining at
room temperature for 2 min. Finally, a binocular light micro-
scope (x400 magnification) was used to analyze staining. THC
was performed as previously reported (12). The staining results
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for the SOCSI protein were semi-quantitatively calculated by
multiplying the staining intensity and the percentage of posi-
tive ovarian cancer cells. The staining result was considered to
be positive for SOCSI if brown-yellow granules were observed
and if they were located in the cytoplasm.

The Cancer Genome Atlas (TCGA) gene expression data. The
dataofovariancancer weredownloaded by R (TCGA-Assembler
2 R package) from TCGA (http://cancergenome.nih.gov). The
expression of SOCSI1 in RNA-HTSeq-FPKM-UQ data and
overall survival time in clinicopathological parameters were
obtained for survival-associated comparison using R survival
package (survival 2.42-6.tar.gz).

Statistical analyses. All quantitative data are expressed as
(mean = standard deviation). Overall survival time analysis
was estimated by the Kaplan-Meier method using the
‘survival' package (13) of R (14). The Kaplan-Meier method
was performed for visualization purposes and the differences
between survival curves were calculated by the log-rank test.
Pearson's correlation coefficient test was used for correlation
analysis. Statistical analysis was performed using GraphPad
Prism v.6 Software (GraphPad Software, Inc.). The unpaired
t-test was used for statistical analysis and repeated in triplicate.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Methylation rate of SOCS1 mRNA is decreased in ovarian
cancer tissues. MSP was used to detect the relative meth-
ylation rate of SOCS1 mRNA in 26 cases of ovarian cancer
and 8 cases of normal ovarian tissue. The methylation rate
of SOCS1 mRNA was decreased in ovarian cancer tissues
compared with that in the normal ovarian tissues. The meth-
ylation rate of SOCS1 mRNA in 13 cases of ovarian cancer
was <56% (Fig. 1).

Expression of SOCSI mRNA is significantly increased in
ovarian cancer tissues and its expression level is associated
with the overall survival time in ovarian cancer. The present
study selected two sections of each sample each from 19
ovarian cancer tissues and 5 normal ovarian specimens. The
19 ovarian cancer samples were taken from 26 ovarian cancer
samples, and the 5 normal ovarian samples were taken from
8 normal ovarian samples, then applied RT-qPCR to detect
the relative expression of SOCS1 mRNA. The mean value of
the relative expression of SOCS1 mRNA in ovarian cancer
specimens was 4.0633, and that in normal ovarian tissues was
1.4681. The expression of SOCS1 was significantly increased
in ovarian cancer tissues compared with in the normal tissues
(P<0.0001; Fig. 2A). Additionally, in order to further clarify
the association between the expression of SOCS1 mRNA
and the occurrence and development of ovarian cancer, the
present study investigated the expression of SOCS1 mRNA
and overall survival time in ovarian cancer using a dataset
downloaded from TCGA database. The results of the survival
prediction table showed that SOCS1 mRNA expression in
ovarian cancer is significantly associated with overall survival
time (P=0.042; Fig. 2B). When the predicted overall survival
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Figure 1. Methylation rate of SOCS1 mRNA in ovarian cancer specimens
and normal tissues. NC=8 and CA=26. NC, normal ovarian tissues; CA,
ovarian cancer tissues; SOCSI1, suppressor of cytokine signaling 1.

time was 0, 600, 1,200, 1,800, 2,400 and 3,000 days, the
number of ovarian cancer samples with low SOCS1 expression
corresponded to 191, 137, 89, 47, 29 and 13 cases, respectively;
the number of ovarian cancer samples with high SOCSI1
expression corresponded to 184, 123, 66, 28, 14 and 9 cases,
respectively (Fig. 2B).

Expression of SOCSI protein is positive in ovarian cancer.
IHC analysis revealed that the expression of SOCS1 protein
was positive in ovarian cancer specimens, but negative for
normal ovarian tissue. Positive SOCSI1 protein staining
presented brown-yellow granules, while negative SOCSI1
protein staining presented light yellow granules, which were
located in the cytoplasm (Fig. 3).

Methylation of SOCSI mRNA correlates with the rising
expression of the SOCSI gene. Pearson's correlation coef-
ficient test was performed to study the association between
the methylation rate of SOCSI1 and the relative expression
of SOCS1 mRNA, which was revealed to be negative in
ovarian cancer specimens and normal tissues (P=0.007,
r-value=-0.663; Fig. 4).

Discussion

SOCSI is the earliest discovered member of the SOCS family
and a key molecule in cancer development (5,7,15). As a major
signal transduction pathway, the JAK/STAT signaling pathway
serves a notable role in numerous biological reactions (3).
As one of the important negative regulatory proteins in the
JAK/STAT signaling pathway, SOCSI has a strong inhibitory
effect on this signaling pathway via three mechanisms: i) It
is able to inactivate the N-terminal of JAK kinase by binding
its SH2 domain to the phosphorylated tyrosine residues of the
target protein, so that signal transduction is inhibited (16).
Additionally, the N-terminal of SOCS1 contains a kinase
inhibitory region that directly inhibits the activity of JAK
tyrosine kinase (17-20); ii) the SOCS1 promoter contains a
STAT binding site that can inhibit STAT from binding to the
receptor site; and iii) the SOCS cassette is able to interact with
elongin B, elongin C, cullin-2 and RINGbox-2, and recruits
E3 ubiquitin transferase, to promote the degradation of the
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Figure 2. Relative expression of the SOCSI mRNA in ovarian cancer specimens and normal ovarian tissues, and its association with overall survival time
in ovarian cancer. (A) SOCSI gene expression was significantly increased in ovarian cancer tissues compared with that in normal tissues, P<0.0001 NC=10
and CA=38. (B) The results of the survival prediction table showed that SOCS1 mRNA expression in ovarian cancer is associated with overall survival time
(P=0.042), determined using a dataset downloaded from The Cancer Genome Atlas. SOCSI1, suppressor of cytokine signaling 1; NC, normal ovarian tissue;

CA, ovarian cancer tissue.

bound protein via the proteasome-dependent pathway (21).
The silencing of the SOCSI1 gene may result from its methyla-
tion and the inactivation of the JAK/STAT signaling pathway
in the negative feedback control of tumor cells (22-25). In
contrast, the hypomethylation of the SOCS1 gene may restore
the transcription and protein expression of the SOCSI gene,
which is able to induce the apoptosis and growth inhibition of
cells (26,27).

It has been reported that the expression of the SOCSI gene is
increased in breast cancer (28), prostate cancer (29), acute myeloid
leukemia and other malignancies (30). However, a study by
Lietal (31),the expression of SOCS1 was revealed to be decreased
within the metastatic sites of malignant melanoma. In hepatocel-
lular carcinoma, the methylation of the SOCSI1 gene coexists
with a deletion mutation (32). The reason for this discrepancy in
the expression of SOCSI is yet to be definitively answered, but
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Figure 3. Expression of SOCSI1 protein was detected using immunohistochemistry. Magnification x400. (A) Expression of SOCS1 in normal ovarian tissue was
negative. (B) Expression of SOCSI in the cytoplasm of ovarian cancer cells was positive. Positive SOCSI protein staining presented brown-yellow granules,
while negative SOCSI protein staining presented light yellow granules, which were located in the cytoplasm. SOCSI, suppressor of cytokine signaling 1.
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Figure 4. Correlation analysis on the methylation rate of SOCS1 and the
relative expression of SOCS1 mRNA. It was revealed that SOCS1 mRNA
expression and methylation rate were negatively correlated in ovarian cancer
specimens and normal tissues. SOCSI1, suppressor of cytokine signaling 1.

its expression in the majority of malignancies is consistent. The
SOCSI gene is highly expressed in breast cancer and inhibits
the growth of tumor cells (28). Likewise, Shimada ez al (20)
observed that the overexpression of the SOCSI gene is effec-
tive for antitumor therapy by suppressing the JAK/STAT, focal
adhesion kinase and epidermal growth factor receptor signaling
pathways in non-small cell lung cancer. Numerous cytokines and
hormones are able to affect tumor proliferation, activation and
apoptosis by activating the JAK-STAT signaling pathway. For
example, Yun et al (33) observed that IL-6 inhibits senescence
through the activation of the JAK1-STAT?3 signaling pathway. In
addition, Cokic et al (34) observed that EPO-mediated prolifera-
tion and survival of erythroid progenitors occurs mainly through
the modulation of JAK-STAT pathway. Likewise, the inhibi-
tion of the cytokine-dependent activation of the JAK/STAT3
pathway may also afford orthogonal treatment opportunities
for other oncogene-dependent cancer cells. Among these
cytokines and hormones, STAT3 serves various role in signal
transduction, which has been reported in numerous cancer types
including breast (35), prostate (36) and pancreatic cancer (37).

The expression of SOCS1 may be induced by the activation of
STAT3. In a study by Akira (27), it was revealed that ovarian
cancer cell lines and clinical specimens exhibited sustained acti-
vation of STAT3, which is able to inhibit apoptosis and promote
the proliferation or metastasis of cells involved in the occurrence
and progression of ovarian cancer via the JAK/STAT signaling
pathway (38). Therefore, the overexpression of SOCS1 may be
the result of the sustained activation of STAT3, and is able to
control the development of a tumor by inhibiting JAK/STAT
signaling.

At present, the mechanism of SOCSI in ovarian cancer
remains unclear. In the present study, the expression of SOCS1
in ovarian cancer specimens was increased and its methylation
rate was decreased. This study did not analyze the association
between SOCSI expression and histological grading of ovarian
cancer. Furthermore, the methylation rate of the SOCSI gene
negatively correlated with the relative expression of SOCS1
in ovarian cancer specimens and normal ovarian specimens.
Therefore, it was deduced that the reduction of SOCS1 methyla-
tion in ovarian cancer specimens could increase the expression
of SOCSI, which is to inhibit the JAK/STAT signaling pathway,
and may be involved in the development and progression of
ovarian cancer. It may also be that the sustained activation
of STAT3 in ovarian cancer causes the high expression of
SOCSI1 (39), which could be adopted by the host as a protec-
tive mechanism against disease. Additionally, analysis of the
TCGA gene expression datasets for a large cohort of patients
with ovarian cancer was performed in the present study, where
the SOCSI expression level was associated with overall survival
time (Fig. 2B), suggesting that SOCS1 may be used to determine
the prognosis of patients with ovarian cancer. Due to the small
sample size, this study was unable to investigate the associa-
tion between SOCSI1 expression level and the different clinical
grades in the ovarian cancer and normal tissues. A larger sample
size is required in future studies to investigate this further. In
addition, in vitro investigations using ovarian cancer cell lines
to detect differences in the expression of SOCSI, and further
analyze the role of SOCSI in the development and progression
of ovarian cancer will also be performed. In a recent study,
Nakagawa et al (40) demonstrated that the adenoviral delivery
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of SOCSI inhibited tumor growth through the downregulation
of programmed death-ligand 1 expression, resulting in the acti-
vation of tumor-infiltrating T cells. Thus, the SOCS1 gene may
be a novel molecular marker and therapeutic target for ovarian
cancer. Notably, the demethylation of SOCS1 CpG islands may
restore the function of tumor suppressor genes, which could be
a novel starting point for developing therapeutic drugs against
ovarian cancer; however, further investigation into the under-
lying mechanisms are required.
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