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Abstract: Background: Suppressor of cytokine signaling (SOCS) family proteins regulate cytokine responses through
inhibition of multiple signaling pathways. The expression profiles and prognostic significance of SOCS members in
ovarian cancer (OC) patients still remains unclear. Here, we aimed to provide a comprehensive understanding of the
prognostic values of SOCS family members in OC and to discover promising therapeutic targets for OC. Methods: We
firstly analyzed the KEGG pathway enrichment to reveal the possible pathways associated with SOCS family. Next,
we used public databases including cBioPortal, Human Protein Atlas and Oncomine to investigate genetic altera-
tions and mRNA expression of SOCS family in OC patients. More importantly, we explored the prognostic value of
each individual SOCS members in OC patients using Kaplan Meier plotter database. Results: SOCS family was mark-
edly enriched in JAK-STAT signaling pathway. A high mutation rate in SOCSs was observed in patients with ovarian
serous cancer (OSC). An increased mMRNA expression of SOCS1 indicated a favorable overall survival (OS) in both OC
and OSC patients, while increased SOCS5 and SOCS7 expressions were significantly associated with poorer 0S. We
also explored the diverse roles of SOCS members in OC patients with different clinicopathological features including
grades, stages and therapies employed. Conclusion: SOCS1, SOCS5 and SOCS7 may serve as prognostic biomark-
ers for OC patients. SOCS5 and SOCS7 may be potential therapeutic targets for OC treatment. Our results render
novel insights into the association between SOCS family genes and OC development, and may highlight promising
molecular targets for therapeutic interventions in OC patients.
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Introduction

Despite progress has been made during the
past years, ovarian cancer (OC) remains the
second most frequent and deadly gynecologi-
cal cancer in women worldwide [1, 2]. Common
symptoms of OC such as bloating and pain
always occur at a late stage, due to manifes-
tation of tumor invasion and widespread in-
tra-abdominal disease [3]; while OC is always
asymptomatic at early stage. Therefore, com-
plete surgical resection is not available for
most patients at the time of diagnosis. The cur-
rent main treatments for OC are cytoreductive
surgery and primary chemotherapy [4]. Al-
though chemotherapy with cisplatin plus Taxol
and targeted therapy improves the survival rate

of unresectable OC patients, the treatment out-
comes are still disappointing. Current therapeu-
tic options are insufficient to ensure long-term
survival benefit [4, 5]. Clinical remission in OC
patients after treatment is commonly achiev-
able, but over 70% of these patients will relapse,
and the 5-year survival rate is less than 30%
[6]. Unfortunately, OC patients respond poorly
to immunotherapy which is currently seen as a
type of therapeutic approach with great cura-
tive potential [7]. Radiotherapy has been largely
abandoned in OC treatment [3]. To combat the
huge challenges faced during the treatment of
ovarian cancer, there is a growing need for iden-
tifying more specific OC biomarkers and devel-
oping novel therapeutic approaches to improve
the treatment efficacy of this disease.
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Inflammation is an important driving compo-
nent of all cancers [8]. Proinflammatory cyto-
kines and cytokine-activated signaling path-
ways are necessary contributors in inflamma-
tion and tumorigenesis [9]. As a major down-
stream pathway of cytokines, the Janus kinase-
signal transducers and activators of transcrip-
tion (JAK-STAT) signaling pathway has been
aberrant activated in OC [10]. Suppressor of
cytokine signaling (SOCS) family is a group of
cytokine-inducible negative regulators by in-
hibiting multiple signaling pathways, especially
the JAK/STAT signaling pathway [11-13]. This
family includes eight structurally related ge-
nes, including SOCS1-SOCS7 and cytokine-
inducible SH2-containing protein (CIS). Each
gene consist of a central SH2 domain and
a conserved C-terminus SOCS box [14]. The
SH2 domain could bind to the phosphorylated
tyrosine residues of cytokine receptors and
JAKs, which further cause the interruption of
relative signal [15]. Among all these SOCS
members, SOCS1 and SOCS3 are the most
potent inhibitors of JAK-STAT signaling pathway
and numerous studies have demonstrated
their vital roles in various malignant processes
[15-17]. Considering the function of SOCS fam-
ily, it is not surprising that several SOCS mem-
bers may be regarded as tumor suppressor-like
proteins, and dysfunction of their biology role in
inhibiting cytokines and growth-factor signaling
may lead to human cancer development [18].

Although the structure and function of SOCS
family has been extensively studied, the rela-
tionship between expression of SOCS mem-
bers and OC has not yet been clarified. Until
now, there were only few reports focused on
SOCS family members and OC. It is of great
interest to investigate the effect of the gene
expression of SOCS members on the survival of
OC patients. This study is a comprehensive
analysis of mRNA expression levels of SOCS
family members in ovarian cancer, and with a
particular focus on the prognostic values of
these gene expressions. Our data revealed the
potential application of SOCS family members
as new biomarkers and therapeutic targets for
OC prognosis and treatment. Most importantly,
this is the first report about the effect of altered
SOCS expression on the survival of OC patients.
Furthermore, our study provides an encourag-
ing foundation for the clinical application of
novel therapeutic approaches to modulate the
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expression of SOCS family members in OC
patients.

Materials and methods
Pathway enrichment analysis

Kyoto Encyclopedia of Genes and Genomes
(KEGG) is regarded as a collection of databases
that deals with a large number of genomes, bio-
logical pathways, agents, chemical materials
and diseases [19]. The Database for Annotation,
Visualization and Integrated Discovery (DAVID)
is a commonly used online bioinformatics tool
that is designed to define genes and proteins
function [20]. Here, we used DAVID to visualize
the SOCS family genes enrichment of pathways
(P < 0.05).

cBioportal

cBioportal for Cancer Genomics (http://www.
cbioportal.org/) is an open platform for interac-
tive exploration of multidimensional Cancer
Genomics data [21]. We analyzed the genetic
alterations of SOCO family genes in ovarian
cancer based on the Ovarian Serous Cysta-
denocarcinoma (TCGA, Provisional) dataset.
Genomic profiles, including mutations, putative
copy-number alterations, and mRNA expres-
sions (RNA Seq V2 RSEM with z-scores
= +2) were selected for analyzing the eight
SOCS family genes. The results were exhibited
in the Cancer Types Summary webpage.

Human Protein Atlas

The Human Protein Atlas (HPA, http://www.pro-
teinatlas.org) is an open access website which
provides abundant data of transcriptome, pro-
teomes and immunohistochemistry in human
normal and malignant tissues [22]. We ana-
lyzed the quantitative transcriptomics data in
the Pathology Atlas and obtained the fragments
per kilobase of exon per million fragments
mapped (FPKM) values and protein expression
patterns of each SOCS gene in OC tissues.

Oncomine

Oncomine (www.oncomine.org), a cancer micro-
array database and web-based data mining
platform, provides transcriptome data of most
cancers and respective normal tissues [23].
Comparison of transcriptional expression of
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Table 1. KEGG pathway analysis of SOCS family genes

Pathway ID Name Count % p-value Gene
CFA04630 JAK-STAT signaling pathway 7 0.47 6.55e-11  S0CS1/2/3/4/5/7, CIS
CFA04917 Prolactin signaling pathway 7 0.47 1.19e-12  S0CS1/2/3/4/5/7, CIS
CAF04930 Type Il diabetes mellitus 4 0.27 6.65e-6 SO0CS1/2/3/4
CAF04910 Insulin signaling pathway 4 0.27 1.53e-4 S0CS1/2/3/4

SOCS family genes between OC tissues and
normal tissues were observed by Oncomine.
MRNA level was used as data type for further
analysis. p-value = 0.05 and top 10% gene rank
were selected as threshold. This analysis drew
on several OC studies, including TCGA Ovarian,
Bonome Ovarian [24], Hendrix Ovarian [25] and
Yoshihara Ovarian [26]. In addition, the 10™,
251 50, 75" and 90™ percentile data of each
SOCS member in both cancer and normal tis-
sues were plotted.

Kaplan-meier plotter

To evaluate the prognostic significance of the
SOCS members in OC patients, we analyzed
the association between gene expression and
clinical outcomes through the Kaplan-Meier
Plotter (www.kmplot.com). This is an online
database which is capable to assess gene
expression data and clinical data in specific
cancer types [22, 27]. Each SOCS gene was
entered into the OC database and further ana-
lyzed via setting different clinical parameters.
The specific Affymetrix ID of each SOCS family
gene included in the Kaplan-Meier Plotter anal-
ysis were shown in Supplementary Table 1. The
webpage next displayed the Kaplan Meier sur-
vival plots with hazard ratio (HR), 95% CI, and
log-rank p. Patient cases were split into high
and low expression groups according to the
gene expression. P < 0.05 was considered to
be statistically significant. We downloaded the
data as text and replotted using Graphpad
Prism software.

Results

Analysis of SOCS family genes via KEGG path-
way enrichment

To comprehensively understand the possible
pathways which the eight SOCS family genes
are involved in, we initially analyzed the KEGG
pathway enrichment by DAVID. The relative
pathways associated with SOCS family mem-
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bers were summarized in Table 1. Most SOCS
family members were involved in these signal-
ing pathways. Among all these pathways, the
JAK-STAT signaling pathway is the most impor-
tant pathway involved in cell proliferation, sur-
vival, angiogenesis, inflammation and immune
reaction [28-30]. Consistent with the results of
previous investigations [18, 31], almost all the
SOCS genes except SOCS6 is significantly
enriched in the JAK-STAT signaling pathway.
Figure 1 provides a schematic illustration of
the complete JAK-STAT signaling pathway and
the inhibitors of this pathway including SOCS
family.

Genetic mutations of SOCS family members in
OC patients

Since it was unclear whether and how genetic
mutations of SOCS members occur in OC, we
screened the mutation type and frequency of
the eight SOCS genes in serous ovarian cancer
via ciBioportal. Ovarian serous cancer (0OSC) is
the most common histologic subtype of OC. Itis
classified into two major subtypes: high-grade
and low-grade serous cancer, which accounts
for over 70% and 10% of OC, respectively [32,
33]. As shown in Figure 2A, the total mutation
rate of SOCS family members observed in
serous ovarian cancer patients was 48%.
Aberrant expression of SOCS members includ-
ed gene amplification, deep deletion, high or
low mRNA expression and multiple mutations.
In particular, mRNA upregulation was the most
common alteration.

Next, we analyzed the mRNA expression of in-
dividual SOCS members in OC via Pathology
Atlas of HPA database. The SOCS3 and SOCS1
genes exhibited relative high level of mRNA
expression among all the genes, on the con-
trary, SOCS2 mRNA expression level was the
lowest (Figure 2B). In addition, we also inve-
stigated the immunohistochemistry data of
HPA database to assess the protein level of
each SOCS members. As summarized in
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Figure 1. SOCS family genes were re-analyzed by KEGG pathway enrichment. The SOCS genes play an inhibiting role
in the JAK-STAT signaling pathway.
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Figure 2. Genetic alterations and gene expression of
SOCS family genes in OC. A. Alteration frequency of
SOCSs in OC via cBioPortal. B. The FPKM values of
SOCS family members in OC via HPA.

Supplementary Table 2, most SOCS genes
except SOCS6 were relatively highly expressed

in OC tissues. However, the data was not
strongly convincing to explain the protein
expression of SOCSs in OC due to the insuffi-
cient sample size.

MRNA expression of SOCS family members in
OC patients

To compare the mRNA expression of SOCS
members in ovarian cancer and normal tissues,
we explored the OC and OSC data respectively
from Bonome ovarian dataset [24] and TCGA
dataset. As shown in Figure 3, almost all the
SOCS members except SOCS5 is upregula-
ted in OC tissues. Specifically, the increased
expression of SOCS1, SOCS3, SOCS6, SOCS7
and CIS in OC tissues compared with that of the
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normal controls showed statistical significan-
ce. We next analyzed the mRNA level of SOCSs
in OSC compared with that of the normal con-
trols. The mRNA expression of SOCS1, SOCS3,
SOCS5 and SOCS7 was significantly higher in
OSC tissues (Figure 4A, 4C, 4D and 4F), where-
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as SOCS2, SOCS6 and CIS are either slightly
upregulated or downregulated without a statis-
tically significant p value (Figure 4B, 4E and
4G). No available data about SOCS4 expres-
sion level between OC or OSC tissues and nor-
mal tissues.
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Table 2. The mRNA expression of SOCS family genes in ovarian

serous cancer compared with normal control

significantly related to a shorter
OS for OSC patients (SOCS2,

HR=1.41,95%Cl: 1.13-1.76, P

Gene p-value Fold Chang Dataset #Normal #Cancer
SOCS1 0939  -1.096  Hendrix Ovarian 4 41 ;5%,%?;21;22?1?782’,:H=R3=5 :_'ggj
1. -1.77 Yoshihara Ovarian 1 4 ’ ’ ’
S0CS2 1.888 -1.43? :an:xao(\)/a?iai f 4i SO0CS7, HR = 1.47, 95% Cl:
1.18-1.84, P = 0.00065; CIS,
1.000  -49.946  Yoshihara Ovarian 10 43 HR = 1.39, 95% Cl: 1.11-1.75, P
S0OCS3 0.082 1.036 Hendrix Ovarian 4 41 = 0.0037). There was no signifi-
1.000 -13.902 Yoshihara Ovarian 10 43 cant correlation between the
S0CS4 0.335 1.081 Yoshihara Ovarian 10 43 residual SOCS fam||y members
SOCS5 0.998 -1.152 Hendrix Ovarian 4 41 and the OS of OSC patients.
1.000 -2.036 Yoshihara Ovarian 10 43 Considered that SOCS2 mRNA
SOCS6  0.105 1.018 Hendrix Ovarian 4 41 expression was low in ovarian
0.900  -1.524  Yoshihara Ovarian 10 43 cancer tissues and the FPKM
SOCS7 0450  1.080 Hendrix Ovarian 4 41 value of SOCS2 in OC was the
0.760  -1.027  Hendrix Ovarian 4 41 lowest, we would not regard
cis 1000  -1.923  YoshiharaOvarian 10 43 SOCS2 as a prognostic bio-

In addition, we explored mRNA expression
of each SOCS members in Hendrix Ovarian
[25] and Yoshihara Ovarian [26] datasets. No
expression of significant difference was ob-
served in these two datasets (Table 2). The
inconsistent results obtained from these data-
sets probably attribute to its different sample
size, study design as well as detection me-
thods.

Prognostic values of SOCS family members in
OC patients

To reveal the prognostic values of SOCS family
members in OC patients, we analyzed the
Kaplan-Meier Plotter database and plotted the
OS curves. Among the eight SOCS genes, only
an increased mRNA expression level of SOCS1
was significantly associated with favorable
OS (Figure 5A, HR = 0.83, 95% Cl: 0.72-0.95, P
= 0.0079). Increased MRNA expression of
S0CS2, SOCS5 and SOCS7 indicated poor 0S
(Figure 5B, 5E and 5G; SOCS2, HR = 1.32, 95%
Cl: 1.08-1.62, P = 0.0064; SOCS5, HR = 1.46,
95% Cl: 1.28-1.66, P = 1.2e-08; SOCS7, HR =
1.41 95% CI: 1.15-1.73, P = 0.001). The mRNA
expression of other SOCS family members had
no association with the OS of OC patients
(Figure 5C, 5D, 5F and 5H).

We also evaluated the prognostic values of
SOCS mRNA expression in OSC patients. As
shown in Figure 6, a higher mRNA expressions
level of SOCS2, SOCS5, SOCS7 and CIS was
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marker in OC patients. Th-
erefore, it is reasonable to
suggest that SOCS5 and SOCS7 targeted
agents may be attractive candidates for the
treatment of OC. Furthermore, we analyzed the
effect of SOCS family members on the progres-
sion-free survival (PFS) rates in OC as well as
OSC patients (Supplementary Figures 1 and 2).
Taken together, these data provided a basis for
further studies of the mechanism of different
SOCS family members in the inhibition and
development of OC.

Prognostic values of SOCSs in OC patients with
different clinicopathological features

To confirm whether the prognostic effect of
SOCS mRNA expression on the survival of OC
patients was associated with different clinico-
pathological features, we evaluated the prog-
nostic values of SOCS members in OC patients
with different TP53 status, clinical stages,
pathological grades and therapies employed
via the Kaplan-Meier plotter database. Firstly,
we found that an overexpression of SOCS3 and
CIS indicated a positive 0OS in TP53 mutated
and wide type OC patients, respectively (Table
3). SOCS5 and SOCS6 overexpression was
associated with negative OS in both TP53 wide
type and mutated OC patients. Increased
mMRNA expression level of SOCS2 was related
to negative OS in TP53 mutated OC patients.

Detailed analysis of SOCS expression with its
respective OC stages and grades were shown
in Tables 4 and 5. The data in Table 4 revealed
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Table 3. Correlation of SOCS family members with TP53 status in
OC patients

Gene  TP53status Case-low! Case-high? HR (95% Cl) p-value
SOCS1  wide type 29 65 1.63 (0.9-2.94) 0.1
mutated 377 129 1.29 (1-1.66) 0.049%*
SOCS2  wide type 8 11 2.87 (0.9-9.12) 0.063
mutated 71 53 1.48 (1.01-2.17) 0.043*
SOCS3  wide type 9 10 0.69 (0.25-1.92) 0.48
mutated 42 82 0.66 (0.45-0.98) 0.039*
SOCS4  wide type 7 12 2.28 (0.76-6.82) 0.13
mutated 36 88 0.68 (0.45-1.02) 0.058
SOCS5  wide type 23 71 2.58(1.2-5.53) 0.012*
mutated 126 380 1.23(0.94-1.62) 0.12
SOCS6  wide type 8 11 3.15(1.05-9.46) 0.032*
mutated 90 34 1.34 (0.88-2.04) 0.18
SOCS7  wide type 5 14 1.57 (0.49-496) 0.44
mutated 49 75 0.68 (0.46-0.99) 0.045%*
CIS wide type 7 12 0.26 (0.08-0.82) 0.014*
mutated 34 90 1.47 (0.95-2.28) 0.082

1Cases-low: patient number-low expression of the corresponding gene. 2Cases-high:

patient number-high expression of the corresponding gene. *P < 0.05.

Table 4. Correlation of mMRNA expression of SOCS family members
with tumor stages of OC patients

Gene Stages Case-low! Case-high? HR (95% Cl) p-value
S0CSs1 1+2 91 44 0.53(0.2-1.4) 0.19
3+4 585 635 0.82(0.71-0.95) 0.0094~**
S0OCS2 1+2 30 53 4.26 (0-inf) 0.0015**
3+4 154 333 0.87 (0.68-1.1) 0.25
SOCS3 1+2 54 29 0.28 (0.06-1.25) 0.074
3+4 363 124 0.81 (0.63-1.06) 0.13
S0CS4 1+2 61 22 1.76 (0.62-4.98) 0.28
3+4 331 156 1.13 (0.89-1.44) 0.33
SOCS5 1+2 68 67 1.57 (0.71-3.47) 0.26
3+4 460 760 1.49 (1.27-1.75) 5.4e-07**
SOCS6 1+2 21 62 0.23 (0.08-0.64) 0.0022**
3+4 216 271 1.33 (1.06-1.67) 0.015*
SOCS7 1+2 30 53 0.46 (0.17-1.28) 0.13
3+4 257 230 1.26 (1.01-1.58) 0.045*
CIS 1+2 34 49 0.35(0.12-1) 0.041*
3+4 354 133 1.28 (1.01-1.63) 0.041~*

1Cases-low: patient number-low expression of the corresponding gene. 2Cases-
high: patient number-high expression of the corresponding gene. *P < 0.05, **P
<0.01.

that SOCS6 and CIS was associated with better
OS in Stage | and Stage Il OC patients, while
SOCS2 indicated poor survival. SOCS1 expres-
sion level was related to favorable OS in Stage

Il and Stage IV OC patients.
Meanwhile, SOCS5, SOCS6,
SOCS7 and CIS were correlat-
ed with unfavorable OS in
these patients. In Table 5, we
exhibited the prognostic val-
ue between mRNA expression
of SOCS members and differ-
ent histological grades. No-
tably, an increased mRNA ex-
pression of SOCS5 was asso-
ciated with poor OS in all the
OC patients. SOCS3 indicated
poor OS in Grade | and Grade
II OC patients while SOCS2
indicated poor OS in Grade Il
OC patients.

The results in Tables 6 and 7
showed the correlation bet-
ween MRNA level of SOCSs
and OS in OC patients who
underwent chemotherapy or
surgery. As shown in Table 6,
high expression of SOCS2,
SOCS5, SOCS7 and CIS pre-
dicted poor OS in patients
receiving platin-based chemo-
therapy. An increased level of
SOCS7 expression indicated
an unfavorable OS in patients
receiving taxol-based chemo-
therapy. Moreover, higher ex-
pression of SOCS3 and SOCS5
was related to shorter OS in
OC patients with complete sur-
gical resection, while an in-
creased expression of SOCS6
and CIS indicated better 0S
(Table 7). The data that fo-
cused on OC patients who
received cytoreductive surge-
ry has demonstrated that high
expression of SOCS2, SOCS6
and SOCS7 was correlated
with unfavorable OS.

Discussion

OC remains a big challenge to clinicians and
researches due to its clinical outcomes and
poor prognosis [34]. Despite increasing atten-
tion on OC treatment, a better underst-
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Table 5. Correlation of SOCS family members with tumor grades of

hepatic carcinoma, gastric

OC patients cancer, multiple melano-
Gene Grades Case-low! Case-high? HR (95% Cl) p-value ma and pancreatic cancer
socs1  1+1 206 174 0.62 (0.46-0.83)  0.0011%* [38-41]. On the other hand,
1T 451 169 0.51(0.35-0.76)  0.00064** SOCS1 overexpression ex
v 12 8 0.58 (0.21-1.55) 0.27 hibited a potent antitumor
effect in malignant pleural
S0CS2 I+l 139 64 0.77 (0.5-1.18) 0.23 mesothelioma [42], and
11 136 68 1.28 (0.76-2.16) 0.34 also sensitized glioblasto-
\% 3 15 1219678945.7(0-Inf)  0.0043* ma as well as cervical can-
SOCS3 [+l 81 122 1.72 (1.1-2.68) 0.016* cer cells to radiation thera-
I 128 76 0.66 (0.38-1.14) 0.13 py [43, 44]. These suggest-
\Y 10 8 0.42 (0.14-1.26) 0.11 ed that SOCS1 activator
S0CS4 1+ 110 93 0.78 (0.52-1.18) 0.24 might be a promising agent
I 53 151 0.48(0.280.82)  0.0055% for cancer treatment. The
IV 4 14 2.5 (0.68-9.21) 0.16 ro'te OI 50081 'T og gas
not ye een exploread. our
S0CS5 1+l 202 178 1.79 (1.34-2.4) 6.3e-05%* data revealed that the
1T 389 231 1.52 (1.13-2.03) 0.0047* MRNA level of SOCS1 was
\% 14 6 3.45 (1.08-10.97) 0.026* up-regulated in OC tissues
S0CS6 |+ 131 72 0.61 (0.38-0.96) 0.032* compared with that of
1] 105 99 0.58 (0.34-0.98) 0.038* normal controls and low
vV 13 5 0.53 (0.15-1.88) 0.32 SOCS1 mRNA expression
SOCS7 I+l 62 141 1.45 (0.91-2.33) 0.12 level was significantly as-
Il 147 57 1.59 (0.95-2.67) 0.076 sociated with unfavorable
v 12 6 1.87 (0.65-5.38) 0.24 prognosis in OC patients.
cIS [+ 118 85 0.65 (0.43-0.99) 0.043* This hinted that overex-
1T 91 71 0.7 (0.45-1.1) 0.12 pression of SOCS1 was
also required for growth

\% 11 7 0.4 (0.13-1.28) 0.11

inhibition of OC. Thus, we

Cases-low: patient number-low expression of the corresponding gene. 2Cases-high:
patient number-high expression of the corresponding gene. *P < 0.05, **P < 0.01.

anding of the molecular biology of this tumor
and how to improve therapy remains required
urgently. In addition, oncological treatment
needs to be individualized to ensure optimal
efficiency of therapy. SOCS is a big family of
proteins that are commonly regarded as antag-
onists of JAK-STAT signaling and regulators of
other signaling pathways. There is indeed a
positive correlation between SOCS dysregula-
tion and tumor progression [18]. However, stud-
ies about SOCS and OC are few in number and
the specific function of SOCS proteins in OC
has not been determined. Here, we integrated
several publicly available data into one major
analysis to explore the prognostic value of
SOCS members in OC for the first time.

SOCS1 was found to participate in the regula-
tion of signaling pathways such as NF-kB, STAT
FAK, p38 MAPK and p53 pathways [35-37].
SOCS1 gene silencing was observed in human
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speculated that inhibition
of JAK-STAT3 and other sig-
naling pathways might be
attributable to the molecular mechanisms un-
derlying the inhibition effect of SOCS1 on OC
cell growth. Another possible mechanism re-
ported in colorectal cancer was that SOCS1
prevented epithelial-mesenchymal transition
and promoted mesenchymal-epithelial transi-
tion to further inhibit invasion and migration of
cancer cells. Mechanistic research needs to
illustrate the underlying process by which
SOCS1 inhibits OC cell survival.

The expression of SOCS2 in hepatocellular car-
cinoma was significantly lower than that in nor-
mal liver tissues and patients with low SOCS2
expression had significantly shorter OS [45].
Breast cancer patients with high SOCS2 ex-
pression lived significantly longer lives [46].
Decreased SOCS2 expression in prostate can-
cer was associated with an increased inciden-
ce of metastasis [47]. Reduced SOCS2 expres-
sion always happened during the adenoma to
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Table 6. Correlation of SOCS members with OC patients receiving differ-
ent chemotherapy regimes

Gene Chemotherapy Case-low! Case-high? HR (95% ClI) p-value
SOCS1 contains platin 505 904 0.84 (0.73-0.97)  0.017*
contains taxol 318 475 0.71 (0.59-0.86) 0.00037**
SOCS2 contains platin 262 216 1.3 (1.03-1.64) 0.026*
contains taxol 198 159 1.24 (0.94-1.66) 0.13
SOCS3 contains platin 287 191 1.24 (0.98-1.57) 0.07
contains taxol 221 136 1.22 (0.91-1.63) 0.19
SOCS4 contains platin 260 218 0.89 (0.71-1.13) 0.33
contains taxol 198 159 0.82 (0.61-1.09) 0.17
SOCS5 contains platin 679 730 1.41 (1.22-1.62) 1.8e-06**
contains taxol 416 377 1.48 (1.23-1.79) 3.5e-05**
SOCS6 contains platin 125 353 1.15 (0.88-1.5) 0.3
contains taxol 239 118 0.79 (0.57-1.09) 0.15
SOCS7 contains platin 269 209 1.33(1.05-1.67) 0.016%*
contains taxol 239 118 1.38 (1.03-1.85) 0.03*
CIs contains platin 353 125 1.32 (1.03-1.69) 0.03*
contains taxol 267 90 1.31 (0.96-1.79) 0.091

1Cases-low: patient number-low expression of the corresponding gene. 2Cases-high: patient
number-high expression of the corresponding gene. *P < 0.05, **P < 0.01.

Table 7. Correlation of SOCS family members with debulk status of OC

patients
Gene Debulk Case-low! Case-high? HR (95% Cl) p-value
S0CSs1 optimal 245 556 0.85 (0.68-1.05) 0.13
suboptimal 213 323 0.8 (0.65-0.98) 0.03*
S0OCS2 optimal 60 183 1.34 (0.81-2.21) 0.26
suboptimal 117 118 1.52 (1.13-2.05) 0.0055**
SOCS3 optimal 112 131 1.73 (1.13-2.64) 0.01*
suboptimal 59 176 0.75 (0.54-1.05) 0.096
S0OCS4 optimal 166 77 1.45 (0.95-2.21) 0.082
suboptimal 161 74 0.76 (0.55-1.06) 0.11
SOCS5 optimal 383 418 1.7 (1.38-2.09) 3.7e-07**
suboptimal 307 229 1.28 (1.05-1.57) 0.015*
SOCS6 optimal 172 71 0.4 (0.23-0.7) 0.001**
suboptimal 174 61 1.41 (1.01-1.95) 0.041*
SOCS7 optimal 170 73 1.17 (0.76-1.8) 0.47
suboptimal 170 65 1.58 (1.15-2.18) 0.0045**
CIS optimal 158 85 0.62 (0.4-0.96) 0.031*
suboptimal 116 119 1.38 (1.02-1.86) 0.0371*

‘Cases-low: patient number-low expression of the corresponding gene. 2Cases-high: patient
number-high expression of the corresponding gene. *P < 0.05, **P < 0.01.

colorectal cancer sequence [48]. In contrast,
another research provided the evidence that
SOCS2 exerted growth promoting effects in
prostate cancer [49]. This conclusion was con-
sistent with our data. One investigation that
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focused on SOCS2 and
OC only reported th-
at hypermethylation of
SOCS2 has been de-
tected in OC [50]. The-
se controversial con-
clusions might be due
to different tumor ty-
pes. Our data revealed
that high mRNA expres-
sion of SOCS2 was as-
sociated with poor sur-
vival of OC patients.
However, the mRNA
level and FPKM value of
SOCS2 was lower in
ovarian malignant tis-
sues in both On-comine
and HPA database anal-
ysis. We did not consid-
er SOCS2 as a prognos-
tic indicator in our study.
It is worth noting that
the protein expression
of SOCS2 in OC tissue
was maintained at high
and medium levels. How-
ever, the sample size of
these immunohistoch-
emical data from HPA
was inadequate.

SOCS3 is structurally
similar with SOCS1 and
both of them are JAK
kinase strong inhibitors
due to the unique KIR
domain, which is critical
for JAK inhibition [51].
SOCS3 participates in
tumor development and
progression, but its fun-
ctions are highly depen-
dent on tumor types.
SOCS3 was undetect-
able in human lung,
liver, and head and neck
cancers, which provided
a growth advantage for

tumor cells [52-54]. In contrast, SOCS3 that
was expressed in breast cancer, prostate can-
cer and glioblastoma, further promoted cancer
cell growth and even enhanced the resistance
of glioblastoma to radiation therapy [43, 55,
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56]. Reduced expression or silencing of SOCS3
was considered having a correlation with con-
stitutive STAT3 activation, which in turn promot-
ed tumorigenesis via activating tumor-promot-
ing genes [57]. In our study, mRNA expression
of SOCS3 exhibited no significant connection to
the survival of OC patients.

Several researches have already found that
SOCS4 could suppress tumor growth [58, 59].
High mRNA expression of SOCS4 was signifi-
cantly associated with better clinical outcome
in breast cancer [60]. In contrast, SOCS4
hypermethylation indicated a poor prognosis
for GC patients [58]. Although SOCS4 expres-
sion is significantly higher in ovarian cancer tis-
sues than that in normal controls, there is no
correlation between SOCS4 expression and
overall survival in OC patients. Interestingly, OC
patients with increased SOCS4 expression had
a better progression-free survival.

It was generally accepted that SOCS5 pos-
sessed the tumor suppression ability [44, 61].
SOCS5 inhibited the invasion and metastasis
of pancreatic cancer by inactivating the JAK/
STAT3 signaling pathway [60, 62]. SOCS5 nega-
tively regulated cell growth and cell cycle pro-
gression in T-cell lineage acute lymphoblastic
leukemia [63]. In addition, SOCS5 reacted
against the maintenance of cancer stem cell
characteristics and chemoresistance in hepa-
tocellular carcinoma [64]. On the contrary,
recent study found that SOCS5 was significant-
ly overexpressed in hepatocellular carcinoma
tissues, and its overexpression caused tumor
cell migration and invasion by blocking PI3K/
Akt/mTOR-mediated autophagy [65]. There are
more studies that revealed the conflicting
tumor-promoting and tumor-suppressive roles
of SOCS5. The biological function of SOCS5 in
multiple cancers is critical yet incompletely
understood. Our data showed that SOCS5
might act as a promotor and strongly support
ovarian tumor progression. It suggested that
SOCS5 might be used as therapy target for OC
treatment. Further studies are needed to shed
more light on the growth-promoting mecha-
nisms of SOCS5 in OC.

SOCS6, known as an important regulator in
insulin signaling, was reduced in many cancers
such as colorectal cancer, prostate cancer,
hepatocellular cancer [45, 48, 66]. SOCS6 was
frequently down-regulated and showed a sup-
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pressive role in gastric cancer [67]. SOCS6 also
participated in suppression of cell growth and
metastasis in Kaposi's sarcoma cells [68]. In
our study, a significant correlation was found
between SOCS6 expression and survival of OC
patients. However, we found that the prognos-
tic values of SOCS6 in early stage and advanced
stage patients are inconsistent. SOCS6 overex-
pression was associated with a favorable OS in
early stage patients, while its overexpression
indicated poor OS in advanced stage patients.
These data demonstrated that SOCS6 might be
involved in ovarian tumor progression.

Few investigations are currently available about
the functions of SOCS7 in multiple human
tumors. Increased SOCS7 mMRNA expression
was related to a favorable prognosis in human
breast cancer [60]. An increased expression of
SOCS7 impaired the aggressive action of pros-
tate cancer cells through terminating the JAK-
STAT3 pathway activation [69]. Here, we found
that SOCS7 was highly expressed in OC patients
compared with that of the normal control, and
increased level of expression of this gene was
significantly associated with unfavorable sur-
vival of OC patients. Our results laid a founda-
tion for the potential possibility of SOCS7
regarded as a promising therapeutic target for
OC treatment.

In addition, we also investigated the relation-
ship between SOCS members and OC patients
with different therapeutic strategies. Specific
SOCS family members could be used to predict
the prognosis of OC patients. Hence, different
chemotherapy regimens and different types of
surgeries could be designed for the patients.
According to the results of our data, it is likely
that inhibiting the expression of some SOCS
member may provide a possibility to improve
the survival rate of OC patients. Therefore, che-
motherapy or surgery combine with specific
SOCS targeted agents such as a SOCS activa-
tor or inhibitor might improve therapeutic effi-
cacy for OC. More attention should be given to
achieve this promising and meaningful clinical
possibility.

The current treatment outcomes of OC remain
disappointing, it is highly necessary to find clini-
cal and molecular determinants associated
with the outcome of OC to develop novel thera-
peutic approaches. Our bioinformatics study
explained the prognostic values of SOCS family
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members in ovarian cancer. Specifically,
SOCS1, SOCS5 and SOCS7 displayed an
increased expression at the mRNA level in OC
patients and overexpression of these genes is
significantly associated with the survival of OC
patients. Therefore, SOCS1 could potentially be
an effective prognostic biomarker for improving
the survival of OC patients. On another hand,
targeting SOCS5 and SOCS7 may provide a
potential therapeutic approach for OC treat-
ment. Furthermore, overexpression of SOCS1
might exhibit a potent antitumor effect against
OC. Although the protein level of SOCSs and the
detailed mechanisms need further investiga-
tions to clarify, our present data validated and
supported bioinformatics as an appropriate
starting point for analyzing human ovarian can-
cer and discovering novel biomarkers and ther-
apeutic targets for OC.
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Supplementary Table 1. The specific Affyme-
trix ID of each SOCS member in Kaplan-Meier

plotter

Gene Affymetrix ID
SOCS1 210001 _s_at
SOCS2 232539_at
SOCS3 227697_at
S0CSs4 226178_at
SOCS5 209648_x_at
SOCS6 227542_at
SOCS7 228662_at
CISH 223377_x_at

Supplementary Table 2. Protein expression patterns of each
SOCS member in OC using the HPA

Gene Antibody High Medium Low Not-detected Total

SOCS1 CAB010355 2 6 4 0 12

SOCS2 CAB010356 2 10 0 0 12

SOCS3 CAB012220 O 4 4 3 11

SOCS4 CABO13478 1 3 0 8 12

SOCS5 CAB025510 4 5 0 3 12

SOCS6 CAB010189 O 5 7 0 12

SOCS7 HPAO04475 3 0 0 8 11

CISH HPA040812 2 3 3 4 12
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Supplementary Figure 1. Progression-free survival analysis of SOCS1 (A), SOCS2 (B), SOCS3 (C), SOCS4 (D), SOCS5
(E), SOCS6 (F), SOCS7 (G), CIS (H) in OC patients using Kaplan-Meier plotter. Patients with expression above the
median are indicated in red line, and patients with expressions below the median are indicated in black line. HR
means hazard ratio.
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Supplementary Figure 2. Progression-free survival analysis of SOCS1 (A), SOCS2 (B), SOCS3 (C), SOCS4 (D), SOCS5
(E), SOCS6 (F), SOCS7 (G), CIS (H) in OSC patients using Kaplan-Meier plotter. Patients with expression above the
median are indicated in red line, and patients with expressions below the median are indicated in black line. HR
means hazard ratio.



