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ABSTRACT
Objective: The study aims to explore the relationship between expressions of HER2 and JAK/STAT3-SOCS3
signaling pathway and clinicopathological features and prognosis of ovarian cancer (OC).
Methods: A total of 136 OC patients were collected. Immunohistochemistry was applied to measure the
expressions of STAT3, p-STAT3, SOCS3, HER2 and p-HER2 in the tumor tissues and adjacent normal tissues.
Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the mRNA expressions of
HER2, SOCS3 and STAT3 and western blotting was applied for protein expressions of HER2, p-HER2,
SOCS3, STAT3 and p-STAT3 in the tumor tissues and adjacent normal tissues. Flow cytometry was used for
the cell apoptosis in the blank, afatinib (A), ruxolitinib (R) and afatinib C ruxolitinib (A C R) groups. Follow-
up was performed to explore relationship of HER2, SOCS3, and STAT3 expressions with survival time of OC
patients.
Results: HER2, p-HER2, STAT3, and p-STAT3 expressions were higher while SOCS3 expression was lower
in the tumor tissues. The positive expressions of STAT3, HER2, p-HER2 and p-STAT3 were lower while
the positive expression of SOCS3 was higher in the adjacent normal tissues. The expressions of HER2,
SOCS3, and p-STAT3 were associated with clinical stage and lymph node metastasis (LNM), and STAT3
expression has correlation with histological grade and LNM. The mRNA and protein expressions of
HER2, STAT3 and p-STAT3 in the tumor tissues were higher than those in the adjacent normal tissues,
but SOCS3 expression was significantly decreased. The positive expressions of HER2, p-HER2 and
STAT3, the negative expression of SOCS3 and pathological stages were important risk factors for the
prognosis of patients with OC.
Conclusion: Our study showed that the expressions of HER2, STAT3, and SOCS3 are associated with the
progression of OC, and higher expressions of HER2 and STAT3 and lower expression of SOCS3 predict
poor prognosis of OC.
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Introduction

Ovarian cancer (OC) remains one of the first gynecological kill-
ers all over the world, which is the fifth leading cause of cancer
death in women with high incidence rates.1,2 OC cannot be
diagnosed because it accounted for 75% patients with advanced
disease (stage III) or distant metastasis (stage IV), so that the
survival rate is relatively low.3,4 The present treatment of
patients with advanced OC are surgery and platinum-based
chemotherapy, but strategies of OC recurrence are not stan-
dardized and clear.5-7 Tumor prognostic markers are useful in
evaluating therapeutic response and monitoring relapse.8

Therefore, it is necessary to have a better understanding of

molecular alterations in OC to identify novel targets for early
detection and improved treatment.

As a member of the epidermal growth factor receptor
(EGFR) family of receptor tyrosine kinases (RTKs), human
epidermal growth factor receptor 2 (HER2) is located on chro-
mosome 17q12»21 and encodes a tyrosine kinase receptor of
185 kDa, the overexpression of which has been shown in 25%
to 30% of OC.9,10 Over expression of HER2 protein is con-
nected to OC poor prognosis as an independent prognostic
factor, and patients with high expression of HER2 tends to get
worse survival rates.9 Signal transducer and activator of tran-
scription 3 (STAT3) belongs to 7 different transcription factors
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that are important in cytokine signaling as an acute-phase
response factor, constitutive activation of which is found in a
variety of tumor cells and human tumors including breast, hae-
matopoietic and OC.11 As a member of the JAK/STAT signal-
ing family, STAT3 signaling promotes initiation and
progression of human cancers by inhibiting apoptosis or induc-
ing cell proliferation, angiogenesis, invasion, and metasta-
sis.12,13 Janus kinase (JAK) was tyrosin kinase which meditated
signal pathway by STAT adjacent to cytoplasma.11 JAK/STAT3
is a major signaling pathway that is associated with aberrantly
activation in OC, tumor progression and poor prognosis, which
shows inhibition of JAK/STAT3 signaling pathways could sig-
nificantly suppress dissemination of tumor cells into the perito-
neal cavity and the production of ascites in vivo.14 Suppressors
of cytokine signaling 3 (SOCS3) regulator expression is initially
induced by STAT3 signaling, which could bind to the catalytic
domain of JAK and prevent STAT3 phosphorylation by nega-
tive feedback regulation.15 In the breast of a lesser extent, SOCS
gene hypermethylation and silencing could increase the respon-
siveness of cytokines in the tissues, which would facilitate the
tumor occurrence.16 Therefore, our study aims to explore the
relationship between HER2 and JAK/STAT3-SOCS3 signaling
pathway and clinicopathological features and prognosis of OC.

Results

Expressions of HER2, p-HER2, SOCS3, STAT3 and p-STAT3

The expressions of HER2, p-HER2, SOCS3, STAT3 and
p-STAT3 in the adjacent normal tissues were significantly
different compared with those in the tumor tissues by immuno-
histochemistry (Fig. 1). HER2 and p-HER2 were mainly
expressed in the cell membrane, and there were no obvious tan
particles in the adjacent normal tissues, while in the tumor tis-
sues, there were obvious tan particles in the membrane tissue.
In contrast, the expression of SOCS3 was higher in the adjacent
normal tissues than in the tumor tissues, and the yellow par-
ticles were not detected in the tumor tissues. The expressions of
STAT3 and p-STAT3 indicated that there were dense particles
in tumor tissues, while less particles in the adjacent normal

tissues. The results of positive rate showed that SOCS3 was
higher in the adjacent normal tissues than in the tumor tissues,
while the positive rates of HER2, p-HER2, STAT3 and
p-STAT3 were higher in the tumor tissues than that in adjacent
normal tissues (all P < 0.05).

Correlation between expressions of HER2, p-HER2, SOCS3,
STAT3 and p-STAT3 and clinicopathological features of OC

According to the staining results and the clinicopathologi-
cal features (Table 2), the expressions of HER2, SOCS3
and STAT3 were correlated with clinicopathological fea-
tures of OC. The expressions of SOCS3, HER2 and p-
HER2 were associated with clinical stages and lymph node
metastasis (LNM), the expression of STAT3 was related to
histological grade and LNM, and p-STAT3 was correlated
with clinical stages and LNM (all P < 0.05). No significant
association of age and tumor types with the expressions of
HER2, p-HER2, SOCS3, STAT3 and p-STAT3 was found
(all P > 0.05). The results indicated that the expressions of
HER2, p-HER2, SOCS3, STAT3 and p-STAT3 were directly
related to the differentiation and development of tumor
cells.

The mRNA expressions of HER2, SOCS3 and STAT3 in OC

The results of qRT-PCR reflected that the mRNA expres-
sions of HER2, SOCS3 and STAT3 in the adjacent normal
tissues were significantly different from those in the tumor
tissues. Compared with the adjacent normal tissues, the
mRNA expressions of HER2 and STAT3 in the tumor tis-
sues were significantly higher compared with the adjacent
normal tissues(both P < 0.05). The mRNA expression of
SOCS3 was significantly lower in the tumor tissues com-
pared with that in the adjacent normal tissues (P < 0.05)
(Fig. 2). According to the correlation analysis, HER2 was
positively correlated with STAT3, SOCS3 was negatively
correlated with STAT3 and HER2 (r D 0.830, ¡0.954 and
¡0.900, respectively, P < 0.01).

Protein expressions of HER2, p-HER2, SOCS3, STAT3 and
p-STAT3 in OC

The protein expressions of HER2, p-HER2, SOCS3, STAT3
and p-STAT3 detected by western blotting were consistent

Figure 1. The expressions of HER2, p-HER2, SOCS3, STAT3 and p-STAT3 tested by
immunohistochemistry. Note: HER2, human epidermal growth factor receptor 2; p-
HER2, phosphorylated HER2; SOCS3, suppressors of cytokine signaling 3; STAT3,
signal transducer and activator of transcription 3; p-STAT3, phosphorylated STAT3;
�, P < 0.05 compared with the adjacent normal tissues.

Table 1. Primer sequences used in the study.

Gene Primer sequence

HER-2 F: 50-CATCAACTGCACCCACTCCTGT-30
R: 50-ACCAGCAGAATGCCAACCACC-30

SOCS3 F: 50-ATGGTCACCCACAGCAAGTT-30
F: 50-CTGTCGCGGATAAGAAAGGT-30

STAT3 F: 50-AACGACCTGCAGCAATACCA-30
R: 50-TCCATGTCAAACGTGAGCGA-30

GAPDH F: 50-GCGAGATCCCGCTAACATCA-30
R: 50- CTCGTGGTTCACACCCATCA-30

Notes: HER-2, human epidermal growth factor receptor 2; SOCS3, suppressors
of cytokine signaling 3; STAT3, signal transducer and activator of transcription
3; GAPDH, glyceraldehyde phosphate dehydrogenase; F, forward; R, reverse.
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with the results of mRNA expressions by qRT-PCR
(Fig. 3). Compared with the adjacent normal tissues, the
expressions of HER2, p-HER2, STAT3 and p-STAT3 in
the tumor tissues were significantly higher (all P < 0.05).
The expression of SOCS3 was significantly lower in the
tumor tissues compared with the adjacent normal tissues
(P < 0.05). According to the correlation analysis, HER2
and STAT3 were positively correlated, SOCS3 was nega-
tively correlated with HER2, p-HER2, STAT3 and p-
STAT3 (r D 0.854, ¡0.937, ¡0.932, ¡0.943, respectively,
P < 0.01). The results suggested that the increased expres-
sions of HER2 and STAT3 could promote the formation
of tumor cells, and SOCS3 might inhibit tumor differentia-
tion and proliferation.

Survival conditions and risk factors for prognosis of
OC patients

The median survival time was 24 months in 136 patients. The
survival rates of 6, 12, 24, and 48 months were 88.2%, 78.7%,
52.9%, and 22.8%, respectively. The expressions of HER2,
SOCS3 and STAT3 were sorted out, and the effects on the sur-
vival rates were shown in Fig. 4. The median survival time of
HER2-positive patients was 14 months, while it was 28 months
for the HER2-negative patients (P< 0.05). The median survival
time of p-HER2-positive patients was 14 months, while it was
30 months for the p-HER2-negative patients (P < 0.05). The
median survival time was 24 months in SOCS3-negative
patients while 40 months in SOCS3-positive patients (P <

0.05). The median survival time of STAT3-positive patients
was lower than that of STAT3-negative patients, which were 19
months and 28 months, respectively. The median survival time
of p-STAT3-positive patients was lower than that of p-STAT3-
negative patients, which were 18 months and 35 months,
respectively. The results of multivariate survival analysis
(Table 3) showed that the positive expressions of HER2, p-
HER2 and STAT3, the negative expression of SOCS3 and path-
ological stages were important risk factors for the prognosis of
patients with OC (all P < 0.05). Therefore, the positive expres-
sions of HER2, p-HER2 and STAT3 and the negative expres-
sion of SOCS3 would shorten the survival time of patients with
OC.

Cell apoptosis in the blank, A, R and A C R groups

As shown in Fig. 5, in comparison to the blank group, the
apoptosis rates in the afatinib, ruxolitinib and afatinib C
ruxolitinib groups were significantly increased (all P <

0.05). There were no significant differences between the afa-
tinib group and ruxolitinib group (P > 0.05). The apoptosis
rate in the afatinib C ruxolitinib group was significantly
higher compared with the afatinib group and ruxolitinib

Figure 2. The mRNA expressions of HER2, SOCS3 and STAT3. Note: HER2, human
epidermal growth factor receptor 2; SOCS3, suppressors of cytokine signaling 3;
STAT3, signal transducer and activator of transcription 3; �, P < 0.05 compared
with the adjacent normal tissues.

Table 2. Expressions of HER-2, p-HER-2, SOCS3, STAT3 and p-STAT3 with clinicopathological features of ovarian cancer.

HER2 p-HER2 SOCS3 STAT3 p-STAT3

clinicopathological features Case positive negative P positive negative P positive negative P positive negative P positive negative P

Age (years)
� 50 51 15 36 0.885 17 34 0.434 20 31 0.448 32 19 0.927 27 24 1.000
> 50 85 26 59 22 63 39 46 54 31 45 40

Pathological type
Serous carcinoma 72 21 51 0.497 21 51 0.829 30 42 0.584 47 25 0.183 38 34 0.826
Mucinous carcinoma 36 14 22 14 22 15 21 18 18 21 15
Endometrioid carcinoma 15 3 12 3 12 9 6 12 3 7 8
Clear-cell carcinoma 13 3 10 3 10 5 8 9 4 6 7

Histological grade
High-middle differentiation 52 13 39 0.303 13 39 0.846 28 24 0.053 27 25 0.031 28 24 0.868
Poor differentiation 84 28 56 28 56 31 53 59 25 44 40

Clinical stage
Early stage 56 7 49 < 0.001 7 49 0.002 33 23 0.002 33 23 0.384 20 36 0.001
Terminal stage 80 34 46 34 46 26 54 53 27 52 28

Lymph node metastasis
With 59 23 36 0.049 23 36 < 0.001 18 41 0.008 46 13 0.002 40 19 0.002
Without 77 18 59 18 59 41 36 40 37 32 45

Notes: HER-2, human epidermal growth factor receptor 2; p-HER2, phosphorylated HER2; SOCS3, suppressors of cytokine signaling 3; STAT3, signal transducer and activa-
tor of transcription 3; p-STAT3, phosphorylated STAT3.
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group (P < 0.05), indicating that ruxolitinib combined with
afatinib could kill ovarian cancer cells.

Discussion

In the western world, OC has become the leading risk of
death from the gynecologic tumors.17 For the past years,
the standard therapies for patients with OC have been plat-
inum-based chemotherapy and surgery,5 while treatment of
OC remains challenging in spite of many advances in ther-
apeutic choices, and the molecular-targeted therapy is

applied for earlier stages of the treatment.18 This paper
explored the effects of HER2, STAT3 and SOCS3 signaling
pathway on OC via exploring the expressions of HER2,
SOCS3 and STAT3 in tumor tissues and adjacent normal
tissues.

From this study, we could see that the mRNA and protein
expressions of HER2, STAT3 and p-STAT3 in the tumor tis-
sues were significantly higher, while the expression of SOCS3
was relatively lower. The results suggested that the increased
expressions of HER2 and STAT3 could promote the formation
of tumor cells, and SOCS3 might inhibit tumor differentiation

Figure 4. Correlations of the survival curves of patients within 24 months with HER2, p-HER2, SOCS3, STAT3 and p-STAT3. Note: (A) Correlation between expression of
HER2 and the survival time of patients; (B) correlation between expression of SOCS3 and the survival time of patients; (C) correlation between expression of STAT3 and
the survival time of patients; (D) correlation between expression of p-STAT3 and the survival time of patients; (E) correlation between expression of p-HER2 and the sur-
vival time of patients; HER2, human epidermal growth factor receptor 2; p-HER2, phosphorylated HER2; SOCS3, suppressors of cytokine signaling 3; STAT3, signal trans-
ducer and activator of transcription 3; p-STAT3, phosphorylated STAT3.

Figure 3. The protein expressions of HER2, p-HER2, SOCS3, STAT3 and p-STAT3. Note: (A) Western blotting detected the protein expressions of HER2, p-HER2, SOCS3,
STAT3 and p-STAT3; (B) relative protein expression levels of HER2, p-HER2, SOCS3, STAT3 and p-STAT3; HER2, human epidermal growth factor receptor 2; p-HER2, phos-
phorylated HER2; SOCS3, suppressors of cytokine signaling 3; STAT3, signal transducer and activator of transcription 3; p-STAT3, phosphorylated STAT3; �, P < 0.05 com-
pared with the adjacent normal tissues.
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and proliferation. In accordance with the results in our study, a
previous study has revealed that STAT3 is an important tran-
scription factor which involves in apoptosis and cell cycle
progression.19 The overexpression of HER2/neu oncogene
appeared in about 15»30% of OC.20 And it has been demon-
strated that HER2 has effects on biologic targeting therapy of
metastatic disease and is the most promising predictive factor
for breast cancer.21 Some relevant researches showed that when
STAT3 was continually activated, the expression of anti-apo-
ptotic Bcl¡2 protein, cyclinD1, vascular endothelial growth fac-
tor VEGF would be induced to upregulate and matrix

metalloproteinase (MMP) was induced to downregulate, and
these factors could promote cell proliferation, inhibit cell apo-
ptosis and promote cell invasion and metastasis in OC.22-25

However, the study indicated that the expression of STAT3 was
negatively correlated with the expression of SOCS3 in gastric
cancer.26 And STAT3 plays a role in inhibiting the growth of
OC.27 All of these studies have demonstrated the above results
in this paper.

Furthermore, our study indicated that patients with positive
expressions of HER2, STAT3 and p-STAT3 or with negative
expressions of SOCS3 had shorter survival time. It is suggested

Table 3. Multivariate survival analysis of risk factors for prognosis in patients with ovarian cancer.

B SE Wald P Exp (B) 95%CI

Clinical grade 0.015 0.248 0.003 0.953 1.015 0.623–1.651
Pathological stage 0.675 0.262 6.669 0.010 1.965 1.177–3.281
Lymph node metastasis ¡0.052 0.272 0.036 0.850 0.950 0.577–1.619
Positive expression of HER2 0.594 0.227 6.826 0.009 1.811 1.160–2.827
Positive expression of p-HER2 1.023 0.263 15.094 <0.001 2.781 1.660–4.658
Positive expression of SOCS3 ¡1.058 0.262 16.295 <0.001 0.347 0.208–0.580
Positive expression of STAT3 0.503 0.229 4.837 0.028 1.654 1.056–2.589
Positive expression of p-STAT3 0.401 0.270 2.197 0.138 1.493 0.879–2.535

Notes: B, the partial regression coefficient; SE, the standard error of the partial regression coefficient; Wald, whether the difference was statistically significant when the
overall partial regression coefficient was compared with 0; Exp (B), the relative risk degree; 95%CI, the 95% confidence interval; HER-2, human epidermal growth factor
receptor 2; p-HER2, phosphorylated HER2; SOCS3, suppressors of cytokine signaling 3; STAT3, signal transducer and activator of transcription 3; p-STAT3, phosphorylated
STAT3.

Figure 5. The apoptosis rates of human ovarian cancer cells in the blank, afatinib, ruxolitinib and afatinib C ruxolitinib groups were detected by flow cytometry with
AnnexinV-FITC/PtdIns double staining.
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that expressions of these 4 factors and pathologic stages were
important risk factors for the prognosis of patients. It is also
suggested that HER2 and STAT3 may be important index for
the formation, metastasis and prognosis of gynecological
tumors and provide a new way for clinical diagnosis and tar-
geted therapy of gynecologic tumors. HER2 expression was cor-
related with the poor prognosis of OC.9 Some relevant
researches have revealed that STAT3 plays an important role in
the generation and development of human cancer, the positive
expression of STAT3 is significantly correlated with increasing
tumor grade.28-29 It is reported that knockdown of SOCS3
expression led to reduced let-7-mediated effects in cancer cells,
which can inhibit tumor differentiation and proliferation.15

And the suppression of SOCS3 can prevent cancer metastasis.30

In this study, it was also found that the expressions of SOCS3,
HER2, p-HER2 and p-STAT3 were correlated with clinical
stages and LNM. In the study reported by Deng et al., SOCS3
can suppress LNM in gastric cancer.31 Consistent with this
result, it is also studied that STAT3 and pSTAT3 were found to
be associated with LNM and cell survival in cancer.32 HER2
expression is essential for the treatment of gastric cancer with
extensive LNM.33

In conclusion, these results have demonstrated that expres-
sions of HER2, SOCS3 and STAT3 are related to the progres-
sion of OC. High expressions of HER2 and STAT3 and low
expression of SOCS3 are associated with poor prognosis in
patients with OC. Therefore, the expressions of HER2, STAT3
and SOCS3 may be a prognostic indicator for the prognosis of
OC, and will provide a theoretical basis for the biologic treat-
ment of OC.

Materials and methods

Ethics statement

All research subjects in this study met the inclusion and exclu-
sion criteria. And this study was approved by the Ethics Com-
mittee of The First People’s Hospital of Yancheng City and The
Sixth People’s Hospital of Yancheng, and all patients were
informed and signed the informed consent.

Clinical sample collection

From February 2009 to January 2012, a total of 136 OC
patients in the Department of Gynecology of The First Peo-
ple’s Hospital of Yancheng City and The Sixth People’s
Hospital of Yancheng were collected, aged 21 »83 y old,
and the median age was 54 y. According to World Health
Organization (WHO) standard for preliminary histological
classification and grading,34 there were 72 cases of serous
cystadenocarcinoma, 15 cases of endometrial carcinoma, 13
cases of clear cell carcinoma, and 36 cases of mucinous cys-
tadenocarcinoma. Patients included 52 cases of high-middle
differentiation and 84 cases of poor differentiation, and 77
cases without lymph node metastasis (LNM) and 59 cases
with LNM. The surgical staging of international Federation
of Gynecology and Obstetrics (FIGO) was adopted in
2000,35 which included 56 cases of early stage (stage I and
stage II) and 80 cases of advanced stage (stage III and IV).

All samples were collected by surgeries. Tumor tissues and
adjacent normal tissues (5 cm from the tumor site) were
collected, part of which was stored in liquid nitrogen and
fixed with 10% formalin. All samples were confirmed by
histopathology, excluding gynecological diseases (by medical
history, gynecological examination and color ultrasound
examination), and patients had no radiotherapy and chemo-
therapy before operation.

Immunohistochemistry

Fixed by 10% formalin, the tumor tissues and adjacent normal
tissues were collected, cut into 4 mm and paraffin-embedded.
Then samples were baked for 30 min at 65�C and washed
3 times with double distilled water with dewaxing and hydra-
tion. Tissues were soaked for 15 min by using 3% aquae hydro-
genii dioxidi, washed 3 times with 0.01 mol/L Phosphate
Buffered Saline (PBS) buffer, soaked by citrate buffer, incubated
for 15 min in boiled water and cooled sufficiently. PBS buffer
was used to flush tissues 3 times and primary antibody was
added into samples with incubation in a refrigerator at 4�C
overnight. After flushing with PBS 3 times, tissues were added
with secondary antibody and incubated for 20 min at constant
temperature of 37�C. Using PBS buffer to flush 3 times, tissues
were supplemented with streptavidin-perosidase (SP) liquid for
incubating 20 min at 37�C. PBS buffer was used again to wash
3 times. Diallyl maleate (DAM) was used for staining and
hematoxylin was used for re-dyeing. After dehydration and
mounting, Olympus BX51 (Olympus, JP) was applied for
observation and photograph. The primary antibodies rabbit
anti-mouse HER2, SOCS3, STAT3 and p-STAT3 were diluted
for 1:50 with Tris Buffered saline (TBS), and the secondary
antibody IgG-CY3 were diluted for 1:200 with TBS, and all
were purchased from the America uptake company (Chicago,
USA). Stained cells were generally tan particles and the score
was evaluated according to the percentage of positive cells and
staining intensity. Detailed criteria were as follows: 0 score for
without color or with unobvious color, 1 score for pale yellow,
2 scores for tan and 3 scores for puce. The standard for the per-
centage of positive cells: < 5% recorded 0 score, 5%»25%
recorded 1 score, 26%»50% recorded 2 scores and > 50%
recorded 3 scores. Two scores were added up to final score:
0»1 score was negative (¡); 2»3 scores indicated weakly posi-
tive (C), 4»6 scores were positive (CC). In this study, “¡”and
“C” were regarded as negative, and “CC”was positive.

Quantitative real time polymerase chain reaction
(qRT-PCR)

RNeasy micro kit (QIAGEN, GmbH, Germany) was used to
extract RNA from tumor tissues and adjacent normal tissues.
Total RNA reverse transcription was performed using TaqMan
MicroRNA Reverse Transcription (Applied Biosystem, CA,
USA). The total reaction system was 15 mL, and reaction condi-
tions were at 16�C for 30 min, at 42�C for 30 min and at 85�C
for 5 min. The qRT-PCR detection was conducted by TaqMan
Universal PCR kit (Applied Biosystem, CA, USA). The reaction
condition was at 95�C with a warm start for 10 min, and then
at 95�C for 15 s and at 60�C for 1 min, with 40 cycles. And
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qRT-PCR was conducted by ABI 7500 (Applied Biosystem, CA,
USA). The experiment was repeated 3 times with glyceralde-
hyde phosphate dehydrogenase (GAPDH) as a reference gene.
Table 1 shows the primer sequences. And 2¡DDC method was
used for relative quantification.

Western blotting

After being washed by PBS, tumor tissues and adjacent normal
tissues were added with cell lysis solution containing a moder-
ate amount of protease inhibitor. Samples were shaken for
5 min at 4�C and centrifuged at 12000 £ g for 10 min at 4�C.
The supernatant was collected and protein was extracted by
proteome Mammalian Protein Prer kit (QIAGEN, GmbH,
Germany). After measuring the corresponding protein concen-
tration, balancing was performed, and the protein was added
with 6 £ buffer samples and heated to 100�C, and then stored
at ¡20�C for use. A total of 50 mg protein was obtained for
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to nitrocellulose membranes by
siphon action. After blocking by the skim milk, HER2, rabbit
anti-human phosphorylated HER2 IgG, SOCS3, STAT3 and
STAT3 phosphorylated antibodies (sc-7993) were diluted with
TBS (1:50) for incubation overnight. Tris-buffered Saline with
Tween 20 (TBST) washed membranes 4 times, with 10 min
each time. Then IgG marked by IRDyeTM800DX (1:200) was
added into membranes to incubate for 1 h, and membranes
were washed with TBST 4 times and developed with developing
substrate. The antibodies were purchased from the America
uptake company (Chicago, USA) and phosphorylated antibod-
ies were from Santa Cruz (Argentina). Quantitative analysis of
the protein bands was conducted by Lab Works Image Acquisi-
tion and Analysis Software (UVP, Inc., Upland, CA, USA) for
the relevant protein concentration.

Ovarian cancer cell extraction and culture
Tissues from advanced ovarian cancer were cut into pieces
(1–2 mm) and placed into the centrifuge tube (50 mL).
After addition of 0.25% trypsin (20 mL) contaning ethyle-
nediamine tetraacetic acid (EDTA), tissues were digested in
a 37�C water bath for 30–40 min, then added with 20 mL
McCoy’s 5A medium (PYG0057, Boster Biological Technol-
ogy Company, Wuhan, China) to neutralize the trypsin and
transferred into the centrifuge tube (15 mL) after filtration.
The supernatant was removed after centrifugation at 1000
£ g for 5 min and 4 mL McCoy’s 5A medium was added
for cell suspension. PBS was used to make 90% and 45%
cell separation medium. Two centrifuge tubes (15 mL) were
obtained for addition with 90% cell separation medium
(4 mL), 45% cell separation medium (4 mL) and cell sus-
pension (2 mL) on the separation medium, and then centri-
fuged at 1500 £ g for 30 min. After centrifugation, there
was cell medium, ovarian cancer cells, fibroblasts and eryth-
rocytes from top to bottom. Ovarian cancer cells were
extracted and transferred into the new centrifuge tube
(15 mL). Cells were added with 3 times volume of McCoy’s
5A medium, blown and centrifuged at 1000 £ g for 5 min,
with repetition 3 times. The obtained cells were placed into
the new culture dish with addition of McCoy’s 5A medium

for culture. The medium was replaced every 2 or 3 d and
the growth of cells was observed.

Flow cytometry with AnnexinV-FITC/PI double staining

Extracted ovarian cancer cells were assigned into the blank, afa-
tinib, ruxolitinib and afatinib C ruxolitinib groups. Afatinib
(No.20120406, purity > 99%) was purchased from Dalian Mei-
lun Biology Technology Co., Ltd. (Liaoning, China) and ruxoli-
tinib (No.Axon 1598) was from Beijing Shengkeboyuan
Biology Technology Co., Ltd. (Beijing, China). About 1 £ 106

cells were collected in each tube. Washed with pre-cooled PBS
3 times, cells were centrifuged for removal of the supernatant.
Cells were resuspended with 500 mL blinding buffer, reacted
with 5 mL annexin V-FITC and 5 mL PtdIns at room tempera-
ture for 15 min in the dark, and detected by flow cytometry.

Follow-up

The survival time of OC patients was followed up to analyze
correlation between the expressions of HER2, SOCS3, and
STAT3 and the survival period of OC patients. Follow-up
began from the time after operation to December 2015 by tele-
phone or review for 48 months with 2 times every 1 month. A
total of 127 cases had completed follow-up among 136 patients,
in which 9 patients were lost to follow-up.

Statistical analysis

SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA) was
applied for statistical analysis and measurement data was indi-
cated by mean § standard deviation (SD) (x § s). The compar-
ison between 2 samples was analyzed by t test, while the
comparison among multiple groups was analyzed by One-Way
analysis of variance (ANOVA) (homogeneity test of variance
was conducted before analysis). LSD-t test was used for pair-
wise comparisons among multiple groups, in which bilateral
P < 0.05 showed statistical significance. Pearson correlation
analysis was used for bivariate correlation analysis and Kaplan-
Meier log-rank test was applied to test survival analysis. Cox
proportional hazard model was used for multivariate survival
analysis.
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