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Purpose: SHP2 has roles in a variety of signal transduction pathways and in many important 

cellular processes, including proliferation, differentiation, movement regulation, and apoptosis. 

In addition, SHP2 expression is closely associated with multiple types of malignancies. In this 

study, we examined the role of SHP2 in epithelial ovarian cancer.

Patients and methods: SHP2 expression in cancer and normal ovarian tissue specimens was 

evaluated by immunohistochemical staining and Western blot analyses. The correlation between 

the SHP2 expression level and clinicopathological features was analyzed. The role of SHP2 

in epithelial ovarian cancer was evaluated by assessing SHP2 expression patterns in vitro and 

in vivo, and activation of the PI3K/AKT pathway was examined.

Results: SHP2 is expressed at higher levels in ovarian cancer tissues than in normal ovarian 

tissues and in an ovarian cancer cell line than in a normal ovarian cell line. On the basis of these 

findings, SHP2 is overexpressed in ovarian cancer both in vitro and in vivo. In addition, SHP2 

overexpression is associated with tumor stage and differentiation, enhanced cell proliferation 

and invasion, and tumorigenesis and metastasis.

Conclusion: SHP2 overexpression enhances ovarian tumor proliferation and invasion by activat-

ing the PI3K-AKT axis, indicating that SHP2 potentially plays a direct role in the pathogenesis 

of ovarian epithelial cell cancer. These novel findings provide key insights that are applicable 

to basic cancer research and to the prevention and treatment of cancer.
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Introduction
Ovarian cancer is one of the most common gynecological malignancies, and its 

mortality rate has significantly increased in recent years.1 However, the precise 

mechanisms underlying the pathogenesis of ovarian cancer remain unclear. Ovarian 

epithelial carcinoma accounts for ~85%–90% of ovarian cancer cases; therefore, 

studies identifying the expression patterns and clinical significance of novel epithelial 

ovarian cancer markers and prognostic indicators might provide valuable knowledge.2 

The balance between protein phosphorylation and dephosphorylation in vivo helps 

maintain normal biological functions, and a disruption of this balance contributes 

to the development of cancer.3 SHP2, a member of the protein tyrosine phosphatase 

(PTP) family of proteins, is encoded by the PTPN-11 gene. The SHP2 protein is a 

nonreceptor tyrosine phosphatase containing an SH2 domain and a PTP domain. SHP2 

cooperates with cytokines and growth factors in signaling pathways that are activated 

by extracellular stimuli and contributes to multiple cellular processes, including 

cell proliferation, differentiation, cell movement, and the regulation of cell death.4–7 

Abnormal expression of the SHP2 protein is associated with Noonan syndrome8–10 

and multiple malignancies, including leukemia,1,2 breast,11–13 liver,14–16 lung17–19 and 
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thyroid cancer.20 However, the expression pattern and clinical 

significance of SHP2 in ovarian cancer has not yet been 

reported. In the present study, we used immunohistochem-

istry assays to evaluate the expression of SHP2 in ovarian 

cancer tissue samples and 60 matched normal ovarian tissue 

samples from 60 patients with ovarian epithelial cancer, and 

we investigated the relationship between SHP2 expression 

and the pathological features and prognosis of ovarian epithe-

lial cancer. Plasmids expressing SHP2 were transfected into 

ovarian cancer cell lines in vitro, and the impacts of SHP2 

overexpression on cell invasion, apoptosis, proliferation, and 

the capacity to induce tumor formation in nude mice were 

subsequently investigated. The findings of this study might 

contribute to improvements in the diagnosis and prognosis 

of recurrent ovarian epithelial cancer.

Patients and methods
clinical specimens
Ovarian cancer tissues and matched normal tissue samples 

from 60 patients with epithelial ovarian cancer were evalu-

ated in this study. The age of the patients ranged from 23 to 

70 years, with a mean age of 43 years. The ovarian cancer 

tissue samples were obtained from surgeries performed at 

Zhongda Hospital, Southeast University (Nanjing, Jiangsu, 

China). A postoperative pathological diagnosis of ovarian 

cancer was confirmed using paraffin-embedded specimens. 

The patients had no history of receiving preoperative che-

motherapy, radiation, or other cancer treatments. All patients 

received 6–8 weeks of a standard postoperative chemotherapy 

treatment after providing informed consent. The study design 

was approved by the Institutional Review Board of Southeast 

University, and all patients provided written informed con-

sent before participating in the study. The tissue specimens 

were staged according to the Federation of Gynecology and 

Obstetrics (FIGO) (2010, 7th edition) standard histological 

grading system as highly differentiated (42 cases) or poorly 

differentiated (18 cases) and either stages I–II (51 cases) or 

stages III–IV (9 cases). Fifteen patients were at least 50 years 

of age, and 45 patients were ,50 years of age. Ascites  

was observed in 32 of the 60 patients and was absent in 

the remaining.21 Seventeen patients presented lymph node 

metastasis, and 43 did not exhibit lymph node metastasis. 

Distant metastasis and distant organ metastasis were observed 

in 6 and 54 cases, respectively.

immunochemistry
The tissues were sectioned into 4 μm slices and preliminarily 

analyzed using previously reported immunohistochemical 

methods. The SHP2 polyclonal antibody (1:500 dilution; 

Cell Signaling Technology, Beverly, MA, USA) was used 

in conjunction with a rabbit anti-human secondary antibody. 

Samples incubated with a PBS solution lacking the primary 

antibody were used as negative controls. SHP2 staining was 

predominantly observed in the cytoplasm, and SHP2-positive 

cells were stained yellow or brown.

The sections were evaluated at a magnification of 400×. 

The average staining intensity and the percentage of posi-

tively stained cells were calculated based on 10 randomly 

selected fields of view, and 100 cells in each field were 

evaluated. The staining intensity was scored as follows: no 

staining, 0 points; weak staining, 1 point; moderate stain-

ing, 2 points or strong staining, 3 points. The percentage 

of positive cells was scored as follows: ,5%, 0 points; 

5%–25%, 1 point; .25%–50%, 2 points; .50%–75%, 

3 points; and .75%, 4 points. In the second phase of the 

study, scores of 0 and 1 were classified as negative, and 

scores of 2 or greater were classified as positive.

cell culture and cell transfection
The ovarian cancer A2780 (Chinese Academy of Sciences, 

Shanghai, China) cell lines were cultured in RPMI 1640 

medium supplemented with 10% fetal bovine serum (FBS). 

The SHP2-pcDNA3.1 vector and the empty pcDNA3.1 

vector (laboratory stocks) were transfected into the A2780 

human ovarian cancer cell line using Lipofectamine™ 2000 

(Invitrogen, Carlsbad, CA, USA) according to the manu-

facturer’s recommended protocol, and stable cell lines were 

subsequently established. A2780 cells stably overexpressing 

SHP2 are referred to as the SHP2 group, A2780 cells stably 

transfected with the empty pcDNA3.1 vector are denoted as 

the vector group, and the nontransfected control A2780 cells 

are considered the A2780 group.

MTT assay
Cells from each of the 3 groups were plated in 96-well cell 

culture plates (1×104 cells/well), and the viability of the cells 

was measured after 0, 24, and 48 h using the MTT assay. 

All experiments were repeated 3 times. Briefly, 0.02 mL of 

MTT solution (5 mg/mL in PBS) was added to each well, and 

the reaction was incubated for 4 h at 37°C. Then, 0.15 mL 

of dimethyl sulfoxide was added to each well and incubated 

for 10 min.

colony formation assay
Single-cell suspensions were seeded in 25 mm Petri dishes 

at a density of 1,000 cells/dish. The original medium was 
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discarded when macroscopic colonies were first observed 

(~20 days), and the cells were gently washed twice with 

PBS. The cells were fixed for 15 min at room temperature 

and then incubated with a 0.1% crystal violet staining solution 

for 20 min. The cells were gently washed with water at room 

temperature and dehydrated before images were captured. The 

number of clones was counted using Carestream Molecular 

Imaging software, and the cloning efficiency was calculated 

using the following formula: cloning efficiency (%) = number 

of colonies counted/number of inoculated cells ×100%.

soft agar colony formation assay
The cells were suspended in 0.7% agar medium in 6-well 

plates (1×103 cells/well) containing 1.2% agar underneath 

the medium. After the cells were cultured for 3 weeks, the 

clones were counted and imaged under a microscope.

Wound healing assay
The cells were cultured in 6-well plates in RPMI 1640 

medium supplemented with 10% FBS. When the conflu-

ence of the cells at the bottom of the culture plate reached 

90%, a “scar” was created in the center of each well using a 

10 μL sterile micropipette tip. The cells were washed 3 times 

with PBS and subsequently cultured in RPMI 1640 medium 

supplemented with 2% FBS. The wound healing process was 

evaluated 0, 24, and 48 h after the creation of the wound 

using an inverted microscope.

Transwell invasion assay
RPMI 1640 medium was added to the upper and lower 

chambers of 24-well plates for 30 min, and RPMI 1640 

medium supplemented with 5% FBS (500 μL) was added to 

the lower chamber. Cells in the logarithmic phase of growth 

were centrifuged and dissociated into single cells. Then, 

1×105 cells resuspended in RPMI 1640 supplemented with 

2% FBS were added to the upper chamber and incubated 

for 6 h at 37°C in a 5% CO
2
 incubator. The migration of 

randomly selected cells to the opposite side of the mem-

brane was observed under a microscope, and a wet cotton 

swab was used to carefully remove the cells remaining on 

the membrane. The membrane was gently washed twice 

with PBS, placed in fixative, and incubated overnight with 

a 0.1% crystal violet staining solution. The membrane was 

subsequently washed with water to remove the excess dye, 

dried at room temperature, and imaged under a microscope. 

The dye was dissolved using 33% acetic acid, and the OD 

was measured at 570 nm using a microplate reader. Each 

experiment was repeated 3 times.

Detection of paclitaxel-induced apoptosis
The degree of apoptosis in the SHP2 group, the vector group, 

and the A2780 group was determined after the cells had been 

treated with paclitaxel. The cells were incubated in 6-well plates 

with RPMI 1640 medium containing 10% FBS overnight. 

Paclitaxel (3 μg/mL) was added to each well for 24 h before the 

cells were harvested and analyzed by flow cytometry. The levels 

of the SHP2 protein were determined by Western blot analysis, 

and apoptosis was assessed with a caspase-3 activity assay.

Western blot analysis
Western blot analyses were performed as previously 

described.21 Briefly, 15 μg of protein samples were separated 

by electrophoresis on a sodium dodecyl sulfate-polyacrylamide 

gel, and the separated proteins were transferred to nitrocellu-

lose membranes. The membranes were then blocked in PBS 

Tween-20 (PBST; Invitrogen) for 1 h at room temperature 

and subsequently probed with the following primary anti-

bodies overnight at 4°C: rabbit anti-SHP2 antibody (1:1,000 

dilution; Cell Signaling Technology), rabbit anti-E-cadherin 

and anti-vimentin antibodies (1:500 dilution; Abcam, 

Cambridge, UK), rabbit anti-caspase-3 antibody (1:1,000 

dilution; Cell Signaling Technology), anti-p-AKT antibody 

(1:1,000 dilution; Cell Signaling Technology), anti-AKT 

antibody (1:1,000 dilution; Cell Signaling Technology), and 

an anti-β-actin antibody (1:5,000 dilution; Abcam). After 

3 washes with PBST, the membranes were incubated with 

secondary antibodies conjugated to horseradish peroxidase 

(GE Healthcare, Waukesha, WI, USA). The immunoreactive 

signals were detected using a chemiluminescence method 

(GE Healthcare). The membranes were then stripped with 

stripping buffer for 15 min at room temperature and immuno-

blotted with an anti-actin antibody. The film was digitalized 

using ImageJ 1.43 G software (NIH, Bethesda, MD, USA).

Xenograft model
All in vivo studies were performed according to a protocol, 

ethical and legal, approved by the Internal Review Board and 

by the animal care committee of the Southeast University 

(Nanjing, China). All experiments were performed in accor-

dance with the named relevant institutional and national 

guidelines and regulations. SHP2 overexpression and control 

A2780 (1×106) cells were subcutaneously inoculated into 

4-week-old female nude mice (4 mice per group) to evalu-

ate whether SHP2 overexpression promoted the growth of 

ovarian tumors in vivo. The length and width of the tumors 

were measured once in every 3 days, and the mice were 

sacrificed 60 days after tumor cell inoculation. The tumor 
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volume was calculated according to the following formula: 

tumor volume = (length × width2)/2.

immunohistochemistry
Immunohistochemistry was performed using a previously 

described method.22 Tumor samples were fixed in 10% 

neutral-buffered formalin for at least 24 h and embedded in 

paraffin. The samples were sectioned into 3 μm-thick slices 

and stained with H&E.

Data and statistical analyses
All experiments were repeated for a minimum of 3 times. 

The data are presented as mean ± SD. All statistical analy-

ses were conducted using SPSS 18 software, and P,0.05  

was considered statistically significant. A paired Student’s 

t-test was performed to compare the differences in SHP2 

expression between ovarian tissues and tumor tissues. 

The chi-square test was used to determine the correlations 

between the SHP2 levels and the clinical factors. Compari-

sons between groups were evaluated using 1-way analysis of 

variance (ANOVA), and Pearson’s correlation coefficients 

were calculated for bivariate correlations.

Results
shP2 expression in ovarian cancer tissue 
specimens and ovarian cancer cell lines
We evaluated SHP2 expression in the ovarian cancer cell 

lines SKOV3, Ho-8910PM, A2780, OVCA420, OVCA429, 

and OV-01063 and in the normal ovarian epithelial cell line 

IOSE80 using Western blot analysis. Compared with its 

expression in the normal ovarian epithelial cell line, SHP2 

was expressed at higher levels in the ovarian cancer cell 

lines (Figure 1A and B). We also evaluated SHP2 expres-

sion in ovarian cancer tissues and matched normal ovarian 

tissue samples derived from 60 patients with ovarian cancer 

using immunohistochemistry assays. The SHP2 protein 

was detected as pale yellow to brown particles that were 

predominantly localized in the cytoplasm. The SHP2 protein 

was expressed at low levels in normal ovarian tissues and 

at relatively high levels in ovarian epithelial cancer tissues 

(Figure 2A). A Western blot analysis yielded similar results 

(Figure 2B and C). SHP2 expression was observed in 81.67% 

of the samples from the ovarian epithelial cancer group and 

0% of the samples from the normal group, and this differ-

ence was statistically significant (P,0.05; Table 1). SHP2 

expression was associated with the clinical stage, histological 

grade, lymph node metastasis, and distant metastasis, but 

it was not associated with age, histological subtype, or the 

presence of ascites (Table 2).

shP2 overexpression in a2780 cells 
enhances cell proliferation, migration, 
and invasion
SHP2 expression has been shown to promote breast cancer 

cell proliferation and increases cancer cells’ resistance 

to chemotherapy.12 In the current study, we evaluated 

the effect of SHP2 overexpression on cell proliferation 

using colony and soft agar colony formation assays. The 

number and size of the colonies were increased in SHP2- 

overexpressing cells compared with A2780 cells and control 

cells transfected with the empty vector, indicating that 

the proliferation rate was increased in the SHP2 group 

(Figure 3A–D).

We performed transwell invasion and wound healing 

assays using 3 groups of A2780 cells to examine the impact of 

SHP2 overexpression on human ovarian cancer cell migration 

and invasion (Figure 4A–C). On the basis of the results of the 

wound healing experiments, cells in the SHP2 group migrated 

at a faster rate than cells in the A2780 group and the vector 

group (Figure 4A and B). According to the results of the 

transwell invasion assay, a significantly greater proportion 

of A2780 cells overexpressing SHP2 migrated through the 

basement membrane matrix (Matrigel) than the proportions 

observed for the other two groups (Figure 4C).

Figure 1 shP2 overexpression in human ovarian cancer cell lines.
Notes: (A) expression of shP2 in normal human ovarian cells and ovarian cancer cell lines. lanes: 1, iOse80; 2, sKOV3; 3, a2780; 4, ho-8910PM; 5, OVca420; 
6, OVca429; and 7, OV-01063 cells. (B) Quantification of the relative intensities of the bands obtained from the Western blot presented in (A). *P,0.05 and **P,0.01 
compared with normal human ovarian cells (lane 1).

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3885

Overexpression of shP2 promotes growth

We used the MTT assay to evaluate the impact of SHP2 

overexpression on the viability of A2780 cells (Figure 4D) 

and found that the viability of SHP2-overexpressing cells 

was significantly increased compared with control A2780 

and empty vector-transfected cells. Similarly, as shown in 

the flow cytometry analysis, apoptosis was significantly 

decreased in paclitaxel-treated SHP2-overexpressing cells 

compared with paclitaxel-treated control cells (Figure 5A). 

In addition, caspase-3 activity was significantly increased in 

paclitaxel-treated SHP2-overexpressing cells compared with 

paclitaxel-treated control cells (Figure 5B and C).

shP2 overexpression promotes tumor 
growth in nude mice
SHP2-overexpressing or control A2780 cells were subcu-

taneously injected into 4-week-old female nude mice to 

determine whether SHP2 overexpression promotes ovarian 

cancer cell tumorigenicity in nude mice. In mice injected 

with SHP2-overexpressing cells, tumor formation was 

observed ~7 days after inoculation, whereas tumor formation 

Figure 2 shP2 overexpression in human ovarian tumor tissues.
Notes: (A) Representative images of immunohistochemical staining of human ovarian tissues (magnification, 400×). immunohistochemical staining was performed to evaluate 
the shP2 expression levels in 60 human ovarian cancer tissues (3+) and 60 matched normal ovarian tissues (1+). (B) Western blot analysis of shP2 protein expression in 
human ovarian tissue specimens. (C) A semi-quantitative Western blot analysis of human ovarian tissue samples revealed that the levels of the SHP2 protein were significantly 
elevated in tumor tissues compared with normal tissues. actin was used as an internal control. **P,0.01 compared with normal tissues, *P,0.05.
Abbreviations: n, normal; T, tumor.

Table 1 expression of shP2 in normal ovarian tissues and epithelial 
ovarian cancer

Group Cases Expression of SHP2 P-value

Positive Negative Positive rate (%)

normal 60 0 60 0
cancer 60 49 11 81.67 ,0.001

Table 2 correlation between shP2 expression and clinic o-
pathological factors in epithelial ovarian cancer

Clinicopathological 
factors

Expression of the 
SHP2 protein

χ2 value P-value

Positive 1 Negative 2

age (years) 1.000
,50 37 8 0.000
$50 12 3

Pathological type 1.000
serous 17 3 0.329
Mucinous 16 4
endometrioid 16 4

FigO stage 0.283
stages i–ii 40 11 1.155
stages iii–iV 9 0

ascites 0.929
no 23 5 0.008
Yes 26 6

Pathological differentiation 0.190
Well-middle 32 10 1.717
low 17 1

lymph node metastasis 0.053
no 32 11 3.754
Yes 17 0

Distant metastasis 0.505
no 43 11 0.445
Yes 6 0

was observed ~15 days after inoculation in mice injected with 

the control A2780 cells. The mice were sacrificed 60 days 

after the tumor cell injection and the tumors were resected. 

A greater tumor weight was measured in the SHP2 group 
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Figure 3 shP2 overexpression enhances the proliferation of a2780 cells.
Notes: (A) shP2-positive foci in 3 wells from each cell line. (B) anchorage-independent growth was assayed by evaluating colony growth in soft agar. representative images 
are shown. The colonies formed by the shP2-expressing cells are larger in size. representative images of randomly selected cells from the experimental groups are shown. 
(C and D) The number of clones in each experimental group was counted. each experiment was repeated a minimum of 3 times. The data shown here are representative of 
at least 3 independent experiments with similar results. Significant differences are indicated by asterisks (*P,0.05 and **P,0.01).

Figure 4 shP2 overexpression enhances the migration, invasion and proliferation of a2780 cells.
Notes: (A) Wound-healing assays were conducted to evaluate cell migration. The width of the scratch indicated the migratory ability of the tumor cells. (B) crystal violet 
staining of the membrane used in the Boyden chamber migration assay. (C) The invasive cells were counted using high-power microscopy images at a magnification of 200×. 
**invasive capacity of a2780 cells. (D) Proliferative capacity of a2780 cells (*P,0.05 and **P,0.01).
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compared with the control group (Figure 6). Furthermore, 

liver metastases were visible in the SHP2 group (Figure 7A 

and B), and the pathological analysis of the resected tumors 

confirmed these findings (Figure 7C, black arrows indicate 

liver metastases). In contrast, metastases were not detected in 

the control nude mice (Table 3). On the basis of these data, 

SHP2 overexpression promotes ovarian cancer growth and 

metastasis in nude mice in vivo.

shP2 overexpression promotes ovarian 
cancer cell invasion by activating aKT
SHP2 activates Ras, at least in part, by promoting the phos-

phorylation of downstream ligands.23 SHP2 is required for 

the activation of signal transduction pathways that lead to the 

downstream activation of the PI3K/AKT pathway.24 There-

fore, we examined the activation of PI3K/AKT-dependent 

kinases in SHP2-overexpressing and control A2780 and 

Ho-8910PM cells. We examined the levels of AKT and 

phosphorylated AKT using Western blot assays. AKT phos-

phorylation was observed in A2780 and Ho-8910PM cells 

that had been stimulated with EGF for 10 or 20 min, and 

AKT phosphorylation was significantly increased in SHP2-

overexpressing cells compared with control cells (Figure 8C 

and D). Thus, SHP2 markedly enhances the EGF-mediated 

activation of the PI3K/AKT signaling pathway. This result is 

consistent with previous reports showing that SHP2 catalytic 

β

Figure 5 shP2 overexpression is associated with increased resistance to the chemotherapeutic agent paclitaxel.
Notes: (A) Flow cytometry analysis of apoptosis in a2780 cells incubated with Taxol (3 μg/ml) for 24 h. The number of cells was calculated at the same time point, and the 
data are expressed as the growth rate of shP2-overexpressing cells compared with the vehicle control group (**P,0.01). (B) shP2 and caspase-3 expression. The expression 
levels were determined using Western blot assays. (C) Quantification of the relative intensities of the bands obtained from the Western blot assay presented in (B). *P,0.05 
and **P,0.01 compared with the control group.

Figure 6 (Continued)
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Figure 6 shP2 overexpression promotes tumor growth and tumor angiogenesis in a mouse xenograft model.
Notes: (A) representative images of the ovarian tumors derived from the shP2-overexpressing (lower row) and vector control (upper row) groups. The images were 
captured immediately after the mice were sacrificed. (B) The tumor size was monitored every 3 days after the cell injections. (C) The solid tumors were removed and 
(D) weighed after the mice were sacrificed. The data are presented as mean ± seM (n=4 per group) (*P,0.05).

Figure 7 effect of shP2 overexpression on tumor metastasis.
Notes: A2780 cells were injected into nude mice. The mice were sacrificed 50 days later and tumor metastasis to distant organs was subsequently assessed. Anatomical 
images of liver metastasis in mice injected with the shP2-overexpressing (A) or vector control (B) cells. lower panel: metastases in the resected livers. (C) cell morphology 
was evaluated using H&E staining; a:SHP2 group; b:Vector group. Liver tissues were fixed, sectioned, and stained with H&E, as described in the “Materials and Methods” 
section. A representative image of metastatic nodes in the livers of mice injected with SHP2-overexpressing cells is shown (magnification, 400×). a minimum of six regions 
from each tumor were examined.
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Table 3 effect of shP2 on tumor (a2780) metastases in different 
organs of mice bearing xenografted tumors

Group/organ Mice with 
metastases

Liver Kidney Lung

Vector 0/4 0 0 0
shP2 4/4 4 0 0
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Figure 8 shP2 overexpression enhances cell migration and invasion by increasing phospho-aKT levels in ovarian cancer cells.
Notes: (A) cultured cells were serum-starved for 24 h and stimulated with rPMi 1640 medium supplemented with 10% FBs for 2 h. The levels of the e-cadherin, vimentin, 
and β-actin proteins were evaluated by Western blotting. (B) Densitometry analysis of the bands from the Western blot using the imageJ program. The levels of the e-cadherin 
and vimentin proteins were normalized to the levels of the β-actin protein. (C) a2780 cells were serum-starved overnight and subsequently incubated with egF (5 ng/ml) for 
10 or 20 min. The levels of the p-aKT, aKT, and β-actin proteins were evaluated by Western blotting. (D) Densitometry analysis of the bands from the Western blot assays 
using the imageJ program. The levels of the p-aKT protein were normalized to the levels of the β-actin protein. The experiment was repeated 3 times.
Abbreviation: FBs, fetal bovine serum.

activity activates Ras-Raf signaling. However, the mecha-

nisms underlying this effect have yet to be elucidated.

We further examined the expression of the pan-epithelial 

marker E-cadherin and the pan-mesenchymal marker 

vimentin in SHP2-overexpressing and control cells using 

Western blot assays. The results confirmed that the SHP2-

overexpressing cells displayed significantly decreased 

E-cadherin expression levels and strongly increased vimentin 

expression levels compared with control cells. Furthermore, 

the SHP2-overexpressing cells formed mesenchymal-like 

intercellular junctions (Figure 8A and B).

Discussion
Tumor proliferation, migration, adhesion, and invasion 

are regulated by various signal transduction pathways 

in vivo, and the central link between these pathways is the 

phosphorylation and dephosphorylation of protein substrates. 

The balance between protein phosphorylation and dephos-

phorylation requires cooperation between protein tyrosine 

kinases and PTP, and increased levels of protein phosphoryla-

tion resulting from the disruption of this balance increase the 

risk of cancer.2,25,26 On the basis of a growing body of evi-

dence, SHP2 is a key factor contributing to the development 

of pediatric myelomonocytic leukemia, myeloid leukemia, 

chronic myelomonocytic leukemia,2,9,10,27 and solid tumors, 

such as breast and lung cancer. In addition, the combination 

of SHP2 overexpression and Helicobacter pylori infection 

is closely associated with Cag-positive gastric cancer.24 

The role of SHP2 in ovarian cancer has not been reported. 

Immunohistochemistry was used to evaluate the expression 

of the SHP2 protein in ovarian tumors and normal ovarian 

tissues, and the results revealed that SHP2 is expressed at 

higher levels in ovarian cancer tissues than in normal ovarian 

tissues. In summary, SHP2 expression is elevated in human 

ovarian cancer tissues, a finding that is consistent with results 

observed in other tumor types. Therefore, SHP2 might 

play an active role in the development of ovarian cancer. 

In addition, SHP2 overexpression promotes ovarian cancer 

in vivo. Furthermore, SHP2 overexpression promotes cell  
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proliferation in ovarian cancer cells and tumor development 

in nude mice. Therefore, SHP2 might be a valuable biomarker 

for the diagnosis of ovarian epithelial cancer.

SHP2 expression levels were associated with the tumor 

differentiation status and closely associated with a low degree 

of tumor differentiation. Furthermore, SHP2 expression 

was associated with the FIGO stage. High levels of SHP2 

expression were associated with more advanced stages of 

cancer (stages III and IV), and SHP2 was expressed at rela-

tively lower levels in less advanced stages of ovarian cancer 

(stages I and II). Thus, SHP2 expression is associated with 

increased proliferation, tumor development, and tyrosine 

phosphorylation levels in ovarian cancer tissues. Changes in 

the SHP2 levels disrupted the PI3K/AKT signaling pathway, 

suggesting that these changes are associated with hyperpla-

sia and ovarian tissue remodeling in patients with ovarian 

epithelial cancer. SHP2 overexpression was not significantly 

associated with the patient’s age or the presence of ascites.

According to the results of the transwell assays, cell 

invasion and migration were markedly increased in ovarian 

cancer cells overexpressing SHP2 compared with control 

cells. In addition, SHP2 overexpression enhanced cell pro-

liferation and promoted colony formation in the MTT and 

colony formation assays, indicating that SHP2 stimulates the 

growth of ovarian cancer cells. We evaluated the effect of 

SHP2 overexpression on tumorigenesis using a nude mouse 

xenograft tumor model to further confirm the impact of SHP2 

on ovarian cancer cell growth and found that SHP2 overex-

pression promoted tumor growth in nude mice. In conclusion, 

SHP2 overexpression inhibits apoptosis and promotes the 

proliferation, invasion, in vivo tumorigenicity, and metastasis 

of ovarian cancer; moreover, SHP2 expression is associated 

with ovarian tumor differentiation. In addition, the effects of 

SHP2 overexpression on ovarian cancer are mediated by the 

activation of the PI3K/AKT signaling pathway. On the basis 

of our results, SHP2 might be involved in the development 

of ovarian cancer, and these findings might facilitate the 

development of novel strategies for the treatment of drug-

resistant ovarian cancer and provide novel insights into the 

role of SHP2 in cancer.

Conclusion
SHP2 overexpression promotes tumor cell migration and 

invasion, and SHP2 might mediate this effect by promoting 

the activation of the PI3K signaling pathway. These findings 

clearly establish a role for SHP2 in ovarian tumor growth. 

Further research should focus on identifying novel strategies 

for the prevention and treatment of this disease.
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