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A B S T R A C T

Src homology phosphotyrosine phosphatase 2 (Shp2) has been found to be overexpressed in cervical cancer
tissues. However, the influence of Shp2 on the biological behavior and sensitivity to cisplatin of cervical cancer
cells remains unclear. We aimed to assess Shp2 expression in cervical tissues and cell lines and to detect the
influence of Shp2 knockdown and overexpression on the biological behavior and sensitivity to cisplatin in
cervical cancer cells. We found that Shp2 expression was significantly upregulated in cervical cancer tissues and
cell lines, and Shp2 overexpression was associated with lymph node metastasis and a high human papillomavirus
(HPV) DNA load. Shp2 knockdown inhibited cell growth and migration and enhanced sensitivity to cisplatin in
the HeLa and SiHa cervical cancer cell lines. In contrast, Shp2 overexpression had the opposite effects. These
tumor-promoting effects of Shp2 may be partly related to Akt signaling. In conclusion, Shp2 is involved in the
occurrence and development of cervical cancer and may confer cisplatin resistance in cervical cancer. Shp2
blockade may be a new strategy for cervical cancer treatment.

1. Introduction

Cervical cancer is one of the leading malignant cancers that cause
death in women worldwide, with an estimated 569,847 new cases and
311,365 deaths in 2018 [1]. Human papillomavirus (HPV) plays a
causal role in cervical cancer tumorigenesis [2]. In recent years, with
the development of treatment technologies and the application of re-
lated vaccines, the morbidity and mortality of cervical cancer have
decreased in many developed countries [3]. However, in some devel-
oping countries, most cervical cancer cases are locally advanced at di-
agnosis because the early symptoms are not obvious and screening
programs have not been popularized [4]. Thus, the incidence and
mortality rates in these regions are still increasing.

Chemotherapy is an important treatment strategy for cervical
cancer and is widely used to treat locally advanced cervical cancer.
Cisplatin, a nonspecific cellular drug that can induce cell death, is the
first-line choice in chemotherapy for cervical cancer [5]. However,
primary or acquired resistance to cisplatin is the main challenge in

treating cervical cancer [6]. Therefore, the identification of key mole-
cules involved in cervical cancer and new strategies that increase the
sensitivity of cervical cancer cells to cisplatin are urgently needed.

Accumulating studies have suggested that Src homology phospho-
tyrosine phosphatase 2 (Shp2), a nonreceptor protein tyrosine phos-
phatase encoded by the PTPN11 gene, is implicated in the carcino-
genesis and development of various cancers. Shp2 was first reported to
be overexpressed in human leukemia and to potentially contribute to
leukemogenesis [7]. Subsequently, researchers observed upregulation
of Shp2 expression in gastric cancer [8,9], breast cancer [10], thyroid
cancer [11], non-small cell lung cancer [12], and oral squamous cell
cancer [13]. To some extent, Shp2 overexpression contributes to the
initiation and/or progression of these tumors. Conversely, a few studies
revealed that Shp2 was down-regulated in hepatocellular cancer [14]
and colon cancer [15], suggesting that Shp2 acts as a tumor suppressor
due to its down-regulation in these two tumor types. Additionally,
mutations in the PTPN11 gene can change the function of Shp2 and
therefore affect tumorigenesis and progression in different cancers
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[16,17].
Previous studies found that Shp2 expression levels were sig-

nificantly higher in HPV-infected cervical cancer tissues than in normal
cervical tissues [18,19]. However, little is known about the correlation
between Shp2 expression and clinical parameters. Furthermore, the
influence of Shp2 on cervical cancer cell biological behavior and cis-
platin treatment remains unknown. Thus, the present study aimed to
examine Shp2 expression in cervical tissues and cell lines, the re-
lationship between Shp2 expression and clinical parameters, and the
influence of Shp2 knockdown and overexpression on the biological
behavior and sensitivity to cisplatin of cervical cancer cells.

2. Materials and methods

2.1. Tissue specimens

A total of 128 formalin-fixed and paraffin-embedded cervical tissue
samples with clinical data from tissue microarrays (TMAs), including 85
cervical cancer (CC) samples, 21 cervical intraepithelial neoplasia (CIN)
samples and 22 normal cervix (Normal) samples, were purchased from
US Biomax, Inc. Patients’ age ranged from 15 to 76 years, with a mean
age of 44.73 ± 10.74 years. The company states that all human tissues
are collected from informed donors with their consent. This study was
approved by the Ethics Committee of the School of Basic Medical
Science, Xi’an Jiaotong University.

2.2. Cell culture

The human cervical cancer cell lines HeLa, SiHa, CaSki and C33A
and the human normal cervical epithelial cell line HcerEpic were pre-
served at the Institute for Cancer Research, School of Basic Medical
Science of Xi’an Jiaotong University. The cancer cells were maintained
in 89% Dulbecco’s modified Eagle’s medium (DMEM) (HyClone, USA)
supplemented with 10% fetal bovine serum (FBS) (Biological Industries,
Israel) and 1% penicillin-streptomycin solution (Beyotime, China).
HcerEpic cells were maintained in 89% Eagle’s minimal essential
medium (EMEM, MEM medium supplemented with 1% nonessential
amino acid solution) (HyClone, USA) supplemented with 10% FBS and
1% penicillin-streptomycin solution. All cells were routinely cultured in
a cell culture incubator at 37 °C with 5% CO2 and saturating humidity.

2.3. Immunohistochemistry

Immunohistochemistry (IHC) was performed on TMAs and cells
growing on coverslips. After treatment with xylene and alcohol, the
slices were placed in citrate buffer (0.01M, pH 6.0) and heated for
antigen retrieval (cells growing on coverslips did not require this step).
Then, 3% hydrogen peroxide and 5% goat serum were successively
added to the slices. After washing with TBS buffer, the slices were in-
cubated with anti-Shp2 primary antibody (1:200, Santa Cruz, USA) at
4 °C overnight. The slices were then incubated with HRP-conjugated
goat anti-rabbit IgG (H+L) secondary antibody (1:200, ABclonal,
USA) for 1 h at room temperature, visualized with a DAB substrate kit
(Maxim, China), and counterstained with hematoxylin (Maxim, China).
TBS was used as a negative control instead of the primary antibody for
IHC of the cells.

The IHC scores of the samples were evaluated by two pathologists
based on the following system: for staining intensity, negative results
were scored as 0, a light yellow color was scored as 1, a moderate
yellow color was scored as 2, and a strong yellow color was scored as 3
[20]; for the positive rate of stained cells, < 5% was scored as 0, 5 ˜
25% was scored as 1, 26 ˜ 50% was scored as 2, 51 ˜ 75% was scored as
3, and>75% was scored as 4. The final score of each case was cal-
culated by multiplying the scores of the staining intensity and positive
rate [21]. The Shp2 expression level was graded as follows: cases with
IHC scores< 10%, 10 ˜ 50%, and>50% of the maximum IHC score

were graded as no expression, low expression, and high expression,
respectively.

2.4. In situ hybridization

In situ hybridization (ISH) for a mixture of HPV 16, 18 and 58
probes was carried out on TMAs. The sequences of the probes were:
HPV 16: 5′-TATGAGCAATTAAATGACAGCTCA GAGGAGGAGGATGAA
ATAGATGGTCCA-3′, HPV 18: 5′-TGAAATAGATGGAGTTAATC ATCAA
CATTTACCAGCCCGACGAGCCGAACC-3′, and HPV 58: 5′-GCCAGATG
GACAAG CACAACCGGCCACAGCTAATTACTACATTGTAACTTG-3′
[22]. The probes were labeled with a DIG Oligonucleotide Tailing Kit
(Roche, Germany) and detected according to the manufacturer’s in-
structions using a DIG Nucleic Acid Detection Kit (Roche, Germany).
The specificity of the probes was confirmed by NCBI BLAST and by
hybridization with plasmids harboring the HPV 16, 18 or 58 genomes.

After treatment with xylene and alcohol, the TMAs were incubated
with 0.4% pepsin solution and fixed with 4% paraformaldehyde solu-
tion. The TMAs were then treated with 0.2M HCl and increasing con-
centrations of alcohol. After prehybridization, the probes were added to
the TMAs and hybridized at 42 °C overnight. The TMAs were washed
with decreasing concentrations of SSC buffer and treated with anti-di-
goxin-AP conjugate. NBT/BCIP was used to visualize the ISH signal, and
nuclear fast red (Maxim, China) was used to counterstain the tissues.

The semi-quantified HPV DNA load was measured by integrated
optical density (IOD) scores of the ISH results using Image-Pro Plus 6.0
software [22] and graded as follows: cases with IOD scores< 10%, 10 ˜
50%, and>50% of the maximum IOD score were graded as no da-
mage, low viral load, and high viral load, respectively.

2.5. Lentivirus transduction

Lentiviral products carrying control shRNA (shControl), Shp2
shRNA (shShp2), GFP (Control) or Shp2 (Shp2) were obtained from
Shanghai Genechem Co., Ltd. (China). The cells were cultured at a
density of 2×105 cells per well in 6-well plates, and lentivirus sus-
pension (titer 1× 109 TU/mL) was added to HeLa cells (4 μL) or SiHa
cells (2 μL). 12 h after transduction, the medium containing lentivirus
was replaced with normal medium. 48 h later, the cells were selected
with medium containing puromycin (3 μg/mL for HeLa cells, 6 μg/mL
for SiHa cells) for at least 10 days.

2.6. RNA extraction and qRT-PCR

Total RNA was extracted from the different cells using the TRIzol
reagent (Invitrogen, USA) and then was reverse transcribed into cDNA
using the PrimeScript™ RT reagent Kit (Takara, Japan). qRT‑PCR assays
were performed using the SYBR® Premix Ex Taq™ II (Tli RNase H Plus)
Kit (Takara, Japan) by a StepOne Real-Time PCR System (Applied
Biosystems, USA), and the results were analyzed by StepOne Software
version 2.3. The primers were synthesized by GenScript Biotech (China)
with the following sequences: β-actin F: 5′-CATCATGAAGTGTGACG
TGG-3′, β-actin R: 5′-GATCCACACGGAGTACTTGC-3′; and Shp2 F:
5′-GACTTTTGGCGGATGGTGTTCC-3′, Shp2 R: 5′-CGGCGCTTTCTTTG
ACGTTCCT-3′ [13]. The PCR parameters consisted of an initial in-
cubation for 10min at 95 °C, 40 cycles of 15 s at 95 °C and 1min at
60 °C, and a final cycle of 15 s at 95 °C and 1min at 60 °C. PCRs for each
group were performed in triplicate, and the average threshold cycle
value was calculated. The levels of Shp2 mRNA relative to control (β-
actin) mRNA were analyzed using the 2−ΔΔCt method.

2.7. Protein extraction and western blot analysis

Total cellular protein was extracted from the different cells using
RIPA lysis buffer with PMSF and phosphatase inhibitor solution. The
protein concentration was determined by a BCA protein quantification
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kit (Beyotime, China) using a Synergy 2Multi-Mode Microplate Reader
(BioTek, USA). The same amount of protein from each sample
(40˜60 μg/lane) was separated by SDS‑PAGE and transferred onto ac-
tivated PVDF membranes (Millipore, USA). After blocking with 5%
skim milk at room temperature for 1 h, the membranes were incubated
with primary antibodies at 4 °C overnight. The primary antibodies and
dilutions were as follows: anti-Shp2 (1:500, Santa Cruz Biotechnology,
USA); anti-β-actin and anti-Bax (1:800, ABclonal, USA); and anti-Bcl-2,
anti-Akt, anti-p-Akt, anti-Erk, anti-p-Erk, and anti-β-catenin (1:1000,
Cell Signaling Technology, USA). After washing with TBST, the mem-
branes were incubated with HRP-conjugated goat anti-rabbit IgG
(H+L) secondary antibody (1:2000, ABclonal, USA) at room tem-
perature for 1 h. The protein bands were visualized by an Immobilon
Western Chemiluminescent HRP Substrate kit (Millipore, USA), and
images were captured by a GeneGnome Bio Imaging System (SYNGENE,
UK). Signals were semi-quantitatively analyzed and normalized to β-
actin using Image-Pro Plus 6.0 software. The expression of each protein
in the experimental group relative to the corresponding control group is
showed in the figures.

2.8. MTT assay

MTT assays were used to determine the half-maximal inhibitory
concentration (IC50) value of cisplatin and cell viability in different
groups. For IC50 assessments, the cells from different groups were in-
oculated at a density of 1×104 cells/well in a 96-well plate, with
triplicate wells per group. After cell attachment, cisplatin (Solarbio,
China) (final concentrations: 0, 5, 10, 15, and 20 μmol/L) was added to
the cells in the different groups, and the cells were incubated for an-
other 24 h. For cell viability assessments, the cells from different groups
were inoculated at a density of 4×103 cells/well in a 96-well plate
with triplicate wells per group and conventionally cultured in a cell
incubator for 24, 48, 72, 96 or 120 h. After culture for the indicated
time, the cells were harvested. Then, 20 μL of MTT solution (5mg/mL)
(Sigma, USA) was added to each well, and the plate was incubated at
37 °C for 4 h. After removing the supernatant, 100 μL of DMSO was
added to each well to dissolve the blue formazan precipitate. The ab-
sorbance of each well was measured by a Synergy 2Multi-Mode
Microplate Reader (BioTek, USA) at 490 nm. The experiments were
repeated three times.

2.9. Colony formation assay

The cells from different groups were inoculated at a density of
2× 103 cells/well into a 6-well plate. After attaching to the plate, the
cells were treated with medium containing PBS (blank) or cisplatin
(final concentration determined according to the IC50 value) for 24 h.
The cells were then conventionally cultured for 10 days in routine
medium. The colonies were fixed with 4% paraformaldehyde solution
for 15min and stained with 0.1% crystal violet solution (Sigma, USA)
for 30min at room temperature. Then, the plates were washed with PBS
and left to dry, and the colonies in each well were counted and ana-
lyzed. The experiments were repeated three times with triplicate wells
in each replicate.

2.10. Wound-healing assay

A total of 1×106 cells from each group were inoculated into a 6-
well plate and cultured overnight to form confluent monolayers. A
200 μL sterile pipette tip was used to scratch a wound in the monolayer
of each group. Subsequently, the cells were washed with PBS three
times to remove floating cells and cultured in DMEM with 2% FBS for
48 h. Photographs of the wounds were taken under an inverted mi-
croscope at 0 h and 48 h. The wound area was analyzed by ToupView
software (ToupTek, China). The experiments were repeated three times
with triplicate wells in each replicate.

2.11. Cell apoptosis analysis

Cell apoptosis in different groups was analyzed by flow cytometry
using an Annexin V-PE/7-AAD Apoptosis Detection Kit (KeyGen,
China). Briefly, a total of 1×106 cells from each group were inoculated
into a 6-well plate and cultured overnight. PBS (blank) or cisplatin
(final concentration determined according to the IC50 value) was then
added to the cells. 24 h later, the cells were digested with trypsin
without EDTA (Genview, USA), harvested and washed with PBS twice.
The cells were gently resuspended in 50 μL of Binding Buffer containing
5 μL of 7-AAD staining solution and incubated for 15min at room
temperature in the dark. The cells were then mixed with 450 μL of
Binding Buffer containing 1 μL of Annexin V-PE staining solution and
incubated for 15min at room temperature in the dark. The stained cells
were finally examined by a FACSCalibur flow cytometer (BD, USA)
within 1 h. CellQuest Pro software (BD, USA) was used to analyze the
results. The experiments were repeated three times.

2.12. Statistical analysis

SPSS 18.0 software was used for statistical analysis. Data are shown
as the mean ± SD. Pearson’s chi-square test was used to analyze the
rate of positive Shp2 expression in the cervical cancer, CIN and normal
groups. Pearson’s chi-square test or Fisher’s exact test was used to
analyze correlations between Shp2 expression and clinical parameters.
Groups were compared by Student’s t test or one-way ANOVA. All
statistical analyses were two-tailed, and P<0.05 was considered sta-
tistically significant.

3. Results

3.1. Upregulation of Shp2 expression in cervical cancer tissues and cell lines

The IHC results showed that the positive expression rates of Shp2
were 96.47% in the cervical cancer group, 90.48% in the CIN group,
and 36.36% in the normal group (Fig. 1A and C). Compared with the
normal group, Shp2 expression was obviously increased in the CIN and
cervical cancer groups, and the high expression level rate was slightly
higher in the cervical cancer group. We also assessed Shp2 expression in
the human cervical cell lines by IHC and western blot (Fig. 1B, D, E and
F). Similar to the results of tissues, although Shp2 could be detected in
all 5 cell lines, Shp2 expression was weak in HcerEpic but significantly
strong in the cervical cancer cell lines.

3.2. The association of Shp2 expression with clinical parameters and the
HPV DNA load in cervical cancer patients

According to the IHC results, we divided the 85 cervical cancer
cases into a high Shp2 expression group and a low Shp2 expression
group (cases with no expression were included in the low expression
group). The chi-square test and Fisher's exact test showed no significant
correlations between Shp2 expression and patient age (P= 0.892),
FIGO stage (P= 0.191), grade (P= 0.542), pathologic type (P=
1.000) and T stage (P= 0.407). However, Shp2 expression and N stage
were significantly correlated, and cases with a high Shp2 expression
level were more likely to have an advanced N stage (P= 0.048*)
(Table 1).

We performed ISH of a mixture of HPV 16, 18 and 58 probes on the
same batch of tissues (Fig. 1A). The ISH results showed that the positive
rate of HPV was 94.12% in the cervical cancer group. According to the
ISH results, we divided the cervical cancer cases into a high HPV DNA
load group and a low HPV DNA load group (cases with no damage were
included in the low HPV DNA load group). The chi-square test showed a
significant association of Shp2 expression with the HPV DNA load (P=
0.004*) (Table 1). Cases with high HPV DNA loads expressed higher
levels of Shp2.
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Fig. 1. Shp2 expression is upregulated in cervical cancer tissues and cell lines. (A) IHC showing Shp2 expression and ISH showing the HPV DNA load in Normal, CIN
and CC tissues (200× magnification). (B) IHC showing Shp2 expression in cervical cell lines (200× magnification). (C) Statistical analysis of Shp2 expression in
Normal, CIN and CC tissues in (A). (D) Shp2 IHC scores of cervical cell lines in (B). (E) Western blot analysis of Shp2 expression in cervical cell lines. (F)
Quantification of relative Shp2 expression in (E). *P < 0.05.
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3.3. Validation of Shp2 knockdown and overexpression in the HeLa and
SiHa cell lines

Shp2-knockdown cell lines (HeLa-shShp2 and SiHa-shShp2) and
Shp2-overexpressing cell lines (HeLa-Shp2 and SiHa-Shp2), as well as
corresponding control cell lines (HeLa-shControl, SiHa-shControl,
HeLa-Control and SiHa-Control), were established by lentivirus trans-
duction. We detected Shp2 mRNA and protein expression levels to va-
lidate the efficiency of Shp2 knockdown or overexpression in the HeLa
and SiHa cell lines. The qRT-PCR results indicated that, compared to the
shControl groups, the shShp2 groups showed reductions in Shp2 mRNA
levels by about 61% in HeLa cells and 76% in SiHa cells; compared to
the Control groups, the Shp2 groups showed increases in Shp2 mRNA
levels by about 79 fold in HeLa cells and 47 fold in SiHa cells (Fig. 2A).
Western blot analysis also confirmed that Shp2 protein expression le-
vels were significantly reduced in the shShp2 groups and increased in
the Shp2 groups in both cell lines (Fig. 2B and C).

3.4. Shp2 reduced sensitivity to cisplatin in cervical cancer cells

We calculated cisplatin IC50 values and detected cisplatin-induced
apoptosis in the cells from different groups to determine their sensi-
tivity to cisplatin. As shown in Fig. 3A, the IC50 values were
24.14 ± 1.81 μg/mL and 19.08 ± 2.28 μg/mL (P= 0.040*) in the

shControl and shShp2 groups of HeLa cells, respectively, and
42.11±3.57 μg/mL and 33.13±2.58 μg/mL (P= 0.024*) in the
shControl and shShp2 groups of SiHa cells, respectively. For compar-
ison, the IC50 values were 28.28 ± 3.03 μg/mL and 35.16 ± 1.97 μg/
mL (P= 0.030*) in the Control and Shp2 groups of HeLa cells and
41.47±3.07 μg/mL and 60.41±4.63 μg/mL (P= 0.004*) in the
Control and Shp2 groups of SiHa cells. The IC50 value of cisplatin was
significantly lower in Shp2-knockdown cells and higher in Shp2-over-
expressing cells.

Cell apoptosis was examined by flow cytometry, and the results
indicated that Shp2 knockdown and overexpression did not sig-
nificantly influence cell death directly. Nevertheless, when cells were
treated with cisplatin (5 μg/mL and 10 μg/mL for Shp2-knockdown
HeLa and SiHa cells, respectively; 8 μg/mL and 12 μg/mL for Shp2-
overexpressing HeLa and SiHa cells, respectively) to induce apoptosis,
the cell apoptosis rates were twice as high in the shShp2 groups than in
the shControl groups for both HeLa and SiHa cells, and Shp2 over-
expression reduced the apoptosis rates by approximately 10% in both
cells (Fig. 3B and C).

We then detected the expression of the apoptosis-related proteins
Bcl-2 and Bax. We found that cisplatin mainly reduced Bcl-2 expression,
and Shp2 knockdown further enhanced this decrease in Bcl-2 expres-
sion, but Shp2 overexpression increased Bcl-2 expression, thereby af-
fecting the cisplatin-induced apoptosis of cervical cancer cells (Fig. 3D
and E). These results indicate that Shp2 reduces the sensitivity of cer-
vical cancer cells to cisplatin.

3.5. Shp2 enhanced the proliferation and colony formation of cervical
cancer cells

The proliferation of Shp2-knockdown cells, Shp2-overexpressing
cells and corresponding control cells was detected by MTT assays. The
results showed that cell proliferation was obviously decreased by Shp2
knockdown and increased by Shp2 overexpression (Fig. 4A).

In the colony formation assay without cisplatin, the shShp2 groups
formed substantially fewer and smaller colonies than the shControl
groups. In contrast, compared with the Control groups, the Shp2 groups
formed many more colonies. In the presence of cisplatin (same con-
centration as in the apoptosis assay), the colony formation assay results
showed the same trends (Fig. 4B and C).

Taken together, the data indicate that Shp2 enhances the pro-
liferation and colony formation of cervical cancer cells, suggesting that
Shp2 is required to promote the growth of cervical cancer cells.

3.6. Shp2 enhanced the migration of cervical cancer cells

Wound-healing assays were used to assess the influence of Shp2
knockdown and overexpression on cervical cancer cell migration. Fig. 5
shows that Shp2 knockdown inhibited cell migration by about 25% in
HeLa cells and by 21% in SiHa cells after 48 h. Shp2 overexpression
increased migration by about 52% in HeLa cells and by 46% in SiHa
cells after 48 h. Thus, Shp2 considerably enhanced cervical cancer cell
migration in cervical cancer cells.

Table 1
Correlations between Shp2 expression and clinical parameters or the HPV DNA
load in 85 cervical cancer patients.

Shp2 expression (%) χ2 P value

High Low

Age (years) 0.019 0.892
≤ 44 26 (50.00) 17 (51.52)
> 44 26 (50.00) 16 (48.48)

FIGO stage 3.314 0.191
I 17 (32.69) 12 (36.36)
II 13 (25.00) 13 (39.40)
III 22 (42.31) 8 (24.24)

Grade 1.224 0.542
1 7 (13.46) 6 (18.18)
2 30 (57.69) 15 (45.46)
3 15 (28.85) 12 (36.36)

Pathologic type 0.000a 1.000
SCC 49 (94.23) 31 (93.94)
ADC 3 (5.77) 2 (6.06)

T stage 1.842a 0.407
T1 27 (51.92) 13 (39.39)
T2 19 (36.54) 17 (51.52)
T3 6 (11.54) 3 (9.09)

N stage 3.911 0.048*

N0 32 (61.54) 27 (81.82)
N1 20 (38.46) 6 (18.18)

HPV DNA load 8.163 0.004*

High 29 (55.77) 8 (24.24)
Low 23 (44.23) 25 (75.76)

SCC: squamous cell carcinoma; ADC: adenocarcinoma.
a: χ2 value from Fisher's Exact Test.
* : P < 0.05 was considered statistically significant.

Fig. 2. Validation of Shp2 knockdown and overexpression in HeLa and SiHa cell lines. (A) Shp2 mRNA levels in the cell lines. (B) Western blot analysis of Shp2
expression in HeLa and SiHa cell lines. (C) Quantification of relative Shp2 expression in (B). *P < 0.05.
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3.7. Shp2 influenced Akt signaling

To further understand the molecular mechanisms underlying the
effects of Shp2 knockdown and overexpression in cervical cancer cells,
we detected several key proteins that were previously identified in
Shp2-related pathways in other cancers [10,23]. The results showed
that phospho-Akt levels were decreased by Shp2 knockdown and

increased by Shp2 overexpression, with no effect on total Akt levels.
The expression levels of Erk, phospho-Erk and β-catenin showed no
significant differences among the groups (Fig. 6). These results sug-
gested that Shp2 mainly influenced Akt signaling, which may be one of
the reasons for the altered biological behaviors of the cervical cancer
cells.

Fig. 3. Shp2 reduced sensitivity to cisplatin in HeLa and SiHa cell lines. (A) Cisplatin IC50 values in shControl, shShp2, Control and Shp2 cells. (B) Apoptosis analysis
of shControl, shShp2, Control and Shp2 cells with or without cisplatin. (C) Quantification of apoptosis rates in (B). (D) Western blot was used to analyze apoptosis-
related proteins Bcl-2 and Bax expression in shControl, shShp2 Control and Shp2 cells. β-actin was used as an internal control. (E) Quantification of the protein bands
in (D). *P < 0.05.

Fig. 4. Shp2 enhanced the proliferation and colony formation of HeLa and SiHa cells. (A) MTT assays of shControl, shShp2, Control and Shp2 cells. (B) Colony
formation assays of shControl, shShp2, Control and Shp2 cells treated with or without cisplatin. (C) Quantification of colony number in (B). *P < 0.05.
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4. Discussion

An increasing number of studies have focused on Shp2, and the
results of these studies have shown that Shp2 has dual functions in the
occurrence and development of different cancers [24]. Researchers
found a carcinogenic effect of Shp2 in various cancers, such as gastric
cancer [8], breast cancer [10] and non-small cell lung cancer [12].
Conversely, a few studies revealed a tumor suppressive effect of Shp2 in
hepatocellular carcinoma [14] and colon cancer [15]. Little is known
about the role of Shp2 in cervical cancer, and the influence and me-
chanisms of Shp2 on the biological behavior of cervical cancer cells
have not been explored.

Studies by Tao et al. and Meng et al. showed that the positive ex-
pression rates of Shp2 were 90% and 88.8% in cervical cancer tissues,
respectively, which are significantly higher than that in normal cervix
tissues [18,19]. Consistently, our IHC results showed that the positive
Shp2 expression rates were 96.47% in the cervical cancer group and
36.36% in the normal group (P < 0.05). The results in cell lines also

showed that the Shp2 signal was weak in the normal cervical epithelial
cell line but considerably stronger in the cervical cancer cell lines.
Correlation analysis showed that high Shp2 expression levels correlated
with an advanced N stage, suggesting that Shp2 was associated with
tumor lymph node metastasis in cervical cancer. All of these results
support the hypothesis that Shp2 contributes to the occurrence and
development of cervical cancer.

High-risk HPV infections play a causal role in the occurrence and
development of cervical cancer [2], and the HPV DNA load is the main
distinguishing factor among HPV-positive cervical cancer cases [25].
Whether the HPV DNA load affects Shp2 expression remains unknown.
Therefore, we examined the relationship between the HPV DNA load
and Shp2 expression. Correlation analysis showed a significant asso-
ciation between the HPV DNA load and Shp2 expression (P= 0.004*),
indicating that the HPV DNA load is an important factor affecting the
Shp2 expression level, and Shp2 expression increased with increasing
HPV DNA load.

Previous studies have shown that Shp2 plays a regulatory role in

Fig. 5. Shp2 enhanced the migration of HeLa and SiHa cells. (A) Images of wound healing by shControl, shShp2, Control and Shp2 cells (40× magnification). (B)
Quantification of wound area in (A). *P < 0.05.

Fig. 6. Effect of Shp2 knockdown and overexpression on the regulation of several key proteins in HeLa and SiHa cells. (A) Western blot was used to analyze the
expression of Akt, p-Akt, Erk, p-Erk and β-catenin in shControl, shShp2, Control and Shp2 cells. β-actin was used as an internal control. (B) Quantification of the
protein bands in (A). *P < 0.05.
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various tumor cells. Hu et al. revealed that Shp2 overexpression en-
hanced the proliferation, clone formation, and migration inabilities of
breast cancer cells and could increase Erk and Akt signaling activity
[10]. Xiang et al. showed that Shp2 was also involved the β-catenin
pathway [23] in hepatocellular carcinomas.

In the present study, the results of MTT and colony formation assay
showed that Shp2 enhanced the proliferation and colony formation of
cervical cancer cells. Using a wound-healing assay, we found that Shp2
enhanced cervical cancer cell migration in vitro, which may be an
evidence for the correlation between Shp2 and lymph node metastasis
in cervical cancer. We also detected Erk, Akt and β-catenin signaling in
the cell lines and found that phospho-Akt expression levels were de-
creased by Shp2 knockdown and increased by Shp2 overexpression in
HeLa and SiHa cells, but no significant variations in Erk or β-catenin
signaling were observed. The slight differences in the effects of Shp2 on
biological behavior and signaling pathways among different tumors
might be due to cellular contexts. These results suggested that Shp2 is
essential for the maintenance of malignant behavior in cervical cancer
cells, and Akt signaling is involved in this process.

Since cisplatin is the first-line chemotherapeutic for advanced cer-
vical cancer and the influence of Shp2 on cisplatin resistance in cervical
cancer is still unclear, we determined the IC50 values of cisplatin in
Shp2-knockdown cells, Shp2-overexpressing cells and corresponding
control cells. We found that the cisplatin IC50 value in cervical cancer
cell lines was significantly decreased by Shp2 knockdown and increased
by Shp2 overexpression. Furthermore, Shp2 knockdown significantly
increased cervical cancer cell death induced by cisplatin due to
downregulation of Bcl-2 expression. The opposite results were found in
the Shp2 overexpression groups. Therefore, Shp2 could reduce the
sensitivity of cervical cancer cells to cisplatin.

In conclusion, our study demonstrated that Shp2 expression was
upregulated in cervical cancer and closely correlated with lymph node
metastasis and the HPV DNA load. Shp2 knockdown suppressed cer-
vical cancer cell growth and migration and enhanced the sensitivity of
cervical cancer cells to cisplatin in HeLa and SiHa cell lines. In contrast,
Shp2 overexpression enhanced cell growth and migration and reduced
cisplatin sensitivity in the two cell lines. Further studies showed that
the tumor-promoting effects of Shp2 were related to Akt signaling.
Therefore, Shp2 is involved in the occurrence and development of
cervical cancer and may confer cisplatin resistance in cervical cancer,
and Shp2 blockade may serve as a new strategy for cervical cancer
treatment.
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