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Abstract. – OBJECTIVE: To explore possible 
mechanism of ERBB2 gene expression silenc-
ing mediating mitogen-activated protein kinase 
1/mitogen-activated protein kinase 3 (MAPK1/
MAPK3) signaling pathway on proliferation, mi-
gration, and invasion of ovarian cancer cells. 

PATIENTS AND METHODS: A total of 240 
cancer specimens were collected in patients 
with epithelial ovarian cancer intraoperatively 
in our hospital from January 2015 to Janu-
ary 2018. Expressions of ERBB2, MAPK1, and 
MAPK3 in tissues were detected by immuno-
histochemistry. Following the culture of ovari-
an cancer cell lines, target cell line with high ex-
pression of ERBB2 was screened by qRT-PCR. 
Cell grouping was performed with four groups 
after transfection, including Blank group, neg-
ative control (NC) group, ERBB2 shRNA group, 
and ERBB2 overexpression group (shorted as 
ERBB2 group). The expression levels of ERBB2, 
MAPK1, MAPK3, vascular endothelial growth 
factor (VEGF), metalloproteases-2 (MMP-2), and 
tissue inhibitor of metalloproteases-2 (TIMP-2) 
were detected by qRT-PCR in different transfec-
tion groups, followed by the detection of pro-
tein expressions with Western blot. 3-(4,5-Di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was used to test the prolifer-
ation activity of each group after transfection, 
while transwell assay and scratch test explored 
cell invasion and migration in each group, re-
spectively. 

RESULTS: Immunohistochemistry showed 
that the positive rates of ERBB2, MAPK1, and 
MAPK3 in ovarian cancer tissues were signifi-
cantly increased than those in adjacent nor-
mal epithelial tissues. In the cell experiment, 
ERBB2 gene was highly expressed in SKOV3 
ovarian cancer cell line. There was no signif-
icant difference in each index between Blank 
group and NC group (p > 0.05). Compared with 
Blank group and NC group, the expression lev-
els of ERBB2, MAPK1, MAPK3, VEGF, and MMP-
2 in ERBB2 shRNA group decreased significant-

ly, TIMP-2 increased markedly, and prolifera-
tion, invasion, and migration abilities of cells 
decreased markedly after transfection, showing 
statistically significant differences (All p < 0.05). 
By contrast, the expression levels of ERBB2, 
MAPK1, MAPK3, VEGF, and MMP-2 increased 
remarkably in ERBB2 group, while TIMP-2 de-
creased significantly, and cell proliferation, in-
vasion, and migration ability increased evident-
ly after transfection, with statistically significant 
differences (All p < 0.05).

CONCLUSIONS: Silencing ERBB2 gene ex-
pression may inhibit the activation of MAPK1/
MAPK3 signaling pathway and thus suppress 
the proliferation, invasion, and migration of 
ovarian cancer cells. Overexpression of ERBB2 
gene can reverse those trends, which in turn 
support the role of ERBB2 gene expression si-
lencing in molecular targeted therapy of ovari-
an cancer.

Key Words:
ERBB2 gene, MAPK1/MAPK3 signaling pathway, 

Ovarian cancer, Proliferation, Invasion, Migration. 

Introduction

Ovarian cancer is one of the most common 
gynecological malignancies, accounting for about 
3% of female malignancies1, and its mortality 
ranks fifth of gynecological malignancies2. Ovar-
ian cancer is characterized by hidden incidence, 
high risk of abdominal metastasis in the ear-
ly stage, and lack of effective early diagnostic 
methods3. Most patients are diagnosed in the late 
stage, and the long-term survival rate is low at the 
same time4,5. Simultaneously, in recent decades, 
despite an increase in the survival rate of patients 
treated by operation combined with chemothera-
py, the five-year survival rate of ovarian cancer 
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patients is still not optimistic, and the long-term 
survival rate has not improved significantly6. 
Cancer cells are mainly featured by infinite pro-
liferation7, besides, the acquisition of invasive and 
migratory ability is the key concerning the devel-
opment of benign lesions to malignant tumors8. 
At present, the pathogenesis of ovarian cancer 
is not quite clear, there is a need for further re-
search on the biological basis of its occurrence 
and development, searching for gene targets to 
inhibit its invasion and migration. Significantly, 
the development of ovarian cancer is a process 
in which many oncogenes and anti-oncogenes 
participate9. Therefore, screening genes that can 
effectively inhibit the development of cancer cells 
and providing new therapeutic targets is the focus 
of this study.

ERBB2, also known as human epidermal 
growth factor receptor 2 (HER-2), is a kind of 
epidermal growth factor receptor located at the 
basal side of cell membrane and has intrinsic 
tyrosine kinase activity10,11. It encodes a 185-kDa 
transmembrane glycoprotein composed of 1,255 
amino acids, including four sub-regions of signal 
peptide, extracellular domain, transmembrane 
domain, and intracellular domain12. At present, 
ERBB2 is considered to be an orphan receptor13, 
and its ligand has not been confirmed, which, 
however, can be activated by phosphorylation fol-
lowing the formation of ERBB2 homodimer or its 
heterodimer with other HER members14,15. ERBB2 
is reported to be amplified or overexpressed in 
many tumors, such as breast cancer, ovarian 
cancer, lung cancer, and gastric cancer16-19. Thus, 
ERBB2 is considered to be an ideal target for 
antibody therapy. With the activation of ERBB2, 
the complex signal transduction network in tumor 
cells begins to start or initiate, resulting in a va-
riety of biological behaviors15. At the same time, 
the response of cells to environmental changes 
is partly induced by a series of intracellular sig-
naling pathways20,21, which amplify and integrate 
signals from extracellular stimuli, and ultimately 
lead to genetic and physiological changes. Mito-
gen-activated protein kinase (MAPK) is a kind of 
serine/threonine protein kinase existing in mam-
mals22. It can be activated by extracellular signals 
such as physical and chemical stress, cytokines, 
growth factors, etc. In the next step, it can acti-
vate downstream transcription factors through 
three cascade reactions, transfer various types of 
external stimuli to the nucleus, and is intimate-
ly related to cell proliferation, differentiation, 
transformation, inflammation, and apoptosis, as 

well as various physiological and pathological 
processes of the body23. It has been accepted 
as an important signal transduction system in 
cells. At present, three pathways of MAPK are 
recognized, namely extracellular signal-regulated 
protein kinases (ERKs) pathway, C-Jun N-termi-
nal kinase (JNK) pathway, and p38MAPK path-
way24. Several studies22,25 have shown that such 
signal transduction pathways play an important 
role in regulating tumorigenesis, invasion, and 
metastasis, which can enter the nucleus to fur-
ther regulate various transcription factors, and 
mediate cell growth, differentiation, apoptosis, 
metastasis, and invasion.

Currently, the crucial role of ERBB2 and 
MAPK1/MAPK3 signaling pathway, as well as 
the emergence and development of gene silencing 
technology and molecular therapy have been rec-
ognized in modern and contemporary oncology 
research24. However, there are still few studies 
focusing on the above targets in the progression 
and intervention of ovarian cancer. In the pres-
ent study, the effect of ERBB2 gene-mediated 
MAPK1/MAPK3 signaling pathway on migra-
tion and invasion of ovarian cancer cells in vitro 
was studied by transfecting ERBB2 expression 
plasmid into human ovarian cancer cell line. It is 
expected to provide theoretical basis for further 
in vivo study of the gene and to find effective 
gene therapy targets for inhibiting the occurrence 
and development of ovarian cancer.

Materials and Methods

Reagents and Equipment
Anhydrous ethanol (Tianjin Fuyu Fine Chem-

ical Co., Ltd., Tianjin, China); xylene (Shanxi 
Lierkang Biotechnology Co., Ltd., Shanxi, 
China); polyformaldehyde (Sigma-Aldrich, St. 
Louis, MO, USA); ERBB2, MAPK1, MAPK3 
antibodies (Cell Signaling Technology, Beverly, 
Massachusetts, USA); development reagent kit 
(Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China); trypsin and crystal violet 
(Beijing Solarbio Science & Technology Co., 
Ltd., Beijing, China), Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Hyclone; South Logan, 
UT, USA), phosphate-buffered saline (PBS; Bei-
jing Solarbio Science & Technology Co., Ltd., 
Beijing, China), methanol and glacial acetic acid 
(Tianjin Fuyu Fine Chemical Co., Ltd., Tianjin, 
China), transwell Chamber (Corning, Corning, 
NY, USA), etc.
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Electronic analytical balance (Shanghai 
Pingxuan Science Instrument Co., Ltd., Shang-
hai, China); RM2126 paraffin slicing machine 
(Shanghai Leica Instruments Ltd., Shanghai, 
China); OLYMPUS fluorescence microscope 
(OLYMPUS, Tokyo, Japan); inverted fluores-
cence microscope (OLYMPUS, Tokyo, Japan); 
gel imaging system (ChemiDoc MP, Bio-Rad; 
Hercules, CA, USA); pipette (0.5-10 μL; 20-200 
μL; Research plus 100-1000 μL; Beijing Gilson 
Science & Technology Co., Ltd., Beijing, Chi-
na); horizontal decolorization shaker (TY-80A/S 
decolorization shaker, Changzhou Xunsheng In-
strument Co., Ltd., Changzhou, Jiangsu, China); 
low-temperature centrifuge [5427R; Eppendorf 
(EP) AG, Hamburg, Germany]; vertical electro-
phoresis bath (Mini-Protean Tetra Electropho-
resis System, Bio-Rad; Hercules, CA, USA); 
basic power supply (PowerPace Basic, Bio-Rad; 
Hercules, CA, USA); Trans-Blot (Bio-Rad; Her-
cules, CA, USA).

Objects of Study
From January 2015 to January 2018, 240 ovar-

ian cancer specimens were collected from our 
hospital (all patients had not received chemo-
therapy or radiotherapy before operation, had not 
taken hormone drugs, and were pathologically 
diagnosed as epithelial ovarian cancer). At the 
same time, paracancerous tissues around ovarian 
cancer tissues (as compared with cancer tissues) 
were collected for comparison. All the collected 
specimens were fixed with 10% formaldehyde, 
routinely dehydrated, paraffin-embedded, and cut 
into sections of 4 μm in thickness to be used in 
the next steps. The present investigation was ap-
proved by the Ethics Committee in our hospital, 
and the use of all collected specimens and details 
related to the experiment were informed to the 
related patients or family members.

Immunohistochemical Detection of 
ERBB2, MAPK1, and MAPK3 Expression

Immunohistochemical staining was per-
formed with SP-9001 kit. Paraffin sections of 
normal control ovarian epithelium and ovarian 
cancer were baked for 20 min in an oven at 
68°C. In the process of elution, paraffin-embed-
ded section was dewaxed by dipping in xylene, 
followed by dehydration with different concen-
tration of alcohol. After that, the specimens were 
incubated at 37°C for 10 min with 3% H2O2, fol-
lowed by PBS washing 3 times, 5 min each. In 
the step of antigen retrieval, tissue slices were 

put into buffer solution, heated in microwave 
oven or electric oven to 96-98°C for 10 min, then 
gradually cooled to room temperature. Slices 
were rinsed gently with PBS two times (5 min 
each) and distilled water two times (3 min each). 
As for the inactivation of endogenous enzyme 
activity, the tissue samples were placed in a wet 
box, a small amount of distilled water was added 
to the box, and a drop of 3% hydrogen peroxide. 
A reagent in the second antibody kit was added 
and incubated at room temperature for 10 min. 
Slices were rinsed gently with PBS three times 
(3 min each) and distilled water three times (3 
min each). Then, for sealing, the water droplets 
were absorbed following shaking off the water, 
followed by the addition of a drop of goat se-
rum sealant (B reagent in the kit) and incuba-
tion in the wet box at room temperature for 10 
min. After the first antibody (ERBB2, MAPK1, 
MAPK3) was added, the slices were incubated 
in refrigerator for 12 h, and the temperature was 
controlled about 4°C. Following another gen-
tle PBS rinsing three times (5 min each time), 
corresponding biotinylated mouse anti-sheep 
IgG working fluid (the secondary antibody) was 
dripped and incubated at 37°C for 30 min, end-
ed with another gentle PBS rinsing three times 
(5 min each time). Afterwards, streptomycin 
albumin working fluid labeled with horseradish 
peroxidase (HRP) was dripped and incubated in 
an incubator for 10 min. PBS was gently rinsed 
three times (5 min each time). The reaction 
was terminated after adding diaminobenzidine 
(DAB) for 3 to 10 min. The double steamed wa-
ter was used to wash for 10 min, followed by he-
matoxylin re-dyeing, conventional dehydration, 
transparent treatment, drying, and sealing. PBS 
was used as blank control instead of the primary 
antibody. Each slice was randomly selected with 
6 high power field of vision (200×) and 100 cells 
per field of vision.

The positive expression of MAPK1 and 
MAPK3 protein was yellow or brown granules 
in nucleus or cytoplasm. Semi-quantitative grad-
ing was performed with reference to literature: 
5 visual fields were randomly observed. The in-
tensity of coloration was divided into 0 point for 
colorless, 1 point for light yellow and yellow, and 
2 points for brown yellow. The number of positive 
cells was divided into < 10%, 0 point, 10% - 50%, 
1 point, and > 50%, 2 points. The total product of 
the two items was divided into negative with 0 
point, weak positive with 1 - 3 points, and strong 
positive with 4 points. ERBB2 staining referred 
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to the criteria of FDA in the United States, which 
was overexpressed with continuous yellow or 
brown-yellow staining of the cell membrane. 
Each experiment was repeated three times.

Culture of Ovarian Cancer Cell Lines and 
Screening of Eligible ERBB2 Cell Line by 
qRT-PCR

Ovarian cancer cell lines SKOV3, HO8910, ES-
2, and COC1 (all purchased from the Cell Bank 
of the Typical Culture Preservation Committee 
of the Chinese Academy of Sciences, Shang-
hai, China) were cultured in DMEM high-sug-
ar medium containing 10% fetal bovine serum 
(penicillin-streptomycin solution, 1:1, 100 μg/
ml), respectively. The cells were cultured in a 
sterile cell incubator at 37°C and 5% CO2. When 
the cell growth reached 90% confluence, the cells 
were digested with 0.25% trypsin and passaged 
in the ratio of 1:3. The cells were inoculated into 
24-well plates (5×104 cells/well) for 24 h, and then 
detected when the cells grew and fused 70%-
80%. Real-time fluorescence quantitative PCR 
was used to detect the expression of ERBB2 in 
each cell, and the cell line with higher expression 
were selected to complete the subsequent experi-
ment. Each experiment was repeated three times.

Cell Grouping and Lentivirus Infection
The third passage cells were digested and inoc-

ulated into 24-well plate for culture. The density 
of cells per well was adjusted to 1 × 105 cells/well, 
so that the cells grew into monolayer. The cells 
were divided into four groups according to the 
design requirements: Blank group (blank control 
group, no transfection of any sequence), negative 
control (NC) group (infection of negative control 
lentivirus), ERBB2 shRNA group (infection of 
ovarian cancer cells with ERBB2 shRNA lentivi-
rus), and ERBB2 overexpression group (infection 
of ovarian cancer cells with ERBB2 overex-
pression lentivirus; shorted as ERBB2 group). 
All lentiviruses were purchased from Shang-
hai GenePharma Co.,Ltd (Shanghai, China). The 
above screened ovarian cancer cells in logarith-
mic growth phase were inoculated into 24-well 
plates (2×105 cells/well) and cultured overnight 
in incubator at 37°C and 5% CO2. When the cell 
growth density was about 40%-50%, the negative 
control lentivirus, ERBB2 shRNA lentivirus, and 
ERBB2 overexpressed lentivirus were transfect-
ed into the selected ovarian cancer cells in strict 
accordance with the GenePharma Lentivirus In-
fection Manual. After 24 h of transfection, com-

plete medium was used to change the medium 
and normal culture was carried out. From the 4th 
day, screening was carried out at the concentra-
tion of 1 mg/L by adding human puromycin. Two 
weeks after puromycin screening, stable cell lines 
were constructed in NC group, ERBB2 shRNA 
group, and ERBB2 group.

Relative Expression levels of 
ERBB2, MAPK1, MAPK3, vascular 
endothelial growth factor (VEGF), 
metalloproteases-2 (MMP-2), and 
tissue inhibitor of metalloproteases-2 
(TIMP-2) by qRT-PCR

Transfected cells were taken from each group 
and put into l ml TRIZOL reagent to shake and 
mix to lyse cells. An amount of 200 ml chloro-
form was added and mixed manually, which was 
then placed at room temperature for 2-3 min, 
and centrifuged at 12,000 rpm for 15 min at 4°C. 
The upper water phase was extracted carefully 
with pipette into another sterile centrifugal tub, 
followed by the addition of 0.5 ml isopropanol 
to mix it repeatedly. After reaction at room tem-
perature for 10-30 min, another centrifugation 
was conducted at 12,000 rpm for 15 min at 4°C, 
with the realization of RNA precipitates at the 
bottom of the tube after discarding the superna-
tant. Then, 75% ethanol was added to the centri-
fuge tube and the precipitation was suspended by 
shaking the centrifuge tube gently. With another 
centrifugation was conducted at 12,000 rpm for 
15 min at 4°C, the supernatant was discarded 
and dried at room temperature for 5 min, and the 
precipitate was dissolved by adding 10 ml DEPC, 
which was stored at –70°C. RNA concentration 
was determined by ultraviolet spectrophotometer. 
The primers used in this study were synthesized 
by Dalian TaKaRa Company. According to the 
instructions of the reverse transcription kit, the 
reaction conditions were set as follows: 42°C, 1 h 
(reverse transcription reaction), 70°C, 5 min (re-
verse transcriptase inactivation reaction). After 
that, the reverse transcription of the DNA was 
diluted to 50 ng/ml, and the subsequent fluores-
cence quantitative PCR was used for reserve. 
The reaction amplification system was 25 μl, 
which was tested in fluorescent quantitative PCR 
instrument. The conditions of reverse transcrip-
tion reaction were as follows: pre-denaturation 
at 94°C for 3 min; denaturation at 94°C for 30 
s, annealing at 56.5°C for 30 s and extension at 
72°C for 30 s, in a total of 35 cycles; followed by 
PCR amplification at 72°C for 5 min. Using total 
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cNDA as template and β-actin as internal ref-
erence primer, the relative transcription level of 
target genes (ERBB2, MAPK1, MAPK3, VEGF, 
MMP-2, and TIMP-2) was calculated by relative 
quantitative method (2-∆∆CT method). Each exper-
iment was repeated three times.

Protein Expression of ERBB2, MAPK1, 
MAPK3, VEGF, MMP-2, and TIMP-2 by 
Western Blot

After 48 h of transfection, the cells with 95% 
confluence were taken out with the culture medi-
um poured clean, followed by the addition of 2 ml 
pre-cooled PBS for washing at 4°C. The washed 
liquid was discarded, and the culture flask was 
placed on ice after 2 times of re-washing. Sub-
sequently, the protein lysate was added to the ice 
and decomposed at 4°C for 30 min, shaking every 
10 min for complete lysis. The adherent cells were 
gently scraped off with a cell scraper. Cell frag-
ments and lysate were absorbed and transferred 
to 1.5 ml EP tube, which was then centrifuged 
for 5 min at 12,000 r/min at 4°C. The lipid layer 
was discarded and the supernatant was taken as 
tissue protein extract. The protein concentration 
of each sample was determined by bicinchoninic 
acid (BCA) kit. The protein was transferred to the 
polyvinylidene difluoride (PVDF) membrane by 
wet transfer method after quantified by different 
concentrations and separated by polyacrylamide 
gel electrophoresis (SDS-PAGE). In the process, 
the initial voltage was 80 V for electrophoresis, 
and the voltage was changed to 100 V when sam-
ples ran to the separating gel. The PVDF film was 
then removed and placed in 5% skimmed milk 
powder for sealing in a low-speed shaking bed 
at room temperature for 1 h. The primary anti-
bodies of anti-rabbit anti-human ERBB2, rabbit 
anti-human MAPK1, MAPK3, rabbit anti-human 
VEGF, rabbit anti-human MMP-2, rabbit anti-hu-
man TIMP-2 were added and mixed in a shaking 
bed at 4°C for overnight incubation, followed 
by Tris-Buffered Saline and Tween-20 (TBST) 
washing for 10 min each (2 times). The PVDF 
film was dried with filter paper, and enhanced 
chemiluminescence (ECL) agent A and B were 
mixed evenly. The film was exposed to darkroom 
for 1 min, then developed and fixed. ImageJ 1.48 
U software was applied for quantitative analysis 
of protein. Quantitative analysis of proteins was 
carried out by the ratio of grey value of each pro-
tein to that of internal reference glyceraldehyde 
3-phosphate dehydrogenase (GAPDH). Each ex-
periment was repeated three times.

Proliferation Activity of Cells in 
Each Group After Transfection by 
3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide 
(MTT) Assay

Succinate dehydrogenase in mitochondria of 
living cells can reduce exogenous MTT to wa-
ter-insoluble violet-blue crystalline armor and 
deposit in cells. Dimethyl sulfoxide (DMSO) can 
dissolve the armor in living cells, and the light 
absorption value can be measured at wavelength 
of 492 mm by enzyme labeling instrument, which 
can indirectly reflect the number of living cells. 
In our experiment, after 48 h of transfection, 
cells in logarithmic growth phase were collected 
and counted, inoculated into 96-well plates at cell 
density of 5×103 cells with a volume of 100 μl per 
well and repeated for five holes, and incubated in 
an incubator. Four time points were set (24 h, 48 
h, 72 h, and 96 h) for the following experiments: 
cells were incubated in an incubator with 5%CO2 
at 37°C, 5 wells were randomly selected from 
each group every 24 h after inoculation for 2 h. 
MTT (5 mg/ml) was added with 10 ml per well, 
and incubated at 37°C for 4 h. With the termi-
nation of the culture, the culture medium was 
absorbed carefully in the well, with the addition 
of 150 ml DMSO/well, shaking in horizontal 
shaker for 10 min, and then fully dissolved and 
crystallized. The absorbance (OD) value of each 
well was read at 492 nm of enzyme-linked immu-
noassay (ELISA) meter. Zero-adjusting well (cul-
ture medium, MTT, dimethylalum) and control 
well (cells, culture medium, MTT, dimethylalum) 
were set at the same time. Each experiment was 
repeated three times. The number of living cells 
was expressed by the OD value, and the cell vi-
ability curve was plotted by the abscissa of time 
point and the ordinate of OD value.

Cell Invasion in Each Group After 
Transfection by Transwell Assay

For the detection of cell invasion in each group, 
the cells were cultured in DMEM medium after 
48 h of transfection. Transwell chamber was pre-
pared when starting the experiment, the upper 
chamber surface of the bottom membrane of tran-
swell chamber was coated with 50 mg/L Matrigel 
diluent (1:8) and air-dried at 4°C. The residual liq-
uid in the culture plate was sucked out and 50 μL 
serum-free culture medium containing 10 g/L bo-
vine serum albumin (BSA) was added into each 
pore at 37°C for 30 min. For the next step of the 
preparation of cell suspension, serum starvation 
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cells were withdrawn for 12 h to further remove 
the effect of serum. The digestive cells were 
centrifuged and discarded after termination of 
digestion, washed twice with PBS, and suspended 
in serum-free medium containing BSA. The cell 
density was adjusted to 5×105. For cell inocula-
tion, 200 μL cell suspension was taken and added 
into transwell chamber. The medium containing 
10% fetal bovine serum (FBS) was added into 
the lower chamber of 24-well plate. Care should 
be taken not to produce bubbles when the cham-
ber was placed in. For fixation and staining, the 
transwell chamber was removed with cells wiped 
from the upper chamber via cotton swabs, fol-
lowed by fixation with 4% polyformaldehyde for 
15 min, staining with 0.5% crystal violet solution 
(prepared with methanol) for 15 min, and wash-
ing with PBS three times. Afterwards, five visual 
fields were randomly selected and observed under 
inverted microscope for photography (magnifica-
tion 200×). The number of cells penetrating the 
film was counted. Each experiment was repeated 
three times.

Cell Migration in Each Group After 
Transfection by Scratch Test

In the scratch test, marker pen was used be-
hind the 6-well plate, and ruler was used to draw 
a horizontal line evenly, about every 0.5-1 cm, 
across the well. About 5×105 cells were added 
into the well. The number of cells varied with the 
types of cells, and cells could be covered fully in 
the bottom of the well following overnight incu-
bation. The next day, the head of the pipette was 
used to draw the line by matching the ruler, and it 
was adjusted to be perpendicular to the horizontal 
line behind as far as possible to the horizontal 
scratches behind without tilt. The cells were then 
washed 3 times with PBS, removed, and added 
into serum-free medium. Following cultured in 
a 5% CO2 incubator at 37°C, the results were 
observed and photographed under a microscope 
(magnification 200×).

Statistical Analysis
Statistical data were processed and analyzed 

by SPSS 21.0 statistical software (SPSS, Inc., 
Chicago, IL, USA). The parameters of the ex-
perimental measurement data were expressed as 
mean ± standard deviation) (x– ± s). Independent 
sample-t-test was used for comparison between 
groups, and one-way analysis of variance (ANO-
VA) (LSD post-hoc test) was used for pairwise 
comparison between groups. The counting data 

were expressed by percentage and compared by 
Chi-square test. p<0.05 indicated that the differ-
ence was significant.

Results

Immunohistochemical Results
The immunohistochemical results (Figure 1) 

showed that the positive stained cells of ERBB2, 
MAPK1, and MAPK3 in ovarian tissue were 
yellow-brown or dark brown granules. The pos-
itive expression rates of ERBB2, MAPK1, and 
MAPK3 in adjacent tissues were 15.42% (37/240), 
17.50% (42/240), and 16.67% (40/240), respective-
ly; while those of ERBB2, MAPK1, and MAPK3 
in ovarian cancer tissues were 61.67% (148/240), 
75.00% (18/240), and 77.50% (186/240), respec-
tively. The positive expression rates of ERBB2, 
MAPK1, and MAPK3 in ovarian cancer tissues 
were significantly higher than those in adjacent 
tissues, and the differences were statistically sig-
nificant (all p < 0.05).

Screening and Transfection of 
Ovarian Cancer Cell Lines

The results of qRT-PCR for screening (Figure 
2A) showed that compared with HO8910, ES-2, 
and COC1 cells, ERBB2 expression in SKOV3 
ovarian cancer cells increased significantly (all p 
< 0.05). Therefore, SKOV3 ovarian cancer cells 
were selected for subsequent experiments. At the 
same time, the results of qRT-PCR (Figure 2B) 
and Western blot (Figure 2C-D) showed that there 
was no significant difference in ERBB2 gene and 
protein expression between Blank group and NC 
group (p > 0.05). Compared with Blank group 
and NC group, ERBB2 gene, and protein expres-
sion in ERBB2 shRNA group was significantly 
lower, and the difference was statistically signifi-
cant (p < 0.05). Meanwhile, the expression levels 
of ERBB2 mRNA and protein in ERBB2 group 
increased significantly, and the difference was 
statistically significant (p < 0.05). These results 
suggest that lentiviral transfection of ERBB2 si-
lencing and overexpression plasmids successfully 
inhibited or up-regulated ERBB2 expression.

ERBB2 Silencing Inhibited the Activation 
of MAPK1/MAPK3 Signaling Pathway

QRT-PCR detection results (Figure 3A) showed 
that there was no significant difference in the 
expression levels of MAPK1, MAPK3, VEGF, 
MMP-2, and TIMP-2 in Blank and NC groups (all 
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Figure 1. Immunohistochemical detection of positive rate of abnormal expression of ERBB2, MAPK1 and MAPK3. Note: 
A, The positive expression of ERBB2, MAPK1, and MAPK3 in tissues (magnification 200×); and B, Histogram of the positive 
expression rates of ERBB2, MAPK1, and MAPK3; *, A comparison with Control group, p < 0.05.

Figure 2. Screening of ovarian cancer cell lines and detection results of ERBB2 after transfection. Note: A, Histogram of 
screening results of ovarian cancer cell lines; B, Histogram of qRT-PCR results of ERBB2 in SKOV3 cells; C, Electrophoresis 
results of ERBB2 by using Western blot in SKOV3 cells; and D, Histogram of Western blot results of ERBB2 in SKOV3 cells; @, A 
comparison with that in HO8910, ES-2, and COC1 cells, p < 0.05, *, A comparison with that in Blank group and NC group, p < 0.05.
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p > 0.05). Compared with Blank group and NC 
group, the expression levels of MAPK1, MAPK3, 
VEGF, and MMP-2 in ERBB2 shRNA group 
were significantly lower, but TIMP-2 expression 
level was significantly higher, and the differenc-
es were statistically significant (all p < 0.05). 
These results suggested that ERBB2 silencing 
inhibited the activation of MAPK1/MAPK3 sig-
naling pathway in ovarian cancer cells and then 
inhibited the expression of MAPK1, MAPK3, 
VEGF, and MMP-2 while it promoted the expres-
sion of TIMP-2. In ERBB2 group, however, the 
expression levels of MAPK1, MAPK3, VEGF, 
and MMP-2 were significantly increased, but 
TIMP-2 expression was evidently decreased, and 
the differences were statistically significant (all 
p < 0.05). These results suggested that ERBB2 
overexpression could reverse the above trend and 
promote the expression of MAPK1, MAPK3, 
VEGF, and MMP-2, while it could suppress the 
expression of TIMP-2.

Furthermore, according to the results of West-
ern blot (Figure 3B-C), there was no significant 
difference in protein expression levels of MAPK1, 
MAPK3, VEGF, MMP-2, and TIMP-2 between 
Blank group and NC group (p > 0.05). Compared 
with Blank group and NC group, ERBB2 shRNA 
group had significantly lower protein expression 
of MAPK1, MAPK3, VEGF and MMP-2, and 
higher protein expression of TIMP-2, with sta-
tistically significant differences (all p < 0.05). 
The above results indicated that ERBB2 silenc-
ing inhibited the activation of MAPK1/MAPK3 
signaling pathway in ovarian cancer cells, there-
by inhibiting the protein expression of MAPK1, 
MAPK3, VEGF, and MMP-2 proteins and pro-
moting the expression of TIMP-2. However, the 
protein expression of ERBB2, MAPK1, MAPK3, 

VEGF, and MMP-2 in ERBB2 group increased 
significantly, while TIMP-2 decreased, showing 
statistically significant differences (all p < 0.05). 
These results revealed that ERBB2 overexpres-
sion could reverse the above trend, further pro-
mote the expression of MAPK1, MAPK3, VEGF, 
MMP-2, and TIMP-2, and inhibit the expression 
of TIMP-2.

ERBB2 Silencing Inhibited 
Cell Proliferation

As evidenced by the results of MTT assay 
(Figure 4), there was no significant difference 
in OD value after cell transfection for 24 h in 
each group (p > 0.05). There was no significant 
difference in OD value in SKOV3 cells between 
Blank group and NC group after transfection 
for 48 h, 72 h, and 96 h (all p > 0.05). Compared 
with Blank group and NC group, OD value of 

Figure 3. The expression levels of MAPK1, MAPK3, VEGF, MMP-2, and TIMP-2 detected by qRT-PCR and Western blot. 
Note: A, Histogram of qRT-PCR results of MAPK1, MAPK3, VEGF, MMP-2, and TIMP-2 in SKOV3 cells; B, Electrophoresis 
results of MAPK1, MAPK3, VEGF, MMP-2, and TIMP-2 by using Western blot in SKOV3 cells; and C, Histogram of Western 
blot results of MAPK1, MAPK3, VEGF, MMP-2, and TIMP-2 in SKOV3 cells; *, A comparison with that in Blank group and 
NC group, p < 0.05.

Figure 4. Effect of silencing ERBB2 on migration of 
SKOV3 cells. Note: Line chart for the comparison of 
proliferation ability of SKOV3 cells; *, A comparison with 
that in Blank group and NC group, p < 0.05.
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SKOV3 cells transfected with ERBB2 shRNA 
plasmid decreased significantly at 48 h, 72 h 
and 96 h, and the differences were statisti-
cally significant (all p < 0.05). These results 
suggested that ERBB2 silencing inhibited the 
proliferation of ovarian cancer cells. By com-
parison, OD value of SKOV3 cells transfected 
with ERBB2 overexpression plasmid increased 
significantly at 48 h, 72 h and 96 h, and the 
differences were statistically significant (all p 
< 0.05). These results supported that ERBB2 
overexpression promoted the proliferation of 
ovarian cancer cells.

ERBB2 Silencing Inhibited Cell Invasion
As shown by the results of transwell assay 

(Figure 5), no significant difference was found in 
invasion ability of SKOV3 cells between Blank 
group and NC group 48 h after transfection (p 
> 0.05). Compared with Blank group and NC 
group, SKOV3 cells in ERBB2 shRNA group had 
significantly decreased invasion ability 48 h after 
transfection, and the difference was statistically 
significant (p < 0.05), suggesting that ERBB2 
silencing inhibited the invasion of ovarian cancer 

cells. However, the invasion ability of SKOV3 
cells in ERBB2 group increased significantly 48 
h after transfection, and the difference was statis-
tically significant (p < 0.05), suggesting that the 
overexpression of ERBB2 promoted invasion of 
ovarian cancer cells.

ERBB2 Silencing Inhibited Cell Migration
Scratch test results (Figure 6) showed that 

there was no significant difference in migration 
ability of SKOV3 cells between Blank group 
and NC group 48 h after transfection (p > 0.05). 
Compared with Blank group and NC group, 
SKOV3 cells in ERBB2 shRNA group had sig-
nificantly decreased migration ability 48 h after 
transfection, and the difference was statistically 
significant (p < 0.05), suggesting the role of 
ERBB2 gene expression silencing in inhibiting 
the migration of ovarian cancer cells. Converse-
ly, there was a significantly increased trend in 
the migration ability of SKOV3 cells in ERBB2 
group 48 h after transfection, with statistically 
significant difference (p < 0.05), supporting the 
effect of ERBB2 overexpression in stimulating 
the migration of ovarian cancer cells.

Figure 5. Effect of silencing ERBB2 on invasion ability of SKOV3 cells. Note: A, Comparison of the invasion ability of 
SKOV3 cells (magnification 200×); and B, Histogram of the invasion ability of SKOV3 cells; *, A comparison with that in 
Blank group and NC group, p < 0.05.
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Discussion

Ovarian cancer is the second most common 
malignant tumors in the female reproductive sys-
tem and the sixth most common malignant tumor 
in women1. The mortality rate of ovarian cancer 
ranks the top in female reproductive system tu-
mors2. In recent decades, the incidence of ovarian 
cancer has increased significantly. According to 
epidemiological studies, ovarian cancer can oc-
cur at any age, of which the most common one is 
the period of vigorous ovarian function and the 
stage of ovarian function turned from prosperity 
to decline5,26. The anatomical location of ovaries 
is hidden and difficult to detect, early symptoms 
of ovarian cancer are slight and difficult to dif-
ferentiate, which is easy to be confused with 
digestive tract diseases, and about 75% of cases 
have been diagnosed as advanced consequently5. 
Unfortunately, metastasis can occur even in early 
stages. In this regard, how to control the invasion 
and metastasis of ovarian cancer has become 
the key to effectively treat ovarian cancer and 

improve the survival rate of patients. Multiple 
studies27,28 have confirmed that ERBB2 amplifi-
cation and overexpression, and MAPK signaling 
pathway, are all involved in the occurrence and 
development of breast cancer and other tumors. 
However, at present, few studies have systemat-
ically studied the relationship between ERBB2 
and MAPK1/MAPK3 signaling pathway in ovar-
ian cancer.

ERBB2 plays an important role in cell signal 
transduction18,29. ERBB2 can activate a powerful 
signal transduction network in cells, trigger a 
series of “cascade” chain reactions, and affect the 
growth, differentiation, metastasis, and adhesion 
of cancer cells30. ERBB2 protein expression in 
ovarian cancer is significantly correlated with 
the stage, pathological grade and prognosis of 
ovarian cancer31,32. There are also experiments 
suggesting that ERBB2 overexpression is more 
common in ovarian cancer, occasionally in bor-
derline tumors, and rarely occurs in benign tu-
mors, supporting that ERBB2 can be an inde-
pendent prognostic indicator of ovarian cancer33. 

Figure 6. Effect of silencing ERBB2 on migration ability of SKOV3 cells. Note: A, Comparison of the migration ability of 
SKOV3 cells (magnification 200×); and B, Histogram of the migration ability of SKOV3 cells; *, A comparison with that in 
Blank group and NC group, p < 0.05.
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The above interpretations are consistent with 
our results that the positive expression rates of 
ERBB2 in ovarian cancer tissues were signifi-
cantly higher than those in adjacent tissues by 
immunohistochemical assay. It suggested that 
ERBB2 might be involved in the occurrence 
of ovarian cancer, and the detection of ERBB2 
may contribute to the differential diagnosis of 
ovarian cancer. Furthermore, it was also found 
that the positive expression rates of MAPK1 
and MAPK3 in ovarian cancer tissues were also 
significantly higher than those in adjacent tis-
sues, suggesting that MAPK1/MAPK3 signaling 
pathway may be activated in ovarian cancer. In 
combination with the expression status of ERBB2 
in ovarian cancer, it was speculated in our study 
that gene silencing of ERBB2 and the inhibition 
of MAPK1/MAPK3 signaling pathway may be 
crucial in regulating the development of ovarian 
cancer, and we also wondered that there may be 
a potential relationship between the expression of 
ERBB2 and MAPK1/MAPK3 signaling pathway.

On the basis of the above investigation, in the 
next step of the experiment, lentiviral transfec-
tion was performed in ovarian cancer cell lines, 
followed by the screening of optimal cell line 
for further experiment. The results of qRT-PCR 
for screening showed that ERBB2 expression in 
SKOV3 ovarian cancer cells increased signifi-
cantly in relative to the other three cell lines, 
SKOV3 ovarian cancer cells were thus select-
ed for subsequent experiments. Simultaneously, 
ERBB2 gene expression was significantly lower 
in ERBB2 shRNA group and significantly higher 
in ERBB2 group, suggesting that silencing and 
up-regulation ofERBB2 expression were realized 
by lentiviral transfection of ERBB2 silencing and 
overexpression plasmids successfully. Meanwhile 
in terms of its molecular mechanism, the present 
experiment detected the changes of protein levels 
related to MAPK1/MAPK3 signaling pathway 
using qRT-PCR and Western blot assays. Com-
pared with Blank group and NC group, ERBB2 
shRNA group had significantly lower mRNA and 
protein expression of ERBB2, MAPK1, MAPK3, 
VEGF and MMP-2, and higher mRNA and pro-
tein expression of TIMP-2. The above results 
indicated that ERBB2 silencing inhibited the 
activation of MAPK1/MAPK3 signaling pathway 
in ovarian cancer cells, thereby inhibiting the 
protein expression of MAPK1, MAPK3, VEGF 
and MMP-2 proteins and promoting the expres-
sion of TIMP-2. By comparison, the mRNA and 
protein expression of ERBB2, MAPK1, MAPK3, 

VEGF and MMP-2 in ERBB2 group increased 
significantly, while those of TIMP-2 decreased. 
These results revealed that ERBB2 overexpres-
sion could reverse the above trend, and further 
promote the expression of MAPK1, MAPK3, 
VEGF, MMP-2 and TIMP-2, and inhibit the ex-
pression of TIMP-2.

Invasion and migration of tumors are com-
plex processes34. The known markers of tumor 
invasion and migration include matrix metallo-
proteinases (MMPs), E-cadherin, vascular endo-
thelial growth factor (VEGF) and α, β-catenin, 
etc.35. Among them, MMPs are a family of prote-
ases with Zn2+ as a co-factor, which can degrade 
a variety of extracellular matrix components, 
including collagen type IV and basement mem-
brane glycoprotein36. MMPs are the most import-
ant type of collagen type IV hydrolase for cancer 
cells to destroy the interstitial mechanical barrier 
and to infiltrate and diffuse into paracancerous 
tissue37. MMP2 is an important member of the 
family and prior studies38 have confirmed that 
MMP2 is important for the occurrence of ovarian 
cancer. Tissue inhibitor of matrix metallopro-
teinase (TIMP) is a natural inhibitor of MMP39. 
Current studies40 have shown that the imbalance 
between MMP and TIMP is closely related to the 
invasion and metastasis of tumors. TIMP2 is a 
specific inhibitor of MMP2 and participates in 
the activation of MMP2, which is a bi-directional 
regulator40. In view of the above detection of the 
expression of various molecules, it can be figure 
out that ERBB2 silencing dose play an essential 
role in inhibiting the development of ovarian 
cancer by inhibiting the activation of MAPK1/
MAPK3 signaling pathway, as well as suppress-
ing the expression of VEGF and MMP-2, while 
promoting the expression of TIMP-2, which can 
be considered as the potential molecular mecha-
nisms.

Furthermore, one of the key characteristics of 
cancer cells is the loss of normal regulation of 
their growth at genetic level, resulting in indefi-
nite growth of those cells41. Therefore, inhibiting 
the growth of cancer cells is one of the basic 
strategies of anti-cancer. MTT experiments in 
this study showed that OD value of SKOV3 
cells transfected with ERBB2 shRNA plasmid 
decreased significantly at 48 h, 72 h, and 96 h, 
suggesting that ERBB2 gene silencing inhibited 
the proliferation of ovarian cancer cells. Mean-
while, OD value of SKOV3 cells transfected 
with ERBB2 overexpression plasmid increased 
significantly at 48 h, 72 h, and 96 h, supporting 
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that ERBB2 overexpression promoted the prolif-
eration of ovarian cancer cells. Simultaneously, 
it was considered that the relationship between 
ERBB2 and tumor invasion has attracted much 
attention due to the presence of amplification or 
overexpression of ERBB2 gene in many tumors. 
Transwell assay is to lay ECM on the porous 
membrane of transwell invasive chamber to 
form basement membrane conjunctiva which 
is quite similar to the natural basement mem-
brane42. It simulates the process of tumor cells 
gradually invading deep layer through adhesion 
and degradation of basement membrane in vivo. 
Meanwhile, cell scratch test is a simple and eco-
nomical assay to study cell migration in vitro43. 
The basic steps include scratching on a single 
layer of cells, then taking pictures, and peri-
odically taking pictures of cell migration until 
the scratch is fully closed with the growth of 
cells. The principle of this method is that when 
cells grow to a single layer state, a blank area is 
created manually on the fused single layer cell, 
which is called a scratch44. The cells at the edge 
of the scratch gradually enter the blank area to 
heal the scratch, so as to reflect the migration 
ability of cells. The findings of this experiment 
showed that compared with Blank group and NC 
group, SKOV3 cells in ERBB2 shRNA group 
had significantly decreased invasion and migra-
tion ability, and significantly increased invasion, 
and migration ability 48 h after transfection, 
suggesting the role of ERBB2 silencing in in-
hibiting the invasion migration of ovarian can-
cer cells, as well as the reverse role of ERBB2 
overexpression in stimulating the invasion and 
migration of ovarian cancer cells.

Conclusions

Our study for the first time proves that silenc-
ing ERBB2 gene expression inhibits the acti-
vation of MAPK1/MAPK3 signaling pathway 
and thus inhibits the proliferation, invasion, 
and migration of ovarian cancer cells. Overex-
pression of ERBB2 gene can reverse the above 
trends, which in turn support the role of ERBB2 
gene silencing in molecular targeted therapy of 
ovarian cancer.
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