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Abstract. Cervical cancer is a common malignancy in 
females. Diagnosis and treatment of cervical cancer remains a 
challenge due to difficulties in the presence of tumor metastasis. 
Increased expression level of Erb‑b2 receptor tyrosine 
kinase 3 (ERBB3) has previously been demonstrated to be 
associated with the occurrence of cervical cancer; however, the 
functionality of ERBB3 in the development of cervical cancer 
remains incompletely understood. In the present study, the 
expression level of ERBB3 in patients with cervical squamous 
cell carcinoma and cervical adenocarcinoma was detected by 
reverse transcription quantitative polymerase chain reaction. 
The effects of ERBB3 small interfering RNA silencing on cell 
proliferation, migration and invasion were explored, and the 
interaction between ERBB3 and mitogen‑activated protein 
kinase kinase kinase 4 (MTK‑1) was also investigated. It was 
identified that the downregulation of ERBB3 significantly 
decreased the proliferative, migratory and invasive abilities of 
cervical cancer cells. In addition, the expression level of MTK‑1 
was also significantly decreased following MTK‑1 siRNA 
silencing. Therefore, we hypothesize that the downregulation 
of ERBB3 may decrease the proliferative, migratory and 
invasive abilities of cervical cancer cells by inhibiting the 
expression of MTK‑1.

Introduction

As the fourth most common type of malignant tumor in 
females, cervical cancer causes an unacceptably high mortality 
rate worldwide (1). Cervical cancer may be divided into two 
major subgroups, including cervical squamous cell carcinoma 
and cervical adenocarcinoma (2). As the dominant cervical 

cancer type, cervical squamous cell carcinoma accounts for 
80‑90% of all cervical cancer cases (3). Human papilloma-
viruses (HPV) infection has been demonstrated to be closely 
associated with the occurrence and development of cervical 
cancer (3,4), and associations between certain HPV genotypes 
and the incidence of cervical cancer are well‑established (5). 
With the development of HPV infection screening programs 
and a continually increasing HPV vaccination rate, the 
incidence of cervical squamous cell carcinoma has been 
significantly reduced (3‑5). However, the incidence of cervical 
adenocarcinoma has been demonstrated to have increased 
from 5 to 24% in the previous 30 years (6,7), due to cervical 
cancer also being caused by factors other than HPV infection, 
and the prognosis of HPV‑negative cervical cancer is usually 
poor (7). Therefore, the development of novel prevention and 
treatment modalities for cervical cancer are required.

The development of cervical cancer is a complex process 
with various internal and external factors involved  (8). A 
recent study suggested that Erb‑b2 receptor tyrosine kinase 
3 (ERBB3) is likely to be involved in the development of 
cervical cancer (8). However, the functionality of ERBB3 in 
the pathogenesis of this disease remains unclear. A previous 
study indicated that ERBB3 may promote the migration and 
invasion of breast cancer cells and increased resistance of 
cancer cells to targeted therapy (9). In contrast, degradation 
of ERBB3 mediated by E3 ubiquitin‑protein ligase NRDP1 
(NRDP1) was demonstrated to inhibit the migration and 
invasion of human glioma cells (10). In light of the data from 
previous studies, it is reasonable to hypothesize that ERBB3 
may also participate in the progression of cervical cancer by 
regulating the migration and invasion of cancer cells.

In the present study, the expression levels of ERBB3 in 
tumor and normal tissues of patients with cervical squamous 
cell carcinoma and cervical adenocarcinoma and in different 
cervical lines with or without HPV infection were measured 
by reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and compared. Additionally, the effects of ERBB3 
on cancer cell proliferation, migration and invasion were also 
investigated.

Materials and methods

Patients and tissue collection. A total of 25  females with 
cervical squamous cell carcinoma and 25  females with 
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cervical adenocarcinoma who were treated at the Luodian 
Hospital (Shanghai, China) from July 2014 to July 2016 were 
enrolled in the present study. All patients were diagnosed by 
pathological and imaging examinations. All included patients 
were diagnosed with cervical cancer and were being treated 
for the first time. Patients with other types of malignancies 
(such as lung, liver, gastric cancers), other severe diseases (such 
as cardiovascular disease) and other cervical diseases (such as 
cervicitis and cervical ectropion) were excluded. The age of 
the patients with cervical squamous cell carcinoma ranged 
from 26 to 71 years, with an average age of 55±7.7 years. 
The age of the patients with cervical adenocarcinoma ranged 
from 25 to 80 years, with an average age of 57±9.9 years. All 
patients were treated with surgical resection, and tumor and 
normal tissues ≥5 cm around the tumor were collected during 
surgery. All patients provided written informed consent. The 
present study was approved by the ethics committee of the 
Luodian Hospital (Shanghai, China).

Cell lines and cell culture. Human cervical squamous cell 
carcinoma SiHa (HPV positive) and C33A (HPV negative) 
cell lines, and human normal cervical Ect1/E6E7 (HPV posi-
tive) and HCvEpC (HPV negative) cell lines were purchased 
from American Type Culture Collection (ATCC; Manassas, 
VA, USA). All cells were cultured in ATCC‑formulated 
Eagle's Minimum Essential Medium (cat no. 30‑2003; ATCC) 
containing 10% fetal bovine serum (Thermo Fisher Scientific) 
in an incubator (37˚C, 5% CO2). Cells were harvested during 
the logarithmic growth phase for subsequent experiments.

RT‑qPCR. TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) was used to extract 
total RNA from the tumor tissues, adjacent healthy tissues 
and in vitro cultured cells of SiHa, C33A, Ect1/E6E7 and 
HCvEpC cell lines. Tumor and normal tissues were ground 
in liquid nitrogen prior to the addition of TRIzol® reagent. 
Following this, cDNA was then synthesized using SuperScript 
III Reverse Transcriptase (Thermo Fisher Scientific, Inc.) with 
total RNA as the template. SYBR® Green Real‑Time PCR 
Master Mixes (Thermo Fisher Scientific, Inc.) and cDNA 
were then used to prepare the PCR reaction system. ERBB3 
primers (cat. no.  qHsaCIP0031829) were purchased from 
Bio‑Rad Laboratories, Inc. (Hercules, CA, USA). The primers 
of the endogenous control β‑actin were: Forward, 5'‑GAC​
CTC​TAT​GCC​AAC​ACA​GT‑3' and reverse,  5'‑AGT​ACT​
TGC​GCT​CAG​GAG​GA‑3'. The PCR was conducted on a 
CFX96 Touch™ Real‑Time PCR Detection System (Bio‑Rad 
Laboratories, Inc.). PCR thermocycler conditions were: 95˚C 
for 45 sec, followed by 40 cycles of 95˚C for 10 sec and 60˚C 
for 45 sec, and the final extension step at 72˚C for 5 min. 
mRNA levels were quantified using the 2‑ΔΔCq method (11), 
and the relative expression level of each gene was normalized 
to the endogenous control β‑actin. This experiment was 
repeated 3 times.

Establishment of ERBB3 small interfering (si)RNA silencing 
cell lines. ErbB‑3 siRNA (h) sc‑35327 and control siRNA‑A 
sc‑370 were purchased from Santa Cruz Biotechnology, Inc. 
(Dallas, TX, USA). Transfection (Lipofectamine 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to 

transfect 10 nM siRNA into 5x105 cells. Cells were cultured 
for another 48 h before subsequent experiments. Cells without 
transfection were used as control, and cells transfected with 
10 nM control siRNA‑A was used as negative control.

Western blot analysis. Total protein was extracted from cells 
of SiHa, C33A, Ect1/E6E7and HCvEpC cell lines using a 
RIPA solution (Thermo Fisher Scientific, Inc.). The BCA 
method was used for protein determination. A total of 30 µg 
protein from each sample was subjected to electrophoresis 
using 10% SDS‑PAGE gel, followed by transfer to a polyvi-
nylidene fluoride membrane. Following washing with TBST, 
membranes were incubated with 5% skimmed milk at room 
temperature for 2 h. Following washing with TBST, primary 
antibodies including rabbit anti‑CFTR antibody (1:1,000; 
cat. no. ab5470), rabbit anti‑MTK1 antibody (1:2,000; cat. 
no. ab186125), and rabbit anti‑β‑actin antibody (1:1,000; cat. 
no. ab8226; all Abcam, Cambridge, UK) overnight at 4˚C. 
Following washing with TBST, membranes were incubated 
with anti‑rabbit IgG‑HRP secondary antibody (1:1,000; 
cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA) 
at room temperature for 2 h. Signals were detected following 
the addition of ECL detection reagent (Sigma‑Aldrich: 
Merck KGaA, Darmstadt, Germany). Image J V1.6 software 
(National Institutes of Health, Bethesda, MD, USA) was then 
used to normalize the relative expression level of each protein 
to endogenous control β‑actin. This experiment was repeated 
3 times.

Cell migration and invasion assay. The cell migratory 
ability was detected by Transwell cell migration assay (BD 
Biosciences, Franklin Lakes, NJ, USA). Briefly, 5x104 cells of 
SiHa and C33A cell lines in serum‑free RPMI‑1640 medium 
(Thermo Fisher Scientific, Inc.) were transferred to the upper 
chamber, while RPMI‑1640 medium supplemented with 
20% fetal calf serum (Sigma‑Aldrich: Merck KGaA) was used 
to fill the lower chamber. The cells were incubated for 24 h 
at 37˚C, and stained with 0.5% crystal violet (Sigma‑Aldrich: 
Merck KGaA) at room temperature for 20  min. Stained 
cells were counted under an optical microscope (magnifica-
tion, x20; Olympus Corporation, Tokyo, Japan). The same 
method was used to perform the invasion assay, with the excep-
tion that the upper chamber was pre‑coated with Matrigel® 
(EMD Millipore, Billerica, MA, USA) at room temperature 
for 2  h prior to experimentation. Cells transfected with 
control siRNA‑A sc‑370 were used as the negative control. 
Cells without any transfection were used as a control. This 
experiment was repeated 3 times. Cells were counted under 
a light microscope (Olympus, Japan), and cell numbers were 
normalized to that of control group which was set to 100.

Cell proliferation assay. The cell proliferation assay was 
performed using a CCK‑8 kit (Sigma‑Aldrich: Merck 
KGaA) according to manufacturer's protocol. A total of 
100 µl cell suspension containing 5x103 cells of SiHa and 
C33A cell lines were added into each well of 96‑well plates, 
and CCK‑8 solution (10 µl) was added into each well and 
were incubated for 12, 24, 48, 72 or 96 h at 37˚C. Following 
incubation at 37˚C for an additional 4  h, absorbance at 
450 nm was measured using a microplate reader (Bio‑Rad 
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Laboratories, Inc.). Cells transfected with control siRNA‑A 
sc‑370 were used as the negative control. Cells without any 
transfection were used as a control. This experiment was 
repeated 3 times.

Statistical analysis. SPSS 19.0 (IBM Corp., Armonk, NY, 
USA) was used for all statistical analyses. Data were expressed 
as mean ± standard deviation. Comparisons of data between 
two groups were performed using unpaired Student's t‑test. 
Comparisons of data among multiple groups were performed 
using one‑way analysis of variance followed by Least 
Significant Difference post‑hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of ERBB3 mRNA in tumor and normal tissues. 
Expression levels of ERBB3 mRNA in tumor and normal 
tissues in 25 patients with cervical squamous cell carcinoma 
and 25 patients with cervical adenocarcinoma were detected 
by RT‑qPCR. The results indicated that the expression level 
of ERBB3 mRNA was significantly higher in tumor tissue 
compared with normal tissue (P<0.05) in all 25  patients 
with cervical squamous cell carcinoma (Fig. 1A) and in all 
25 patients with cervical adenocarcinoma (Fig. 1B). These 
data suggests that the downregulation of ERBB3 is likely to 
be involved in the pathogenesis of cervical squamous cell 
carcinoma and cervical adenocarcinoma.

Expression of ERBB3 protein in different cell lines. In the 
present study, human cervical squamous cell carcinoma SiHa 
(HPV positive) and C33A (HPV negative) cell lines and human 
normal cervical Ect1/E6E7 (HPV positive) and HCvEpC (HPV 
negative) cell lines were used. As demonstrated in Fig. 2., no 
significant difference in the expression level of ERBB3 protein 
was identified between the Ect1/E6E7 and HCvEpC cells, or 
between the SiHa and C33A cells, indicating that HPV infec-
tion has no significant effect on ERBB3 expression in cervical 
squamous cell carcinoma and normal cervical cell lines. The 
expression level of ERBB3 was demonstrated to be signifi-
cantly increased in the SiHa and C33A cells compared with 
in the Ect1/E6E7 and HCvEpC cells, indicating an increased 
expression level in cervical squamous cell carcinoma. In 
addition, the expression level of ERBB3 was significantly 
decreased following siRNA silencing, indicating that the 
ERBB3‑silenced cell lines were established successfully.

Effects of ERBB3 siRNA silencing on the proliferation of SiHa 
and C33A cells. As demonstrated in Fig. 3., the proliferative 
abilities of the SiHa and C33A cells were decreased significantly 
following ERBB3 siRNA silencing. These results suggest that 
ERBB3 expression is important for the proliferation of human 
cervical squamous cell carcinoma cells.

Effects of ERBB3 siRNA silencing on the migration of SiHa and 
C33A cells. As indicated in Fig. 4, the results of the Transwell 
migration assay demonstrated that the migratory abilities 

Figure 1. Expression of ERBB3 mRNA in tumor and normal tissues. (A) Relative expression level of ERBB3 mRNA in tumor and normal tissues of 25 patients 
with cervical squamous cell carcinoma; (B) Relative expression level of ERBB3 mRNA in tumor and normal tissues of 25 patients with cervical adenocarci-
noma. *P<0.05 vs. normal tissue. ERBB3, Erb‑b2 receptor tyrosine kinase 3.
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of the SiHa and C33A cells were significantly decreased 
following EBRR3 siRNA silencing. These results suggest that 
EBRRS expression is important for the migration of SiHa and 
C33A cells.

Effects of ERBB3 siRNA silencing on the invasion of SiHa and 
C33A cells. As demonstrated in Fig. 5, the results of the inva-
sion assay demonstrated that the invasive abilities of the SiHa 
and C33A cells were significantly decreased following EBRR3 
siRNA silencing. These results suggest that the EBRRS expres-
sion is important for the invasion of SiHa and C33A cells.

Effects of ERBB3 siRNA silencing on expression of MTK‑1 
protein in SiHa and C33A cells. As indicated in Fig. 6, compared 
with SiHa and C33A cells without ERBB3 siRNA silencing, the 
expression level of the MTK‑1 protein was significantly decreased 
in the SiHa and C33A cells with ERBB3 siRNA silencing. These 
results suggest that the expression level of the MTK‑1 protein 
was decreased with the decreased expression level of ERBB3.

Discussion

As a membrane‑bound protein, the functions of ERBB3 
have been demonstrated to be closely associated with the 
occurrence and development of various human diseases, 

including different types of cancer  (12,13). In the study 
of breast cancer, Yan  et  al  (12) suggested that ERBB3 
served a role as an oncogene to promote the progression of 
breast cancer, while the miR‑143/145 cluster was revealed 
to suppress the cell proliferation and invasion of breast 
cancer cells (12). The phosphorylation of ERBB3 was also 
demonstrated to be closely associated with the activation of the 
phosphoinositide 3‑kinase/protein kinase B signaling pathway 
in the progression of a variety of types of cancer (13). In addition 
to its role in the pathogenesis of tumors, ERBB3 also serves 
a role in the formation of drug resistance developed during 
long‑term treatment  (14). Consequently, ERBB3‑targeted 
therapy has been widely used in the treatment of cancer (15). 
A recent study has demonstrated that ERBB3 is likely to be 
involved in the occurrence of cervical cancer (8). However, the 
functionality of ERBB3 in cervical cancer remains unknown. 
The expression of ERBB3 is usually altered in tumor tissue, 
and it has been indicated that all ERBB family members 
including ERBB3 were highly expressed in ovarian carcinoma 
tissues, and that the increased expression level of ERBB3 
may be used as an indicator in the pathological evaluation 
of this disease  (16). In the present study, the expression 
level of ERBB3 was identified to be significantly increased 
in cervical cancer tissue compared with normal tissue in 
patients with cervical squamous cell carcinoma and cervical 

Figure 3. Cell proliferation of human cervical squamous cell carcinoma SiHa and C33A cell lines. (A) Cell proliferation of SiHa cells; (B) Cell proliferation of 
C33A cells. **P<0.01 vs. control cells. C, control; NC, negative control; siRNA, small interfering RNA.

Figure 2. Expression of ERBB3 protein in different cell lines. (A) Representative results of western blot analysis; (B) Relative expression levels of ERBB3 
protein in different cell lines. *P<0.05; C, control; NC, negative control; siRNA, small interfering RNA; ERBB3, Erb‑b2 receptor tyrosine kinase 3.
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adenocarcinoma. Furthermore, the expression level of ERBB3 
was also significantly increased in cervical cancer cell lines, 
when compared with normal cervical cell lines. These data 

suggest that it is highly probable that the downregulation of 
ERBB3 expression is involved in the pathogenesis of cervical 
squamous cell carcinoma and cervical adenocarcinoma.

HPV infection is the primary contributor to the incidence 
of cervical cancer (3,4). It is well‑known that 15 out of 100 
known HPV genotypes cause cervical cancer, and HPV 
16 and 18 are responsible for ~70% of all cervical cancer 
cases (17). Although HPV infection serves an essential role 
in the development of the majority of cervical cancers, HPV 
infection itself is not enough to trigger the onset of cervical 
cancer tumor, in which the involvement of multiple host 
factors, including genetic factors and environmental factors, is 
required (18). In the present study, no significant difference in 
expression level of ERBB3 was identified between the normal 
cervical cells with and without HPV infection and between 
cervical cancer cells with and without HPV infection. These 
data suggests that ERBB3 is not likely to be associated the 
HPV infection‑dependent tumorigenesis of cervical cancer.

ERBB3 may participate in the development of different 
types of cancer by regulating the migration and invasion of 
tumor cells (12,13). A recent study has indicated that ERBB3 
may promote the development of breast cancer by increasing 
the migratory and invasive abilities of breast cancer cells (9), 
while the increased degradation of ERBB3 mediated by 
NRDP1 was identified to reduce the migratory and invasive 
abilities of human glioma cells  (10). In the present study, 

Figure 5. Relative cell invasive abilities of SiHa and C33A cells. (A) Relative cell invasive ability of SiHa cells; (B) Relative cell invasive ability of C33A cells. 
*P<0.05. NC, negative control; siRNA, small interfering RNA.

Figure 6. Expression level of MTK‑1 in SiHa and C33A cell lines. 
(A) Representative results of western blot analysis; (B) Relative expres-
sion level of MTK‑1 protein in different cell lines. *P<0.05. C, control; 
NC, negative control; MTK1, mitogen‑activated protein kinase kinase 
kinase 4; siRNA, small interfering RNA.

Figure 4. Relative cell migratory abilities of SiHa and C33A cells. (A) Relative cell migratory ability of SiHa cells; (B) Relative cell migratory ability of C33A 
cells. *P<0.05. NC, negative control; siRNA, small interfering RNA.
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ERBB3 siRNA silencing was identified to significantly reduce 
the proliferative, migratory and invasive abilities of cervical 
cancer cells, indicating that ERBB3 expression is important for 
the migration and invasion of cervical cancer cells. A previous 
study demonstrated that ERBB3 may interact with MTK1 to 
regulate cell migration and extracellular acidification (19). In 
the present study, the expression level of MTK1 protein was 
identified to be significantly decreased in cervical cancer cells 
with ERBB3 siRNA silencing compared with the cells without 
ERBB3 siRNA silencing, indicating an interaction between 
ERBB3 and MTK1 in cervical cancer cells.

In conclusion, the expression level of ERBB3 was 
significantly increased in cervical cancer tissue compared 
with normal tissue in patients with cervical squamous cell 
carcinoma and cervical adenocarcinoma, and ERBB3 expres-
sion was not altered by HPV infection. ERBB3 expression 
is important for the proliferation, migration and invasion of 
cervical cancer cells. The function of ERBB3 in the develop-
ment of cervical cancer is likely to be achieved through the 
interaction with MTK1. Future studies with a greater number 
of patients are required to further confirm the conclusions 
drawn in the present study.
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