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Abstract. Cervical cancer is a common malignant tumor of 
the female reproductive system. Despite advances in cervical 
cancer therapy, tumor recurrence and metastasis remain the 
leading cause of mortality for patients with cervical cancer. 
Therefore, the investigation of tumorigenesis and progres-
sion, and the search for novel therapeutic targets, has been 
the primary focus in cervical cancer research. The aims of 
the present study were: i) To analyze the alterations in c‑Met, 
E‑cadherin and microRNA (miRNA)‑1 expression levels in 
cervical cancer tissues; ii) to assess the correlation between 
the above genes and the pathological characteristics of the 
cancer tissues; and iii) to examine the potential mechanism 
through which miRNA‑1 may regulate c‑Met‑induced 
epithelial‑mesenchymal transition to promote the development 
of cervical cancer. In cervical cancer tissues, c‑Met was more 
highly expressed, while E‑cadherin exhibited lower expres-
sion levels compared with the adjacent tissues. The 24‑month 
follow‑up reported that a lower c‑Met expression level was 
correlated with higher E‑cadherin expression levels and a 
longer survival rate. The miRNA‑1 expression level in cancer 
tissues was 0.41±0.07 times lower compared with the adjacent 
tissues (P<0.01). A low miRNA expression level was corre-
lated with a low survival rate of patients. In vitro, miRNA‑1 
inhibited the proliferation and migration of cervical cancer 
cell lines by downregulating c‑Met mRNA. When miRNA‑1 
expression was downregulated in cervical cancer tissues, the 
inhibition of c‑Met expression was reversed. The upregula-
tion of c‑Met expression levels was able to inhibit E‑cadherin 
expression, which triggered the proliferation, migration and 
infiltration of cancer cells, and thus reduced patient survival 
rates.

Introduction

Cervical cancer, with an incidence rate second only to that 
of breast cancer, is a common malignant tumor of the female 
reproductive system. Upon diagnosis, the majority of patients 
are already in the middle to advanced stages of disease, and 
incidence rates among young patients are increasing annu-
ally  (1) Therefore, the investigation of tumorigenesis and 
progression, and the search for novel therapeutic targets, has 
been the primary focus in cervical cancer research (2,3). Due 
to recent advances in therapy, including surgery, radiotherapy 
and chemotherapy, and the clinical application of antitumor 
drugs, therapeutic effects have been promoted, and patient 
survival rates and quality of life have been improved. However, 
tumor recurrence and metastasis remain the leading cause of 
mortality for patients with cervical cancer.

MicroRNAs (miRNAs) are a group of single‑stranded 
non‑coding RNA molecules containing 19‑25 nucleotides, 
which exist widely in eukaryotes. miRNAs bind to the 
3'translated region (UTR) of their target mRNA via comple-
mentary base pairing, which regulates target gene expression 
by degrading the target mRNA or inhibiting translation. 
miRNAs are involved in the activation of a variety of biological 
events and signal transduction pathways, and serve a mediating 
role in cell proliferation, differentiation and malignant trans-
formation. Their biological functions extend throughout the 
development and growth of living organisms (4,5). Endogenous 
miRNAs exert specific biological effects in different physi-
ological and pathological situations (6). Studies have reported 
that miRNAs are correlated with tumorigenesis, progression, 
invasion and metastasis. Certain miRNAs are proto‑oncogenes 
that promote tumor cell proliferation and migration; others are 
cancer suppressor genes that induce tumor cell apoptosis, and 
inhibit tumor cell invasion and metastasis (7). It is predicted 
that miRNAs are able to regulate the activation of ~50% of 
protein‑coding genes in mammals; the metabolism and biolog-
ical functions of miRNAs may also be tightly regulated (8).

miRNA‑1 has attracted extensive attention as a cancer 
suppressor gene. Its expression is downregulated in a variety of 
tumors, including head and neck squamous carcinoma (9) and 
thyroid cancer (10). Its expression level is lower in tumor tissues 
compared with adjacent tissues. Alterations in miRNA‑1 expres-
sion levels are associated with the occurrence and development 
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of cervical cancer, and miRNA‑1 primarily acts on the 3' UTR 
and 5' UTR of c‑Met mRNA to guide its mRNA degradation or 
prevent its translation (11). Epithelial‑mesenchymal transition 
(EMT) is a principal factor affecting the migration, invasion 
and metastasis of tumors, in which tumor cells inhibit the 
expression of adhesion molecules in epithelial cells, reduce 
the intercellular adhesion, degrade the matrix around the 
tumor cells and detach the cells from the epithelial tissue, 
followed by invasion and distant metastasis. c‑Met has been 
confirmed to be involved in EMT and to be closely associated 
with tumorigenesis and progression (12). The present study 
examined the association between the regulation of miRNA‑1 
in c‑Met‑induced EMT and cervical cancer tumorigenesis and 
progression, by analyzing the alterations in the expression levels 
of c‑Met, E‑cadherin and miRNA‑1 in cervical cancer tissues, 
aiming to provide a novel strategy for the clinical diagnosis and 
treatment of early‑stage cervical cancer.

Materials and methods

Sample collection. Tumor tissues and adjacent tissues (>5 cm 
from the tumor tissue edge) were collected from 50 patients 
with cervical cancer admitted to The People's Hospital 
of Inner Mongolia Autonomous Region (Inner Mongolia) 
between March 2015 and March 2017. Tissue samples were 
transported in liquid nitrogen and stored at ‑80˚C. Based on 
pathological examinations, all 50 patients were confirmed as 
having cervical cancer (including 25 squamous cancer cases, 
20 adenocarcinoma cases and five cases of other types).

Clinical information. None of the 50 patients (aged 35‑71 years; 
mean age 56.3±8.7 years) underwent preoperative radiotherapy 
or chemotherapy. According to the Federation of Gynecology 
and Obstetrics (FIGO) clinical staging standards (13), 29 cases 
were in stage Ib‑IIa, 13 cases in stage IIb‑IIIa and eight cases 
in stage ≥IIIb. The Ethics Committee of The People's Hospital 
of Inner Mongolia Autonomous Region approved this study. 
Informed consent was obtained from all the recruited patients 
and their relatives.

Cell culture and transfection. The human cervical cancer cell 
line HeLa [human papillomavirus (HPV) 18+] cultured with 
Dulbecco's modified Eagle's medium and 10% fetal bovine 
serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) at 37˚C in a 5% CO2 incubator. HeLa cells at a density of 
2x106/ml were seeded in 96‑well plates with 104‑105 cells/well, 
Each well contains 1 ml of HeLa cells with 10% fetal bovine 
serum in a 5% CO2 incubator culture at 37˚C. The miRNA‑1 
was transfected including negative control (miRNA NC; 
Guangzhou RiboBio Co., Ltd., China) and mimic (Guangzhou 
RiboBio Co., Ltd., China) using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). The following 
sequences were used: miRNA‑1 mimic agomir sense 5'‑UGG​
AAU​GUA​AAG​AAG​UAU​GUA​U‑3', antisense 5'‑ACC​UGC​
ACG​AAC​AGC​ACU​UUG​UU‑3'. The negative control for 
the agomir was sense 5'‑UUC​UUC​GAA​CGU​GUC​ACG​
UTT‑3', antisense ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'. At 
1 day following seeding. Subsequent to transfection, the final 
concentration of miRNA mimics was 50  nM. Cells were 
cultured for 24‑48 h prior to experiments.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The cervical tissue samples (50 mg; stored at 
‑80˚C) or HeLa cells were ground with a small quantity of 
liquid nitrogen and 1 ml TRIzol® (Thermo Fisher Scientific, 
Inc.) in a mortar. Following transfer to an RNAse‑free 
Eppendorf tube, the suspension was centrifuged for 10 min 
(1,000 x g, 4˚C). The supernatant obtained was transferred to 
a new Eppendorf tube, to which chloroform was added, and 
shaken for 15 sec, incubated at room temperature for 5 min 
and centrifuged for 10 min (1,000 x g, 4˚C). The supernatant 
was transferred to another Eppendorf tube, to which the 
same volume of isopropanol was added, thoroughly mixed, 
incubated at room temperature for 10 min and centrifuged for 
10 min (1,000 x g, 4˚C). Following removal of the supernatant, 
the mixture was combined with 1 ml ethanol (75%), gently 
blown and washed using a pipette tip with 1 ml RNA free 
enzyme (Thermo Fisher Scientific, Inc.), and centrifuged for 
5 min (1,000 x g, 4˚C). Subsequently, the ethanol was removed; 
the mixture was incubated at room temperature or dried at 
60˚C, and combined with diethyl pyrocarbonate to dissolve 
the precipitate. Upon the complete dissolution of the RNA 
precipitate, the mixture was stored in the freezer at ‑80˚C. 
Formaldehyde‑modified agarose gel electrophoresis (1%) was 
performed in order to confirm the completeness of the RNAs. 
The RNA concentration and purity was measured using a 
UV spectrophotometer. If the ratio of absorbance at 260 nm 
(A260)/A280 was between 1.8 and 2.0, the sample qualified 
for reverse transcription. The RT reaction was conducted using 
an miRNA RT kit (Takara Bio, Inc., Otsu, Japan), with a 20 µl 
reaction system, following the manufacturer's instructions. 
PCR amplification was conducted using SYBR Premix Ex 
Taq™ II (Takara Biotechnology Co., Ltd., Dalian, China) with 
a 20‑µl reaction system under the conditions of 95˚C for 30 sec, 
95˚C for 3 sec and 60˚C for 30 sec for 40 cycles, following the 
manufacturer's instructions. The primer sequences used were 
as follows: miRNA‑1 forward (F)5'‑TGT​AGT​TTC​GGA​GTT​
AGT​GTC​GCG​C‑3', reverse (R)5'‑CCT​ACG​ATC​GAA​AAC​
GAC​GCG​AAC​G‑3'; U6 reference gene F5'‑GTT​TTG​TAG​
TTT​TTG​GAG​TTA​GTG​TTG​TGT‑3', R5'‑CTC​AAC​CTA​CAA​
TCA​AAA​ACA​ACA​CAA​ACA‑3'.

Based on the Cq value, the 2‑ΔΔCq method was used to 
calculate the relative expression level of miRNA‑1, normalized 
to the internal U6 reference gene.

Immunohistochemical analysis. The cervical cancer tissue and 
normal adjacent tissue was fixed in 4% periodate‑lysine‑para-
formaldehyde (48  h, 4˚C) and routinely dehydrated, 
permeabilized and embedded in paraffin using a Leica embed-
ding machine (Leica Microsystems, Inc., Buffalo Grove, IL, 
USA). Using an RM2016 slicing machine (Leica, Wetzlar, 
Germany), the paraffin blocks were sliced into 5‑µm serial 
paraffin sections, which were placed in an oven (65˚C) over-
night. Hydrated tissue sections were treated with 3% hydrogen 
peroxide solution to block endogenous peroxidase; the sections 
were subsequently acid‑fixed using a pre‑configured citrate 
buffer and the sections were placed in liquid using a microwave 
heating method. Following repair, blocking was performed 
with 1% bovine serum albumin (Thermo Fisher Scientific, 
Inc.) at room temperature for 30 min. Primary antibodies were 
incubated overnight at 4˚C (rabbit anti‑c‑Met, ab51067, 1:200 
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dilution; rabbit anti‑E‑cadherin, ab76319, 1:200 dilution; both 
Abcam, Cambridge, UK). Horseradish peroxidase‑labeled 
goat anti‑rabbit secondary antibody (ab150077, 1:200, Abcam) 
was added to the tissue sections and incubated for 1 h at room 
temperature. Following 3,3'‑diaminobenzidine staining at room 
temperature for 10 min, hematoxylin staining was performed 
at room temperature for 1 min, followed by dehydration and 
neutral resin packing. Positive images were observed with a 
vertical microscope at x400 magnification and counted.

Dual luciferase reporter gene assay. A PsiCHECK‑2 plasmid 
system (Promega Corporation, Madison, WI, USA) was used 
to analyze the combination of miRNA‑1 and c‑Met. The 
plasmid contained two different luciferase genes: One gene 
was regulated by the combination of the 3'UTR insert and the 
transfected miRNA, while the other gene was not regulated 
and acted as a control. The predicted sequence was amplified 
by RT amplification from the HeLa cell total RNA and cloned 
to the vector, namely the wild‑type plasmid. The site was 
mutated and cloned via the overlapping elongation method to 
construct the mutant plasmid. The plasmids were purchased 
from Promega Corporation and were transfected with the 
siPORTNeoFX Transfection Agent (Ambion, Thermo Fisher 
Scientific, Inc.) into HeLa cells, with the plasmid transfec-
tion with miRNA‑negative control (NC) mimic acting as the 
control group. A total of 24‑48 h post‑transfection, luciferase 
activity was detected using Dual‑Luciferase® Reporter Assay 
System reagent (Promega Corporation) and the Promega 
Dual‑Luciferase®  Report  96‑well detector (Promega 
Corporation). The luciferase activity was determined via 
comparison with Renilla luciferase activity when the cells had 
been lysed with a passive lysis buffer, using the Dual‑Luciferase 
Reporter assay system (Promega Corporation).

Western blotting. Cellular proteins were extracted using radio-
immunoprecipitation assay buffer (P0013B, Beyotime Institute 
of Biotechnology, Haimen, China) was used to extract total 
protein from the cells. Protein concentration was determined 
using a bicinchoninic acid assay. The proteins (50 µg/well) 
were transferred to a polyvinylidene difluoride membrane 
following electrophoresis with 10% SDS‑PAGE. the membrane 
was incubated for 2 h at room temperature in 5% non‑fat 
dry milk powder. The primary antibodies (rabbit anti‑c‑Met, 
ab51067, 1:200 dilution; rabbit anti‑E‑cadherin, ab76319, 1:200 
dilution; both Abcam) were incubated at 4˚C overnight, and 
the secondary antibody Horseradish peroxidase‑labeled goat 
anti‑rabbit secondary antibody (ab150077, 1:200, Abcam) was 
incubated at room temperature for 2 h. An ECL chemilumines-
cence detection kit (Kangwei Century Biotechnology Co., Ltd., 
Beijing, China) was used to visualize the protein bands.

RT‑qPCR. RNA was isolated from the cervical cancer tissues, 
adjacent normal tissues and cells in order to analyze the expres-
sion of miR‑101 and CREB1 miRNA using qRT‑PCR assays. 
The TRIzol extraction kit, cDNA amplification kit and miRNA 
extraction kit were purchased from Invitrogen (Thermo Fisher 
Scientific, Inc.), and the miRNA primer was synthesized by 
the Shanghai Biotechnology Company. The LightCycler 480 
fluorescence qPCR instrument was purchased from Roche 
Applied Science (Penzberg, Germany). The U6 gene was used 

as the housekeeping gene in the RT‑qPCR analysis, with the 
following primer sequences: F5'‑GTT​TTG​TAG​TTT​TTG​
GAG​TTA​GTG​TTG​TGT‑3' and R5'‑CTC​AAC​CTA​CAA​TCA​
AAA​ACA​ACA​CAA​ACA‑3'.

Scratch test. A total of 48  h post‑transfection, the cell 
surface was scratched with a sterile 10 µl pipette tip, and the 
serum‑free culture medium was replaced; this was recorded 
as timepoint 0 h. A total of five fields were randomly selected 
and the migration of cells from the scratch to the center was 
observed using an inverted microscope at x400 magnification, 
and the distance between the two scratch lines was recorded at 
0 and 12 h. This experiment was repeated three times.

Transwell assay. HeLa cells were counted after 48  h for 
mRNA1 (or NC) transfection. Cell density was ~5x104/ml, 
using 24 orifice Transwell Chambers. A total of 200 µl cell 
suspension along with 600 µl cell culture were added into 
the upper chamber and the culture medium supplemented 
with 500 µl 10% fetal bovine serum (FBS, Thermo Fisher 
Scientific, Inc.) was added to the lower chamber, respectively. 
At 24 h, the Transwell chamber was removed and the cells in 
the upper chamber were removed with a cotton swab. The cells 
in the lower chamber were stained with 0.1% crystal violet for 
20 min at 37˚C, which were observed and counted under the 
microscope. Repeat 3 times for each group.

Postoperative follow‑up. A postoperative follow‑up was 
conducted every 2 months among the 50 patients over a 2‑year 
period. The termination event to define survival analysis 
was mortality during follow‑up, or reaching the maximum 
follow‑up time. There were no lost cases during the 2‑year 
follow‑up and all patients were included in the survival 
analysis.

Statistical methods. Statistical analysis was performed using 
SPSS 17.0 (SPSS Inc, Chicago, IL, USA). Measurement data 
are presented as the mean ± standard deviation. A two‑tailed 
Student's t‑test was performed to compare the sample means. 
The correlation between the test indexes and the clinico-
pathological features of the patients with cervical cancer was 
analyzed using the Pearson linear correlation test. The corre-
lation between miRNA expression and clinicopathological 
features was analyzed using a χ2 test. Survival analysis was 
examined using the log‑rank and Kaplan‑Meier tests. P<0.05 
was considered to indicate a statistically significant difference.

Results

c‑Met expression in cervical cancer tissues and the adjacent 
tissues. The proto‑oncogene c‑Met is a high‑affinity receptor 
of hepatocyte growth factor (HGF). Its expression has been 
identified in normal and tumor cells, and its persistent activa-
tion may lead to tissue cell carcinogenesis or overactive tumor 
cell proliferation. In the immunohistochemical detection, it 
was observed that c‑Met had markedly lower expression levels 
in the adjacent tissues compared with the cervical cancer 
tissues; tumor differentiation was accelerated with the increase 
in c‑Met expression (Fig. 1), the elevated c‑Met expression was 
able to promote cervical cancer progression.

https://www.spandidos-publications.com/10.3892/ol.2019.9971
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Correlation between c‑Met, E‑cadherin expression and 
the pathological features of cervical cancer. Pearson linear 
correlation analysis was conducted to evaluate the factors 
involved in cervical cancer prognosis. The results suggested 
that tumor size, FIGO staging and lymphatic metastasis were 
correlated with the prognosis of patients with cervical cancer 
(P<0.01; Table I). A poor prognosis was defined as recurrence, 
metastasis or mortality.

E‑cadherin is involved in cell adhesion and dissociation, 
and is closely associated with cervical cancer tumorigenesis 
and progression. Previous studies have reported that E‑cadherin 
protein expression levels decrease with the progression of 
cervical cancer. By comparing the pathological features of 
cervical cancer, it was demonstrated that patients with higher 
c‑Met expression levels tended to have lower E‑cadherin 
expression levels; in the majority of cases, these patients had 
tumors >4 cm with lymphatic metastasis, and their FIGO 
staging was above IIIb. By contrast, in patients with low c‑Met 
expression levels, E‑cadherin was highly expressed (Table II). 
These results demonstrated that E‑cadherin expression in 
tumor tissues was negatively correlated with cervical cancer 
progression, while c‑Met expression had a positive correlation 
with cervical cancer progression; c‑Met may significantly 
inhibit and decrease E‑cadherin expression, thus accelerating 
cervical cancer metastasis and progression.

c‑Met, E‑cadherin expression and cervical cancer prog‑
nosis. To further investigate the correlation between 
c‑Met/E‑cadherin expression levels and the overall survival 
of patients with cervical cancer, the 24‑month follow‑up 
records were analyzed using Kaplan‑Meier and log‑rank tests. 
The results demonstrated that patients with cervical cancer 
with high c‑Met expression levels had a significantly lower 
survival rate compared with those with low c‑Met expression 
levels (P<0.05; Fig. 2). It was additionally noted that patients 
with low E‑cadherin expression levels in tumor tissues had 
a significantly lower survival rate compared with those with 
high E‑cadherin expression levels (P<0.05; Fig. 3). It was 
concluded that high E‑cadherin expression and low c‑Met 

expression may increase the overall survival rate of patients 
with cervical cancer.

miRNA‑1 expression in cervical tumor tissues. Multiple 
studies have demonstrated that miRNA‑1 may inhibit c‑Met 
expression by binding to the 3'UTR of c‑Met. In the present 
study, using RT‑qPCR to analyze the differential expression 
of miRNA‑1 in tumor tissues and adjacent tissues, it was 
observed that miRNA expression was significantly decreased 
in tumor tissues compared with adjacent tissues (Fig. 4). By 
analyzing the pathological features of these patients with 
cervical cancer, it was observed that those with low miRNA‑1 
expression tended to have large tumor sizes (>4 cm), lymphatic 
metastasis and advanced FIGO staging  (>IIIb); a larger 
number of patients with low miRNA‑1 expression were at 
FIGO stage IIb‑IIIa than at >IIIb; miRNA‑1 expression in 
tumor tissues had a negative correlation with cervical cancer 

Table I. Tumor size, FIGO staging and lymphatic metastasis 
were associated with the prognosis (recurrence, metastasis, 
mortality) of patients with cervical cancer.

Clinicopathological
characteristics	 χ2	 P‑value

Tumor diameter (cm)	 7.218	 <0.01
  ≥4	
  <4	
FIGO stage	 10.833	 <0.01
  Ia~IIb	
  IIIa	
  IIIb		
Lymph node metastases	 5.247	 <0.01
  Yes		
  No		

FIGO, Federation of Gynecology and Obstetrics.

Figure 1. c‑Met expression in cervical cancer tissues and adjacent tissues 
(A) normal (B) mildly (C) moderate (D) heavy, detected by immunohisto-
chemistry (x200 magnification).

Figure 2. Kaplan‑Meier plot comparing the overall survival rates between 
patients with high c‑Met expression levels and low c‑Met expression levels.
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progression (Table III). The present study demonstrated that 
miRNA‑1 may be involved in cervical cancer metastasis and 
progression by inhibiting c‑Met expression.

miRNA‑1 expression and cervical cancer prognosis. The 
analysis of the 24‑month follow‑up using the Kaplan‑Meier 
and log‑rank tests demonstrated that the patients with cervical 
cancer with low miRNA‑1 expression in tumor tissues had a 
significantly lower survival rate compared with those with 
high miRNA‑1 expression (P<0.05; Fig. 5), suggesting a close 
correlation between the miRNA‑1 expression in tumor tissues 
and the survival of patients with cervical cancer.

miRNA‑1 inhibits the proliferation and migration of cervical 
cancer cell lines by downregulating c‑Met mRNA. Dual 
luciferase reporter analysis demonstrated that the fluorescence 

Table II. Association between c‑Met/E‑cadherin expression levels and pathological features of cervical cancer.

	 Expression	 Expression
	 levels of E‑cadherin (n)	 levels of c‑Met (n)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 No. of cases	 Low=13	 High=37	 Low=34	 High=16

Tumor size (cm)					   
  >4	 28	 11	 17	 16	 12
  <4	 22	 2	 20	 18	 4
FIGO stage					   
  Ib‑IIa	 29	 2	 27	 26	 3
  IIb‑IIIa	 13	 3	 10	 8	 5
  IIIb and above	 8	 8	 0	 0	 8
Lymph node metastasis					   
  Yes	 23	 10	 13	 11	 12
  No	 27	 3	 24	 23	 4

miRNA, microRNA; FIGO, Federation of Gynecology and Obstetrics.

Figure 3. Kaplan‑Meier plot comparing the overall survival rates between 
patients with high E‑cadherin expression levels and low E‑cadherin 
expression levels.

Figure 4. Relative miRNA‑1 expression in cervical tumor tissues compared 
with the control. miRNA‑1 expression levels were significantly decreased 
in tumor tissues compared with control. **P<0.05 vs. control. miRNA, 
microRNA.

Figure 5. Kaplan‑Meier plot comparing the overall survival rates between 
patients with high miRNA‑1 expression levels and low miRNA‑1 expression 
levels. miRNA, microRNA.

https://www.spandidos-publications.com/10.3892/ol.2019.9971
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intensity of miRNA‑1 did not significantly alter between the 
blank plasmid group and the control group (P>0.05); however, 
in the c‑Met 3 'UTR end mutation group, the fluorescence inten-
sity of miRNA‑1 was significantly decreased compared with 
that of the control group (P<0.01), suggesting that miRNA‑1 
may be able alter the fluorescence activity by combining with 
wild‑type c‑Met (Fig. 6A). In HeLa cells, overexpression of 
miRNA‑1 markedly downregulated the mRNA and protein 
expression levels of c‑Met (Fig. 6B and C). In addition, by 
the Tranwell assay, it was observed that the number of cells 
in the miRNA‑1‑treated group was decreased compared 
with the NC control group, miRNA‑1 significantly inhibited 
cell migration (Fig. 6D). Furthermore, it was confirmed that 
miRNA‑1‑treated cells did not exhibit marked migration 12 h 
following the scratch test, suggesting that miRNA‑1 may 
effectively inhibit the migratory ability of cervical cancer 
cells (Fig. 6E). Expression of miRNA‑1 in cells was detected 
by RT‑qPCR, suggesting that the transfection with miRNA‑1 
mimics in the present study was successful (Fig. 6F).

Discussion

In the present study, alterations in the expression levels of 
miRNA‑1, c‑Met and E‑cadherin in tumor tissues and the 
adjacent tissues were analyzed. The results demonstrated that 
c‑Met had a high expression levels in cervical cancer tissues, 
while miRNA‑1 and E‑cadherin had low expression levels in 
the cancerous tissues. Furthermore, the expression levels of 
miRNA‑1, c‑Met or E‑cadherin were correlated with tumor size 
(>4 cm), FIGO stage (≥IIIb) and lymphatic metastasis. Thus, 
patients with cervical cancer exhibiting low c‑Met expression 
and high E‑cadherin and miRNA‑1 expression, have higher 
survival rates. It was concluded that high E‑cadherin and 
miRNA‑1 expression levels in cervical cancer tissues may be 
associated with a favorable prognosis, while increased c‑Met 
expression may be associated with poor prognosis.

By binding to specific complexes that are able to induce 
RNA silencing, miRNAs are able to form miRNA interference 
vectors, and recognize target gene mRNAs via complemen-
tary base pairing. When mismatches between the miRNA 
interference vector and the target gene mRNA occur, the 
mRNA translation is suppressed. When there is a complete 
match, the target gene mRNA is specifically degraded (14). 
miRNA‑1 is expressed abnormally in a variety of tumor cells 
and is involved in tumor proliferation, invasion, migration and 
apoptosis. Previous studies have demonstrated that miRNA‑1 
is downregulated in nasopharyngeal cancer  (15), prostate 
cancer (16), colon cancer (17), lung cancer (18) and laryn-
geal cancer (19), and functions as a tumor suppressor gene. 
However, it is upregulated in stomach cancer and functions as 
a cancer‑promoting gene (20). The present study demonstrated 
that the expression level of miRNA‑1 in cervical cancer tissues 
was decreased compared with the adjacent tissues, which indi-
cated that miRNA‑1 was downregulated in cervical cancer 
and had a positive correlation with large tumor size (>4 cm), 
advanced FIGO staging (a larger number of patients with 
low miRNA‑1 expression were at FIGO stage IIb‑IIIa) and 
lymphatic metastasis, suggesting that miRNA‑1 functions as a 
tumor suppressor gene in cervical cancer. It was demonstrated 
that miRNA‑1 serves the role of a tumor suppressor gene in 
cervical cancer and serves a regulatory role in the migration, 
invasion and proliferation of cervical cancer.

miRNA‑1 has multiple target genes, including histone 
deacetylase‑4, cyclin D2 and LIM and SH3 domain protein 1, 
which are involved in cell migration, proliferation, differentia-
tion and apoptosis. c‑Met is also a target gene of miRNA‑1 
and is involved in cell proliferation and migration. c‑Met is the 
tyrosine kinase transmembrane receptor of HGF. It is encoded 
by proto‑oncogene Met and activated by a single ligand. The 
HGF/c‑Met signaling pathway serves a key role in physiolog-
ical processes, including embryonic development and tissue 
damage repair (21). Abnormal HGF/c‑Met signal transduction 
is associated with malignant tumorigenesis, particularly tumor 
cell invasion and metastasis. c‑Met, primarily expressed in 
epithelial cells, is able to promote embryonic development, 
damage repair and tissue regeneration under normal circum-
stances (22). The high c‑Met expression in malignant tumor 
cells consistently activates the HGF/c‑Met signaling pathway, 
forming an unregulated abnormal HGF/c‑Met autocrine 
feedback loop, thereby inducing and activating adhesion 
factors, degrading the extracellular matrix, accelerating 
neovascularization, and promoting tumor cell proliferation, 
differentiation, invasion and metastasis (23,24). The present 
study identified that c‑Met expression levels in patients with 
cervical intraepithelial neoplasia (CIN) grade 3 were higher 
compared with those with CIN1 and CIN2; patients who were 
positive for HPV had higher c‑Met expression levels compared 
with patients who were negative for HPV. In addition, there was 
a negative correlation between c‑Met expression and disease 
prognosis. Therefore, c‑Met may be involved in the develop-
ment and progression of cervical cancer. Overexpression of 
c‑Met is associated with the transformation of normal cells 
and the development of tumors (25). In the present study, it 
was determined that c‑Met expression levels were increased 
in tumor tissues compared with adjacent tissues; in addi-
tion, expression levels were elevated with the progression of 

Table III. Association between miRNA‑1 expression levels 
and cervical cancer prognosis.

	 Expression levels
	 of miRNA‑1 (n)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 No. of cases	 Low=25	 High=25

Tumor size (cm)			 
  >4	 28	 23	 5
  <4	 22	 2	 20
FIGO stage			 
  Ib‑IIa	 29	 5	 24
  IIb‑IIIa	 13	 12	 1
  IIIb and above	 8	 8	 0
Lymph node metastasis			 
  Yes	 23	 22	 1
  No	 27	 3	 24

miRNA, microRNA; FIGO, Federation of Gynecology and Obstetrics.
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cervical cancer, and positively correlated with large tumor 
size (>4 cm), advanced FIGO staging (≥IIIb) and lymphatic 
metastasis (P<0.01), demonstrating that c‑Met may be involved 
in cervical cancer invasion and metastasis. To investigate 
whether miRNA‑1 targets c‑Met, miRNA‑1 was synthesized 
and transfected into HeLa cells. The expression of c‑Met 
was detected by RT‑qPCR and immunoblotting, and it was 
observed that miRNA‑1 may significantly inhibit the expres-
sion of c‑Met. By the scratch test, it was demonstrated that 
miRNA‑1 may effectively inhibit the proliferation and migra-
tion of cervical cancer cells. Furthermore, it was demonstrated 
that miRNA‑1 was able to bind to the 3 'UTR end of c‑Met in 
cervical cancer cells through the dual luciferase reporter assay, 
thus inhibiting the expression of c‑Met.

The tumorigenesis, progression, invasion and metastasis of 
cervical cancer are closely associated with EMT, in which the 
epithelial cells lose their cell polarity and cell‑cell adhesion, 
and gain migratory properties to become mesenchymal cells. 
E‑cadherin is a marker of epithelial cells; its decreased expres-
sion levels may weaken the adhesion between tumor cells, 
making them more migratory and invasive, and promoting 
tumor metastasis from the primary lesion to the blood vessels 
and other tissues. Reduced E‑cadherin expression levels 
are correlated with the severity of the epithelial phenotype 
deletion, and the advancement of EMT (26,27). It has been 

reported that c‑Met regulates the EMT process of tumor cells, 
and that the upregulation of c‑Met expression in cancer tissues 
promotes EMT progression. By comparing and analyzing 
cervical cancer tissues and normal adjacent tissues, the present 
study revealed that in cervical cancer tissues, c‑Met had 
elevated expression levels, while E‑cadherin had decreased 
expression levels, which is in accordance with the conclusions 
in the literature (28,29); elevated c‑Met expression may induce 
EMT and promote cervical cancer progression.

Recent studies have demonstrated that miRNA‑1 may 
inhibit c‑Met expression by binding to the 3' UTR of 
c‑Met (30‑32). Therefore, whether miRNA‑1 has the potential 
to arrest the EMT of cancerous tissues by inhibiting c‑Met 
expression, and whether miRNA‑1 expression alterations in 
cervical cancer tissues may impact patient survival, requires 
further study. By analyzing the follow‑up data, the present 
study observed that high miRNA‑1 and E‑cadherin expression 
levels, in addition to low c‑Met expression levels, were corre-
lated with high survival rates in patients with cervical cancer.

In conclusion, miRNA‑1 has an important regulatory role 
with respect to c‑Met and serves an important role in the 
development and prognosis of cervical cancer. The present 
study confirmed that miRNA‑1 was downregulated in cervical 
cancer and reversed the inhibition of c‑Met expression, 
resulting in a significant upregulation of c‑Met expression. 

Figure 6. miRNA‑1 inhibits the proliferation and migration of cervical cancer cell lines by downregulating c‑Met mRNA expression levels. (A) The dual lucif-
erase reporter gene assay. **P<0.01 vs. Mut‑c‑Met. (B) The c‑Met mRNA expression level in miRNA‑1‑overexpressing HeLa cells compared with NC. **P<0.01 
vs. NC. (C) Western blot displaying the c‑Met protein expression level in miRNA‑1‑overexpressing HeLa cells compared with NC. (D) The Transwell staining 
of HeLa cells treated with miRNA‑1 compared with NC (x100 magnification). (E) Results from the scratch test at 0 and 12 h. (F) miRNA‑1 expression was 
upregulated in the transfected cells, as demonstrated via reverse transcription‑quantitative polymerase chain reaction. **P<0.01 vs. NC. miRNA, microRNA; 
NC, negative control; WT, wild‑type; Mut, mutant.

https://www.spandidos-publications.com/10.3892/ol.2019.9971
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Elevated c‑Met expression levels promote EMT, migration and 
infiltration, and reduce the survival rate of patients with cancer. 
Therefore, miRNA‑1 may be a promising novel therapy for the 
treatment of cervical cancer.
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