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Abstract: Object: MicroRNAs (miRNAs) play key roles in progression of cervical cancer. In the present study, we 
investigated the role of miR-214 in the process of migration, invasion and drug sensitivity to cisplatin in cervical 
cancer. Methods: We detected the differential expression of miR-214 in 19 cases cervical cancer tissues and nor-
mal tissues as well as 4 cervical cancer cells and one normal cervical cells by Real-time PCR. Then, wound healing 
assay, transwell invasion assay and MTT were used to detect the effects of migration, invasion and sensitivity to cis-
platin of cervical cancer when miR-214 was overexpressed. Western blot, immunofluorescence and Flow Cytometry 
were used to detect the mechanism of migration, invasion and sensitivity to cisplatin. Next, bioinformatics analysis 
was used to find the target of miR-214. Through the luciferase reporter assay, Real-time PCR and western blot, we 
confirmed the binding relationship of miR-214 and FOXM1. In cervical cancer tissues, the expression of FOXM1 was 
detected by western blot and Immunohistochemistry. We also knocked down FOXM1 in cervical cancer cells, wound 
healing assay, transwell invasion assay and MTT were performed to detect the migration, invasion and sensitivity to 
cisplatin abilities of FOXM1. Western blot and Flow Cytometry were used to detect the mechanism of migration, inva-
sion and sensitivity to cisplatin by FOXM1. Finally, we performed rescue expriments to confirm the function relation-
ship between miR-214 and FOXM1. Results: 1. Our results showed that miR-214 was frequently downregulated in 
tumor tissues and cancer cells especially in CIN III and cervical cancer stages. 2. Overexpression of miR-214 signifi-
cantly inhibited migration and invasion of cervical cancer cells and prompted the sensitivity to cisplatin. 3. FOXM1 
was identified as a target of miR-214 and down-regulated by miR-214. 4. Knocking down FOXM1 could inhibited 
migration and invasion of cervical cancer cells and prompted the sensitivity to cisplatin. 5. FOXM1 was upregulated 
in tumor tissues. 6. The mechanism of migration, invasion and sensitivity to cisplatin were the resluts of changes of 
EMT and apoptosis. 7. The restoration of FOXM1 expression can counteract the effect of miR-214 on cell migration, 
invasion and sensitivity to cisplatin of cervical cancer cells. Conclusions: These findings indicate that miR-214 acts 
as a tumor suppressor during the process of migration, invasion and drug sensitivity through targeting FOXM1, sug-
gesting miR-214 as a potential new diagnostic and therapeutic target for the treatment of cervical cancer.
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Introduction

Cervical cancer is one of the most common 
malignant tumors in the female reproductive 
system, and the incidence rate ranks second 
after breast cancer in the world [1]. Globally, 
there are about more than half million new 
cases and 40% of the cervical cancer patients 
dead every year [2]. Annual new cases of cer- 
vical cancer are about 135,000 in China, ac- 
counting for about 30% in the world. The inci-
dence of cervical cancer has become the high-

est in malignant tumor in women [3]. Currently, 
the treatments of cervical cancer are mainly 
therapy surgery, radiotherapy, chemotherapy 
and other comprehensive treatments [2]. Like 
other malignant tumors, poor prognosis as well 
as tumor invasion and metastasis in advanced 
stage greatly impacts on the survival rate of 
patients [3]. Therefore, exploring the mecha-
nism of the occurrence and development of 
cervical cancer has great significance to ex- 
plore the effective method for the diagnosis 
and treatment of cervical cancer. 
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The dysfunction of cervical cancer cells is pos-
sibly caused by carcinogenic factors, such as 
the human papillomavirus (HPV), certain cyto-
kines and growth factors through different 
mechanisms [4-6]. In recent study, it has been 
found that the abnormal expression of miRNA 
as a post-transcriptional regulatory factor is 
closely associated with the occurrence and 
development of cancer [7]. microRNA (miRNA) 
is a class of about 22 nucleotides non-encod-
ing RNA and mainly plays a regulatory role  
in the expression of target gene by targeting 
mRNA cleavage or translational repression at 
the post-transcriptional level [8]. Climmino et al 
found that expression of BCL-2 can negatively 
regulated by miR-15a and miR-16 simultane-
ously. BCL-2 genes can make cells apoptosis in 
prostate cancer, leukemia and lymphoma dis-
eases, which plays a reinforcing role of onco-
genes [9]. Hayashita et al also demonstrated 
that miR-17-92 gene cluster may be a group  
of tumor-related gene [10]. miR-214 is a mem-
ber of the miRNA family. It has been report- 
ed that miR-214 can promote melanoma cell 
movement and survival in malignant melano- 
ma so as to promote their transference to the 
distal end. Such biological behavior that miR-
214 promotes tumor malignant phenotype is 
achieved by inhibiting the expression of tumor 
suppressor genes such TFAP2C [11]. In ovarian 
cancer, cell cycle arrest can be induced at G1 
phase by miR-214 as tumor suppressor gene, 
which is achieved by upregulating the expres-
sion of PTEN [12]. However, it has rarely been 
reported that how miR-214 plays the role and 
its mechanism of action in cervical cancer. In 
current research, we investigated the role of 
miR-214 metastasis, invasion as well as the 
drug sensitivity of cervical cancer.

FOMX1, a member of transcription factors in 
the Fox family, is contributed with the process 
of G1/S and G2/M conversion, the stimulation 
of mitosis, DNA repair, chromatin assembly and 
protein synthesis through a wide range of gene 
transcription regulation [12]. Plenty of research-
es suggest that FOXM1 is associated with the 
occurrence and development of many types of 
cancer. For example, in lung cancer or colon 
cancer, the expression of FOXM1 is increased, 
which will induce the growth, metastasis and 
angiogenesis of tumor cells as well as the ch- 
ange of sensitivity to chemotherapeutic drugs 
[13, 14]. In ovarian cancer, FOXM1 inhibitor th- 

iostrepton can inhibit ovarian cancer cell pro- 
liferation, invasion and migration [15]. What’s 
more, FOXM1 expression is primarily associat-
ed with the tumor staging and the prognosis  
of cancer patients [16]. What’s more, FOXM1 is 
involved in many oncogenic pathways [17]. As 
we have learned that FOXM1 plays a very im- 
portant role in a wide variety of cancers, but  
its role in cervical cancer still needs further 
research.

In this study, we found miR-214 was frequently 
downregulated in tumor tissues and cancer 
cells especially in CIN III and cervical cancer 
stages. miR-214 can inhibit cell migration and 
invasion of cervical cancer cells and prompted 
the sensitivity to cisplatin. FOXM1 was identi-
fied as a target of miR-214 and down-regula- 
ted by miR-214. FOXM1 knockdown alone can 
inhibit the migration and invasion of cervical 
cancer cells and prompte the sensitivity to cis-
platin, FOXM1 was upregulated in tumor tis-
sues. The mechanism of migration, invasion 
and sensitivity to cisplatin were the resluts of 
changes of EMT and apoptosis. The restoration 
of FOXM1 expression can counteract the ef- 
fect of miR-214 on cell migration, invasion and 
sensitivity to cisplatin of cervical cancer cells. 
Taken together, our results indicate that miR-
214 may function as an tumor suppressor gene 
through targeting FOXM1 in human cervical 
cancer. 

Materials and methods

Tissue samples of cervical cancer

Nineteen pairs of cervical cancer tissues and 
adjacent non-tumor tissues were collected 
from the department of gynecology in the sec-
ond hospital of Tianjin Medical University. All 
patients were pathologically diagnosed and not 
associated with other inflammatory diseases  
or immune-related diseases. 169 specimens of 
normal tissues, cervical intraepithelial neopla-
sia (CIN) tissues and cervical carcinoma tis-
sues from our hospital, of which were 29 cases 
of normal cervical tissues, 31 cases of CIN I 
stage, 26 cases of CIN II phase, 29 cases of 
CIN III stage and 31 cases of cervical cancer 
tissues. According to the scope of atypical cells 
accounted for cervical epithelial layer, CIN is 
divided into three levels-----Level I: atypical 
cells are confined to the 1/3 lower epithelial 
layer, Level II: atypical cells were confined with-
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in the 1/3-2/3 epithelial layer, Level III: atypi- 
cal cells spend to all or almost all epithelial 
layer, that is severe atypical hyperplasia and 
cervical carcinoma in situ. All tissue samples 
were maintained in 30 min built-in liquid nitro-
gen tank. All operations are to be approved by 
the ethics committee.

Cell lines

Cervical cancer cells CaSki, SiHa, C33A and 
Hela were all provided by our laboratory and 
cultured in RPMI 1640 that consisted of 10% 
fetal bovine serum or 20% fetal bovine serum, 
100 μg/ml penicillin, 100 μg/ml streptomycin 
with 5% CO2 at 37°C. After being digested by 
digestive solution containing 0.02% EDTA and 
0.05% trypsin every 48-72 hours, cells were 
passaged with routine. 

Transfection

Cervical cancer cells were seeded on 6-well 
plates at the density 1×106 a well overnight. 
And then we followed the manufacturer’s in- 
structions to transfect the cells with miR-214 
mimic (GenePharma) or si-FOXM1 (GenePhar- 
ma) as well as those in control groups using 
Lipofectamine 2000 (produced by Invitrogen) 
with liposome method. Six hours after trans-
fecting, cells were transferred into normal cul-
ture medium, and detected 48 hours later.

RNa extraction and real-time PCR

Total RNA in cells and tissues was extracted 
according to the instructions of mirVANA RNA 
isolation Kit (purchased from Ambion, Austin, 
Tex). The concentration was measured with 
NanoDrop spectrophotometer (produced by 
Nanodrop, Wilmington, Del), and the extractive 
was preserved at -80°C. When Real-time PCR 
was operated, we first reversly transcribed RNA 
into cDNA using reverse transcriptase M-MLV 
and nucleic acid enzyme inhibitor RiboLock 
(from Applied Biosystems, Foster City, Calif). 
Next, we used SYBR (purchased from Gene- 
Pharma, Shanghai, China) to conduct the real-
time quantitative PCR reaction with IQ-5 (pur-
chased from Bio-Rad, USA). The procedure was 
performed for 10 minutes at 95°C, 94°C 15 
sec, 55°C 30 sec, 70°C 30 sec, cycled 50 
times successively. 2-ΔΔt method was used for 
quantization.  

Drug sensitivity determined with MTT assay

24 hours after the cells were transfected with 
miR-214-mimics or miR-214-mimics-control, 
cells were counted and seeded on 12-well 
plates. Cell inhibition rate was in accordance 
with the in vitro sensitivity standard of solid 
tumors. It was considered as sensitive, when 
inhibition rate was greater than 30%, less than 
30% was regarded as drug resistance. It was 
regarded as highly sensitive in vitro, when the 
inhibition rate was 70%. 50% inhibition rate 
was less than 70% for moderate sensitivity, 
30% inhibition rate was less than 50% for low 
sensitivity. Inhibition rate = [(average OD value 
of control group-mean OD value of experimen-
tal group)/(average OD value of control group-
mean OD value of blank group)]×100%.

Western blot

Well-grown cells were lysed in lysis buffer with 
RIPA method, 50 ug of which was taken to con-
duct electrophoresis with 10% SDS-PAGE. And 
the protein on the gel was electrically trans-
ferred onto PVDF membrane by wet transfer-
ring, blocked with 5% bloto, added primary anti-
body, which was rabbit anti human polyclonal 
antibody 1:500, and overnight at 4°C. After 
washing the membrane, secondary antibody 
was added, which was goat anti rabbit 1:1000. 
When performing film exposure, the mem- 
brane was first soaked in Western Lightning™ 
Chemiluminescence Reagent for two minutes, 
then placed in exposure box. The photographic 
film was exposed in the darkroom for a minute, 
then developed and fixed. We used LabWorks™ 
gel imaging and analysis system to photograph 
and analyze the luminance value of target band 
strip in each group.

Luciferase reporter assay

3×104 cells were seeded on 12-well plates. 
About 24 hours later, cervical cancer cells were 
co-transfected with 200 ng miR-214 and 50 ng 
FOMX1-3’UTR plasmids. 36 hours after trans-
fecting, the cells were lysed and the fluores-
cence activity was measured with dual lucifer-
ase system (purchased from Promega).  

Flow cytometry

Hela cells and SiHa cells were transfected re- 
spectively. Cell apoptosis was measured by 



MiR-214 inhibits cervical cancer progresssion by targeting FOXM1

3544 Am J Transl Res 2017;9(8):3541-3557

flow cytometry 48 hours after transfecting. The 
cells were washed twice with PBS, trypsinized 
with 0.2% EDTA-free parenzyme, and collected 
with 1 ml PBS under the blowing. Cells were 
centrifuged for 5 min at 2000 rpm at room tem-
perature, the supernatant was removed. And 
then the cells were resuspended with PBS  
once more, centrifuged supernatant obtained. 
According to Apoptosis Detection Kit (keyGEN, 
Nanjing), we performed the following opera-
tions, we added 300 ul 1× buffer to resuspend 
the cells, and then added 5 ul AnnexinV-FITC to 
proceed for ten minutes lucifugally, subse-
quently we added PI to proceed for 5 minutes 
lucifugally, finally mixed with 200 ul 1× buffer, 
flow cytometry analysis was performed within 
an hour after mixing.   

Wounding healing assay

In vitro wounding healing assay was used to 
detect the capability of cell migration. When 
cells were transfected and fused in 6-well 
plates, we scratched the surface of the cell 
layer with a sterile plastic pipette tip. And then 
the cells were cultured in the double nutrient 
culture medium. Wound healing was observed 
under a microscope 48 h later. 

Transwell invasion experiment

The aperture of bottom membrane of Transwell 
chambers or wells (from Corning, NY) was 8 
um. The chambers were coated with matrigel 
produced by Sigma, which were used for dete- 
cting cell invasion ability. The under layer was 
600 ul RPMI-1640 nutrient solution which con-
tained 10% FBS. The volume of upper layer was 
200 ul inoculated with 5×105 Hela or SiHa  
cells. Cells were cultured in incubator at 37°C 
with 5% CO2 for 48 hours, then the wells were 
removed and fixed in stationary liquid, which 
consisted of methanol and glacial acetic acid 
with proportional 3:1, for 30 minutes. Then the 
wells were washed with PBS and stained with 
0.1% crystal violet and finally mounted. 5 wells 
were randomly selected, cells were observed 
and counted under a microscope.

Immunohistochemistry

The sections were pretreated using microwave 
irradiation, then were blocked and incubated 
with polyclonal rabbit anti-human FOXM1 anti-
bodies. The staining intensity was then asse- 
ssed. 

Immunofluorescence

Immunofluorescence staining was performed 
with 5 μm paraffin cross-sections from the fe- 
moral artery. After deparaffinized with xylene 
and rehydrated, the slides were pre-incubated 
with 10% normal goat serum and then incub- 
ated with primary antibodies anti-N-Cadher- 
in and anti-E-Cadherin. Secondary antibodies 
were fluorescein labeled antibody to rabbit IgG 
and rhodamine labeled antibody to mouse IgG. 
In each experiment, DAPI was used for nuclear 
counter staining. Images were captured by con-
focal microscopy and processed by LAS AF 
software.

Statistical analysis

Statistical analyses were performed using SP- 
SS22 statistical software, date are expressed 
as the mean ± standard division (X±S). Statis- 
tical analyses were performed with a t-test. 
*P<0.05 or **P<0.01 was considered statisti-
cally difference. 

Results

Expression level of miR-214 in human cervical 
cancer tissues and cells

To explore the role of miR-214 in the progress 
of cervical cancer. Firstly, we detected the ex- 
pression level of miR-214 in 19 pairs of cervical 
cancer and normal tissues by Real-time PCR. 
The results were as shown Figure 1A that com-
pared with normal cervical tissues, the expres-
sion of miR-214 was reduced in cervical cancer 
tissues. Secondly, we detected the expressions 
of miR-214 in human normal endometrial epi-
thelial cells (ECS) and four kinds of cervical can-
cer cells (CaSki, SiHa, C33A and Hela) using 
Real-time PCR. The result was shown that the 
expression of miR-214 in human cervical can-
cer cell lines (CaSki, SiHa, C33A and Hela) w 
significantly decreased compared with ECS and 
in Hela was the most significant (Figure 1B). 
What’s more, we collected another 29 cases  
of normal cervical tissues, 32 cases of CIN I 
phase, 26 cases of CIN II phase, 29 cases of 
CIN III phase, 31 cases of cervical cancer tis-
sues. The expressions of miR-214 in these tis-
sues were detected respectively by Real-time 
PCR. The results were shown in Figure 1C that 
the expression of miR-214 in the samples of 
CIN I and CINII stage did not change significant-
ly compared with that in normal cervical tis-
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sues, whereas the expression of miR-214 in  
the samples of CIN III stage decreased slightly, 
and decreased significantly in cervical cancer 
tissues. These results suggested that miR-214 
expression was reduced in the tissues of cervi-
cal severe atypical hyperplasia, cervical carci-
noma in situ and cervical carcinoma and the 
low expression of miR-214 may be related to 
the malignant process of cervical cancer. 

miR-214 promoted migration and invasion of 
human cervical cancer cells by the promoting 
of epithelial mesenchymal transition (EMT)

Based on the low expression of miR-214 in cer-
vical cancer tissues and cells, we next went on 
to explore the effects of miR-214 on the migra-
tion and invasion of human cervical cancers. 
Wounding healing assay was used to detect  
the effect of miR-214 on the migration in Hela 
and SiHa cells. The results showed, when miR-
214 expression increased at 24 h and 48 h, the 
wound distance was significantly larger than 

that of the control group in Hela and SiHa cells, 
suggesting that miR-214 could inhibit the mi- 
gration of cervical cancer cells (Figure 2A). In 
order to detect the effect of miR-214 on the 
invasion of cervical cancer cells, we performed 
Transwell Invasion Assay and found that the 
number of invasion cell was signified decreas- 
ed (~50% or 60%) in Hela and SiHa cells when 
miR-214 was overexpressed. These results in- 
dicated that miR-214 could significantly inhibit 
the invasion ability of cerrical cancer cells (Fig- 
ure 2B).

Epithelial-mesenchymal transition (EMT) is an 
mechanism for tumor to obtain the migration 
and invasion ability. The morphological change 
is generally accompanied by a change of a 
number of molecular markers of tumor cells, 
such as, the epithelial cell markers (E-Cadherin), 
phenotype markers (vimentin and N-Cadherin). 
Taking account of the phenotypes that miR- 
214 played an inhibitory role in the metastasis 
and invasion of cervical cancer cells, we detect-

Figure 1. The miR-214 expression level in cervical cancer tissues and cells. (A-C) Real-time PCR, western blot were 
performed to detect the miRNA-214 level in cervical cancer tissues (A), cells (B), normal tissues, different stage 
cervical tissues and cervical cancer tissues (C).
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Figure 2. The effect of miRNA-214 on migration, invasion and drug sensitivity. A. Migration ability was detected in Hela and SiHa cells by wound healing assay. B. 
The invasion ability was analyzed by transwell invasion assay in Hela and SiHa cells. C. Western blot was used to test the E-Cadherin and N-Cadherin protien level. 
D. Immunofluorescence was used to test the morphology changes of cervical cancer cells. E. Drug sensitivity was detected in Hela and SiHa cells by MTT assay. F. 
The apoptosis ability was analyzed by flow cytometry in Hela and SiHa cells.
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ed the expression changes of the markers in 
the process of EMT by knocking down the ex- 
pression of miR-214 using western blot. The 
results were shown in Figure 2C that when the 
expression of miR-214 increased, the expres-
sion level of E-Cadherin was increased, where-
as the expression of N-Cadherin decreased 
both in Hela and SiHa cells. Immunofluoresc- 
ence was also used to detect the morphologi-
cal changes of cells when miR-214 overexpres-
sioned, the results showed that miR-214 can 
inhibit the cells convert from cobblestones to 
the morphology of the fibroblast like cells (Fig- 
ure 2D). These results indicated that miR-214 
could inhibit the EMT process of cervical can-
cer cells, thus making the cell migration and 
invasion ability decreased.

miR-214 promoted the drug sensitivity in Hela 
and SiHa cells

In addition to the migration and invasion capa-
bilities, drug sensitivity is another malignant 
behavior of cervical cancer cells. We used MTT 
assay to detect the effect of miR-214 on the 
drug sensitivity of Hela and SiHa cells. The 
results displayed that overexpression of miR-
214 in Hela and SiHa cells can make the pro-
motion rate of different concentrations of  
cisplatin (Figure 2E). In order to explore the 
mechanism of miR-214 on regulating the drug 
sensitivity to cisplatin, we next investigated 
whether miR-214 is involved in the regulation  
of apoptosis. In Hela cells, overexpression of 
miR-214 promoted the proportion of apoptotic 

Figure 3. FOXM1 is a target gene of miR-214. A. The binding relationship of miR-214 and FOXM1. B. Fluorescence 
report analysis was used to detect the relationship of miR-214 and FOXM1 3’UTR. C. Real-time PCR was performed 
to analyze the relationship of miR-214 and FOXM1 mRNA. D. Western blot was performed to analyze the relationship 
of miR-214 and FOXM1 protein.
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cells compared with control groups (Figure 2F). 
In SiHa cells, proportion of apoptotic cells de- 
creased significantly compared with control 
groups when miR-214 was overexpressed (Fig- 
ure 2F). These results indicated that miR-214 
promoted the sensitivity of cervical cancer cells 
to cisplatin by increasing apoptotic cells.

miR-214 targets FOXM1 mRNa 3’UTR 

The biological funtion of miRNA depends on its 
specific target. Thus, we used miRNA target 
gene prediction software to analyze the poten-
tial target genes of miR-214. Depending on bio-
informatic and funtional analyses, we found 
that miR-214 might target FOXM1 3’UTR of 
mRNA (Figure 3A). To further identify whether 
miR-214 directly targeted of FOXM1 3’UTR, we 
performed the luciferase reporter assay. We 

cloned the FOXM1 3’UTR fragments containing 
presumed target sites. Subsequently, we con-
structed an additional luciferase reporter vec-
tor containing the 3’UTR of FOXM1 with the 
potential mutant target sites of miR-214 seed 
sequence (Figure 3A). Co-transfection was per-
formed with FOXM1 3’UTR wt or 3’UTR mut and 
with miR-214 mimics in HeLa and SiHa cells. 
The results were as shown in Figure 3B that in 
Hela cells, that miR-214 mimics were co-trans-
fected with FOXM1 3’UTR wt could suppress 
the activity of luciferase, whereas the co-trans-
fection of miR-214 mimics and FOXM1 3’UTR 
mut can’t suppress the activity of luciferase. 
Similar results were obtained in SiHa cells 
(Figure 3B). In addition, we also examined the 
effect of miR-214 on the expression level of 
FOXM1 by qRT-PCR and western blot. The re- 
sults shown that miR-214 could negatively reg-

Figure 4. The expression of FOXM1 in tissues. A, B. Western blot was performed to detect the FOXM1 expression in 
cervical cancer tissues. C. Immunohistochemistry was used to detect FOXM1 expression in normal cervical tissues 
and different stage cervical caner tissues.
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ulate the protein expression level of FOXM1, 
while no significant effect on the mRNA ex- 
pression level (Figure 3C and 3D). We also de- 
tected the protein expression level of FOXM1  
in 15 pairs of cervical cancer and normal  
tissues. The results indicated that compared 
with normal tissues, the expression level of 
FOXM1 was significantly increased in cancer 
tissues (Figure 4A and 4B). Meanwhile, we also 
detected the expression of FOXM1 in normal 
cervical tissues, CIN I phase, CIN II phase, CIN 
III phase, well-differentiated adenocarcinoma 
and well-differentiated squamous cell carcino-
ma by Immunohistochemistry and found that 
FOXM1 expression was higher in CIN II phase, 
CIN III phase, well-differentiated adenocarcino-
ma and well-differentiated squamous cell carci-
noma (Figure 4C). In summary, these results in- 
dicated that miR-214 negatively regulated FO- 
XM1 protein expression by identifying FOXM1  
3’UTR.

FOXM1 promoted metastasis, invasion and 
inhibited sensitivity to cisplatin in cervical can-
cer

Based on the inhibition of metastasis, invasion, 
the promotion of drug sensitivity by miR-214 
and the regulationship between miR-214 and 

FOXM1. Next, we explored the effect of FOXM1 
on malignant behavior of cervical cancer. Hela 
and SiHa cells were transfected with specific 
small interfering RNA (siRNA) targeting FOXM1. 
Initially, we demonstrated the effectiveness of 
siRNA-FOXM1 by Real-time PCR and western 
blot. The results were shown in Figure 5A and 
5B that FOXM1 siRNA decreased the mRNA 
and protein expression level of intracellular 
content of FOXM1. Subsequently, wound heal-
ing assay and Transwell Invasion experiments 
were used to detect the effects of FOXM1 on 
migration and invasion in of cervical cancer 
cells. The results were shown that the wound 
healing rates and cell number of invasion was 
significantly suppressed after transfecting with 
FOXM1 siRNA compared with siRNA-control 
group in HeLa and SiHa cells (Figure 5C and 
5D). These results indicated that knocked down 
of FOXM1 could inhibit metastasis and invasion 
in cervical cancer cells. What’s more, western 
blot was used to detect the role of FOXM1 on 
EMT. The result shown that, when knocking 
down FOXM1, the expression of mRNA and pro-
tein in the E-cadherin was increased, and the 
expression of N-cadherin was inhibited com-
pared with control groups in Hela and SiHa 
cells (Figure 5E). Finally, we examined the drug 

Figure 5. The effect of FOXM1 on migration and invasion in cervical caner cells. (A, B) The siRNA FOXM1 effective-
ness was detected via Real-time PCR (A) and western blot (B). (C) Migration ability was detected in Hela and SiHa 
cells by wound healing assay. (D) The invasion ability was analyzed by transwell invasion assay in Hela and SiHa 
cells. (E) Western blot analyzed the EMT protein makers at mRNA and protein level.
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sensitivity of cervical cancer cells to cisplatin 
by MTT. It was shown as in Figure 6A and 6B 
that knocked down of FOXM1 increased the 
inhibitory rate of cisplatin on cervical cancer 
cells. We also used Annexin-V/7-AAD flow cyto- 
metry to detect cell apoptosis and found that 
knockdown FOXM1 enhanced apoptosis induc- 
ed by cisplatin in cervical cancer (Figure 6C). 
These results suggested that FOXM1 could  
promote the migration and invasion of cervi- 
cal cancer cells and inhibit the sensitivity to 
cisplatin.

FOXM1 overexpression counteracts miR-214 
in cervical cancer 

To further investigate the relationship between 
FOXM1 and miR-214-mediated metastasis, in- 
vasion promotion and sensitivity to cisplatin 
inhibiiton in cervical cancer, we overexpressed 
miR-214 with FOXM1 together in HeLa and 
SiHa cells. FOXM1 protein level was measured 
using western blot. We found that overexpres-
sion of FOXM1 reversed the inhibition of FOXM1 

protein level by miR-214 (Figure 7A). Overex- 
pression of FOXM1 reversed the inhibition in 
cell invasion caused by miR-214 as well as the 
process of EMT (Figure 7B-D). Meanwhile, over-
expression of FOXM1 also neutralized the pro-
motion of drug sensitivity to cisplatin that was 
induced by miR-214 (Figure 7E-G).

Discussion

Recent studies have confirmed that miRNAs 
can inhibit the expression of the specific target 
gene, which leads to the occurrence of tumor. 
miRNAs may serve as a biomarker for predict-
ing the prognosis of cancer, including cervical 
cancer [18]. Therefore, to find a specific miR-
NAs and their target genes involved in tumori-
genesis will provide important clues to the diag-
nosis and treatment of malignant tumor. The 
role of miRNA in cervical cancer has been 
extensively studied in recent years. miR-21 can 
regulate CCL20 that is involved in tumor differ-
entiation and nodular metastasis [19]. miR-10a 
enhances the growth, invasion and metastasis 

Figure 6. The effect of FOXM1 on drug sensitivity. (A, B) MTT was performed to detect the effect of FOXM1 on drug 
sensitivity in Hela (A) and SiHa (B) cells. (C) The apoptosis ability was analyzed by flow cytometry in Hela and SiHa 
cells.
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of tumor cells by inhibiting the expression  
of CHL1 [20]. Overexpression of miR-19a and 
miR-19b can promote the progress of cervical 

cancer [21]. In current study, we detected the 
expression level of miR-214 in 19 pairs of cervi-
cal cancer tissues and in normal adjacent tis-

Figure 7. FOXM1 rescues miR-214-induced cellular phenotypes in cervical cancer cells. (A) Western blot was used to 
detect FOXM1 expression in HeLa and SiHa cells. (B) Transwell invasion assay was used to detect the rescue ability 
by FOXM1. (C, D) Western blot was used to detect N-Cadherin (C) and E-Cadherin (D) expression in HeLa cells. (E-G) 
Drug sensitivity was detected in Hela (E) and SiHa (F) cells by MTT assay.
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sues or in four cervical cancer cells and cervi-
cal cells by Real-time PCR. It was found that the 
expression levels of miR-214 in cervical cancer 
tissues and cervical cancer cell lines were sig-
nificantly decreased compared with those in 
normal tissues or cells. What’s more, expres-
sion of miR-214 in the samples of CIN III stage 
decreased slightly, and decreased significantly 
in cervical cancer tissues, which may predicted 
the inhibition role of miR-214 in progress of cer-
vical cancer.

Wound healing assay and transwell invasion 
assay were used to detect the effects of miR-
214 on cell migration and invasion of cervical 
cancer and found that miR-214 could signifi-
cantly inhibit the migration and invasion of cer-
vical cancer cells. The processes of tumor cell 
migration anf invasion depend on the interac-
tion between the specific cell-cell and the cell-
extracellular matrix. In many studies, EMT can 
partially explain the migration and invasion of 
tumor cells. EMT is a process by which original 
normal epithelial cells transited to cells with 
mesenchymal characters in some physical and 
chemical conditions. In 2002, Theiry and Wein- 
berg presented their findings in which it is  
suggested that EMT in malignant tumor cells 
occurs before metastasis. In the process, mes-
enchymal cells gain their migratory and moti- 
lity traits, and further metastasis of tumor  
cells includes lymphatic vessels and blood  
tube metastasis [22-24]. This point of view has 
been widely recognized that the morphologi- 
cal evolution of malignant cells may well ex- 
plain the mechanism of tumor cell metasta- 
sis. EMT mainly affects the connection among 
cells, which is a mainly a process of cell pheno-
type transformation without interconversion of 
cell types. Connections between epithelial cells 
are generally more, in close and neat arrange-
ment, whereas there are so less connections 
between mesenchymal cells that they are in 
scattered arrangement. As cells are in EMT pro-
cess, their morphology changes. The morphol-
ogy changes of EMT is from a regular pattern of 
cubic, rectangular, or flat like cells to trans-
formed into a star, spindle and other irregular 
cobblestone-like morphology, which is bound to 
affect the distribution and arrangement of the 
cytoskeleton, leading to changes in cell polarity 
[25]. Cell phenotype changes are accompanied 
by changes in phenotype associated molecu- 
les. So EMT are closely related with the decre- 
ased expression levels of epithelial phenotype 

markers, such as E-cadherin, and the increased 
expression levels of mesenchymal phenotype 
associated molecular markers, such as Vimen- 
tin, α-smooth muscle actin, etc. Researchers 
investigated the universal and specific molecu-
lar markers that occur in the EMT process. 
E-Cadherin, N-Cadherin and Vimentin are gen-
erally recognized as EMT molecular markers.  
In current study, we judged the change of  
EMT-associated molecular markers by means 
of overexpression of miR-214 to understand 
the mechanism of the inhibition of migration 
and metastasis in cervical cancer cells. As the 
expression of miR-214 increased, the expres-
sion levels of epithelial cell marker E-Cadherin 
increased, whereas mesenchymal cell marker 
N-Cadherin decreased. In conclusion, miR-214 
can suppress the EMT process, so as to reduce 
the migration and invasion capacity of cervical 
cancer cells. 

Drug resistance is the bottleneck in the treat-
ment of almost all the malignant tumors. One  
of the urgent problems to be solved in clini- 
cal practice is that tumor cells are resistant  
to cisplatin, which seriously affects its treat-
ment effect. Tumor cells not only built up drug 
resistance to the antitumor drug, but may 
develop cross-resistance to a variety of antitu-
mor drugs. The sensitivity to chemotherapeutic 
drugs is a major problem in the treatment of 
cancer. miRNA also plays an important role in 
drug resistance. Phuah et al found that there 
are as many as 25 kinds of miRNAs includ- 
ing miR-138, miR-210 and miR-744 that can 
change the sensitivity to chemotherapeutic 
agents ACA and cisplatin [26]. Lei et al found 
that miR-155 can negatively regulate the EGF-
induced EMT process, suppress cell prolifera-
tion, migration and invasion and enhance the 
sensitivity to chemotherapeutic agent cisplatin 
[27]. miR-214 can upregulate the expression of 
Bax, Cas-9, Cas-8 and Cas-3, enhance cell 
apoptosis, inhibit cell proliferation and increa- 
se the sensitivity to cisplatin by silencing the 
expression of Bcl-2 protein [28, 29]. In cervical 
cancer cells, miR-218 induce apoptosis, sup-
press tumor growth, and increase the sensitiv-
ity to cisplatin through the AKT-mTOR signaling 
pathway [30, 31]. In order to understand the 
characteristics of miR-214 on the sensitivity to 
cisplatin in cervical cancer, in our study MTT 
was used to study the effect of miR-214 on the 
sensitivity to cisplatin in cervical cancer. We 
found that overexpression of miR-214 can in- 
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hibit the sensitivity of cervical cancer cells to 
cisplatin. Similarly, we used flow cytometry to 
detect the effect of miR-214 on the apoptosis 
of cervical cancer cells treated with cisplatin. 
The results suggested that miR-214 can re- 
duce cell apoptosis to inhibit the sensitivity of 
cervical cancer cells to cisplatin after cisplatin 
treatmen. Our study confirmed that miR-214 
inhibits the drug resistance of cancer cells to 
cisplatin in cervical cancer. 

In the study of the role of miRNA, it was found 
that miRNA participates in various life activities 
by targeting its target genes. In the previous 
studies, miR-214 has been reported with a plu-
rality of different target genes. In breast cancer, 
miR-214 can regulate cell invasion by targeting 
p53 [32]. In bladder cancer, miR-214 can target 
PDRG1 and regulate cell proliferation, migra-
tion and apoptosis [33]. In cervical cancer, miR-
214 may regulate cell proliferation and migra-
tion by TFAM. In cervical cancer, it has currently 
been found that plexin-B1 [34], GALNT7 [35], 
Bcl2l2 [28] which can affect cell cycle, migra-
tion and apoptosis are the target genes of miR-
214 in cervical cancer. In osteosarcoma, miR-
214 can promote cell proliferation and migra-
tion by LZTS1, promoting the growth of tumor in 
nude mice [36].

Here, we used bioinformatics analyse to find 
the target gene of miR-214 and found that 
FOXM1 might be the target of miR-214. We 
found that miR-214 might be able to identify 
FOXM1 mRNA 3’UTR. We constructed wild- 
type and mutant plasmids containing FOXM1 
3’UTR and applied fluorescence reporter assay 
to detect the directly target of miR-214 and 
FOXM1 3’UTR. The results indicated that miR-
214 was able to inhibit the expression of the 
wild-type FOXM1 3’UTR luciferase plasmid, but 
cannot suppress the relative expression activi-
ty of mutant FOXM1 3’UTR luciferase plasmid, 
which is proved that miR-214 can target FOXM1 
3’UTR. Meanwhile, western blot and Real-time 
PCR were used to showed that overexpression 
of miR-214 could inhibit the protein and mRNA 
of FOXM1. Typical miRNA takes effects in two 
ways: When the miRNA sequence and the tar-
get gene mRNA are completely complementary, 
miRNA can cut off the mRNA, which leads to 
the degradation of mRNA and makes it impos-
sible to translate the protein [37], whereas, 
when the miRNA sequence and the target ge- 
ne mRNA are not completely complementary, 

miRNA can suppress mRNA translation, but 
does not affect its stability [38]. Thus, miR-214 
can identify and combine FOXM1 mRNA 3’UTR, 
but cannot affect its stability. What’s more, 
miR-214 played a regulatory role by inhibiting 
protein translation. Finally, we also found that 
FOXM1 expression was higher in CIN II phase, 
CIN III phase, well-differentiated adenocarcino-
ma and well-differentiated squamous cell carci-
noma. Thus, these results indicated that miR-
214 can regulate the expression of FOXM1 in 
cervical cancer.

It has been proved that FOXM1 affects cell  
proliferation, migration and invasion. We used 
siRNA interference method to detect its role  
in cervical cancer cells. We found that in two 
kinds of cervical cancer cells, knockdown of 
FOXM1 inhibited migration, invasion and sen- 
sitivity to cisplatin compared with the control 
group. As we know that highly expressed FO- 
XM1 is significantly associated with the metas-
tasis of the tumor. It was initially found by Bao  
B that in pancreatic cancer cells, the overex-
pression of FOXM1, which regulated by miR-
200c can promote the metastasis of pancreat-
ic cancer cells as well as EMT [39]. Yu C et al 
demonstrated that in nasopharyngeal carcino-
ma, treatment of cells with FOXM1 inhibitor can 
inhibit the proliferation, migration and invasion 
of nasopharyngeal carcinoma cells, and inhibit 
the survival of NPC cells. It was proved that the 
growth and metastasis of nasopharyngeal car-
cinoma in vivo can be suppressed after knock-
ing down of FOXM1 in vivo [36]. Meng FD et al 
found that FOXM1 can bind to the promoter 
SNAI1 and regulate its expression [40]. In cervi-
cal cancer, it has been demonstrated that AM- 
PK activator can inhibit the growth of cervical 
cancer, which is achieved by inhibiting the ex- 
pression of FOXM1 mRNA and protein. Cispla- 
tin can enhance the effect on the cell by inhibit-
ing the promoter of FOXM1 that can enhance 
the sensitivity to cisplatin when knocked down 
FOXM1 [41]. In summary, FOXM1 is a transcrip-
tional regulator, which participates the progre- 
ss of tumor.

In conclusion, this study indicates that miR-214 
inhibits migration, invasion and promotes drug 
sensitivity in cervical cancer cells by targeting 
FOXM1, suggesting miR-214 may be a potential 
target for the treatment of cervical cancer, and 
providing a new strategy for the prevention and 
treatment of cervical cancer. 
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