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Abstract. – OBJECTIVE: To dissect the func-
tioning mode of miR-200c on cervical cancer cell 
metastasis and growth and provide therapeutic 
targets for cervical cancer.

PATIENTS AND METHODS: By quantitative Re-
al-time polymerase chain reaction, the miR-200c 
expression level in 42 pairs of cervical cancer 
tissue samples and six cervical cancer-derived 
cell lines were examined. Using miR-200c mim-
ics, we analyzed the effects of miR-200c over-ex-
pression on cell proliferation, invasion, and mi-
gration. Dual-luciferase activity assay was 
recruited to examine the potential target gene 
MAP4K4 that predicted by several databases. 
Protein level was studied using Western blot.

RESULTS: miR-200c expressed significantly 
lower in cervical cancer tissue samples and cell 
lines. And over-expression of miR-200c in cer-
vical cancer cells significantly decreased the 
cell invasion, migration and proliferation abili-
ties. Dual-luciferase and Western blot confirmed 
MAP4K4 as a target gene of miR-200c. Further-
more, up-regulation of MAP4K4 counteracted 
the suppressive effect of miR-200c over-expres-
sion on cell growth and metastasis.

CONCLUSIONS: miR-200c could suppress 
cervical cancer cell proliferation and progres-
sion via regulating MAP4K4, which might pro-
vide a new target for cervical cancer diagnosis 
and therapy.
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Introduction

In recent years, with the progress in the devel-
opment of the human life, the incidence rate of 
tumor is increased year by year. Among female 
patients, breast cancer and cervical cancer display 
the highest incidence rates, which seriously affect 
patient’s quality of life and survival time1. Mean-
while, the incidence rate of cervical cancer ranks 
seventh among all cancers, which ranks third in 
female suffering cancer, and mortality rate ranks 

fourteenth2. Cervical cancer frequently occurs in 
China and even Asia, the incidence rate of which 
is much higher than that in North America, south-
ern Europe and other regions3. Compared with 
that in the last century, the average age of onset 
of cervical cancer in women in China has fallen 
at least 13 years old, which is about 45 years old 
nowadays4. The average age of cervical cancer in 
China is 10 years earlier than 55 years old in the 
foreign countries during the same period. Squa-
mous cell carcinoma and adenocarcinoma are the 
most common cervical cancers5. In order to treat 
these tumors and improve the survival time and 
quality of life of patients, the characteristics and 
related pathogenesis of these tumors and the key 
regulatory molecules or influencing factors in the 
progression of tumors are needed to be under-
stood, so that the scientific study on female tumor 
is also increasing. It is expected that the effective 
way to prevent, early diagnose and targeted treat 
tumor diseases by human intervention can be 
found through research.

Tumor is affected by multiple regulating fac-
tors, the incidence of which is closely related to 
unhealthy living habits, inadequate nutrition in-
take, environmental pollution and infection6. With 
the development of molecular biology, people’s 
knowledge of genes gradually deepens. Through 
revealing the pathogenesis of tumor at the molec-
ular level, it is considered that tumor is a complex 
genetic disease, the molecular biology bases of 
which include oncogene activation, inactivation 
or loss of tumor-suppressor genes, dysfunction of 
apoptosis-regulatory genes and deoxyribonucleic 
acid (DNA) repair genes, etc7. The change of gene 
causes imbalance of hormone level, weakening 
of immune mechanism and disorder of various 
growth factors in the body, thus leading to the 
significantly abnormal growth and proliferation 
of cells. The abnormal changes in genes include 
the changes in structure and expression of encod-
ing and noncoding genes8. Therein, the regulation 
of micro-ribonucleic acid (miRNA) on target gene 
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is of importance for regulating cell growth and 
proliferation.

MiRNA is also a class of biological small-mol-
ecule substance that plays an indispensable role 
in the tumor. It has a targeted regulating effect 
on many key regulatory molecules and biological 
signaling molecules in cell cycle and apoptosis9. 
A lot of previous studies have demonstrated some 
classical miRNA target genes and their specific 
regulatory functions. For example, the correlat-
ed effects and target genes of miR-196, miR-143, 
miR-375, miR-1, miR-133 and miR-175 in the 
mammalian, miR2-a and miR2-b in the drosophi-
la, lsy-6, miR-273, let-7 and lin-41in the nematode 
are identified. Due to its regulatory effect in the 
tumor, it can be seen that miRNA is abnormally 
expressed in many tumors10. Although the kinds 
of miRNA in different types of tumors may be 
various, the abnormal expression is common. In 
order to investigate the role of miRNA in tumor, 
the important molecules related to tumor is often 
combined with miRNA to determine the effect of 
miRNA in the certain tumor by exploring its tar-
geting regulatory function.

At present, the key role of MAP4K4 in tumor 
has been widely recognized, but the regulation of 
miRNA on MAP4K4 in tumor is not very exten-
sive. Now only hepatocarcinoma, colon cancer and 
pancreatic cancer have been explored to investigate 
the effect of miR-141 and miR-194 on the regula-
tion of MAP4K4, while there are no relevant stud-
ies in cervical cancer. So we decided to explore the 
relationship between miRNA and MAP4K4 regu-
lation and function in cervical cancer.

Patients and Methods

Tissue Samples and Cell Lines
Tissue samples: collect 42 pairs of cervical can-

cer tissues and adjacent tissues (from The Second 
Affiliated Hospital and Yuying Children’s Hospi-
tal of Wenzhou Medical University), age 45±10.2 
years old. All tissues were confirmed by clinical 
pathological biopsy. The staging criteria for cer-
vical cancer refers to the 2014 FIGO staging crite-
ria. All the tissues were sampled during the oper-
ation and obtained informed consent. The Ethics 
Committee was granted by the Second Affiliated 
Hospital and Yuying Children’s Hospital of Wen-
zhou Medical University. Samples were cut with 
scissors and grinded into tissue homogenate. The 
tissues RNA were extracted and stored at -80°C 
for storage. 

Human cervical cancer cell lines (C33A, HeLa, 
HeLa229, HCC94, HT-3 and ME-180) and prima-
ry normal cervical squamous cells (NCSC) were 
purchased from the Cell Bank of Chinese Acad-
emy of Sciences (Shanghai, China). Cells were 
cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Sigma-Aldrich, St. Louis, 
MO, USA) containing 10% fetal bovine serum 
(FBS) (Invitrogen, Carlsbad, CA, USA), and were 
maintained at temperature of 37°C with 5% CO2 
in the humid air. The method of cell cryopreserva-
tion was similar to that of tissue cryopreservation.

Cells Transfection
MiR-200c mimics and mimics-NC were syn-

thesized and purified by Shanghai Tamar Com-
pany (Shanghai, China). One day before transfec-
tion, 4-5*104 cells were inoculated on the 6-pore 
plate and 2 mL contained FBS basal medium. 
Cells with confluence of 70% were transfected 
with miR-200c mimics or mimics-NC using li-
pofectamine 3000 vectors and, then, incubated at 
37°C with 5% CO2 for 24 hours. The cells’ mor-
phology and also the transfection efficiency were 
observed by fluorescence microscopy. The chang-
es of miR-200c expression in each group were de-
tected by qRT-PCR.

RNA Extraction and Quantitative 
Real-time PCR

Total RNA of tissue samples and cells were 
isolated by using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) and reversed using a miRNA 
Reverse Kit (TaKaRa, Dalian, China). The miR-
200c expression level was detected using SYBR 
Premix kits (TaKaRa, Dalian, China) with ABI 
Step One (ABI, Waltham, MA, USA) and U6 was 
used as internal control. Each experiment was 
confirmed three times. All the relative expression 
levels were measured by using the 2-∆∆CT method.

CCK8 Assay
Cervical cancer cell line was inoculated into 

a 96-well plate. When it grew up to about 70%, 
cells were treated as follows: blank control group 
was treated with lipofectamine 3000 diluent, 
with no plasmid; in the mitogen-activated pro-
tein kinase k 4 (MAP4K4) overexpression group, 
MAP4K4 overexpression vector was transfect-
ed; in the miR-200c regulation group, MAP4K4 
overexpression vector and miR-200c mimics were 
transfected at the same time. 10 µL Cell Counting 
Kit-8 (CCK-8) reagents were respectively added 
into each well. After the loading of sample, the 
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cell line was incubated for 2 h. Subsequently, the 
absorbance values at 12 h, 24 h, 48 h and 72 h 
were read at 450 nm, respectively.

Colony Formation Assay
Cervical cancer cells were plated in 6-well 

plates at a density of 600 per well and maintained 
in normal medium for 10 days. The colonies 
were fixed in 70% methanol for 20 min and then 
stained with 0.5% crystal violet for 10 min on ice, 
washing each well 3 times with phosphate-buff-
ered saline (PBS).

Wound-Healing Assay
70% of cells were transfected. The cell fluid 

was changed 6 h after transfection. Roswell Park 
Memorial Institute (RPMI)-1640 medium sup-
plemented with 10% fetal bovine serum (FBS) 
was used as the fresh medium. After the cul-
ture for 6 h, the dead cell was washed away by 
phosphate-buffered saline (PBS). 100 µL pipette 
tip was used to draw a “+” in the well of 6-well 
plate. Subsequently, it was slightly rinsed by PBS 
again, and serum-free RPMI-1640 culture me-
dium was used, with 2 mL into each well. After 
the line was drawn, the photo was taken imme-
diately to record the scratches. The cell fluid was 
changed every 24 h, and the changes in scratches 
were photographed for record at the 48 h. The mi-
gration force and invasion in cells among groups 
were judged according to the variation of width of 
scratches among different groups.

Transwell Assay
The upper chamber surface of the bottom 

membrane of the transwell chamber was dried 
with 50 mg/L matrigel with 1:8 dilution, and dried 
at 4°C. A diluted matrigel (3.9 ug/uL) 60-80 uL 
was added to the polycarbonate film on the upper 
chamber, and the matrigel was polymerized into a 
gel at 37°C for 30 min. After 48 h of transfection, 
cells were digested by trypsin and were washed 
by PBS about 2 times; then, they were suspend-
ed with serum containing bovine serum albumin 
(BSA) medium. The cell density was adjusted to 
5x104/mL. 6 mL FBS containing medium were 
added into the lower chamber. After 24 h of nor-
mal culture, the basement membrane of the lower 
chamber was removed.

Dual-Luciferase Assay
The Dual-Luciferase reporter system (Prome-

ga, Madison, WI, USA) was employed to test 
the activity of luciferase. The MAP4K4 3’-UTR 

cDNA fragment containing the wild type or mu-
tant miR-200c binding site was amplified and 
cloned into pGL3 luciferase vector (Promega, 
Madison, WI, USA). Next, cervical cancer cells 
were transfected with miR-200c mimics and the 
conducted PGL3 vector using lipofectamine 3000. 
The activity of luciferase was determined using 
luminometer (Promega, Madison, WI, USA) and 
measured as the fold-change to the basic pGL3 
vector relatively.

Western Blot
Reagent RIPA (Beyotime, Shanghai, China) 

was utilized to extract protein from cells. BCA 
protein assay kit (TaKaRa, Dalian, China) was 
chosen for quantifying protein concentrations. 
The target proteins were separated by sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis  (SDS-PAGE). Then, they were replaced to 
the polyvinylidene difluoride (PVDF) membrane, 
which was then incubated with antibodies. Cell 
Signaling Technology (CST, Danvers, MA, USA) 
provided us rabbit anti-MAP4K4 and rabbit an-
ti-β-actin, as well as goat anti-rabbit secondary 
antibody. Chemiluminescent film was applied 
for assessment of protein expression with Image 
J software.

Statistical Analysis
IBM statistical product and service solutions 

(SPSS) 22 statistical software (Armonk, NY, 
USA) was conducted for data processing and 
analysis. Statistical quantitative data of normal 
distribution was described by the mean and stan-
dard deviation of the method; quantitative data 
consistent with homogeneity of variance was con-
ducted by Levene test. p<0.05 was considered as 
the standard of significance difference.

Results

MiR-200c Expressed Lower in Cervical 
Cancer Tissues and Cell Lines

To detect the relationship between the miR-200c 
expression and cervical cancer, we examined miR-
200c levels in 42 pairs of cervical cancer tissues 
and adjacent normal tissues. Cervical cancer tis-
sues expressed significantly lower miR-200c level 
than adjacent normal tissues (Figure 1A).

We selected three different cervical cancer cell 
lines: C33A, HeLa, HeLa229, HCC94, HT-3, ME-
180, and a primary normal cervical squamous 
cell line: NCSC. We measured the amount of 
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miR-200c in each cell line by qRT-PCR, and this 
was repeated 3 times in each group. The results 
showed that the relative expression of miR-200c 
in cervical cancer cell lines was lower than that 
in NCSC. The results also showed that the ex-
pression of miR-200c inHCC94 was lowest, and 
there was statistical difference (Figure 1B). To 
further investigate the role of miR-200c in cervi-
cal cancer, cells were transfected with miR-200c 
mimics. The transfection efficiency was shown in 
Figure 1C.

MiR-200c Over-Expression Inhibited the 
Proliferation of Cervical Cancer Cells

CCK8 assay was used to detect the effect of 
miR-200c on proliferation capacity of cervical 
cancer cells in each group. The results showed 
that within 12 h after transfection, the number 
of viable cells in the three groups was not sig-
nificantly different. After 12 h, the prolifera-
tion capacity of cells transfected with miR-200c 
mimics was significantly inhibited compared to 
mimics-NC (Figure 2A). The results showed that 

Figure 1. MiR-200c was down-regulated in cervical cancer tissues and cell lines. A, Analysis of the expression level of miR-
200c in 42 pairs of cervical cancer tumor and adjacent tissues. B, Expression of miR-200c in cervical cancer cells. C, Expres-
sion of miR-200c in miR-200c mimics treated cervical cancer cells. MiR-200c was detected by qRT-PCR and U6 was used 
as an internal control. Data are presented as the mean ± SD of three independent experiments. *p<0.05, **p<0.01, ***p<0.001.

Figure 2. MiR-200c effected the proliferation of cervical cancer cells. A, CCK8 assay was performed to determine prolife-
ration of cervical cancer cells treating with miR-200c mimics compared to negative control. B, Colony formation assay was 
performed to determine the growth of cervical cancer cells transfected with mimics. Data are presented as the mean ± SD of 
three independent experiments. **p<0.01.
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The invasion capacity of the cells in each group 
was detected by transwell assay. The experimen-
tal findings showed that the invasive ability of the 
experimental group was significantly lower than 
that of the negative control group, only about 40% 
of the NC group (Figure 3B). The results showed 
that upregulation of miR-200c could significant-
ly inhibit the invasion capacity of cervical cancer 
cells.

MAP4K4 was a Target Gene of miR-200c
To further explore the molecular mechanism 

of miR-200c involved in cervical cancer, we 
next searched for two databases: Targetscan 
and miRwalk. After comprehensive analysis, 
we found MAP4K4 as a candidate target gene 
of miR-200c. To confirm the prediction, we em-
ployed dual-luciferase assay using conducted 
wild-type or mutant MAP4K4 3’-UTR vector 
(Figure 4A). The result of dual-luciferase as-

upregulation of miR-200c expression could inhib-
it the proliferation of cervical cancer cells. Also, 
cervical cancer cells formed lesser colonies after 
miR-200c mimics-treatment compared to control 
group (Figure 2B). All these data suggested that 
miR-200c could inhibit the proliferation of cervi-
cal cancer cells.

MiR-200c Over-Expression Inhibited 
Cervical Cancer Cell Migration 
and Invasion

Cell migration was detected by wound-healing 
assay. We used the pictures of 48 h after scratch 
and compared the relative moving velocity of cells 
in each group by the ratio of cell migration area. 
As a result, the migration rate of the experimental 
group was 40% (Figure 3A) of the negative con-
trol group. It can be seen that the high expression 
of miR-200c could inhibit the migration capacity 
of cervical cancer cells.

Figure 3. MiR-200c effected the migration and invasion of cervical cancer cells. A, Wound-healing assay was performed to 
determine proliferation of cervical cancer cells treating with miR-200c mimics compared to negative control. B, Transwell 
invasion assay was used to detect the invasion ability of miR-200c mimics treated cervical cancer cells. Data are presented as 
the mean ± SD of three independent experiments. **p<0.01.
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say displayed a significant activity decrease 
in the WT group but no difference in mutant 
group (Figure 4B). The protein expression of 
MAP4K4 in miR-200c mimics treated cells was 
measured by Western blot analysis. Upregula-
tion of miR-200c reduced the MAP4K4 level in 
cervical cancer cells (Figure 4C). These above 
results suggested that cervical cancer was a di-
rect target of miR-200c.

MAP4K4 Over-Expression Counteracted 
the Effect of miR-200c Up-Regulation

As we speculated miR-200c suppressed cer-
vical cancer cells proliferation, migration and 
invasion via down-regulating MAP4K4, we es-
tablished plasmid pcDNA3.1-MAP4K4 to reverse 
the effect of miR-200c mimics to further confirm 
these results. As shown in Figure 5A, CCK8 assay 
showed that MAP4K4 over-expression in miR-
200c mimics treated cervical cancer cells signifi-
cantly rescued the cell proliferation ability. Fur-
thermore, the decrease of invasion activity caused 
by miR-200c mimics was reversed by MAP4K4 
up-regulation (Figure 5B). Then, Western blot 
assay showed MAP4K4 level was rescued by 
MAP4K4 up-regulation (Figure 5C). These data 
indicated that miR-200c suppressed cervical can-
cer cells proliferation and metastasis via targeting 
MAP4K4.

Discussion

Cervical cancer is one of the malignant tumors 
that seriously endanger women’s lives and health 
in the world. It ranks second among women with 
malignant tumors, and more than 85% of them 
are in developing countries. The recurrence and 
metastasis of cervical cancer are the main reasons 
for the failure of cervical cancer treatment11. The 
number of patients with cervical cancer in China 
is close to 1/4 of that in the world, and 0.13 million 
of people die of cervical cancer every year12. The-
refore, cervical cancer has seriously affected lives 
and health of women in China and even around 
the world. The prevention and treatment of cervi-
cal cancer are of great significance for the deve-
lopment of China’s health undertakings and the 
maintenance of China’s and even the world’s wo-
men’s life and health. The data and experimental 
results of miRNA expression microarray revealed 
that multiple miRNAs are abnormally expressed 
in cervical cancer tissues and cell lines, and the 
occurrence and progression of cervical cancer are 
affected by these abnormal expressions of miR-
NAs. For example, miR-34a can be directly regu-
lated by protein p53 to play the role of tumor-sup-
pressor gene13; miR-125b plays an inhibitory role 
in immune response and apoptosis13; miR-203 and 
miR-125b can regulate the deoxyribonucleic acid 

Figure 4. MAP4K4 was a direct target of miR-200c. A, The predicted binding sites of miR-200c in the 3’-UTR of MAP4K4. 
B, Dual-luciferase reporter assay was used to determine the binding site. Cervical cancer cells treated by mimics or NC were 
transfected with pGL3 construct containing the WT or mutant MAP4K4 3’-UTR site. C, Levels of MAP4K4 protein measured 
by Western-blot in miR-200c overexpression cervical cancer cells. The protein levels were normalized to that of β-actin. Data 
are presented as the mean ± SD of three independent experiments. **p<0.01.
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(DNA) replication process of human papilloma-
virus (HPV)14. MiR-34a and miR-125b can also 
regulate the expression of HPV, thus promoting 
the infection and progression of cervical cancer14. 
MiR-200a can also affect the metastasis of cer-
vical cancer. The survival of patients can be pre-
dicted by detecting the expression levels of miR-
200a and miR-9 in cervical cancer15. MiR-200b is 
lowly expressed in the invasive cervical cancer16. 
The experiment showed that miR-200b inhibi-
ts the invasion and metastasis of cervical cancer 
through inhibiting the epithelial-mesenchymal 
transition (EMT) of cervical cancer. The inhi-
bition of miR-21 expression or enhancement of 
miR-143 expression in tissues may be a strategy 
for the treatment of cervical cancer17. This study 
aims to identify a potential miRNA therapy target 
for the diagnosis and treatment of cervical cancer. 
Recent studies have shown that as an important 
member of miRNA, the significant role of miR-
200c in development of tumor has drawn people’s 
attention. A large number of studies have proved 
that miR-200c is involved in many biological pro-
cesses such as growth, invasion and migration 
of tumor cells. In bladder cancer, miR-200c can 
inhibit proliferation, invasion and migration of 
tumor, indicating that miR-200c may exert a si-
gnificant role in the occurrence and development 
of human tumors18. Of note, the detection of tis-
sue in colon cancer revealed that the expression 

of miR-200c was inhibited, suggesting that miR-
200c plays an important role in the cancer19. This 
study aimed to elucidate the relationship between 
miR-200c and the occurrence and development of 
cervical cancer. In order to further study the rela-
tionship between miR-200c and metastasis of cer-
vical cancer, we detected the expression of miR-
200c in 42 cases of cervical cancer and adjacent 
tissues. The results showed that the expression 
of miR-200c in cervical cancer was lower than 
that in the adjacent tissues. These data indicate 
that miR-200c is low expressed in cervical can-
cer tissues, which may play an important role in 
inhibiting tumorigenesis, development, and inhi-
biting invasion and metastasis. Furthermore, we 
conducted miR-200c-overexpressed cell lines and 
employed several cell function experiments, whi-
ch demonstrated that upregulation of miR-200c 
inhibited cell proliferation in cervical cancer. As 
a conclusion, we considered miR-200c functioned 
as a suppress-factor in cervical cancer.

MiRNAs could bind to the 3’-UTR region of 
target genes and influence their expression to 
change cellular processes. In order to detect the 
molecular mechanism of miR-200c, we specu-
lated MAP4K4 as a potential target gene due to 
several databases. MAP4K4 belongs to an upstre-
am kinase of mitogen-activated protein kinase 
(MAPK) signaling system. MAPK signaling pa-
thway is involved in multiple biological behaviors 

Figure 5. MAP4K4 rescued the effects of miR-200c mimics in cervical cancer cells. A, Analysis of the cell proliferation abi-
lity by MTT assay in miR-200c NC, mimics, or mimics + MAP4K4 treated cervical cancer cells; B, Cell invasion ability was 
measured by transwell assay; C, Western-blot analyses of MAP4K4 expression level. β-actin was used as an internal control. 
Data are represented as the mean ± SD of three replicates. *p<0.05, **p<0.01.
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of cells, including apoptosis, differentiation and 
proliferation, cell cycle regulation, maintenance 
of cell survival and malignant transformation of 
cells. The study displayed that MAP4K4 is highly 
expressed in many tumor cells, which can acce-
lerate cell transformation, promote cell invasion 
and reduce the adhesion to tissue culture cells, 
and affects the prognosis of tumor. Extracellular 
signal-regulated kinase (ERK), c-Jun N-terminal 
kinase (JNK) and p38 signaling pathways may be 
involved in the effect of MAP4K4 in the tumor20. 
In recent years, the significant progress has been 
made in the study on the activation of MAP4K4 
and occurrence and development of tumors. 
MAP4K4 can promote cell growth and prolifera-
tion, inhibit apoptosis, advance cell invasion and 
metastasis, and promote angiogenesis. However, 
the underlying upstream mechanism of MAP4K4 
in cervical cancer has not been well identified and 
reported yet. In our present paper, we initially 
revealed that MAP4K4 was directly targeted by 
miR-200c, and MAP4K4 expression was negati-
vely correlated with miR-200c in cervical cancer 
tissues and cell lines. Moreover, restoration of 
MAP4K4 could rescue tumor suppression role by 
downregulated miR-200c on cervical cancer cell 
growth. The evidence indicated that miR-200c 
might be the upstream of MAP4K4 involved in 
cervical cancer tumorigenesis.

Conclusions

Overall, we first demonstrated miR-200c 
expression was decreased in cervical cancer and 
its over-expression inhibited cervical cancer cell 
proliferation, migration and invasion. Further, we 
elucidated miR-200c function as a tumor suppres-
sor via targeting MAP4K4. These results could 
provide a potential target for cervical cancer dia-
gnosis and therapy in the future.
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