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Abstract: Accumulating evidence have emerged important roles for microRNAs (miRNAs) participating in epithelial-
mesenchymal transition (EMT) process and are associated with metastasis in cervical cancer. We hypothesized that 
miR-223 played an important role in cell metastasis of cervical cancer. Here, we found miR-223 was downregulated 
in human cervical cancer cell lines and clinical tumor tissues. Result of wound healing and cell migration assays 
revealed that miR-223 inhibited cell migration, whereas miR-223-in showed the opposite effect. In terms of mecha-
nism, miR-223 influenced the expression of the EMT-associated proteins by upregulating the epithelial markers 
E-cadherin and α-cadherin and downregulating the mesenchymal marker vimentin. In conclusion, miR-223 inhib-
ited cell metastasis of human cervical cancer by modulating epithelial-mesenchymal transition.
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Introduction

Cervical cancer is a gynecological malignancy 
with the second most common malignancy  
in female worldwide [1]. Despite advanced in 
treatment with surgery, radiotherapy, and che-
motherapy, the prognosis for cervical cancer 
remains poor. Therefore, finding novel diagnos-
tic and prognostic markers and new therapeu-
tic targets for treatment of cervical cancer are 
of great significant.

Recent studies have identified that MicroRNAs 
(miRNAs) are a class of small noncoding RNAs 
that regulate the targeted gene expression by 
targeting the 3’-untranslated regions (3’-UTRs) 
of target mRNAs, resulting in mRNA degrada-
tion or translational suppression [2-4]. Incre- 
asing evidence indicated that miRNAs regulate 
a variety of biological processes, including cell 
proliferation, differentiation, migration and apo- 
ptosis [5-9]. However, the function of miR-223 

in cervical cancer remains poorly understood. 
In the present study, we found that miR-223 
was significantly decreased in cervical cancer 
clinical tissues. Our results revealed that miR-
223 functioned as a tumor suppressor by inhib-
iting cell metastasis in vitro. Together, these 
results suggest that miR-223 could be a thera-
peutic target for the treatment of cervical can- 
cer.

Materials and methods 

Clinical specimens 

Eight pairs of cervical cancer tissues and adja-
cent noncancerous tissues were obtained from 
Department of Obstetrics and Gynecology, 
Zhujiang Hospital, Southern Medical University 
(Guangzhou, People’s Republic of China). The 
study was approved by the ethics committee  
of Zhujiang Hospital, Southern Medical 
University (Guangzhou, People’s Republic of 
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China). Writ ten informed consent was ob- 
tained from each participant before the study. 
All tissues confirmed by pathology and immu-
nohistochemistry were collected and frozen in 
liquid nitrogen and stored at -80°C.

Cell culture

Human cervical cancer cell lines Siha, Hela and 
C-33A were purchased from the American Type 
Culture Collection (Manassas, VA, USA) and 
were cultured in RPMI 1640 (HyClone, USA) 
containing 10% (v/v) fetal bovine serum (FBS, 
HyClone, USA), 100 mg/mL of streptomycin, 
and 100 IU/mL of penicillin. All cells were incu-
bated at 37°C in a humidified chamber contain-
ing 5% CO2.

Plasmids and transfection

The miR-223 mimics, miR-223-in and the cor-
responding negative controls (NC) were pur-
chased from GeneCopoeia Co. (Guangzhou, 
China). Transfection of plasmids and siRNAs 
were performed using lipofectamine 2000 
(Invitrogen), according to the manufacturer’s 
protocol.

RNA extraction and real-time quantitative PCR

Total RNA from cultured cells and fresh frozen 
tissues was extracted using Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Reverse transcrip-
tion and quantitative PCR were performed 
using the miRNA-specific TaqMan MiRNA Assay 
Kit to detect the expression level of miR-223 by 
using the Applied Biosystems 7,900 Sequence 
Detection system. The primer of miR-223 
(HmiRQP0341) was synthesized by GeneCo- 
poeia Co. (Guangzhou, China). The relative miR-
223 expression levels after normalization to U6 
small nuclear RNA were calculated using 2-ΔΔCt 
method.

Wound healing assay

Hela cells after transfection were seeded in 
6-well plates at 70% confluence and cultured 
until they formed a monolayer that occupied 
100% of the surface area. Next, a linear wound 
was made by scratching the monolayer with a 
200 μl pipette tip and washed three times with 
serum-free RPMI 1640 to remove the cell 
debris. Cells were incubated for 24 h. Images 

were captured and the gap size was measured. 
The experiment was repeated three times.

Migration assays

Migration assays were performed using 
Transwell chambers with a pore size of 8 mm. 
Cells were transfected with miR-223, miR-223-
in or the relative control mimics and incubated 
for 48 h. 5×104 transfected cells were placed  
in the upper chamber. Dulbecco’s modified 
Eagle’s medium containing 10% fetal bovine 
serum was added to the lower chamber as a 
chemo-attractant. Chambers were incubated in 
5% CO2 at 37°C for 24 h, and then cells on the 
upper surface were removed. Cells that had 
migrated to the bottom surface were washed 
twice with cold phosphate-buffered saline, 
fixed in methanol and stained with 0.1% crystal 
violet. Stained cells were counted under a 
microscope. 

Western blotting

Total proteins from cells were lysed in RIPA lysis 
buffer (Beyotime Institute of Biotechnology, 
China). Equal quantities (40 μg) of protein sam-
ples were separated by 10% SDS-PAGE and 
transferred onto PVDF membranes (Millipore, 
Bedford, MA, USA), and blocking was performed 
with 5% non-fat milk room temperature for 1.5 
h, and incubated with the primary antibodies, 
anti-E-cadherin, anti-Vimentin, anti-α-carenin 
(1:500; Abcam). Following the initial western 
blot assay, the membranes were stripped and 
re-probed with anti-β-actin (1:500; Sigma, St 
Louis, MO, USA) as a protein loading control.

Statistical analysis

All the statistics were expressed as mean ± 
standard deviation (SD) and processed using 
SPSS 17.0 statistical software (Chicago, IL, 
USA). Values of P<0.05 were considered signi- 
ficant.

Result

MiR-223 expression was downregulated in 
cervical cancer cell lines and clinical tissues

To investigate the expression of miR-223 in 
human cervical cancer, we first evaluated the 
expression levels of miR-223 in cervical cancer 
cell lines and cancer tissues. As showed in 
Figure 1A, real time PCR analysis indicated 
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that expression of miR-223 was differentially 
decreased in eight human cervical cancer tis-
sues compared with adjacent non-cancerous 
tissues (ANT), suggesting miR-223 may act as 
an anti-oncogene in cervical cancer.

In addition to cervical cancer tissues, endoge-
nous expression of miR-373 was detected in a 
panel of cervical cancer cell lines (SiHa, HeLa, 
C-33A). It was observed that the expression of 
miR-223 in HeLa cells was higher than that in 

Figure 1. Expression of miR-223 in human cervical cancer clinical specimens and cell lines. A. Relative miR-223 
mRNA expression levels in 8 paired human cervical cancer tissues (T) and the adjacent non-cancerous tissues (ANT) 
from the same patient were detected by PCR analysis. B. Real-time PCR analysis of miR-223 expression in human 
cervical cancer cell lines, including Siha, Hela and C-33A. Each bar represents the mean of three independent 
experiments. *P < 0.05.

Figure 2. MiR-223 upregulation inhibited cell metastasis of cervical cancer. A. Cell migration activity was measured 
by conducting the wound healing assay 48 h after transfection using miR-223 or miR-223-in or the relative control 
mimics. B. For cellular migration, transwell assays were performed. Each bar represents the mean of three indepen-
dent experiments. *P < 0.05.
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SiHa cells, lower than that in C-33A cells (Figure 
1B). Given the above results, it was decided to 
use the HeLa cells for the below experiments.

MiR-223 inhibited cell metastasis of cervical 
cancer cells

To further explore the functional role of miR-
223 in cervical cancer, the cervical cancer Hela 
cells were transfected with the miR-223 and 
miR-223-in, which were used to increase or 
reduce expression of miR-223, respectively. 
Results of wounding healing assays indicated 
that cells in the miR-223 group had stronger 
wound healing ability than those in the relative 
control group. In contrast, cells in the miR-223 
inhibitor group grew slower and their wound 
healing ability was weaker than those in the 
relative control group (Figure 2A). Furthermore, 
result of migration assay revealed that cell 
migration of Hela cells was dramatically en- 
hanced by miR-223 overexpression. However, 

the miR-223-in showed the opposite effect 
(Figure 2B). Collectively, these results showed 
that miR-223 overexpression inhibited cervical 
cancer cell metastasis in vitro.

MiR-223 upregulated E-cadherin and 
α-carenin and downregulated vimentin expres-
sion

Epithelial-mesenchymal transition (EMT) is an 
essential step for cancer metastasis. The EMT 
process is characterized by loss of epithelial 
markers like E-cadherin and α-carenin, attend-
ed by increased mesenchymal markers such as 
vimentin. Result of western blot revealed that 
the overexpression of miR-223 caused an 
increase in the expression of the epithelial 
marker E-cadherin and α-carenin and a corre-
sponding decrease in the expression of the 
mesenchymal marker vimentin, whereas the 
miR-223-in had the opposite effect (Figure 3). 
These results indicated that miR-223 inhibit- 
ed cell metastasis of human cervical cancer 
cells by modulating epithelial-mesenchymal 
transition.

Discussion

An increasing number of studies had demon-
strated that microRNAs (miRNAs), a class of 
small non-coding RNAs, are important regula-
tors of a variety of biological processes in can-
cer, such as cell proliferation, cycle, apoptosis, 
invasion and migration [10-13]. Aberrant ex- 
pression of miRNAs is related to initiation and 
development of cancer [14-16]. Finding of Wu L 
et al indicated that overexpression of miR-223 
inhibited cell proliferation of HCT116 colorectal 
cancer cells, HeLa cervical cancer cells and 
HuH-7 hepatoma cells by regulating FOXO1- 
expression [17].

However, the role of miR-223 in cell metastasis 
of human cervical cancer have until now re- 
mained unclear. In this present study, our 
results indicated that miR-223 expression was 
markedly downregulated in cervical cancer clin-
ical tissue, suggesting miR-223 as a candidate 
tumor suppressor in the pathogenesis of cervi-
cal cancer.

As demonstrated by our clinical data, miR-223 
expression is significantly reduced in cervical 
cancer clinical tissue, and further experiment 
(wound healing and migration assasys) revealed 

Figure 3. MiR-223 upregulated E-cadherin and 
α-carenin and downregulated vimentin expression. 
A. Levels of E-cadherin, α-carenin and vimentin in 
Hela cells were quantified using Image J software. 
β-actin was used as an internal control. B. Western 
blotting analysis of protein expression of E-cadherin, 
α-carenin and vimentin in Hela cells. β-actin was 
used to serve as the loading control. Each bar repre-
sents the mean of three independent experiments. 
*P < 0.05.
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that miR-223 overexpression inhibited cervical 
cancer cell metastasis in vitro. Taken together, 
we hypothesized that miR-223 inhibits cervical 
cancer progression by suppressing the epitheli-
al-mesenchymal transition (EMT) process. It 
was reported that EMT was considered as one 
of critical steps in cancer cell metastasis [18-
21]. Cancer cells lost their epithelial phenotype 
and cell-cell adhesion and then gained invasive 
mesenchymal properties [22-24]. Result of 
western blot showed that overexpression of 
miR-223 caused an increase in the expression 
of the epithelial marker E-cadherin and α-ca- 
renin and a corresponding decrease in the 
expression of the mesenchymal marker vimen-
tin, whereas the miR-223-in had the opposite 
effect.

In summary, the present study has provided 
further evidence that miR-223 suppressed cell 
metastasis of cervical cancer and inhibited the 
EMT progress, and this implied miR-223 might 
potentially become a novel strategy for target-
ing EMT.
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