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MicroRNAs (miRNAs) are small noncoding RNAs that are involved in human carcinogenesis and progres-
sion. miR-204 has been reported to be a tumor suppressor in several cancer types. However, the function and 
underlying molecular mechanism of miR-204 in cervical cancer (CC) are still unclear. In the present study, the 
expression level of miR-204 was measured using the qRT-PCR method in 30 paired CC clinical samples and 
in 6 CC cell lines. We found that the expression of miR-204 was significantly downregulated in CC tissues and 
cell lines compared to normal cervical tissues and cell line. miR-204 was overexpressed by transfection with 
the miR-204 mimic in HeLa and C33A cell lines in the following experiments. The results showed that over-
expression of miR-204 dramatically suppressed cell proliferation, migration, and invasion, caused cell cycle 
arrest at the G0/G1 phase, promoted cell apoptosis in vitro, and inhibited tumor growth in vivo. Western blot 
results indicated that overexpressing miR-204 decreased the expressions of CDK2, cyclin E, MMP2, MMP9, 
Bcl2, whereas it enhanced Bax expression and suppressed the activation of the PI3K/AKT signaling pathways 
in CC cells. Ephrin type B receptor 2 (EphB2) was identified as a direct target of miR-204 in CC cells accord-
ing to bioinformatics analysis and luciferase reporter assay. Furthermore, knockdown of EphB2 mimicked the 
inhibitory effect of miR-204 on the proliferation, invasion, and migration of CC cells. These findings suggested 
that miR-204 might serve as a tumor suppressor in the development of CC by directly targeting EphB2.
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INTRODUCTION

Cervical cancer (CC) is one of the most common 
gynecologic cancers and causes major cancer-related 
deaths in females worldwide, with an estimate of more 
than 500,000 new cases diagnosed every year1. Although 
previous studies have demonstrated that the initiation 
and progression of CC are associated with the persistent 
infection with high-risk human papillomavirus (HPV), 
growing evidence suggests that invasive CC is a com-
plex and multistep pathology that involves a range of 
normal factors and cervical epithelium deterioration2. 
Surgery and radiotherapy are the major treatment strate-
gies for CC in the clinic; however, the 5-year survival 
rates for advanced CC patients remain unsatisfactory, 
and about 40% of patients develop lymph node recur-
rence and distant metastasis3. Recent investigations have 
shown that the molecular therapeutic targets possess the 
potential value to improve the prognosis of metastasis in  
carcinogenesis4. Therefore, the molecular mechanisms 

underlying the genetics and biology of cervical carcino-
genesis need to be fully understood.

MicroRNAs (miRNAs) are a class of endogenous, 
noncoding regulatory RNAs 21–25 nucleotides (nt) in 
length that regulate gene expression at the posttranscrip-
tional level through binding to the 3¢-untranslated regions 
(3¢-UTRs) of specific target genes5. Because bioinformat-
ics prediction shows that a single gene can be modulated 
by many RNA transcripts, accumulating evidence has 
illustrated that miRNAs are involved in multiple biologi-
cal processes including cell proliferation, differentiation,  
apoptosis, migration, and development6. Recent studies  
have demonstrated that miRNAs are dysregulated in 
various types of human cancers and act as oncogenes or  
tumor suppressors. miR-204 embedded in intron 6 of the  
transient receptor potential melastain 3 gene has been 
identified to play a crucial role in metabolism and car-
diovascular disease7. Recently, the expression of miR-
204 was reported to be downregulated in various human 
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cancers, and its expression is associated with the poor 
prognosis of cancer patients8. However, the exact role of 
miR-204 in CC progression has not yet been thoroughly 
investigated.

Therefore, in the present study, the function and mech-
anism of miR-204 were explored in the progression of CC. 
Our data revealed that miR-204 was dramatically down-
regulated in CC tissue and cell lines. Biological function 
analysis showed that ectopic expression of miR-204 sup-
pressed CC cell proliferation, invasion, and migration, 
caused cell cycle arrest at the G0/G1 stage, and promoted 
apoptosis. Moreover, the 3¢-UTR of ephrin type B recep-
tor 2 (EphB2) was identified as a direct target of miR-204 
in CC, and silencing EphB2 obtained the similar inhibi-
tory effect of miR-204 mimic on CC development.

MATERIALS AND METHODS

Tumor Specimens

A total of 30 cases of CC tissue samples and adjacent 
normal cervical epithelial tissues were collected from 
newly diagnosed CC patients who underwent surgery 
between September 2012 and November 2015 in the 
Shaanxi Nuclear Industry 215 Hospital (Shaanxi, P.R. 
China). Written consent was obtained from all patients. 
None of the patients received radiotherapy or chemo-
therapy treatment prior to surgery. The protocol of the 
present study was approved by the Ethics Committee of 
Shaanxi Nuclear Industry 215 Hospital and was in accor-
dance with the Helsinki Declaration. The fresh specimens 
were immediately frozen in liquid nitrogen for further 
investigation.

Cell Culture and Transfection

Human CC cell lines (HeLa, C33A, SiHa, MS751, 
HCC94, and CaSki) and a normal human cervix epithelial 
cell line (Ect1/E6E7) were obtained from the American 
Type Culture Collection (ATCC; Manassas, VA, USA). 
Cell lines were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco, Grand Island, NY, USA) con-
taining 10% fetal bovine serum (FBS; Gibco) and 1% 
penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA) 
at 37°C in a humidified atmosphere of 5% CO2.

miRNA and siRNA Transfection

To upregulate miR-204 expression or downregulate 
EphB2 expression in the Hela and C33A cell lines, the 
miR-204 mimic and corresponding negative control (miR-
204 NC) and EphB2 siRNA and corresponding negative 
control (NC siRNA) were designed and synthesized by 
GenePharma Co., Ltd. (Shanghai, P.R. China). HeLa and 
C33A cell lines were transfected with miRNA or siRNA 
using Lipofectamine 2000 (Invitrogen) following the 
manufacturer’s instructions.

RNA Extraction and Quantitative RT-PCR

The total RNA was isolated from cell lines and tissues 
using TRIzol reagent (Invitrogen) according to the manu-
facturer’s protocol. Reverse transcription was carried out 
using PrimeScript™ RT reagent kit (Takara, Dalian, P.R. 
China). Then miR-204 expression levels were quanti-
fied with SYBR Green Master Mix (Invitrogen) on an 
ABI Applied Biosystems 7500 Real-Time PCR System 
(Applied Biosystems, New York, NY, USA). U6 was used 
as an internal control for miR-204. The relative quantifi-
cation of miRNAs was calculated using the comparative 
2−DDCt method.

Western Blot Analysis

Cells were lysed using radioimmunoprecipitation assay 
(RIPA) buffer (Beyotime, Nanjing, P.R. China) accord-
ing to the manufacturer’s instructions. The concentra-
tion of protein was measured using a bicinchoninic acid  
(BCA) assay kit (Beyotime) according to the manufac-
turer’s instructions. A total of 20 μg of protein was sep-
arated by 12% SDS-PAGE and then transferred onto 
polyvinylidene difluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). The membranes were blocked with 
5% nonfat milk for 1 h at room temperature and then 
were incubated with primary antibodies against EphB2, 
CDK2, cyclin E, Bcl2, Bax, MMP2 (matrix metallopro-
teinase 2), MMP9, p-AKT, t-AKT, and GAPDH (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) at 4°C over-
night. After rinsing, the membranes were incubated with  
horseradish peroxidase (HRP)-conjugated goat anti-mouse 
IgG (Santa Cruz Biotechnology) at room temperature for  
2 h. The blots were detected using an enhanced chemi-
luminescence (ECL) detection system (Amersham Bio-
sciences Corp., Piscataway, NJ, USA) according to the 
manufacturer’s instructions. The results were analyzed 
using the ImageJ program (NIH, Bethesda, MD, USA). 
GAPDH was used as internal control.

Cell Proliferation Assay

Cell proliferation was assessed using the CCK-8 
reagent (Dojindo, Tokyo, Japan) following the manufac-
turer’s protocol. Briefly, HeLa and C33A cells were 
seeded into 96-well plates at a density of 2 ́  103 each 
well and then transfected with miR-204 mimic or NC for 
96 h at 37°C. Cell proliferation was measured every 24 h; 
CCK-8 solution was added to each well and incubated  
for an additional 4 h at 37°C. The optical density (OD)  
values of cells were measured at 490 nm using a micro-
plate reader (Bio-Rad, Baltimore, MD, USA).

Colony Formation Assay

HeLa and C33A cells transfected with the miR-204 
mimic or NC were seeded in a six-well plate at a density 
of 1 ́  103 cells each well and cultured for 14 days. The 
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culture medium was replaced at 3-day intervals. Colonies 
were fixed with methanol and stained with crystal violet for 
15 min. The number of colonies (>50 cells) was calculated 
under an invert microscope (Olympus, Tokyo, Japan).

Migration and Invasion Assay

Migration and invasion assays were performed using 
Transwell chambers (8-μm pore size; Costar, Corning, 
NY, USA). Transfected cells (5 ́  104 and 5 ́  103) in 
100 μl of FBS-free DMEM medium were added to the 
upper chambers precoated with Matrigel or without 
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA), 
respectively, for invasion and migration assays. DMEM 
medium (500 μl) containing 10% FBS was added to the 
lower chambers to serve as the chemoattractant. After 
incubation at 37°C for 36 h, cells remaining on the upper 
chambers were carefully removed using cotton swabs. 
The invaded and migrated cells were stained with 0.1% 
crystal violet at room temperature. The migrated/invaded 
cells were counted at five randomly selected fields under 
an inverted microscope (Olympus).

Cell Cycle Assay

Cell cycle assay was performed using flow cytometry. 
Briefly, HeLa and C33A cells were transfected with  
miR-204 or NC for 36 h, and then the transfected cells 
were washed with ice-cold PBS and fixed in ice-cold  
70% ethanol at 4°C for 1 h. After rinsing, the cells were 
treated with RNase A (Sigma-Aldrich, Carlsbad, CA, 
USA) and stained with propidium iodide (PI; Sigma-
Aldrich) for 30 min at 37°C in the dark. Cell cycle dis-
tribution was analyzed by FACScalibur flow cytometry 
(BD Biosci ences, Glencoe, MA, USA).

Cell Apoptosis Analysis

HeLa and C33A cells were transfected with miR-204 
or NC for 48 h, and then transfected cells were collected 
and double stained with annexin V-FITC and PI using 
Annexin-V-FITC Apoptosis Detection Kit (Invitrogen) 
according to the manufacturer’s protocols. Cell apopto-
sis was quantitatively analyzed by a FACScalibur flow 
cytometer (BD Biosciences) and CellQuest software (BD 
Biosciences).

Bioinformatics Analysis and Luciferase Report Assay

Bioinformatics analysis was performed using micro 
RNA.org (http://www.microrna.org/microrna/home.do)  
to predict the potential targets of miR-204. The wild-type 
(WT) or mutant (MU) EphB2 3¢-UTR binding site of miR- 
204 was cloned into the pGL3 luciferase vector (Invi-
trogen). HeLa and C33A cells were seeded into 24-well 
plates and were cotransfected with pGL3-EphB2-3¢ 
UTR WT or pGL3-EphB2-3¢UTR MU, and miR-204 
mimic or NC using Lipofectamine 2000 following the  

manufacturer’s instructions. After transfection for 48 h, 
luciferase activities were detected using the Dual-
Luciferase Reporter Assay System (Promega, Madison, 
WI, USA) according to the manufacturer’s protocol. 
Renilla lucif erase activity was used for normalization.

In Vivo Experiments

An in vivo model of CC was established using female 
BALB/c nude mice (5 weeks old, n = 20). All mice were 
obtained from the Laboratory Animal Center of The 
Fourth Military Medical University and housed under 
specific pathogen-free conditions. The animal protocols 
were approved by the Animal Care and Use Committee 
of Shaanxi Nuclear Industry 215 Hospital. HeLa cells 
(1 ́  107) transfected with the miR-204 mimic or NC sus-
pended in PBS were subcutaneously injected into the  
flank of each mouse (n = 10 for each group). Tumor 
weight was assessed using calipers every week and mea-
sured according to the formula: volume (mm3) = 0.5 ́   
length ́  width2. After 5 weeks, all mice were euthanized, 
and tumor tissues were isolated and weighed. The miR-
204 level in tumor tissues was calculated by the qRT-PCR 
method as described above.

Statistical Analysis

All data were analyzed using GraphPad Prism ver-
sion 5 (GraphPad Software, La Jolla, CA, USA) and 
were expressed as mean ± standard deviation (SD). The 
differ ences between two groups were analyzed using the 
unpaired two-tailed Student’s t-test. Each experiment was 
done at least three independent times. A value of p < 0.05 
was considered a statistically significant difference.

RESULTS

miR-204 Was Downregulated in Human  
CC Tissues and Cell Lines

To measure the role of miR-204 on CC, the expres-
sion levels of miR-204 were validated in CC tissue sam-
ples and adjacent normal tissues by qRT-PCR assays. 
The results showed that the expression of miR-204 was 
noticeably downregulated in human CC tissues when 
compared to that in adjacent normal tissues (p < 0.01) 
(Fig. 1A). Furthermore, the expression levels of miR-
204 in CC cell lines HeLa, C33A, SiHa, MS751, HCC94, 
and CaSKi were significantly decreased compared to the 
normal human cervix epithelial cell line Ect1/E6E7 (all 
p < 0.05) (Fig. 1B). HeLa and C33A cell lines were used 
for subsequent investigations as the downregulation of 
miR-204 was more obvious than in the other cell lines.

Overexpression of miR-204 Inhibited Cell Proliferation 
and Colony Formation in CC Cells

To determine the biological role of miR-204 over-
expression on CC progression in vitro, miR-204 mimics 
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or miR-204 NC was transfected into HeLa and C33A  
cell lines. The efficiency of the transfection was validated 
by qRT-PCR (p < 0.01) (Fig. 2A). Then CCK-8 assay 
was performed to explore the effect of miR-204 over-
expression on CC cell proliferation. The results revealed 
that ectopic expression of miR-204 markedly inhibited 
cell growth in HeLa and C33A cell lines compared to 
that in NC groups during the 96-h detection (p < 0.01)  
(Fig. 2B). Moreover, cell colony formation assay also 

revealed that the cell growth ability in HeLa and C33A  
cell lines with miR-204 overexpression was significantly 
inhibited in com parison to NC groups (p < 0.01) (Fig. 2C).

Overexpression of miR-204 Promoted CC Cell Apoptosis 
and Cell Cycle at the G0

 /G1 Phase

Cell apoptosis and cell cycle distribution were exam-
ined by annexin V/FITC staining and PI staining, respec-
tively, in HeLa and C33A cell lines with miR-204 mimic 

Figure 1. miR-204 was downregulated in human cervical cancer (CC) tissues and cell lines. (A) The expression level of miR-204 was 
detected in 30 CC specimens and paired adjacent normal tissues by qRT-PCR. (B) The expression level of miR-204 was detected in six 
CC cell lines (HeLa, C33A, SiHa, MS751, HCC94, and CaSki) and normal human cervix epithelial cell line (Ect1/E6E7). *p < 0.05, 
**p < 0.01 versus the control group.

Figure 2. Overexpression of miR-204 inhibited cell proliferation and colony formation in CC cells. (A) The expression levels of miR-
204 in Hela and C33A cell lines with the miR-204 mimic or NC transfection was determined by qRT-PCR. (B) The cell proliferation 
rate in the Hela and C33A cell lines with the miR-204 mimic or NC transfection was measured by the CCK-8 assay. (C) The colony 
number of Hela and C33A cell lines with miR-204 mimic or NC transfection was detected by cell colony formation assay. **p < 0.01 
versus the NC group.
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or NC transfection. The annexin V/FITC staining assay 
showed that cell apoptosis rates in the HeLa and C33A 
cell lines with miR-204 mimic transfection were remark-
ably increased when compared to the NC groups (p < 0.01) 
(Fig. 3A). Furthermore, we also found that overexpres-
sion of miR-204 significantly increased the percentage of 
G0/G1 phase cells, whereas it reduced the percentage of S 
phase cells in HeLa and C33A cell lines compared with 
those in the NC groups (p < 0.05) (Fig. 3B). Thus, these 
results indicated that miR-204 overexpression efficiently 
induced cell apoptosis and cell cycle arrest at the G0/G1 
phase in CC cells.

Overexpression of miR-204 Suppressed Migration 
and Invasion of CC Cells

To further investigate the influence of miR-204 over-
expression on CC cell metastasis, Transwell assays were 
performed in HeLa and C33A cell lines with the miR-
204 mimic or NC transfection. The results showed that 
ectopic expression of miR-204 remarkably suppressed 
the invasive abilities of HeLa and C33A cells compared 
to the NC groups (p < 0.05) (Fig. 3C). Furthermore, the 
migration abilities of HeLa and C33A cells were also 
significantly inhibited with miR-204 mimic transfection 
when compared with those in the NC groups (p < 0.05) 
(Fig. 3D). These results suggested that overexpression of 
miR-204 contributed to the inhibitory ability of metasta-
sis in CC cells.

The Effects of miR-204 Overexpression on the 
Activation of the PI3K/AKT Signaling Pathway

Given that the proliferation, cell cycle, invasion, and 
migration were inhibited, and the apoptosis was promoted, 
in HeLa and C33A cells with miR-204 overexpression, 
the expression levels of crucial cancer-related signaling 
pathway PI3K/AKT and its key regulatory components 
in CC cells were evaluated by Western blot. As shown 
in Figure 4, compared to NC groups, the expression lev-
els of two cell cycle regulators CDK2 and cyclin E were 
significantly reduced in HeLa and C33A cell lines with 
miR-204 mimic transfection. Overexpression of miR-204 
could remarkably increase Bax expression levels, whereas 
it decreased Bcl2 expression levels in the HeLa and  
C33A cell lines. The metastasis-related proteins MMP2 
and MMP9 were both dramatically downregulated in 
HeLa and C33A cell lines with miR-204 overexpression. 
Furthermore, the expression levels of phosphorylated (p)-
AKT was significantly downregulated in miR-204 mimic 
transfection cells compared to NC groups. However, no 
change was found on the total (t)-AKT expression among 
different groups. These findings suggested that miR-204 
might regulate CC progression through PI3K/AKT sig-
naling and its downstream key regulators.

Overexpression of miR-204 Inhibited  
CC Tumor Growth In Vivo

Because miR-204 plays a vital role on CC cell  
proliferation, metastasis, and apoptosis in vitro, a xeno-
graft was established in nude mice to investigate the effect of 
miR-204 in vivo. The results indicated that overexpres-
sion of miR-204 significantly inhibited tumor growth by 
suppressing the tumor volume and tumor weight in the 
xenograft (Fig. 5A–C). Moreover, qRT-PCR detection 
of tumor tissues showed that miR-204 expression was 
noticeably upregulated in the miR-204 mimic-transfected 
cell injection group when compared to the NC group 
(p < 0.01) (Fig. 5D). These data suggested that overex-
pression of miR-204 inhibited tumor development of CC 
in vivo.

EphB2 Was a Direct Target of miR-204

To understand the molecular mechanism underlying  
miR-204 overexpression on the suppression of CC devel-
opment, the 3¢-UTR of target mRNAs for miR-204 was  
predicted by bioinformatics analysis (microRNA.org). 
As shown in Figure 6A, the 3¢-UTR of EphB2 was pre-
dicted as a potential binding site for miR-204. To exam-
ine whether EphB2 was a candidate target of miR-204, 
luciferase report assay was performed. The results revealed 
that the relative luciferase activities of the HeLa and 
C33A cell lines were significantly inhibited with pGL3-
EphB2-3¢UTR WT and miR-204 mimic cotransfection 
(p < 0.01) (Fig. 6B). The luciferase activities of HeLa and 
C33A cell lines with pGL3-EphB2-3¢UTR MU and miR-
204 mimic cotransfection showed no effect. Furthermore, 
the effect of miR-204 on the expression of EphB2 was 
further measured in HeLa and C33A cell lines by Western 
blot. As shown in Figure 6C, miR-204 overexpression 
significantly inhibited the expression of EphB2 in HeLa 
and C33A cell lines when compared to the NC group 
(p < 0.05). These findings suggested that EphB2 was a 
direct target of miR-204 in CC cells.

EphB2 Knockdown Inhibited Proliferation 
and Metastasis of CC Cells

To further evaluate whether EphB2 was involved in 
miR-204-mediated proliferation and metastasis of CC 
cells, EphB2 expression was knocked down in HeLa and 
C33A cell lines by EphB2 siRNA transfection. Western 
blot assay showed that EphB2 expression was signifi-
cantly silenced by EphB2 siRNA when compared with 
that in the NC group (p < 0.01) (Fig. 7A). Furthermore, 
the CCK-8 assay revealed that the cell growth rates in 
HeLa and C33A cells were significantly inhibited with 
EphB2 knockdown compared to NC siRNA groups (p <  
0.01) (Fig. 7B). Transwell assays also showed that the 
invaded and migrated cells in the HeLa and C33A cell 
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Figure 3. Overexpression of miR-204 promoted CC cell apoptosis and cell cycle at the G0/G1 phase and inhibited cell invasion and 
migration. (A) Cell apoptosis rate in HeLa and C33A cell lines with the miR-204 mimic or NC transfection was determined by annexin 
V/FITC staining. (B) Cell cycle distribution in HeLa and C33A cell lines with the miR-204 mimic or NC transfection was examined 
by propidium iodide (PI) staining. Cell invasion ability (C) and migration ability (D) were measured in Hela and C33A cell lines with 
the miR-204 mimic or NC transfection by Transwell assays. *p < 0.05, **p < 0.01 versus the NC group.
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Figure 5. Overexpression of miR-204 inhibited CC tumor growth in vivo. (A) Representative images of CC isolated from nude mice 
injected with the miR-204 mimic or NC transfection HeLa cells. Tumor volume (B) and tumor weight (C) were measured in nude mice 
treated with the miR-204 mimic or NC. (D) The expression level of miR-204 in tumor xenograft from nude mice was determined by 
qRT-PCR. **p < 0.01 versus the NC group.

Figure 4. miR-204 overexpression inhibited the activation of the PI3K/AKT signaling pathway and altered its downstream regulators. 
The protein expressions of CDK2, cyclin E, Bax, Bcl2, MMP2, MMP9, p-AKT, and t-AKT in the HeLa and C33A cell lines with the 
miR-204 mimic or NC transfection were determined by Western blot.
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lines were remarkably suppressed with EphB2 siRNA 
transfection (all p < 0.01) (Fig. 7C and D). These data 
suggested that EphB2 silencing could mimic the inhibi-
tory effect of miR-204 overexpression on CC prolifera-
tion and metastasis.

DISCUSSION

Cervical carcinoma remains the second most common  
cancer killer in women following breast cancer and seri-
ously threatens the health of females in developing coun-
tries, especially in P.R. China9. The efficiencies of con-
ventional therapeutic approaches are limited in metastatic 
CC patients. Thus, it is urgent to elucidate the underlying 
molecular mechanisms of CC progression and explore 
efficient strategies to overcome this disorder. Growing 
evidence indicates that interference of the key compo-
nents of signaling pathways or tumor regulatory factors 
by targeted therapies has received increased attention10. 
In order to keep the balance of cell proliferation in normal 
cellular conditions, cell proliferation is promoted by pro-
oncogenes and inhibited by counterpart tumor suppres-
sors. Malignant tumor proliferation occurs once muta-
tions increase pro-oncogene activity or inactivate tumor 

suppressors11. The abnormal expression of miRNAs acting 
as either oncogenes or suppressors is associated with pro-
gression and carcinogenesis of multiple cancers12. Thus, 
a better understanding of the functions of miRNAs on CC 
development might improve the therapeutic options for 
refractory CC treatment.

Previous research has illustrated the tumor suppres-
sor role of miR-204 in the development of some types 
of malignant tumors. For instance, downregulation of 
miR-204 has been verified to be closely related with lym-
phatic metastasis and poor prognosis in human nasopha-
ryngeal carcinoma13. Sun et al. suggested that miR-204 
inhibits invasion and epithelial–mesenchymal transition 
in esophageal cancer14. Wu et al. demonstrated that down-
regulation of miR-204 is associated with proliferation  
and invasion of human retinoblastoma cells15. Xia et al. 
found that miR-204 expression is decreased in non-small 
cell lung cancer tissues, and miR-204 silencing promoted 
cell invasion and proliferation in vitro16. Yin et al. also 
illustrated that miR-204 inhibited proliferation and inva-
sion and enhanced chemotherapeutic sensitivity of col-
orectal cancer cells17. Thus, in this study, we supposed 
that the aberrant miR-204 might play an essential role in 
CC cell proliferation and invasion.

Figure 6. Ephrin type B receptor 2 (EphB2) was a direct target of miR-204. (A) The potential binding site in 3¢-UTR EphB2 of 
miR-204 was predicted by microRNA.org. (B) Relative luciferase activity was measured in Hela and C33A cell lines cotransfected 
with pGL3-EphB2-3¢UTR WT or MU reporter plasmids and the miR-204 mimic or NC by luciferase report assay. (C) The protein 
expression levels of EphB2 in HeLa and C33A cell lines with the miR-204 mimic or NC transfection were determined by Western blot. 
*p < 0.05, **p < 0.01 versus the NC group.
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Consistent with previous findings, the present data 
revealed that the expression level of miR-204 was down-
regulated in CC tissues compared with adjacent normal 
tissues. Furthermore, miR-204 was also expressed lower 
in six CC cell lines than in the normal cell line. CCK-8 and 
colony formation assays showed that overexpression of 
miR-204 could dramatically inhibit the cell proliferation 
and colony formation abilities in CC cells. Furthermore, 
the cell cycle distribution assay suggested that restoration 
of miR-204 expression caused cell cycle arrest at the G0/
G1 phase, and annexin V/FITC staining assay revealed an 
increased apoptosis rate in CC cells with miR-204 over-
expression. Transwell assays also indicated that ectopic 
expression of miR-204 could significantly suppress cell 

invasion and migration capacities in CC cells. In addi-
tion, a tumor xenograft of CC was established to inves-
tigate the role of miR-204 in vivo. Overexpression of 
miR-204 markedly suppressed tumor growth and resulted 
in reduced tumor weight and volume in the xenograft. 
These findings strongly suggested that miR-204 acted as 
a tumor suppressor during CC development.

The bioinformatics analysis prediction revealed that 
the 3¢-UTR of EphB2 was a potential binding site for 
miR-204, which was further verified by dual-luciferase 
reporter and Western blot assays in CC cells. EphB2 
belongs to the membrane-bound ephrin (Eph) family of 
receptor tyrosine kinases (RTKs), which contains a cyto-
plasmic kinase domain, a hydrophobic transmembrane 

Figure 7. EphB2 knockdown inhibited proliferation and metastasis of CC cells. (A) The efficiency of EphB2 knockdown in HeLa 
and C33A cell lines with EphB2 siRNA or NC siRNA transfection was detected by Western blot. (B) The cell proliferation of HeLa 
and C33A cell lines with EphB2 siRNA or siRNA NC transfection was examined by the CCK-8 assay. Cell invasion (C) and migra-
tion (D) abilities of HeLa and C33A cell lines with EphB2 siRNA or siRNA NC transfection were determined by Transwell assays. 
**p < 0.01 versus the NC group.
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domain, and an N-terminal domain involved in ligand 
binding18. In humans, there are 10 members of the EphA 
receptor (EphA1–10) and 6 members of the EphB recep-
tor (EphB1–6)19. Eph receptors and their corresponding 
ligands are expressed at the cell membrane of adjacent 
cells, which makes signal receiving between receptor 
cells and ligand cells more efficient. A number of cel-
lular biological activities are mediated by Eph receptors 
and their ligands, including angiogenesis, cell prolif-
eration, motility, and cell attachment20,21. Recent reports 
have demonstrated that EphB2 plays an essential role in 
various human cancer progressions. For instance, a high 
expression of EphB2 predicts poor overall survival and 
high mortality rate in lung adenocarcinoma patients22. 
Restoration of EphB2 expression induces autophagy, 
apoptosis, and invasion in human breast cancer cells23. 
Knockdown of EphB2 expression inhibits proliferation, 
migration, and invasion of cutaneous squamous cell  
carcinoma24. Overexpression of EphB2 promotes cancer 
progression by inducing epithelial–mesenchymal transi-
tion in CC25. In our study, we found that EphB2 knock-
down by siRNA significantly reduced cell proliferation, 
migration, and invasion of CC cells, which could phe-
nocopy the inhibitory effect of miR-204 overexpression 
on CC progression. Thus, these results strengthened the 
evidence that miR-204 regulated the development of CC 
cells via binding to EphB2.

It has been shown that the abnormal expression of 
EphB2 affects its major downstream PI3K/AKT signal-
ing pathway, which is the key molecular mechanism of 
tumorigenesis and development26,27. Thus, in the present 
study, we also ascertained whether miR-204 overexpres-
sion affected the activation of the PI3K/AKT pathway 
in CC cells. Our results showed that overexpression of 
miR-204 inhibited p-AKT expression. Furthermore, the 
downstream components of the PI3K/AKT pathway were 
also investigated in this study. For instance, CDK2/cyclin 
E complexes regulate the G1-to-S phase transition and 
play an important role in G1 phase progression28. Bcl2 
inhibits apoptosis, whereas Bax stimulates mitochondrial 
damage and promotes apoptosis29. MMP2 and MMP9 are 
two major members of the MMP family and play essen-
tial roles in cell invasion and metastasis30. In this study, 
overexpression of miR-204 reduced the expressions of 
CDK2, cyclin E, MMP2, MMP9, and Bcl2 and increased 
the expression of Bax. However, the precise mechanisms 
still need further explanation. Taken together, the detec-
tions of downstream components of PI3K/AKT demon-
strated that overexpression of miR-204 might suppress 
cell growth, cell cycle transition, invasion, and migration 
and promote apoptosis in CC by targeting EphB2 through 
the PI3K/AKT and its downstream signaling pathways.

In conclusion, this study demonstrated that miR-
204 served as a novel tumor suppressor miRNA in the 

proliferation and metastasis of CC progression. miR-204 
exhibited its inhibitory effect on the proliferation, apo-
ptosis, migration, and invasion of CC cells via directly 
targeting EphB2. The miR-204/EphB2 axis might provide 
a novel insight in understanding the mechanisms underly-
ing CC development and progression and thereby improve 
therapeutic outcome for patients with advanced CC.
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