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Background: Increasing evidence has revealed that the aberrant expression of microRNAs

(miRNAs) plays vital roles in the development and progression of ovarian cancer. MiR-200a-

3p was found to act as an oncogene in a variety of cancers, however, the expression and

function of miR-200a-3p in ovarian cancer has not been characterized.

Materials and methods: The expression of miR-200a-3p in ovarian cancer tissues and cell

lines was detected by the RT-qPCR. The influence of miR-200a-3p on the growth of ovarian

cancer cells was determined with the Cell Counting Kit-8 assay, colony formation and cell

invasion assay. The binding of miR-200a-3p with the 3ʹ-untranslated region (UTR) of

PDCH9 was detected by luciferase reporter assay. The expression of PCDH9 was investi-

gated by RT-qPCR and Western blot analysis.

Results: miR-200a-3p was up-regulated in ovarian cancer tissues and cell lines. Highly

expressed miR-200a-3p was significantly associated with the tumor size, tumor metastasis

and TNM stage. Overexpression of miR-200a-3p markedly promoted the proliferation,

colony formation and invasion of ovarian cancer cells. Functional study uncovered that

miR-200a-3p bound the 3ʹ-untranslated region (UTR) of PCDH9 and decreased the expres-

sion of PCDH9 in ovarian cancer cells. The expression of miR-200a-3p in ovarian cancer

tissues was significantly negatively correlated with that of PCDH9. Restored PCDH9

inhibited the promoting effect of miR-200a-3p on the proliferation of ovarian cancer cells.

Conclusion: Our results suggested the potential oncogenic function of miR-200a-3p via

modulating PCDH9 in ovarian cancer.
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Introduction
Ovarian cancer (OC) is the most lethal malignant gynecological cancer with the

majority of patients diagnosed at the advanced stage.1–3 Despite the remarkable

progress in the treatment of OC including surgical resection, chemotherapy and

radiotherapy, the 5-year overall survival rate of the OC patients remains less than

40%.4 OC has a high recurrence rate and tends to develop the resistance to the

current therapy strategies. Therefore, it is vital to explore the molecular mechan-

isms involved in the progression of OC and identify novel targets with prognostic

and therapeutic significance.

MicroRNAs (miRNAs) are a class of single stranded non-coding RNAs that

down-regulate the expression of target genes via binding the 3ʹ-untranslated regions

(3ʹ-UTR).5,6 The binding of miRNA results in the degradation or translation inhibi-

tion of targeted mRNAs.7,8 Dysfunction of miRNAs is frequently associated with a

variety of biological processes, including cell proliferation, differentiation and
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apoptosis.9 Recent studies demonstrated that the dysregula-

tion of miRNAs significantly contributes to the develop-

ment and progression of ovarian cancer.10–12 For example,

Zhou et al found that miR-183 modulated the proliferation

and apoptosis of ovarian cancer cells via targeting the TGF-

β/Smad4 pathway.13 Overexpression of miR-598 inhibited

the growth and metastasis of ovarian cancer cells by reg-

ulating the expression of URI.14 MiR-34c targeted SOX9

and regulated the sensitivity of ovarian cancer cells to

cisplatin-based chemotherapy.15 Interestingly, the potential

oncogenic function of miR-200a-3p in cancers was recently

reported, which indicated the prognosis and therapeutic

importance of miR-200a-3p in cancer.16–18 However, the

role of miR-200a-3p in ovarian cancer remains largely

unknown.

The cadherin superfamily is a large group of transmem-

brane or membrane-associated glycoprotein, which plays

important roles in the embryogenesis and maintaining the

normal tissue structure.19,20 Some cadherins, such as E-cad-

herin, were reported as tumor suppressor genes (TSG) in the

invasion and metastasis of cancer cells.20 The protocadherins

(PCDHs) belonging to the cadherin superfamily are a group

of calcium-dependent adhesion proteins.21,22 Recent studies

showed that PCDH8, PCDH10 and PCDH17 acted as tumor

suppressors in a variety of human cancers.23–34 PCDH9 is

another member of the PCDH family located in the 13q21.32

of human genome. Previous studies demonstrated that

PCDH9 was down-regulated in cancers, such as glioblas-

toma, hepatocellular carcinoma and gastric cancer.35–38

Overexpression of PCDH9 inhibited the proliferation, migra-

tion and invasion of cancer cells. However, the function of

PCDH9 in ovarian cancer remains largely unknown.

The aim of this study was to explore the role of miR-

200a-3p in the progression of ovarian cancer. It was

observed that miR-200a-3p was up-regulated in ovarian

cancer tissues and cell lines. Functional studies uncovered

that miR-200a-3p inhibited the proliferation of ovarian

cancer cells via targeting PCDH9. These findings revealed

the functional mechanism of miR-200a-3p in regulating

the growth of ovarian cancer cells and shed light on the

clinical significance of miR-200a-3p/PCDH9 axis in ovar-

ian cancer.

Materials and methods
Tissue samples
A total of fifty paired ovarian cancer tissues and adjacent

normal tissues (at least 5 cm from primary tumor margin)

were obtained from the ovarian cancer patients via surgical

resection at The Affiliated Huai’an No. 1 People’s

Hospital of Nanjing Medical University from August

2010 to December 2013. The tissues were immediately

frozen in liquid nitrogen and stored at −80 ºC prior to

the experiments. Written informed consents were obtained

from all the patients. This study was approved by the

Ethics Committee of The Affiliated Huai’an No. 1

People’s Hospital of Nanjing Medical University.

Cell culture and transfection
Ovarian cancer cell lines including ES2, HO8919PM,

SKOV3, HO8910 and the ovarian surface epithelial cells

HOSEpiC were purchased from the Chinese Academy of

Sciences (Shanghai, China). HO8919PM and HO8910

cells were cultured in RPMI1640 medium containing

10% fetal bovine serum (FBS, Corning, NY, USA) and

1% streptomycin/penicillin at 37 ºC with 5% CO2. SKOV3

and ES2 were cultured with the McCoy’s 5A modified

medium supplemented with 10% FBS. The cell transfec-

tion was performed with the Lipofectamine 2000

(Invitrogen) according to the manufacturer’s instructions.

RNA extraction and quantitative PCR
Total RNA was extracted from tissues or cell lines using

the Trizol reagent (Invitrogen) according to the manufac-

turer’s protocol. The isolated RNA was reverse tran-

scripted into cDNA using the Revert Aid First Stand

cDNA synthesis kit (Thermo Fishers Inc., USA) with

random primers. The expression of miR-200a-3p was

determined by quantitative real-time PCR with the SYBR

master mix (Takara, Dalian, China) in according with the

manufacturer’s instructions. The experiment was per-

formed in triplicate and the expression of U6 RNA was

detected as the internal control. The relative expression of

miR-200a-3p was calculated with the 2−ΔΔCq method. The

primers used in this study were designed as follows: miR-

200a-3p forward: 5ʹ-TAACACTGTCTGGTAACGATGT

and reverse: 5ʹ-CATCTTACCGGACAGTGCTGGA; U6

forward: 5ʹ- CTCGCTTCGGCAGCACA and reverse: 5ʹ-

AACGCTTCACGAATTTGCGT. The primers were

synthesized in Sangon Biotech Inc. (Shanghai, China).

Cell proliferation assay
The proliferation of ovarian cancer cells transfected with

miR-200a-3p mimics or scramble control miRNA was

determined by the Cell Counting Kit-8 (CCK-8) assay

according to the instructions of the manufacturer. Briefly,
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cells were plated in 96-well plates and transfected with the

corresponding miRNA with the Lipofectamine 2000. The

proliferation of ovarian cancer cells was detected at the 72 h

after transfection. 10 μL of CCK-8 solution was added into

the medium and incubated for additional 3 h at 37 ºC.

Absorbance of the medium at 450 nm was measured using

the microplate reader (Bio-Rad Laboratories, Richmond,

CA, USA).

Western blot
Ovarian cancer cells were transfected with miR-200a-3p

mimics or scramble control miRNA using Lipofectamine

2000 for 48 h. Cells were harvested and lysed with the NP-

40 lysis buffer (Beyotime, Shanghai, China) on ice for

10 min. The protein was extracted by centrifugation at

12,000 rpm for 5 min at 4 ºC. Protein concentration was

determined using the BCA assay kit (Beyotime, Shanghai,

China) according to the manufacturer’s instructions. Equal

amount of protein was separated by SDS-PAGE and then

transferred onto the nitrocellular membrane (Millipore,

MA, USA). The membrane was subsequently blocked

with 5% non-fat milk for 1 h at room temperature (RT)

followed by incubated with the primary antibody over-

night at 4 ºC. After washing twice with TBST, the mem-

brane was incubated with HRP-conjugated secondary

antibody for 1 h at RT. The protein bands were visualized

using enhanced ECL reagents (Millipore, MA, USA). The

antibodies using in this study including anti-PCDH9

(#25090-1-AP; Proteintech, Rosemont, IL, USA) and

anti-GAPDH (#10494-1-AP; Proteintech, Rosemont, IL,

USA) were purchased from the biology companies.

Dual luciferase reporter assay
The wild-type or mutated 3ʹ-UTR of PCDH9 was ampli-

fied and inserted into the pmir-GLO-promoter vector

(Promega, Madison, WI, USA). Ovarian cancer cells

transfected with miR-200a-3p mimics or scramble control

miRNA were co-transfected with the luciferase reporter

vector containing wild-type or mutated 3ʹ-UTR of

PCDH9. After transfection for 48 h, cells were collected

and the luciferase activity was determined using the Dual

Luciferase Assay Kit (Promega, Madison, WI, USA) in

accordance with the manufacturer’s instructions.

Statistical analysis
Data was present as mean ± s.d. Statistical analysis was

performed using the GraphPad 7.0 (GraphPad Software

Inc., LaJolla, CA, USA). The difference between two

groups was analyzed with the Student’s t-test. One-way

ANOVA analysis was performed to calculate the P-value

between more than two groups. P<0.05 was considered as

statistically significant.

Results
MiR-200a-3p was up-regulated in ovarian

cancer tissues and cell lines
To explore the potential involvement of miR-200a-3p in ovar-

ian cancer, the expression of miR-200a-3p in 50 paired ovar-

ian cancer tissues and adjacent normal tissues was analyzed

with the RT-qPCR. Compared with the normal tissues, the

expression of miR-200a-3p was significantly up-regulated in

ovarian cancer tissues (Figure 1A). Moreover, miR-200a-3p

expression in ovarian cancer cell lines including ES2,

HO8919PM, SKOV3 and HO8910 was also decreased in

comparison with that of the normal ovarian surface epithelial

cells HOSEpiC (Figure 1B). To better determine the clinical

significance of miR-200a-3p in ovarian cancer, all the ovarian

cancer patients were divided into low- and high miR-200a-3p

group with the median expression level of miR-200a-3p as the

cutoff value. The correlation between the expression of miR-

200a-3p with the clinical characteristics was analyzed. As

shown in Table 1, high level of miR-200a-3p was significantly

associated with the tumor size, tumor metastasis and TNM

stage. The expression level of miR-200-3p in ovarian cancer

patients was included in Table S1. These results suggested that

miR-200a-3p might be involved in the progression of ovarian

cancer.

Overexpression of miR-200a-3p promoted

the growth of ovarian cancer cells
To understand the regulation of miR-200a-3p on the growth

of ovarian cancer cells, both ES2 and SKOV-3 were trans-

fected with miR-200a-3p mimics or scramble control

miRNA. The transfection efficiency was confirmed using

RT-qPCR as shown in Figure 2A. The effect of miR-200a-

3p on the growth of ovarian cancer cells was evaluated with

the CCK-8 assay, colony formation, cell cycle analysis and

cell invasion. As presented in Figure 2B, overexpression of

miR-200a-3p significantly promoted the proliferation of both

ES2 and SKOV3 cells. The colony formation assay showed

that the number of colonies formed with the ovarian cancer

cells transfected with miR-200a-3p was up-regulated com-

pared with that of the ovarian cancer expressing scramble

control miRNA (Figure 2C). The promoting effect of miR-

200a-3p on the proliferation of ovarian cancer cells was also
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demonstrated by the finding that overexpression of miR-

200a-3p trigged the cell cycle progression from G1 to S

phase (Figure 2D). Furthermore, as indicated in Figure 2E,

up-regulated miR-200a-3p significantly promoted the inva-

sion of both ES2 and SKOV-3 cells (Figure 2E). Collectively,

these results uncovered that overexpressed miR-200a-3p

promoted the growth and invasion of ovarian cancer cells.

MiR-200a-3p bound the 3ʹ-UTR of PCDH9

and negatively regulated the expression of

PCDH9
To further investigate the underlying molecular mechanism by

which miR-200a-3p modulated the proliferation of ovarian

cancer cells, the potential targets were predicted using the

miRDB. The result showed that the 3ʹ-UTR of PCDH9

contained the putative seeding sequence of miR-200a-3p

(Figure 3A). The important function of PCDH9 in the devel-

opment of cancers has been demonstrated by previous

studies.36,39 However, the involvement of PCDH9 in ovarian

cancer remains largely unknown. To validate this prediction,

luciferase reporter assay was performed by transfecting both

ES2 and SKOV3 with miR-200a-3p mimics/Scramble control

miRNA and the wild-type/mutated PCDH9. The data showed

that miR-200a-3p overexpression significantly repressed the

luciferase activity of ovarian cancer cells harboring wild-type

3ʹ-UTR of PCDH9 (Figure 3B andC). However, the inhibitory

effects was almost completely abolished in ovarian cancer

cells transfected with mutated 3ʹ-UTR (Figure 3B and C).

These results indicated the binding between miR-200a-3p

with the 3ʹ-UTR of PCDH9. To confirm whether the binding

affected the expression of PCDH9, both the mRNA and

Figure 1 MiR-200a-3p was up-regulated in ovarian cancer. (A) RT-qPCR detection of miR-200-3p in paired ovarian cancer tissues and adjacent normal tissues. (B) The
expression of miR-200a-3p in ovarian cancer cell lines and normal ovarian surface epithelial cells HOSEpiC. Data were obtained from three replicates. ***P<0.001.

Table 1 The correlation between the expression of miR-200a-3p and the clinical features of ovarian cancer patients

Clinical features No. High-miR-200a-3p Low-miR-200a-3p P-value

Age (years)

≤60 16 11 5 P>0.05

>60 34 22 12

Tumor size (cm)

≤3 20 8 12 P<0.001

>3 30 25 5

Lymph node metastasis

Negative 18 8 10 P<0.001

Positive 32 25 7

TNM stage

I-II 14 5 9 P<0.001

III-IV 36 28 8
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protein levels of PCDH9with the transfection of miR-200a-3p

were detected. As indicated in Figure 3D, overexpression of

miR-200a-3p significantly suppressed the mRNA level of

PCDH9 in both ES2 and SKOV3 cells. Consistently, the

protein abundance of PCDH9was also dramatically decreased

with the overexpression of miR-200a-3p in ovarian cancer

cells (Figure 3E). To further validate the negative modulation

of miR-200a-3p on the expression of PCDH9, both ES2 and

SKOV3 cells were transfectedwithmiR-200a-3p antagomir to

knockdown the expression of miR-200a-3p (Figure 3F). As

shown in Figure 3G and H, both the mRNA and protein levels

of PCDH9 were significantly increased with the knockdown

of miR-200a-3p in ovarian cancer cells. These results

suggested PCDH9 as a target of miR-200a-3p in ovarian

cancer cells.

The promoting impact of mir-200a-3p on

the proliferation of ovarian cancer cells

was neutralized by overexpressed

PCDH9
To explore whether miR-200a-3p promoted the growth of

ovarian cancer cells via regulating PCDH9, both ES2 and

SKOV3 cells were co-transfected with the pcDNA-Flag-

PCDH9 and miR-200a-3p mimics. The overexpression of

PCDH9 was detected by Western blot using anti-Flag

Figure 2 MiR-200a-3p promoted the malignant behaviors of ovarian cancer cells. (A) Confirmation of miR-200a-3p overexpression in ES2 and SKOV3 cells. Data were

obtained from three replicates. (B) CCK-8 assay was performed to assess the effect of miR-200a-3p on the proliferation of both ES2 and SKOV3 cells. Data were obtained

from three replicates. (C) Colony formation assay with ovarian cancer cells transfected with miR-200a-3p or control miRNA. Data were obtained from three replicates. (D)

Overexpression of miR-200a-3p promoted the cell cycle progression of ES2 cells. Data were obtained from three replicates. (E) The invasion of ovarian cancer cells with

overexpressed miR-200a-3p or control miRNA. Data were obtained from three replicates. **P<0.01, ***P<0.001.
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antibody (Figure 4A). CCK-8 assay indicated that transfec-

tion of PCDH9 significantly attenuated the promoting effect

of miR-200a-3p on the proliferation of both ES2 and

SKOV3 cells compared with the cells transfected with

miR-200a-3p alone (Figure 4B). Consistently, the colony

formation of both ES2 and SKOV3 cells was also inhibited

with the co-transfection of PCDH9 compared with the con-

trol group (Figure 4C). Meanwhile, restoration of PCDH9

also attenuated the promoting effects of miR-200a-3p on the

invasion of ovarian cancer cells (Figure 4D). These results

suggested the critical role of PCDH9 in mediating the

oncogenic function of miR-200a-3p in ovarian cancer cells.

To further support the relationship between miR-200a-3p

and PCDH9, the expression of PCDH9 in ovarian cancer

tissues was detected. As presented in Figure 4E, PCDH9

expression was significantly down-regulated in ovarian can-

cer tissues in comparison with that of the corresponding

normal tissues. The decreased level of PCDH9 was also

Figure 3 PCDH9 was a target of miR-200a-3p. (A) Schematic presentation of miR-200a-3p target site in the 3ʹ-UTR of PCDH9. (B, C) Overexpressed miR-200a-3p

decreased the luciferase activity of cells transfected with wild-type PCDH9. Data were obtained from three replicates. (D) The mRNA level of PCDH9 in ovarian cancer

cells transfected with miR-200a-3p or control miRNA. Data were obtained from three replicates. (E) Western blot analysis of the PCDH9 following miR-200a-3p

overexpression. Data were obtained from two replicates. (F) The confirmation of miR-200a-3p knockdown efficiency by RT-qPCR. Data were obtained from three

replicates. (G, H) The mRNA and protein levels of PCDH9 in ES2 and SKOV3 cells transfected with miR-200a-3p antagomir. Data were obtained from three replicates.

***P<0.001.
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observed in a serial of ovarian cancer cells compared with the

normal cells (Figure 4F). To characterize the correlation

between the expressions of miR-200a-3p and PCDH9,

spearman test was performed. The analysis indicated the

significant negative correlation between the level of miR-

200a-3p and PCDH9 (Figure 4G). These results further sup-

ported the negative regulation of miR-200a-3p on the

expression of PCDH9 in ovarian cancer cells.

Figure 4 PCDH9 overexpression attenuated the promoting effect of miR-200a-3p on the proliferation of ovarian cancer cells. (A) Western blot analysis of overexpressed

Flag-PCDH9 in both ES2 and SKOV3 cells. Data were obtained from two replicates. (B) CCK-8 assay to evaluate the effect of PCDH9 overexpression on miR-200a-3p

induced cell growth. Data were obtained from three replicates. (C) Overexpression of PCDH9 inhibited the colon formation induced by miR-200a-3p. Data were obtained

from three replicates. (D) Restoration of PCDH9 suppressed the invasion of ovarianc cancer cells induced by miR-200a-3p. (E) RT-qPCR detection of PCDH9 expression in

paired ovarian cancer tissues and adjacent normal tissues. Data were obtained from three replicates. (F) The expression of PCDH9 in normal cell HOSEpiC and ovarian

cancer cell lines. Data were obtained from three replicates. (G) Spearman test was performed to analyze the correlation between the expression of miR-200a-3p and

PCDH9. ***P<0.001.
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Discussion
An increasing boy of evidence has indicated the important

function of miRNAs in ovarian cancer. MiR-200a-3p was

overexpressed and played oncogenic roles in a variety of

cancers.17,18 Recent study showed that miR-200a-3p

increased the 5-fluorouracil resistance of hepatocellular

carcinoma cells by regulating the dual specificity phospha-

tase 6 expression.17 The oncogenic role of miR-200a-3p

was also established in esophageal cancer by post-tran-

scriptionally modulating the expression of cytoplasmic

collapsing response mediator protein-1.18 MiR-200a-3p

promoted the cell survival after 5-fluorouracil treatment

in human hepatocellular carcinoma.17 Interestingly, it was

also reported that miR-200a-3p regulated the expression of

SPAG9 and inhibited the proliferation of renal cell

carcinoma.40 Recent study also demonstrated that miR-

200 family members suppressed the epithelial-mesenchy-

mal transition of lung cancer.41 The tumor suppressive role

of miR-200 family is closely associated with the glinoma

initiation, progression and metastasis.42 These findings

suggested the opposite function of miR-200a-3p and

other miR-200 family members in cancers. In the present

study, we found that miR-200a-3p was significantly up-

regulated in ovarian cancer tissues and cell lines.

Overexpressed miR-200a-3p was remarkably associated

with the advanced progression of ovarian cancer patients.

These results suggested that miR-200a-3p was possibly

involved in the pathogenesis of ovarian cancer and was a

promising biomarker for the prognosis of ovarian cancer.

The potential oncogenic role of miR-200a-3p in ovarian

cancer was further evaluated by in vitro functional experi-

ments. Overexpression of miR-200a-3p significantly pro-

moted the proliferation and colony formation of ovarian

cancer cells. Moreover, highly expressed miR-200a-3p

enhanced the cell cycle progression and the invasion of

ovarian cancer cells. Considering the promoting impact of

miR-200a-3p in regulating the malignant behaviors of ovar-

ian cancer cells, it might be necessary to determine the

effect of miR-200a-3p on the resistance of ovarian cancer

cells to chemotherapy and radiotherapy. Additionally, the

potential oncogenic role of miR-200a-3p in ovarian cancer

calls for further in vivo validation.

PCDH9 is a member of the protocadherin family and

cadherin superfamily.37 Recent studies identified PCDH9

as a potential tumor suppressor in a variety of cancers.

Down-regulation of PCDH9 was associated with the poor

prognosis and worse survival rate of cancer patients.36 It is

well established that aberrant miRNA profiles regulated

the malignant phenotypes through regulating the expres-

sion of target genes. PCDH9 was identified as the down-

stream target of miR-215-5p in gliomas and inhibited the

growth of glioma cells.35 In this study, the possible bind-

ing sites of miR-200a-3p at the 3ʹ-UTR of PCDH9 was

predicted with the miRDB. Functional analysis showed

that miR-200a-3p bound the 3ʹ-UTR of PCDH9 and sup-

pressed the expression of PCDH9 in ovarian cancer cells.

Significant inversed correlation between the expression of

miR-200a-3p and PCDH9 was observed in ovarian cancer

tissues. Restored PCDH9 significantly reversed the pro-

moting effect of miR-200a-3p on the proliferation of ovar-

ian cancer cells. These results demonstrated the essential

role of PCDH9 in mediating the potential oncogenic func-

tion of miR-200a-3p in ovarian cancer. As miRNAs have

multiple targets, the involvement of other targets in addi-

tion to PCDH9 requires further investigation.

In conclusions, our findings demonstrated that miR-

200a-3p was up-regulated in ovarian cancer and signifi-

cantly associated with the advanced progression of ovarian

cancer patients. Overexpressed miR-200a-3p promoted the

proliferation of ovarian cancer cells via targeting PCDH9.

Our results provided the novel functional mechanism of

miR-200a-3p/PCDH9 axis in ovarian cancer. Targeting

miR-200a-3p might be a promising strategy for the treat-

ment of ovarian cancer.
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