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Abstract: MicroRNAs, a group of posttranscriptional regulators of numerous genes, are active 

participators during the development and progression of ovarian cancer (OC). This study con-

firmed for the first time that miR-216a was gradually increased in normal, benign, borderline, 

and OC tissues and that its expression was significantly upregulated in all OC cell lines. Analysis 

of its clinical association demonstrated that elevated expression of miR-216a was associated 

with lymph node metastasis and advanced FIGO stage and was correlated with the poor survival 

of OC patients. Functional experiments showed that miR-216a overexpression potentiated the 

migration and invasion of CAOV3 cells while miR-216a inhibition reduced the migration and 

invasion of SKOV-3 cells. Both gain and lose of function assay showed that miR-216a promoted 

epithelial–mesenchymal transition (EMT) of OC cells. Mechanistically, phosphatase and tensin 

homolog (PTEN) was confirmed as a direct downstream target of miR-216a in OC cells. Alerting 

miR-216a expression in OC cells modulated the activity of PTEN/AKT pathway in OC cells. 

Furthermore, this study confirmed that miR-216a exerted its promoting effects on the metastatic 

behaviors and EMT of OC cells by inhibiting PTEN/AKT pathway. Taken together, this study 

demonstrates that miR-216a exerts a promoting role in the metastasis of OC and can serve as 

a promising biomarker and an attractive therapeutic target of OC.

Keywords: miR-216a, ovarian cancer, PTEN, epithelial-mesenchymal transition, metastasis, 

biomarker

Introduction
Ovarian cancer (OC), accounting for the highest cancer-related death in women with 

gynecologic malignant disease,1 is a lethal gynecologic malignancy worldwide.2,3 Due 

to lack of clinical symptoms and diagnostic biomarkers,4 most OC patients are already 

at advanced stages of the disease at the time of diagnosis.5 This leads to the poor 

prognosis and unsatisfactory survival of OC patients, with the mean 5-year survival 

rate of ~40%.2 Therefore, it is critical to identify novel biomarkers and elucidate the 

molecular mechanisms of the initiation and progression of OC.

MicroRNAs (miRNAs), a group of small noncoding RNAs with 20–22 nucleotides 

in length,6 can regulate the expression of target genes posttranscriptionally and play 

fundamental roles in regulating tissue-specific protein expression.7 Accumulating 

studies have confirmed that miRNAs play important roles in the development and 

progression of various human cancers,8–13 including OS, and miRNAs have been 

regarded as promising biomarkers and therapeutic targets of OC.9,14 

MiR-216a, a novel cancer-related miRNA, has been found to be downregulated in 

non-small cell lung cancer,15 pancreatic cancer,16 and oral squamous cell carcinoma,17 
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suggesting a tumor suppressor role of miR-216a. However, 

the expression level and biological functions of miR-216a in 

OC and underlying mechanisms for its functional significance 

remain to be investigated.

In this study, it was found that miR-216a was significantly 

increased in OC tissues and cells and that elevated miR-216a 

expression promoted the growth, migration, and invasion 

of OC cells. It was also confirmed that miR-216a directly 

downregulated phosphatase and tensin homolog (PTEN) 

expression by interacting with the PTEN 3′-untranslated 

region (3′-UTR). Furthermore, it was shown that suppres-

sion of PTEN, followed by the activation of AKT pathway, 

mediated the biological influence of miR-216a in OC.

Methods
Clinical samples
A total of 6 normal, 10 benign, 9 borderline, and 87 OC tissue 

samples were obtained from the Department of Obstetrics and 

Gynecology, The First Affiliated Hospital of JiNan Univer-

sity. All the patients between January 2006 and December 

2009 were enrolled into this study. Clinical samples were 

used for this study after obtaining informed consent from 

all the patients. This study was approved by the Institutional 

Research Ethics Committee of The First Affiliated Hospital 

of JiNan University. 

Cell culture and transfection
Six human OC cell lines including SKOV-3, HO-8910, 

A2780, ES-2, CAOV3, and OVCAR3 and an immortalized 

human fallopian tube epithelial cell line FTE187 cells were 

obtained from American Type Culture Collection (ATCC, 

Manassas, VA, USA). OC cell lines were cultured in 

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco Co., 

New York, USA) supplemented with 10% fetal bovine serum 

(FBS) (Gibco Co.), 100 mg/mL penicillin, and 100 mg/mL 

streptomycin. FTE187 cells were cultured in Medium 199 

and MCDB105 medium (Sigma-Aldrich Co., St Louis, MO, 

USA) at the ratio of 1:1 containing 10% FBS and 10 ng/mL 

EGF (Sigma-Aldrich Co.). All cells were kept at 37°C 

humidified atmosphere with 5% CO
2
.

The mimic for miR-216a, the inhibitor for miR-216a, and 

the corresponding control and negative control (NC) vectors 

were obtained from Genecopoeia (Guangzhou, People’s 

Republic of China). The small interfering RNA (siRNA) 

specific for PTEN and PTEN expressing vector were obtained 

from Addgene (Cambridge, MA, USA). All the aforemen-

tioned vectors including miR-216a mimics and inhibitors 

and the PTEN siRNA were transfected into OC cells using 

Lipofectamine 2000 based on the manufacturer’s instructions 

(Thermo Fisher Scientific, Waltham, MA, USA).

Real-time quantitative reverse 
transcription-polymerase chain reaction 
(qRT-PCR)
Total RNA from clinical OC tissues and OC cells were 

extracted using Trizol (Invitrogen). The PCR amplification 

and quantification for the miR-216a was performed with 

the TaqMan miRNA Reverse Transcription Kit (Applied 

Biosystems, Foster City, CA, USA) and TaqMan Human 

MiRNA Assay Kit (Applied Biosystems). The primers for 

miR-216a, PTEN, glyceraldehyde-phosphate dehydrogenase 

(GAPDH), and U6 were purchased from Genecopoeia. U6 

was used as the internal control of miR-216a. GAPDH was 

used as an internal control of PTEN. The relative expression 

of miR-216a and PTEN was shown as fold difference relative 

to U6 and GAPDH, respectively.

Western blot
Whole cell lysates were prepared using radio-immunopre-

cipitation assay (RIPA) lysis buffer, and protein concentra-

tion was measured using the BCA kit (Pierce, Appleton, 

WI, USA). Generally, 40 μg of proteins were loaded, sepa-

rated, and transferred to PVDF membrane. The following 

primary antibodies including PTEN (1:1,000; Cell Signal-

ing Technologies, Danvers, MA, USA), AKT (1:1,000; 

Santa Cruz, CA, USA), p-AKT (1:1,000; Cell Signaling 

Technologies), and GAPDH (1:1,500, Santa Cruz) were 

incubated with the membrane overnight at 4°C. Then, the 

membranes were incubated with anti-mouse or anti-rabbit 

secondary antibodies (1:3,000; Santa Cruz). The proteins 

were visualized using enhanced chemiluminescent (ECL) 

reagents (Amersham Biosciences Corp., Saint Paul, MN, 

USA) and the signal was detected using the Bio-Rad Gel 

imaging system.

Transwell assays
The migration and invasion of OC cells were evaluated 

with Transwell assays. OC cells resuspended in serum-free 

DMEM were seeded into the upper chamber of the Tran-

swell inserts of 8 μm (EMD Millipore, Billerica, MA, USA) 

with the serum-containing DMEM (20% FBS) in the lower 

chamber. For the invasion experiments, the upper chamber 

was coated with 70 µL of DMEM and Matrigel mixture. 

After 24 h, cells on the upper surface of the chamber were 

swabbed off while cells on the lower surface were fixed 

with formaldehyde and stained with crystal violet. The cell 
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numbers for the migrated and invaded cells were counted 

under microscope.

Luciferase reporter assay
On the day before transfection, 2×105/well OC cells were 

seeded in 24-well plates. Cells were cotransfected with 

wild-type PTEN-3′-UTR vector or mutant PTEN-3′-UTR 

vector along with miR-216a mimic or miR-216a inhibi-

tor, and pRL-SV40 renilla plasmid (Promega Corporation, 

Fitchburg, WI, USA) using Lipofectamine 2000. After 

48 h, the Dual-Luciferase Reporter Assay system (Promega, 

Shanghai, People’s Republic of China) with the luminometer 

(Promega) was used to measure the activities of firefly and 

renilla luciferase. Each treatment was performed in triplicate 

in three independent experiments.

Statistical analysis
All data were expressed as mean ± standard error of the 

mean. Statistical analyses were performed using GraphPad 

Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). 

The difference with P,0.05 was considered to be statisti-

cally significant.

Results
MiR-216a was upregulated in OC tissues 
and cell lines
The expression levels of miR-216a in 6 normal, 10 benign, 

9 borderline, and 87 OC tissue samples were examined. 

The results of qRT-PCR showed that expression level of 

miR-216a was gradually increased across the normal, benign, 

borderline, and OC tissue samples (P,0.05, Figure 1A). 

Then, the expression levels of miR-216a in OC cell lines and 

the immortalized human fallopian tube epithelial cell line 

FTE187 cells were examined. Compared with the FTE187 

cells, the expression level of miR-216a in OC cell lines was 

significantly increased (P,0.05, Figure 1B). Among OC 

cell lines, the expression level of miR-216a was highest in 

SKOV-3 cells and lowest in CAOV3 cells. These indicate 

that miR-216a plays an oncogenic role in the development 

and progression of OC.

Increased miR-216a level is associated 
with the adverse clinicopathological 
features and poor prognosis of OC 
patients
After confirming the elevated expression of miR-216a in 

OC tissues, the clinical significance and prognostic value of 

miR-216a expression level in OC were examined. As shown 

in Table 1, high expression level of miR-216a was correlated 

with the lymph node metastasis (P,0.01) and Federation 

Internationale of Gynecologie and Obstetrigue (FIGO) stage 

(P=0.014). Moreover, the Kaplan–Meier analysis showed 

that patients with high level of miR-216a had significantly 

decreased overall survival (P=0.0091, Figure 2A) and 

disease-free survival (P=0.0099, Figure 2B). These data 

indicate that elevated miR-216a level is closely associated 

with the adverse clinical features of OC patients and can 

potentially serve as effective biomarker for the prognosis 

of OC patients.

MiR-216a enhanced the migration and 
invasion of OC cells
After confirming the oncogenic role of miR-216a in OC, the 

functional effects of miR-216a on OC cells were explored. 

MiR-216a mimic and inhibitor were used to alter the expres-

sion level of miR-216a in CAOV3 cells and SKOV-3 cells, 

Figure 1 The expression levels of miR-216a in OC tissues and cells.
Notes: (A) The expression of miR-216a was compared between normal, benign, borderline, and OC tissues. (B) The expression of miR-216a was compared between 5 
different OC cell lines (CAOV3, HO-8910, A2780, ES-2, and SKOV-3) and immortalized human fallopian tube epithelial cell line FTE187 cells. *P,0.05, **P,0.01.
Abbreviation: OC, ovarian cancer.
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respectively. Then the change of migration and invasion of 

OC cells were examined after overexpressing or inhibiting 

miR-216a. Transfection of miR-216a mimic significantly 

increased the expression level of miR-216a in CAOV3 

cells (P,0.01, Figure 3A). Functionally, the migration and 

invasion of OC cells were also significantly increased after 

transfection of miR-216a mimic into CAOV3 cells (P,0.05, 

Figure 3B). On the other hand, the expression of miR-216a 

was significantly inhibited in SKOV-3 cells after transfection 

of miR-216a inhibitor (P,0.01, Figure 3C). Subsequently, 

the migration (P,0.05, Figure 3D) and invasion (P,0.05, 

Figure 3D) of SKOV-3 cells were significantly decreased. 

MiR-216a promotes the epithelial–
mesenchymal transition (EMT) of 
OC cells
EMT has been a well-recognized mechanism for the metasta-

sis of cancer cells. An emerging evidence has confirmed that 

miRNAs are critical regulators of the EMT process of cancer 

cells. Therefore, this study examined whether miR-216a could 

promote the metastasis of OC cells by modulating EMT. Over-

expression of miR-216a in CAOV3 cells led to significantly 

decreased expression of E-cadherin (P,0.01, Figure 4A) and 

increased level of Vimentin (P,0.01, Figure 4A). On the 

other hand, inhibition of miR-216a resulted in significantly 

elevated level of E-cadherin (P,0.01, Figure 4B) and reduced 

level of Vimentin (P,0.05, Figure 4B). These data indicate 

that miR-216a can promote the metastasis of OC by regulat-

ing EMT process.

PTEN is a direct downstream target of 
miR-216a in OC cells
To further elucidate the molecular mechanisms underlying 

the promoting effects of miR-216a on the metastasis of OC 

cells, two publicly available databases (TargetScan 6.2 and 

miRanda) were searched to identify the downstream target of 

miR-216a, and it was found that PTEN was predicted to be the 

downstream target of miR-216a since the 3′-UTR of PTEN 

mRNA contained the complementary sequence of miR-216a 

(Figure 5A). To confirm that miR-216a could directly target 

the 3′-UTR of PTEN, luciferase reporter assay was performed 

Table 1 The clinical features of all included patients and the 
correlations between clinical features and miR-216a expression

Characteristics Number 
of patients
(n=87)

miR-520g expression P-value

Low group 
(n=43)

High group 
(n=44 )

Age 0.500
#50 29 16 13
.50 58 27 31

Ascites 0.644
#100 27 12 15
.100 60 31 29

Serum CA-125 0.713
#35 8 3 5
.35 79 40 39

Tumor size 0.101
#3 cm 61 34 27
.3 cm 26 9 17

Lymph node metastasis ,0.01
Negative 49 34 15
Positive 38 9 29

FIGO stage 0.014
I–II 12 10 2
III–IV 75 33 42

Abbreviation: FIGO, Federation Internationale of Gynecologie and Obstetrigue.

Figure 2 The prognostic value of miR-216a for OC patients.
Note: (A) Overall survival and (B) disease-free survival were compared between patients of high level of miR-216a and those of low level of miR-216a.
Abbreviation: OC, ovarian cancer.
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Figure 3 MiR-216a promotes the migration and invasion of OC cells.
Notes: (A) MiR-216a mimics significantly elevated the expression level of miR-216a in CAOV3 cells. (B) Overexpression of miR-216a significantly increased the migration and 
invasion of CAOV3 cells. *P,0.05, **P,0.01. (C) MiR-216a inhibitor significantly decreased the expression level of miR-216a in SKOV-3 cells. **P,0.01. (D) Downregulation 
of miR-216a significantly reduced the migration and invasion of SKOV-3 cells. **P,0.01.
Abbreviations: OC, ovarian cancer; NC, negative control.

Figure 4 MiR-216a promotes the EMT phenotype of OC cells.
Notes: (A) Western blot results of E-cadherin and Vimentin in CAOV3 cells transfected with miR-216a mimics; **P,0.01. (B) Western blot results of E-cadherin and 
Vimentin in SKOV-3 cells transfected with miR-216a inhibitor; **P,0.01.
Abbreviations: EMT, epithelial–mesenchymal transition; OC, ovarian cancer; NC, negative control.
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in OC cells. The results of luciferase assay showed that 

forced expression of miR-216a in CAOV3 cells significantly 

decreased the luciferase activity of wild-type 3′-UTR of PTEN 

(P,0.01, Figure 5B) without having obvious effects on that 

of mutant 3′-UTR of PTEN (Figure 5B). On the other hand, 

inhibition of miR-216a in SKOV-3 cells obviously increased 

the luciferase activity of the wild-type 3′-UTR of PTEN 

(P,0.05, Figure 5C) while it had no significant influence on 

that of mutant 3′-UTR of PTEN (Figure 5C). Furthermore, 

the study examined whether miR-216a could modulate the 

expression of PTEN in OC cells. qRT-PCR showed that 

miR-216a overexpression significantly decreased the level 

(P,0.05, Figure 5D) of PTEN mRNA in CAOV3 cells while 

miR-216a knockdown remarkably increased the mRNA level 

(P,0.05, Figure 5E) of PTEN in SKOV-3 cells. The results of 

western blot (WB) showed that overexpression of miR-216a 

significantly decreased the expression (P,0.05, Figure 5F) 

of PTEN in CAOV3 cells while inhibition of miR-216a 

remarkably increased the protein level (P,0.05, Figure 5G)  

of PTEN in SKOV-3 cells. Additionally, the phosphoryla-

tion (Ser-473) of Akt, which was under the regulation of 

PTEN, was increased after the overexpression of miR-216a 

′ ′

′ ′
′ ′

′ ′′ ′

Figure 5 PTEN is a direct target of miR-216a in OC cells.
Notes: (A) MiR-216a and its complementary sequence in the 3′-UTR of PTEN. (B) Overexpression of miR-216a significantly inhibited the luciferase activity that carried 
wt 3′-UTR of PTEN but had no obvious influence on mt 3′-UTR of PTEN in CAOV3 cells. **P,0.01. (C) Inhibition of miR-216a obviously increased the luciferase activity that 
carried wt 3′-UTR of PTEN but had no obvious influence on mt 3′-UTR of PTEN in SKOV-3 cells. **P,0.01. (D) Overexpression of miR-216a significantly decreased PTEN 
mRNA level in CAOV3 cells. **P,0.01. (E) Inhibition of miR-216a significantly increased PTEN mRNA level in SKOV-3 cells. **P,0.01. (F) Overexpression of miR-216a 
significantly inhibited the expression of PTEN and increased p-AKT in CAOV3 cells. *P,0.05, **P,0.01. (G) Inhibition of miR-216a significantly increased the expression of 
PTEN and decreased p-AKT in SKOV-3 cells. *P,0.05, **P,0.01.
Abbreviations: OC, ovarian cancer; PTEN, phosphatase and tensin homolog; wt, wild type; mRNA, messenger RNA; NC, negative control; mt, mutant.
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(P,0.05, Figure 5F) and decreased after the inhibition of 

miR-216a (P,0.05, Figure 5G). Taken together, these data 

demonstrate that PTEN is a direct downstream target of miR-

216a in OC cells.

MiR-216a exerts its oncogenic role in 
OC by inhibiting PTEN/AKT pathway
After confirming PTEN was a direct target of miR-216a 

in OC cells, this study further investigated whether PTEN 

could mediate the functional effects of miR-216a on OC 

cells. PTEN expressing vector was transfected into CAOV3 

cells overexpressing miR-216a (CAVO-3-miR-216a cells). 

WB results showed that PTEN vector significantly increased 

PTEN expression level in CAOV3-miR-216a cells along 

with significant decrease of p-AKT (P,0.05, Figure 6A). 

Subsequently, overexpression of PTEN partly abrogated the 

promoting effects of miR-216a on EMT of CAOV3 cells, as 

suggested by increased expression of E-cadherin (P,0.05, 

Figure 6A) and decreased level of Vimentin (P,0.05, 

Figure 6A). Transwell assay showed that overexpression of 

PTEN partly abrogated the promoting effects of miR-216a 

on the migration and invasion of CAOV3 cells (P,0.05, 

respectively, Figure 6B). On the other aspect, PTEN-specific 

siRNA was transfected into SKOV-3 cells expressing 

miR-216a inhibitor (SKOV-3-anti-miR-216a cells). As sug-

gested by WB, PTEN siRNA led to significant suppression of 

PTEN expression (P,0.05, Figure 6C) and increased level 

of p-AKT (P,0.05, Figure 6C) in SKOV-3-anti-miR-216a 

cells. Furthermore, inhibition of PTEN along with increased 

p-AKT partly reversed the suppressive effects of miR-216a 

inhibition on EMT (P,0.05, Figure 6C), migration, and 

invasion of SKOV-3-anti-miR-216a cells (P,0.05, respec-

tively, Figure 6D). Taken together, these indicate that the 

prompting effects of miR-216a on the metastatic behaviors 

and EMT of OC cells were mediated by inhibiting PTEN/

AKT pathway.

Discussion
Increasing evidence has demonstrated that aberrant miRNA 

expression was directly associated with the development and 

progression of human cancers by acting as either oncogenes 

or tumor suppressors.18,19 Moreover, miRNAs have been rec-

ognized as attractive biomarkers and therapeutic targets of 

human cancers including OC.20 MiR-216a has been found to 

be an active participator in human malignancies.15–17,21 It was 

found to inhibit the growth and metastasis of oral squamous 

cell carcinoma by inhibiting eukaryotic translation initiation 

factor 4B.17 In pancreatic cancer, it was found to inhibit the 

growth of pancreatic cancer by inhibiting JAK2.16 How-

ever, in liver cancer, miR-216a was found to induce EMT 

and regulate the drug resistance, suggesting an oncogenic 

role of miR-216a.21 This study confirmed that miR-216a 

was significantly elevated in OC tissues and cell lines and 

found that elevated level of miR-216a was correlated with 

adverse clinical features including lymph node metastasis 

and advanced FIGO stage. Furthermore, survival analysis 

showed that high level of miR-216a was closely associated 

with the poor survival of OC patients. Therefore, miR-216a 

plays an oncogenic role and can potentially serve as promis-

ing biomarker and prognostic indicator in OC.

Functionally, miR-216a was found to be involved in 

the growth of pancreatic cancer and oral squamous cell 

carcinoma.16,17 It was also found to participate in the drug 

resistance of liver cancer.21 This study found that miR-216a 

could regulate the migration and invasion of OC cells. Fur-

thermore, this study confirmed that miR-216a could promote 

the EMT of OC cells. These indicate that miR-216a plays an 

oncogenic role in OC by potentiating the metastatic behaviors 

and EMT of OC cells.

PTEN, which is a well-known tumor suppressor, has 

been found to play an important role in the development 

and progression of various human cancers.22–24 This study 

demonstrated that miR-216a could directly modulate the 

expression of PTEN by interacting with its 3′-UTR. First, 

the complementary sequences of miR-216a could be found 

in the 3′-UTR of PTEN. Second, altering miR-216a level 

could significantly influence the luciferase activity of wild-

type 3′-UTR of PTEN while it had no obvious effect on that 

of mutant (mt) 3′-UTR of PTEN. Third, overexpression of 

miR-216a resulted in significantly decreased expression 

level of PTEN while suppression of miR-216a led to obvi-

ously increased expression level of PTEN. Additionally, 

the phosphorylation (Ser-473) of AKT, which was under 

the regulation of PTEN, was altered accordingly after the 

overexpression or inhibition of miR-216a. These solidly sup-

ported the conclusion that PTEN was a direct downstream 

target of miR-216a in OC, and miR-216a could modulate 

the PTEN/AKT pathway in OC cells. Furthermore, it was 

found that overexpressing PTEN in OC cells expressing 

miR-216a mimic could abrogate the promoting effects of 

miR-216a overexpression on the metastasis and EMT of 

OC cells while PTEN siRNA could reverse the inhibitory 

effect of miR-216a inhibitor on these metastatic ability of OC 

cells. Therefore, these data indicate that PTEN was not only 

the downstream target of miR-216a but also the functional 

mediator of miR-216a in OC.
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MiR-216a in ovarian cancer

Conclusion
This study finds that miR-216a is significantly increased in 

OC tissues and cells. Elevated expression of miR-216a is 

associated with adverse clinical features and poor prognosis 

of OC patients. Functionally, miR-216a can promote the 

migratory and invasive ability and EMT of OC cells. Further-

more, this study confirms that PTEN is a downstream target 

of miR-216a in OC cells, and miR-216a exerts its promoting 

effects on the metastasis and EMT of OC cells by regulating 

PTEN/AKT pathway.
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