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Abstract. MicroRNAs (miRNAs), a group of short (~20 nt) 
non‑coding RNAs, play critical roles in the development and 
progression of ovarian cancer (OC). The role of miR‑616, a 
recently identified cancer-associated miRNA, has never been 
examined in OC before. The present study demonstrated 
that the level of miR‑616 was increased in OC tissues. A high 
miR‑616 level was associated with poor tumor differentiation 
and advanced tumor-node-metastasis (TNM) stage. Survival 
analysis revealed that an elevated level of miR‑616 was associ-
ated with poor prognosis of OC patients as demonstrated by 
decreased overall survival (OS) and disease‑free survival (DFS). 
Overexpression of miR‑616 promoted the migration, invasion as 
well as epithelial-mesenchymal transition (EMT) of A2780 cells. 
Knockdown of miR‑616 inhibited these biological functions. 
Immunohistochemical (IHC) staining revealed that OC tissues 
with high miR‑616 levels exhibited a significantly decreased level 
of E‑cadherin and an increased level of N‑cadherin. Furthermore, 
tissue inhibitor of metalloproteinases 2 (TIMP2) was confirmed 
to be a direct downstream target of miR‑616. Inhibition of 
TIMP2 expression was required for the promoting effects of 
miR‑616 on the metastasis and EMT of OC cells. Collectively, 
this study revealed that miR‑616 promoted the progression of OC 
by enhancing cell migration, invasion and EMT.

Introduction

Ovarian cancer (OC) is a fatal gynecologic cancer worldwide 
accounting for most cancer-associated mortalities in women 
with gynecologic cancer (1). Most patients diagnosed with OC 
are at advanced stages, leading to unavailability of curative 
treatments. Therefore, the long-term prognosis of OC patients 
is poor, with a low 5-year overall survival rate of ~40% (2). 
Therefore, investigating the molecular mechanisms underlying 

the progression of OC may facilitate the discovery of novel 
biomarkers and therapeutic targets of OC.

MicroRNAs (miRNAs), a group of small non‑coding RNAs 
with ~20 nucleotides (3), can regulate the expression of target 
genes in a post-transcriptional manner by interacting with 
the 3'-untranslated region (3'‑UTR) of mRNAs (4). miRNAs 
play versatile roles in development and disease processes (5). 
miRNAs have been found to play critical roles in various 
human cancers (6,7). In OC, miRNAs can potentially serve as 
biomarkers and therapeutic targets for OC patients (8). However, 
the role of specific miRNAs in OC remain to be investigated. 
Recently, miR‑616 was identified to be a cancer-associated 
miRNA. It promoted the migration, invasion and epithelial-
mesenchymal transition (EMT) of hepatocellular carcinoma 
through inhibition of PTEN expression (9). In prostate cancer, 
miR‑616 promoted the growth of prostate cancer by inhibiting 
tissue factor pathway inhibitor TFPI‑2 (10). In lung cancer, 
sulforaphane suppressed the EMT and metastasis of lung 
cancer cells through the miR‑616-mediated GSK3β/β‑catenin 
signaling pathways (11). However, the role of miR‑616 in OC 
and the underlying molecular mechanisms remain unknown.

In the present study, we demonstrated that the level of 
miR‑616 in OC was elevated. Compared with patients without 
metastasis, OC patients with metastasis had a significantly 
increased miR‑616 level. An increased level of miR‑616 was 
associated with poor tumor differentiation, advanced tumor-
node-metastasis (TNM) stages and poor prognosis of OC 
patients. Functionally, miR‑616 enhanced the ability of the 
migration, invasion and EMT of OC cells. Furthermore, our 
data revealed that miR‑616 interacted with TIMP2 3'‑UTR 
and inhibited the expression of TIMP2. TIMP2 overexpression 
inhibited the promoting effects of miR‑616 overexpression on 
cell metastasis and EMT while knockdown of TIMP2 reversed 
the inhibitory effects of miR‑616 knockdown on these cellular 
functions. Collectively, this study demonstrated that miR‑616 
is an oncogenic miRNA in OC and promotes the progression 
of OC by enhancing cell metastasis and EMT.

Materials and methods

Clinical samples and cell culture. Sixty pairs of OC samples 
and non‑tumor tissues were collected from the Department 
of Gynecologic Oncology, Zhejiang Cancer Hospital between 
January 2008 to December 2011. Only patients with complete 
information of clinical features and complete survival 
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information were included. All clinical tissues collected in 
this study were pathologically confirmed as OC. Informed 
consent was obtained from every patient enrolled in this study. 
The protocol of this study was approved by the Institutional 
Research Ethics Committee of Zhejiang Cancer Hospital.

The FTE187 cell line, an immortalized human fallopian tube 
epithelial cell line and five types of human OC cells (A2780, 
CAOV3, HO‑8910, SKOV‑3 and ES‑2) were purchased from 
the American Type Culture Collection (ATCC; Manassas, VA, 
USA). Dulbecco's modified Eagle's medium (DMEM) supple-
mented with fetal bovine serum (FBS) (both from Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA), penicillin 
and streptomycin, were used for all cell cultures of OC cells. 
Medium 199 and MCDB105 medium mixed at a ratio of 1:1 
supplemented with FBS and EGF (all from Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany), were used for the culture 
of FTE187 cells. Cell cultures were maintained in a humidi-
fied incubator with 5% CO2 at 37˚C.

Cell transfection. miR‑616 mimics, miR‑616 inhibitors, control 
mimics and negative control inhibitors were obtained from 
Guangzhou GeneCopoeia (Guangzhou, China). TIMP2 and the 
control vector, as well as TIMP2 siRNA and negative control 
siRNA were purchased from Addgene (Cambridge, MA, USA). 
All vectors or siRNAs were transfected into OC cells using 
Lipofectamine® 2000 (Invitrogen, Carlsbad, CA, USA).

Real-time quantitative reverse transcription-PCR (qRT-PCR). 
TRIzol was used to extract the RNA from clinical samples and 
OC cells. qRT-PCR assays in the present study were performed 
using a miRNA Reverse Transcription kit and a Human miRNA 
assay kit (both from Applied Biosystems; Thermo  Fisher 
Scientific, Inc.). Primers for miR‑616, TIMP2, GAPDH and U6 
were purchased from GeneCopoeia. U6 and GAPDH were 
used as internal controls for miR‑616 and TIMP2, respectively. 
The primers sequences were as follows: miR‑616 forward, 
5'-CTGTGTGCCACACAGTTTG‑3' and reverse, 5'-CGGC 
CCTTAACTCATTCTTT‑3'; U6 forward, 5'-CGCTTCGGC 
AGCACATATAC‑3' and reverse, 5'-CAGGGGCCATGCT 
AATCTT‑3'; TIMP2 forward, 5'-CTCGGCAGTGTGTGGG 
GTC‑3' and reverse, 5'-CGAGAAACTCCTGCTTGGGG‑3'; 
and GAPDH forward, 5'-ATTCCATGGCACCGTCAAGGC 
TGA‑3' and reverse, 5'-TTCTCCATGGTGGTGAAGACG 
CCA‑3'.

Western blotting. Cellular protein was extracted using RIPA 
lysis buffer, and a BCA kit (Pierce; Thermo Fisher Scientific, 
Inc.) was employed for the measurement of protein concentra-
tion. After being loaded and separated on 4‑20% SDS gels, 
cellular proteins were transferred to polyvinylidene fluoride 
(PVDF) membranes. The membranes were incubated with 
the primary antibodies. Primary antibodies used in this 
study included TIMP2 (1:1,000; cat. no. 5738; Cell Signaling 
Technology, Inc., Danvers, MA, USA), E‑cadherin (1:1,000; 
cat. no. sc-71009; Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA), N‑cadherin (1:1,000; cat. no. 4061; Cell Signaling 
Technology, Inc.) and GAPDH (1:1,500; cat. no. sc-51631; Santa 
Cruz Biotechnology, Inc.) overnight at 4˚C. Then, secondary 
antibodies (1:3,000; cat. no. sc‑3744 and cat. no. sc‑2089; Santa 
Cruz Biotechnology, Inc.) were incubated with membranes at 

room temperature for 2 h. The expression level of detected 
proteins was visualized using ECL reagents (Amersham 
Biosciences Corp., Piscataway, NJ, USA).

Transwell assays. The migratory and invasive abilities of 
OC were evaluated by Transwell assay. The day prior to the 
Transwell assay, OC cells were starved in serum‑free DMEM 
media overnight. After trypsinization, OC cells (5x104) were 
re-suspended in serum‑free DMEM and seeded in the upper 
chamber of the Transwell inserts (Millipore, Billerica, MA, 
USA). The lower chamber of the Transwell inserts were 
filled with 700 µl serum-containing DMEM (20% FBS) as a 
chemoattractant. For the invasion assays, the upper Transwell 
chamber was coated with 100 µl Matrigel (diluted in DMEM 
at the ratio of 1:6). Twenty-four hours later, the cells which did 
not migrate or invade through the membrane were removed 
with cotton swab while the cells that had migrated or invaded 
through the membrane were stained with crystal violet. The 
number of migrated or invaded OC cells was counted under 
light microscope.

Immunohistochemical (IHC) staining. To investigate the rela-
tionship between the expression of miR‑616 and E‑cadherin, 
N‑cadherin and TIMP2, 10 randomly selected OC tissues with 
a low miR‑616 level and 10 OC tissues with a high miR‑616 level 
were used to perform IHC staining. The paraformaldehyde-
fixed clinical tissues were subjected to IHC staining. Paraffin 
sections (4-µm thickness) were subjected to deparaffinization 
and re-hydration through xylene and graded ethanol. These 
slides were incubated with 3% hydrogen peroxide for 10 min 
to quench the endogenous peroxidase activity. Then, the slides 
were blocked with goat serum at room temperature for 1 h 
and incubated with the E‑cadherin (1:100; cat. no. sc-71009), 
N‑cadherin (1:100; cat.  no.  4061) or TIMP2 antibodies 
(1:50; cat. no. 5738) at 4˚C overnight. Secondary antibodies 
(cat. no. SAP-9101; ZSGB-Bio, Beijing, China) were then incu-
bated with these slides at room temperature for 1 h. Finally, 
these sections were stained with diaminobenzidine, and then 
hematoxylin. The intensity of IHC staining was classified into 
4 grades: 0, none; 1, weak; 2, moderate; and 3, strong. The 
percentage of positive staining was divided into the 5 grades: 
0 (<10%), 1 (10‑30%), 2 (30-50%), 3 (51-70%) and 4 (>70%). 
IHC scores were calculated by multiplying the percentage of 
positive cells (P) by the intensity.

Luciferase reporter assay. A luciferase reporter assay was 
performed to investigate whether miR‑616 interacted with the 
3'‑UTR of TIMP2. The binding sites of miR‑616 within the 
TIMP2 3'‑UTR construct in antisense orientation was further 
mutated using Q5 Site Directed Mutagenesis kit (New England 
Biolabs, Beverly, MA, USA). OC cells were seeded in 24-well 
plates at the density of 1‑3x105 cells/well. Then, the cells 
cultured in 24-well plates were co-transfected with miR‑616 
mimics or miR‑616 inhibitors along with the wild‑type 3'‑UTR 
of TIMP2 or the mutated 3'‑UTR of TIMP2, and pRL-SV40 
Renilla plasmid (Promega Corp., Madison, WI, USA). Cell 
transfection was performed using Lipofectamine®  2000. 
Forty-eight hours later, the luciferase activities were evaluated 
using the Dual-Luciferase Reporter Assay system (Promega, 
Shanghai, China).
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In vivo experiments. Tail vein injection experiments were 
performed in nude mice to evaluate the in vivo metastatic 
capacity of OC cells. OC cells (1x105) transfected with control 
vector or miR‑616 mimics, or, those transfected with negative 
control vector or miR‑616 inhibitors, were injected into nude 
mice through tail veins. Eight weeks after tail vein injection, 
the mice were sacrificed and the lungs were isolated for hema-
toxylin and eosin (H&E) staining. The protocols regarding 
the in vivo manipulations were approved by the Animal Care 
Committee of Zhejiang Cancer Hospital.

Statistical analysis. All data were expressed as the mean ± 
standard error of the mean (SEM) and GraphPad Prism 5.0 
(GraphPad Software, Inc., La Jolla, CA, USA) was used for 
statistical analysis in this study. After dividing OC patients into 
two groups based on the cut-off value defined as the median 
level of miR‑616, differences of the Kaplan-Meier curves 
between the miR‑616-high group and miR‑616-low group 
were detected using the log-rank test. P<0.05 was considered 
to indicate a statistically significant result.

Results

miR‑616 is upregulated in OC tissues and cell lines. qRT-PCR 
for clinical tissues revealed that compared with adjacent 
non‑tumor tissues, OC tissues exhibited an increased level of 
miR‑616 (P<0.05; Fig. 1A). Then, we compared the level of 
miR‑616 in patients with or without metastasis. Compared with 
the patients without metastasis, patients with metastasis exhib-
ited an elevated level of miR‑616 (P<0.05; Fig. 1B). Additionally, 
we assessed the expression level of miR‑616 in human fallopian 
tube epithelial cells (FTE187 cells) and five types of human OC 
cells (A2780, CAOV3, HO‑8910, SKOV‑3 and ES‑2). Compared 
with the FTE187 cells, all five OC cell lines exhibited an 
increased level of miR‑616, with the highest level in ES‑2 cells 
and the lowest level in A‑2780 cells (P<0.05; Fig. 1C).

An increased miR‑616 level confers poor clinical features and 
prognosis of OC patients. We further investigated the prog-
nostic significance of miR‑616 in OC. OC patients were divided 
into two groups based on the cut-off value defined as the median 
level of miR‑616: low miR‑616 group (n=30) and high miR‑616 
group (n=30). Association analysis revealed that a high miR‑616 
level was associated with poor tumor differentiation (P=0.048) 
and advanced TNM stage (P=0.017) (Table I). Kaplan-Meier 

Figure 1. Expression of miR‑616 in OC tissues and cells. (A) The expression level of miR‑616 was compared between OC tissues and adjacent non‑tumor tissues. 
(B) The expression level of miR‑616 was compared between patients with and without metastasis. (C) The expression of miR‑616 was evaluated in 5 OC cell 
lines (A2780, CAOV3, HO‑8910, SKOV‑3 and ES‑2) and immortalized human fallopian tube epithelial cell line FTE187 cells. *P<0.05. OC, ovarian cancer.  

Table I. Association analysis between the expression level of 
miR‑616 and the clinical features of OC patients.

	 miR‑616
	 expression level
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical features	 No. of patients	 Low	 High	 P-value

Age (years)
  <50	 25	 15	 10	 0.295
  ≥50	 35	 15	 20
Histological type
  High-grade serous	 36	 20	 16	 0.516
  Clear cell	 12	   5	   7
  Endometrioid	   7	   4	   3
  Mucinous	   3	   1	   2
  Low-grade serous	   2	   0	   2
Tumor differentiation
  Low	 33	 12	 21	 0.048
  Moderate	 15	   9	   6
  High 	 12	   9	   3
TNM stage
  I-II	 24	 17	   7	 0.017
  III-IV	 36	 13	 23
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analysis  (Fig. 2) revealed that compared with those in the 
low miR‑616 group, patients with a high miR‑616 level had 
significantly decreased overall survival (OS) and disease‑free 
survival (DFS). These results revealed that the expression level 
of miR‑616 could indicate the unfavorable clinical features and 
poor prognosis of OC patients.

miR‑616 potentiates the metastatic ability of OC cells. Next, 
we transfected A2780 cells with miR‑616 mimics to over-
express miR‑616, and, transfected ES‑2 cells with miR‑616 
inhibitors to knockdown miR‑616. Compared with the control 
vector, transfection of miR‑616 mimics led to a significantly 
increased miR‑616 level in A2780 cells (P<0.05; Fig. 3A). 
Transwell assays further revealed that forced miR‑616 expres-
sion in A2780 cells led to increased migration and invasion 
of A2780 cells (P<0.05; Fig. 3B). Conversely, transfection of 
miR‑616 inhibitors effectively knocked down miR‑616 in ES‑2 

cells (P<0.05; Fig. 3C), and subsequently resulted in reduced 
migration and invasion of ES‑2 cells (P<0.05; Fig. 3D).

miR‑616 promotes the EMT of OC cells. Since EMT has 
been widely accepted as an important mechanism of cancer 
metastasis (12-14), we further investigated whether miR‑616 
regulated EMT of OC cells. Overexpression of miR‑616 in 
A2780 cells decreased the level of E‑cadherin and increased 
the level of N‑cadherin (P<0.05; Fig. 4A). Conversely, knock-
down of miR‑616 in ES‑2 cells led to increased E‑cadherin 
expression and decreased N‑cadherin expression (P<0.05; 
Fig. 4B). Furthermore, we randomly selected 10 OC tissues 
with low miR‑616 levels and 10 OC tissues with high miR‑616 
levels to perform IHC staining for E‑cadherin and N‑cadherin, 
and compared their expression level in OC tissues with low and 
high miR‑616 levels. Compared with the tissues expressing low 
miR‑616, tissues expressing high miR‑616 exhibited decreased 

Figure 2. The prognostic value of miR‑616 in OC patients. (A) Overall and (B) disease‑free survival was compared between patients with a high miR‑616 level 
and those with a low miR‑616 level. *P<0.05. OC, ovarian cancer. 

Figure 3. miR‑616 promotes the migration and invasion of OC cells. (A) Transfection of miR‑616 mimics significantly increased the expression level of miR‑616 
in A2780 cells. (B) miR‑616 overexpression increased the migration and invasion of A2780 cells. (C) Transfection of miR‑616 inhibitors significantly decreased 
the expression level of miR‑616 in ES‑2 cells. (D) miR‑616 knockdown decreased the migration and invasion of ES‑2 cells. *P<0.05. OC, ovarian cancer.
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E‑cadherin level and increased N‑cadherin level (P<0.05; 
Fig.  4C). Collectively, these data indicated that miR‑616 
promoted the EMT of OC cells.

miR‑616 promotes the lung metastasis of OC cells in nude 
mice. To further elucidate the influence of miR‑616 on the 
in vivo metastatic ability of OC cells, we performed a tail vein 

injection assay using A2780 cells overexpressing miR‑616 
and ES‑2 cells with miR‑616 knockdown. Compared with the 
A2780 cells in the control group, the tail vein injection of A2780 
cells overexpressing miR‑616 resulted in an increased number 
of lung metastatic nodules (P<0.05; Fig. 5A). Knockdown 
of miR‑616 in ES‑2 cells led to a decreased number of lung 
metastasis nodules (P<0.05; Fig. 5B).

Figure 4. miR‑616 promotes the EMT of OC cells. (A) Western blotting for E‑cadherin and N‑cadherin in A2780 cells transfected with control mimics 
or miR‑616 mimics. miR‑616 overexpression decreased E‑cadherin expression and increased N‑cadherin expression. (B) Western blotting for E‑cadherin 
and N‑cadherin in ES‑2 cells transfected with negative control inhibitors or miR‑616 inhibitors. miR‑616 knockdown increased E‑cadherin expression and 
decreased N‑cadherin expression. (C) IHC staining for E‑cadherin and N‑cadherin in OS tissues with a low miR‑616 expression level and those with a high 
miR‑616 expression level. *P<0.05. EMT, epithelial-mesenchymal transition; OC, ovarian cancer; IHC, immunohistochemical.

Figure 5. miR‑616 potentiates the metastatic ability of OC cells in vivo. (A) Overexpression of miR‑616 increased the lung metastasis of A2780 cells in nude 
mice. (B) Knockdown of miR‑616 decreased the lung metastasis of ES‑2 cells in nude mice. *P<0.05. OC, ovarian cancer.
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TIMP2 is a direct target of miR‑616 in OC. After elucidating the 
expression and function of miR‑616 in OC, we further investi-
gated the mechanisms underlying the functions of miR‑616 in 
OC. We searched the databases in the websites TargetScan 6.2 
and miRanda to identify the potential target of miR‑616. The 
data on these two websites revealed that miR‑616 contained 
the complementary sequences mediating its interaction with 
TIMP2 3'‑UTR (Fig. 6A). A luciferase activity assay revealed 

that miR‑616 overexpression decreased the luciferase activity 
of the wild-type (wt) TIMP2 3'‑UTR (P<0.05; Fig. 6B) without 
affecting that of the mutated (mt) TIMP2 3'‑UTR (Fig. 6B). 
Conversely, miR‑616 knockdown resulted in increased lucif-
erase activity of the wt TIMP2 3'‑UTR (P<0.05; Fig. 6C) and 
did not affect that of the mt TIMP2 3'‑UTR (Fig. 6C). These 
results indicated that miR‑616 interacts with TIMP2 3'‑UTR 
through complementary sequences. The results of qRT-PCR 

Figure 6. TIMP2 is a direct target of miR‑616 in OC. (A) miR‑616 contained the complementary sequence mediating the binding of miR‑616 with TIMP2 
3'‑UTR. (B) Overexpression of miR‑616 decreased the luciferase activity of the wild-type (wt) TIMP2 3'‑UTR but had no obvious influence on that of the 
mutated (mt) TIMP2 3'‑UTR. (C) Inhibition of miR‑616 significantly increased the luciferase activity of the wt 3'‑UTR of TIMP2 but had no obvious influence 
on that of the mt 3'‑UTR of TIMP2. (D) Overexpression of miR‑616 significantly decreased the mRNA level of TIMP2 in A2780 cells. (E) Inhibition of 
miR‑616 increased the mRNA level of TIMP2 in ES‑2 cells. (F) Overexpression of miR‑616 significantly decreased the protein level of TIMP2 in A2780 cells. 
(G) Inhibition of miR‑616 significantly increased the level of TIMP2 protein in ES‑2 cells. (H) Immunohistochemical (IHC) staining for TIMP‑2 in OC tissues 
with low miR‑616 levels and those with high miR‑616 levels. *P<0.05. OC, ovarian cancer; TIMP2, tissue inhibitor of metalloproteinases 2.
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and western blotting revealed that forced expression of 
miR‑616 led to decreased mRNA and protein levels of TIMP2 
in A2780 cells (P<0.05; Fig. 6D and F) while miR‑616 knock-
down led to increased mRNA and protein levels of TIMP2 
in ES‑2 cells (P<0.05; Fig. 6E and G). Furthermore, IHC in 
OC tissues revealed that compared with tissues expressing a 
low miR‑616 level, tissues with a high miR‑616 level exhibited 
a significantly decreased level of TIMP2 (P<0.05; Fig. 6H). 
Collectively, these data indicated that TIMP2 is a downstream 
target of miR‑616 in OC.

miR‑616 exerts the promoting effects on OC metastasis 
by inhibiting TIMP2 expression. Lastly, we overexpressed 
TIMP2 in A2780 cells with miR‑616 overexpression. In the 
A2780 cells overexpressing miR‑616, transfection of the 
TIMP2 vector significantly increased TIMP2 expression 
(P<0.05; Fig. 7A), and resulted in increased E‑cadherin expres-
sion and decreased N‑cadherin expression (P<0.05; Fig. 7A). 
Transwell assays revealed that overexpression of TIMP2 abro-
gated the effects of miR‑616 overexpression on cell migration 
and invasion (P<0.05; Fig. 7B). On the other hand, TIMP2-
siRNA significantly decreased TIMP2 expression in ES‑2 
cells with miR‑616 knockdown (P<0.05; Fig. 7C) and resulted 
in decreased E‑cadherin and increased N‑cadherin (P<0.05; 
Fig.  7C). Functionally, TIMP2 knockdown abrogated the 
inhibiting effects of miR‑616 knockdown on cell metastatic 
ability (P<0.05; Fig. 7D).

Discussion

Cancer metastasis is an important cause for the poor survival 
of cancer patients. The mechanisms underlying the metastatic 
processes of cancer cells are complex and remain largely 
unknown. Accumulating evidence has demonstrated that 
miRNAs play critical roles in cancer metastasis (15). miRNAs 
have been revealed to regulate the migration, invasion, 
extracellular matrix degradation and EMT of cancer cells, to 
facilitate the occurrence of cancer metastasis (16). Therefore, 
miRNAs have been demonstrated to be promising biomarkers 
and therapeutic targets of OC.

miR‑616 was recently identified to be a cancer-associated 
miRNA. miR‑616 was found to promote metastasis and EMT 
of HCC cells by targeting PTEN expression (9). miR‑616 was 
demonstated to promote the growth of prostate cancer cells by 
inhibiting the expression of TFPI‑2 (10). The latest research in 
non‑small cell lung cancer revealed that miR‑616 promoted the 
growth and metastasis by targeting SOX7. This present study 
revealed that miR‑616 expression was increased in OC cells and 
tissues. An elevated miR‑616 level in OC was associated with 
poor prognosis of OC patients. Forced expression of miR‑616 
increased the migration and invasion of A2780 cells while 
miR‑616 knockdown inhibited the metastasis of ES‑2 cells. In 
vivo experiments in nude mice revealed that miR‑616 overex-
pression increased the lung metastasis of A2780 cells while 
miR‑616 knockdown decreased the lung metastasis of ES‑2 

Figure 7. miR‑616 exerts promoting effects on the metastasis of OC cells by targeting TIMP2. (A) A2780 cells overexpressing miR‑616 were transfected with 
the control vector or TIMP2 vector. Transfection of the TIMP2 vector restored TIMP2 expression in A2780 cells overexpressing miR‑616, and led to increased 
E‑cadherin and decreased N‑cadherin. (B) Restoration of TIMP2 inhibited the promoting effects of miR‑616 overexpression on migration and invasion of 
A2780 cells. (C) ES‑2 cells with miR‑616 knockdown were transfected with negative control siRNA or TIMP2-siRNA. Transfection of TIMP2-siRNA 
decreased TIMP2 expression in ES‑2 cells with miR‑616 knockdown, and led to decreased E‑cadherin expression and increased N‑cadherin. (D) Knockdown 
of TIMP2 reversed the inhibitory effects of miR‑616 knockdown on the migration and invasion of ES‑2 cells. *P<0.05. OC, ovarian cancer; TIMP2, tissue 
inhibitor of metalloproteinases 2.
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cells. These results indicated that miR‑616 plays oncogenic roles 
in OC by enhancing cell metastasis both in vitro and in vivo.

EMT, characterized as a reduction of epithelial marker 
(E‑cadherin) expression and an increase of mesenchymal 
marker (N‑cadherin) expression (17), is an important cause 
for the enhanced ability of cancer metastasis  (18). In this 
study, miR‑616 overexpression was found to promote EMT of 
A2780 cells as suggested by decreased E‑cadherin expression 
and increased N‑cadherin expression. In contrast, miR‑616 
knockdown inhibited EMT of ES‑2 cells. Data in OS tissues 
revealed that compared with tissues with low miR‑616 expres-
sion, tissues with high miR‑616 levels exhibited decreased 
E‑cadherin expression and increased N‑cadherin expression. 
These data demonstrated that miR‑616 enhanced the metas-
tasis of OC cells by promoting EMT.

Tissue inhibitor of metalloproteinase (TIMPs) are a group 
of proteins inhibiting the activity of matrix metalloproteinases 
(MMPs) (19,20). TIMP‑2 belongs to the TIMP family and 
inhibits MMP‑2 activity (21). It has been revealed to inhibit 
the angiogenesis and growth of cancer cells  (22). A study 
on pancreatic cancer revealed that TIMP2 was involved 
in the metastasis and EMT of cancer cells regulated by 
miR‑106a (23). In the present study, we found that miR‑616 
interacted with TIMP2 3'‑UTR and inhibited the expression 
of TIMP2 in OC cells. Notably, tissues expressing a high 
miR‑616 level exhibited decreased expression of TIMP2. 
Furthermore, we demonstrated that TIMP2 was involved in 
the promoting effects of miR‑616 on cell migration, invasion 
and EMT. Restoring TIMP2 expression reduced the effects 
of miR‑616 overexpression on the metastasis and EMT of 
A2780 cells. Conversely, knockdown of TIMP2 abrogated the 
inhibiting effects of miR‑616 knockdown on the metastasis 
and EMT of ES‑2 cells.

In conclusion, out results revealed that the expression level of 
miR‑616 is elevated in OC. A high miR‑616 level was associated 
with unfavorable clinical features and poor prognosis of OC 
patients. miR‑616 promoted the migration, invasion and EMT 
of OC cells. Animal experiments demonstrated that miR‑616 
enhanced the occurrence of lung metastasis of OC cells in nude 
mice. Furthermore, TIMP2 was identified to be the downstream 
target of miR‑616. Inhibition of TIMP2 expression was critical 
for the promoting effects of miR‑616 on cell migration, invasion 
and EMT. This study demonstrated that miR‑616 is an onco-
genic miRNA in OC and promotes the progression of OC by 
enhancing the metastatic ability of OC cells.
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