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miRNA-19S suppresses cell proliferation of ovarian cancer
cell by regulating VEGFR2 and AKT signaling pathways
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Abstract. The present study aimed to investigate the func-
tional effects of microRNA-195 on ovarian cancer cells and the
underling mechanism involved. Reverse transcription-quan-
titative polymerase chain reaction was used to measure the
expression of microRNA-195 in patients with ovarian cancer.
Cell proliferation and apoptosis were measured with MTT
assay and flow cytometry, respectively. Caspase-3/9 activity,
vascular endothelial growth factor receptor (VEGFR)2 and
phosphorylated protein kinase B (p-AKT) protein expression
were analyzed using caspase-3/9 activity kits and western
blot analysis. The expression of microRNA-195 was down-
regulated in ovarian cancer, compared with the normal control
group. Furthermore, microRNA-195 suppresses cell prolifera-
tion and induced apoptosis of ovarian cancer cells. In addition,
microRNA-195 suppressed VEGFR2 and p-AKT protein
expression in ovarian cancer cells. The inhibition of VEGFR2
and p-AKT increased the functional effects of microRNA-195
on apoptosis of ovarian cancer cells. The results demonstrated
that microRNA-195 suppresses cell proliferation of ovarian
cancer cells through regulation of VEGFR2 and AKT
signaling pathways.

Introduction

Morbidity of ovarian cancer ranks the third among malignan-
cies of the female genital tract. However, ovarian cancer ranks
first regarding mortality (1). Ovarian cancer has indistinct
clinical symptoms and hidden onset, and there is currently
no reliable early detection method (1). Thus, ~70% of ovarian
cancer patients are in advanced stages at initial diagnosis.
In addition, patients have frequently developed extensive
metastases. It is estimated that the 5-year survival rate among
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these patients is only 30-45% (2). Epithelial ovarian cancer
(EOC) accounts for 80-90% of all ovarian cancer cases. It is
the most common pathological type of ovarian cancer. The
standard treatment regimen for patients with EOC at first
diagnosis is maximum cytoreductive surgery with postopera-
tive adjuvant chemotherapy, most commonly platinum-based
chemotherapy (2).

A feature of microRNA (miR) expression is its tissue
specificity (3). Research has demonstrated that miR expres-
sion abundance and function are different in tumor tissues
of various histological origins (4). miR expression in various
types of tumor tissues and normal control tissues have been
analyzed (5). The results suggest that tumors of different
histological types have distinct miR expression profiles (5).
Furthermore, different tumor types can be distinguished
through the differentially expressed miRs. Currently, research
on miRs generally concentrates on investigating tumorigen-
esis, development and tumor-targeted therapy (6). miRs have
an important regulatory role in the genesis and development of
human tumors. This suggests that miRs may become a novel
direction for the diagnosis and treatment of human tumor (4).
Zhang et al (7) demonstrated that serum miR-195 is a novel
non-invasive biomarker for the detection of cervical cancer.

Vascular endothelial growth factor (VEGF) specifi-
cally binds the vascular endothelial growth factor receptor
(VEGFR) (8). Thus, it has a vital role in tumor invasion and
metastasis (3). Recent research has demonstrated that ovarian
cancer cells express VEGFR and VEGF. This indicates that
VEGEF can directly act on ovarian cancer cells in an autocrine
and paracrine manner (9). Previous studies have verified that
VEGEF is involved in the genesis, development, invasion and
metastasis of ovarian cancer (10).

Protein kinase B (AKT) is a serine/threonine protein kinase.
It is also the downstream target protein of phosphoinositide
3-kinase (PI3K) (10). In addition, it is also the central link of
the PI3K/AKT signal transduction pathway. AKT is involved
in the genesis and development of multiple tumors (11). AKT
regulates cell survival, apoptosis, proliferation, malignant
tumorigenesis and chemoresistance (12). The expression of
AKT has been demonstrated to be upregulated in ovarian
cancer. In addition, AKT activation can inhibit ovarian cancer
cell apoptosis (11) and is involved in the genesis, development,
invasion and metastasis of ovarian cancer (13). Sun et al (14)
indicate that miR-195 suppressed cell growth in renal cell
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carcinoma via PI3K/AKT signaling pathways. Therefore, the
present study aimed to investigate the functional effects of
miR-195 on ovarian cancer cells and the underlying mecha-
nism involved.

Materials and methods

Clinical cohorts. Peripheral blood samples from female
patients with ovarian cancer (n=8) and healthy female volun-
teers (n=8) were collected and these patients were diagnosed
at different stages at the Department of Third Gynecological,
Third Affiliated Hospital of Qiqihar Medical College (Qiqihar,
China) between December 2015 and March 2016. Patient
details are presented in Table I. A total of 5 ml peripheral
blood was obtained from patients with ovarian cancer and
healthy volunteers and following centrifugation at 2,000 x g
for 10 min at 4°C, the obtained serum samples were preserved
at -80°C.

Cell culture and transfections. Human OVCAR-3 ovarian
cancer cells were purchased from Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China) and
cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher
Scientific, Inc.) at 37°C in a humidified incubator with 5%
CO,. miR-195 (5'-UAGCAGCACAGAAAUGGC-3"), miR-195
inhibitor (5'-CAGUACUUUUGUGUAGUACAA-3") and nega-
tive mimic (5'-CAGUACUUUUGUGUAGUACAA-3") were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). OVCAR-3 cells were transfected with 100 nM miR-195,
miR-195 inhibitor and negative mimic using Lipofectamine
2000® (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. After transfection for 4 h, AKT
inhibitor (100 nM; LY294002) or VEGFR2 inhibitor (10 nM;
vandetanib) was added post-transfection for 48 h at 37°C. The
control group was transfected with negative mimic.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) and microarray samples. Total RNA was
extracted from cell or serum sample using a TRIzol™ reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
(200 ng) was converted into cDNA using the RevertAid First
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.).
gPCR was accomplished using FastStart Universal SYBR
Green Master mix (Rox; Invitrogen; Thermo Fisher Scientific,
Inc.) by the ABI PRISM® 7300 real-time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling
conditions were as follows: 94°C for 3 min; 40 cycles of 94°C
for 30 sec, 65°C for 40 sec and 72°C for 30 sec; final exten-
sion at 72°C for 5 min. The primer sequences were as follows:
miR-195, forward 5'-ACACTCCAGCTGGGTAGCAGCACA
GAAAT-3'" and reverse 5“-TGGTGTCGTGGAGTCG-3"; U6,
forward 5'-CTCGCTTCGGCAGCACA-3' and reverse 5'-AAC
GCTTCACGAATTTGCGT-3". Relative expression level was
computed using 244% method (15).

Total RNA (200 ng) was amplified by Low Input
Quick-Amp Labeling kit (Agilent Technologies, Inc., Santa
Clara, CA, USA) and labeled with Cy3 (Agilent Technologies,
Inc.). Cy3-labeled cRNAs were used for hybridization in
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Table I. Demographic and clinical features of patients with
ovarian cancer and healthy volunteers.

Ovarian cancer Healthy volunteers

Characteristics (n=8) (n=8)
Age (years) 48.92+8.35 47.44+7 .34
TNM stage

I 1

1I 2

II-1v 5
Type

Carcinoma 6

Adenocarcinoma 2

TNM, tumor, node and metastasis staging.

TagMan® Array Standard Plates (cat. no. 4413266, Thermo
Fisher Scientific, Inc.). Cy3-signal scanned images were
quantified using a Feature Extraction 10.5.1.1 image analysis
software (Agilent Technologies, Inc.).

Cell proliferation assay. Following transfection for 24, 48
and 72 h, cell viability was measured by the MTT assay. A
total of 20 ul MTT (0.5 mg/ml; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) was added into each well and incubated for
4 h at 37°C. Then, the medium was removed and 150 ul dimethyl
sulfoxide (Sigma-Aldrich; Merck KGaA) were added to cell and
incubated for 20 min at 37°C. The optical density was detected
with a Multiskan EX (Thermo Fisher Scientific, Inc.) at 490 nm.

Apoptosis rate. Following transfection for 48 h, OVCAR-3
cells were harvested and stained with Annexin V-PE and
propidium iodide using an Apoptosis kit (BD Pharmingen; BD
Biosciences, Franklin Lakes, NJ, USA) according to the manu-
facturer's protocol. The rate of apoptosis was quantified with
a flow cytometer (FACSCalibur™ system; BD Biosciences)
and apoptosis rate was analyzed using FlowJo software
(version 7.6.1; FlowJo LLC, Ashland, OR, USA).

Caspase-3/9 activity. Caspase-3/9 activity of cells was
measured using Caspase-3/9 activity kits (Beyotime Institute
of Biotechnology, Shanghai, China) following transfection for
48 h. The optical density was detected with a Multiskan EX
(Thermo Fisher Scientific, Inc.) at 450 nm.

Western blotting. Following transfection for 48 h, cell
proteins were extracted using radioimmunoprecipitation
assay buffer (Beyotime Institute of Biotechnology) and the
protein concentration was determined using a bicinchoninic
acid kit (Beyotime Institute of Biotechnology). Equal amount
of proteins (30-50 pg) were separated on 8-12% SDS-PAGE
and transferred to a polyvinylidene difluoride membrane (Mai
Bio Co., Ltd., Shanghai, China). The membrane was blocked
using 5% skimmed milk for 1 h at 37°C and incubated with
Bcl2 associated X apoptosis regulator (Bax; 1:1,000; cat
no. sc-6236; Santa Cruz Biotechnology), VEGFR2 (1:2,000;
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Figure 1. Expression of miR-195 in ovarian cancer. The expression of miR-195 in serum samples was determined using (A) microarray chip and (B) reverse
transcription-quantitative polymerase chain reaction. Healthy volunteers were used as the control group. Samples 1-4 are patients with ovarian cancer, samples
5-8 are healthy controls. #P<0.01 vs. control group. miR, microRNA.
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Figure 2. miRNA-195 suppresses cell proliferation and induced apoptosis of ovarian cancer cell. (A) Expression of miRNA-195, (B) cell proliferation and
(C) apoptosis rate. Q5-UR and Q5-LR were designated as apoptotic cells. (D) Caspase-3/9 activity. “/P<0.01 vs. the control group. Control, negative mimic
control group; miRNA-195, microRNA-195; Q, quadrant; UR, upper right; UL, upper left; LR, lower right; LL, lower left.

sc-6236; Santa Cruz Biotechnology), phosphorylated (p)-AKT
(1:1,000; cat no. sc-7985-R; Santa Cruz Biotechnology) and
GAPDH (1:5,000; cat no. ab8245; Abcam, Cambridge, UK)
at 4°C overnight. The membranes were incubated with horse-
radish peroxidase-conjugated secondary antibodies (1:5,000;
cat no. 7054; Cell Signaling Technology, Inc., Danvers, MA,
USA) for 2 h at room temperature. Enhanced chemilumi-
nescence reagent (Beyotime Institute of Biotechnology)
was used to develop the protein and semi-quantified using
Bio-Rad Laboratories Quantity One software 3.0 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Data were represented as the mean =+ stan-
dard deviation of three independent experiments. All data
were analyzed with one-way analysis of variance followed by
Tukey's post-hoc test using SPSS 16.0 (SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of miR-195 in ovarian cancer. To observe the
association between the expression of miR-195 and human
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Figure 3. miRNA-195 inhibitor increases cell proliferation and inhibits apoptosis of ovarian cancer cells. (A) Expression of miRNA-195, (B) cell proliferation
and (C) apoptosis rate. Q5-UR and Q5-LR were designated as apoptotic cells. (D) Caspase-3/9 activity. “"P<0.01 vs. control. Control, negative mimic control
group; Anti-miRNA, microRNA inhibitor; UR, upper right; UL, upper left; LR, lower right; LL, lower left.
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Figure 4. miRNA-195 induces Bax and suppresses VEGFR2 and p-AKT protein expression in ovarian cancer cells. (A) Western blot analysis and densi-
tometry analysis of (B) Bax, (C) VEGFR2, (D) PI3K and (E) p-AKT protein expression, “P<0.01 vs. control. Bax, Bcl2 associated X apoptosis regulator;
VEGFR2, vascular endothelial growth factor receptor 2; PI3K, phosphoinositide 3-kinase; p-AKT, phosphorylated AKT; Control, negative mimic control

group; miRNA-195, microRNA-195.

ovarian cancer, RT-qPCR was used to measure the expression
of miR-195 levels. As presented in Fig. 1, the expression of
miR-195 was significantly downregulated in ovarian cancer
serum samples, compared with the control normal group
(P<0.01). These data suggest that the expression of miR-195

may be implicated in the pathogenesis of human ovarian
cancer.

miR-195 suppresses cell proliferation and induces apoptosis
of ovarian cancer cells. To validate the effects of miR-195 on
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Figure 5. miRNA-195 inhibitor suppresses Bax and induces VEGFR?2 and p-AKT protein expression in ovarian cancer cells. (A) Bax, (B) VEGFR2, (C) PI3K
and (D) p-AKT protein expression by statistical analysis, and (E) western blotting. “P<0.01 vs. the control group. Bax, Bcl2 associated X apoptosis regulator;
VEGFR?2, vascular endothelial growth factor receptor 2; PI3K, phosphoinositide 3-kinase; p-AKT, phosphorylated protein kinase B; Control, negative mimic

control group; Anti-miRNA-195, microRNA-195 inhibitor.
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Figure 6. Inhibition of VEGFR2 increases the functional effects of
miRNA-195 on apoptosis of ovarian cancer cells. (A) Cell proliferation,
(B) apoptosis rate and (C) caspase-3/9 activity. P<0.01 vs. control group,
“P<0.01 vs. microRNA-195 over-expression group. Control, negative mimic
control group; miRNA-195, microRNA-195; VEGFR2 i, vascular endothelial
growth factor receptor 2 inhibitor vandetanib.

the growth and death of OVCAR-3 ovarian cancer cells, an
miR-195 mimic was used to significantly increase miR-195
expression (P<0.01; Fig. 2A). Fig. 2B-D demonstrated that
miR-195 suppressed cell proliferation, and induced apoptosis
and caspase-3/9 activity in ovarian cancer cells, compared
with the control group.

miR-195 inhibitor increases cell proliferation and inhibits
apoptosis of ovarian cancer cells. An miR-195 inhibitor mimic
was used to significantly reduce miR-195 expression, and the
miR-195 inhibitor significantly increased cell proliferation and
inhibited apoptosis of ovarian cancer cells (P<0.01; Fig. 3).

miR-195 induces Bax and suppresses VEGFR2 and p-AKT
protein expression in ovarian cancer cells. The effect of
miR-195 on apoptosis of ovarian cancer cells, was observed
and the VEGFR2 and PI3K/AKT signaling pathway was
selected for investigation. As demonstrated in Fig. 4, miR-195
significantly induced Bax and suppressed VEGFR2, PI3K and
p-AKT expression in ovarian cancer cells, compared with the
control group (P<0.01; Fig. 4).

miR-195 inhibitor suppresses Bax and induces VEGFR2
and p-AKT protein expression in ovarian cancer cells. The
anti-miR-195 significantly suppressed Bax expression, and
induced VEGFR2, PI3K and p-AKT expression in ovarian
cancer cells, compared with the control group (P<0.01; Fig. 5).
These results demonstrate that the role of VEGFR2 and
PI3K/AKT signaling pathways in miR-195 induced apoptosis
regulation requires further investigation.

Inhibition of VEGFR?2 increases the functional effects of
miR-195 on apoptosis of ovarian cancer cells. To investigate
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the role of miR195 in regulating VEGFR2 in ovarian
cancer cells, a VEGFR?2 inhibitor, vandetanib (10 nM)
was added to cells following transfection with miR-195
mimics. Vandetanib significantly increased the functional
effects of miR-195 on the inhibition of cell proliferation,
and the promotion apoptosis and caspase-3/9 activity of
ovarian cancer cells, compared with miR-195 group (Fig. 6).
Furthermore, the inhibition of VEGFR2 significantly
suppressed VEGFR2 and increased Bax protein expression
(P<0.01; Fig. 7).

Inhibition of AKT increases the functional effects of miR-195
on apoptosis of ovarian cancer cells. The role of AKT on
the functional effects of miR-195 on apoptosis of ovarian
cancer cells was investigated. An AKT inhibitor LY294002
(100 nM), increased the functional effects of miR-195 on
apoptosis of ovarian cancer cells (Fig. 8), and increased Bax,
and suppressed PI3K and p-AKT expression, compared with
the miR-195 group (Fig. 9).

Discussion

Ovarian cancer is a common malignancy of the female genital
tract. Epithelial ovarian cancer is the most common histo-
pathological type of ovarian cancer (1). The mortality rate for
ovarian cancer is the highest of all gynecological malignan-
cies (16). Ovarian cancer has silent onset and ~2/3 patients are
in the advanced stage at the onset of symptoms (16). In the
current study, the expression of miR-195 was downregulated
in ovarian cancer serum samples, compared with the normal
control group.

miRs can directly regulate the genesis and development
of ovarian cancer (17). The known mechanisms include
miR gene deletion and epigenetic modification (17). In addi-
tion, abnormal expression of key enzymes involved in miR
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Figure 8. Inhibition of PI3K increases the functional effects of miRNA-195
on apoptosis of ovarian cancer cells. (A) Cell proliferation, (B) apoptosis
rate and (C) caspase-3/9 activity. ““P<0.01 vs. the control group, “P<0.01 vs.
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synthesis is also involved in the development of ovarian
cancer. Further studies on the differentially expressed miRs
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Figure 9. Inhibition of PI3K increased the functional effects of miRNA-195 on Bax and induced VEGFR2 in ovarian cancer cells. (A) Western blotting and
densitometry was used to determine protein expression of (B) Bax, (C) PI3K and (D) p-AKT. #P<0.01 vs. the control group, “P<0.01 vs. the miRNA-195. Bax,
Bcl2 associated X apoptosis regulator; PI3K, phosphoinositide 3-kinase; p-AKT, phosphorylated protein kinase B; Control, negative mimic control group;
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in tissue and serum of patients with ovarian cancer should be
performed. This is of great important for the diagnosis and
treatment of ovarian cancer (18). The results of the present
study demonstrated that miR-195 suppressed cell prolifera-
tion and induced apoptosis of ovarian cancer cells. Only the
OVCAR-3 cell line was used, which is a deficiency in the
present study and other cell lines will be used in future
studies.

VEGFA in the VEGF protein family is crucial in angio-
genesis (19). The biological functions of VEGF are achieved
through binding with receptors on the target cell surface (19).
VEGFR?2 is the major receptor through which VEGF family
proteins exert their biological functions (8). There are auto-
crine or paracrine loops of VEGFA and VEGFR2 in tumor
cells and vascular endothelial cells, which stimulate angio-
genesis (17). Notably, the present study demonstrated that
miR-195 suppressed VEGFR2 protein expression in ovarian
cancer cells. Sun et al (14) demonstrated that miR-195
suppresses angiogenesis and metastasis of hepatocellular
carcinoma through VEGF expression. Wang et al (20)
reported that miR-195-5p inhibits tumorigenesis of gastric
cancer.

AKT is the downstream target of PI3K. The phos-
phorylated form of AKT is its active form. The activated
phosphorylated AKT detaches from the cell membrane (12).
Subsequently, it moves through the cytoplasm or to the cell
nucleus. It can therefore activate or inhibit downstream protein
molecules (21). The downstream protein molecules include
mammalian target of rapamycin, Bad, caspase-9, tuberin,
glycogen synthase kinase-3p and the forkhead transcription
factor family. Additionally, it can also mediate cell apoptosis,
proliferation and angiogenesis (22). In the present study, it
was demonstrated that miR-195 suppressed the p-AKT level
in ovarian cancer cell. Sun ef al (14) indicated that miR-195
suppressed cell growth in renal cell carcinoma via PI3K/AKT

signaling pathways. However, only p-AKT expression was
measured in the present study, not total AKT expression. Thus,
the exact effect of miR-195-5p on AKT cannot be determined
and requires further study.

In summary, miR-195 suppressed cell proliferation and
induced the apoptosis of ovarian cancer cells through suppres-
sion of VEGFR2 and AKT signaling pathway proteins. These
findings indicate that miR-195 may be a novel noninvasive
biomarker, which would provide considerable diagnostic value
in screening for ovarian cancer.
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