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Abstract. Ovarian cancer is one of the most common gynecological malignancies and its pathogenesis and progression
are regulated by multiple genes. MicroRNAs (miRNAs) are
endogenous non‑coding RNAs that regulate body function by
altering post‑transcriptional gene expression. Previous studies
have suggested that miRNAs are closely associated with
the pathogenesis and progression of several malignancies,
including breast cancer, hepatocellular carcinoma and glioma,
among others. Therefore, miRNAs are promising novel targets
for the diagnosis, treatment and determination of prognostic
factors in patients with ovarian cancer. In the present study,
the role of miRNA‑133b‑3p in ovarian cancer progression and
its possible mechanism of action were investigated. The results
demonstrated that the expression of miRNA‑199b‑3p and zinc
finger E‑box binding homeobox (ZEB)1 were increased in
patients with ovarian cancer. The overall survival (OS) and
disease‑free survival (DFS) of patients with ovarian cancer and
high miRNA‑199b‑3p expression were prolonged compared
with those of patients with low miRNA‑199b‑3p expression.
Additionally, the OS and DFS of patients with ovarian
cancer and low ZEB1 expression were longer compared with
those of patients with high ZEB1 expression. Furthermore,
miRNA‑199b‑3p overexpression reduced cell proliferation and
promoted apoptosis in an in vitro model of ovarian cancer.
miRNA‑199b‑3p overexpression also suppressed ZEB1 and
checkpoint kinase 1 expression and induced E‑cadherin expression and epithelial‑to‑mesenchymal transition in this model.
Furthermore, the effects of miRNA‑199b‑3p‑mediated apoptosis and migration were attenuated by ZEB1 and E‑cadherin,
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respectively. The results of the present study indicated that
miRNA‑199b‑3p suppressed ovarian cancer progression by
targeting ZEB1, which may represent a promising therapeutic
target for ovarian cancer.
Introduction
Ovarian cancer is one of the most common malignant tumors
and poses a major threat to the health of women worldwide (1).
Patients with ovarian cancer do not usually exhibit early symptoms and there is a lack of effective screening and diagnostic
methods (1,2). Therefore, ~70% of patients with ovarian cancer
are diagnosed at an advanced stage (III‑IV), after invasion
and metastasis have occurred. Furthermore, ovarian cancer
is associated with treatment‑related complications and poor
prognosis (2).
MicroRNAs (miRNA or miRs) are important regulatory
factors that regulate gene expression, cell proliferation and
differentiation, tumorigenesis and tumor progression (3).
miRNAs exert their affects via base complementary pairing
with target gene mRNA, degrading corresponding mRNA
or suppressing mRNA translation (4). Recent research has
indicated that certain miRNAs are abnormally expressed
in ovarian cancer and are involved in tumor pathogenesis,
development, metastasis and resistance to treatment (4). The
association between miRNAs and ovarian cancer has been
extensively investigated, and miRNAs have become a focus of
interest in the diagnosis and treatment of ovarian cancer (3,4).
Epithelial‑to‑mesenchymal transition (EMT) is an
important event during invasion and metastasis of ovarian
cancer cells and involves multiple signaling pathways
and complex molecular mechanisms (5). EMT‑related
proteins include interleukin‑2‑inducible T‑cell kinase and
T‑cell‑specific kinase (6).
Members of the zinc finger E‑box binding homeobox (ZEB)
family are important transcription factors that induce EMT (6).
ZEB proteins directly or indirectly suppress the expression of
adhesion proteins, such as epithelial (E)‑cadherin, at the transcriptional level (6) to promote EMT (7). Research into the
role of the ZEB family in the EMT of epithelial ovarian cancer
cells may provide novel therapeutic targets for slowing ovarian
cancer invasion and metastasis (7).
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Ovarian cancer is one of the most common tumors of the
female reproductive system (8) and is associated with poor
prognosis. EMT is a biological process during which epithelial
cells acquire a mesenchymal phenotype through specific pathways. Multiple tumor microenvironment cytokines, including
epidermal growth factor, endothelin 1 and bone morphogenetic
protein, are involved in EMT during the pathogenesis and
progression of ovarian cancer (8) and regulate related signaling
pathways to promote cancer development and metastasis (9).
Additionally, EMT is associated with chemoresistance in
ovarian cancer (9).
One of the hallmarks of EMT is the reduced expression of
cell adhesion molecules, including E‑cadherin (10). E‑cadherin
belongs to the cadherin family and its lowered expression is
closely associated with tumor invasion and dedifferentiation. It
was previously indicated that abnormal E‑cadherin expression
is closely associated with the pathogenesis and development
of ovarian cancer (10), and research into the regulation of
E‑cadherin expression in ovarian cancer has become a focus
of interest.
Zheng et al (11) reported that miR‑199b‑5p inhibits
triple‑negative breast cancer cell proliferation, migration
and invasion. Koshizuka et al (12) demonstrated that the
miR‑199 family inhibits cancer cell migration and invasion in
head and neck cancer (12). In the present study, the role of
miRNA‑199b‑3p in ovarian cancer progression and its possible
mechanism of action was investigated.
Materials and methods
Patients and samples. Patients with ovarian cancer
(aged 57‑64 years) and healthy volunteers (controls; aged
55‑60 years) were recruited from Weihai Municipal Hospital
between July and December 2014. Serum samples were centrifuged at 1,000 x g for 10 min at 4˚C and stored at ‑80˚C. The
current study protocol was approved by the Medical Ethics
Committee of Weihai Municipal Hospital. Written informed
consent was obtained from all participants.
The inclusion criteria were as follows: Ovarian cancer was
confirmed by pathological examination, all cases of ovarian
cancer were non‑metastatic and none of the patients had
received chemoradiotherapy or radiotherapy. The exclusion
criteria were as follows: Patients with metastatic tumours
and/or those who had received prior chemoradiotherapy
or radiotherapy. Overall survival (OS) and disease‑free
survival (DFS) were determined by follow‑up via telephone
communication.
Reverse transcription quantitative PCR (RT‑qPCR) analysis.
Microarray experiments were performed at Genminix
Informatics, Co. Ltd. Gene expression profiles were analyzed
with the Human Exon 1.0 ST GeneChip (Affymetrix; Thermo
Fisher Scientific, Inc.).
Total RNA was isolated from tissue samples using
TRIzol® reagent (Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. cDNA was synthesized
using Moloney murine leukemia virus reverse transcriptase
(Promega Corporation). qPCR was then performed using
SYBR® Premix Ex Taq™, according to the manufacturer's
protocol (Takara Biotechnology Co., Ltd.). The primers were

as follows: miRNA‑199b‑3p: sense, 5'‑CCAGAGGACACC
TCCACTCC-3‑3' and antisense, 5'‑GGGCTGGGTTAGACC
CTCG G 3'; and U6: sense, 5'‑GCTTCGG CAG CACATATA
CTAAAAT‑3' and antisense, 5'‑CGCTTCACGAATTTGCGT
GTCAT‑3'. The thermocycling conditions were as follows:
95˚C for 15 min, followed by 40 cycles at 95˚C for 2 sec, 60˚C
for 20 sec and 72˚C for 20 sec. Gene expression was quantified
using the 2‑ΔΔCq method (13).
Microarray experiments. High miRNA‑199b‑3p expression
in patients with ovarian cancer was considered as 0.5‑1‑fold
higher compared with its expression in controls. Low
miRNA‑199b‑3p expression in patients with ovarian cancer
was considered as <0.5 of its expression in controls. High
ZEB1 expression in patients with ovarian cancer was ≥2‑fold
higher compared with its expression in controls, and low ZEB1
expression was considered as 1‑2‑fold lower compared with
its expression in controls. The correlation between ZEB1 and
miRNA‑199b‑3p expression was analyzed using Pearson's
correlation test.
Cell culture and transfection. OVCAR‑3 cells were purchased
from Shanghai Cell Bank, Chinese Academy of Sciences,
and were cultured in RPMI‑1640 medium (Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Thermo Fisher
Scientific, Inc.) and incubated with 5% CO2 at 37˚C.
Plasmids for ZEB1 (50 ng, 5'‑TTCTCCTTCACTTATGAA
GC‑3' and 5'‑AGTCAAG CAAGCAGCT TAG GACAAA AA
GTA‑3'), E‑cadherin (50 ng, 5'‑GAGTATGTCCACCGTGTC
CAGCGAA‑3' and 5'‑TTTGTTGTTTGTTGTGTAAATGCA
A‑3'), miRNA‑199b‑3p (50 ng, 5'‑GCCACCAGTGTTCAG
ACTACC‑3' and 5'‑TAGTCTGCACATTGGTTAGGC‑3'), and
negative mimics (50 ng, 5'‑TTCTCCGAACGTGTCACGT‑3'
and 5'‑TTCTCTAGAACGTGTCAT‑3') were purchased from
Sangon Biotech Co., Ltd. and were transfected into OVCAR‑3
cells using Lipofectamine™ 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.).
Dual‑luciferase reporter assay. Human ZEB1 3'‑UTR
genes were cloned into pGL3 luciferase reporter plasmids
to construct pGL3‑ZEB1 vectors. The aforementioned plasmids were co‑transfected with pGL3‑ZEB1 vectors using
Lipofectamine™ 2000 reagent (Thermo Fisher Scientific,
Inc.). Dual‑luciferase reporter assays (Promega Corporation)
were performed 48 h after transfection using Dual‑luciferase
reporter kit (Promega Corporation). Renilla luciferase activity
was used to normalize data.
Cell proliferation assay. After 48 h of transfection, OVCAR‑3
cells (1x103 cells/well in 96‑well plates) were incubated with
20 µl MTT reagent (5 g/l) for 4 h at 37˚C. DMSO (150 µl/well)
was then added to OVCAR‑3 cells for 20 min at 37˚C. Optical
density (OD) was measured at 490 nm using a microplate
reader (AD‑340; Beckman Coulter, Inc.).
Transwell assay. The Transwell assay was performed using
24‑well Transwell chambers (Corning Inc.). After 48 h of
transfection, OVCAR‑3 cells (1x105 cells/well) were seeded
into the upper chamber and 500 µl DMEM with 10% FBS were
added to the lower chamber to act as a chemoattractant. Cells

ONCOLOGY REPORTS 45: 569-581, 2021

migrating to the lower surface of the filter were fixed with 4%
paraformaldehyde at room temperature for 15 min. Following
incubation for 48 h, the cells were stained with 0.1% crystal
violet solution at room temperature for 5 min and observed
using an Olympus BX51 microscope (Olympus Corporation)
at a magnification of x40.
Wound healing assay. After 48 h of transfection, OVCAR‑3
cells (1x105 cells/well) were cultured in 6‑well plates without
FBS at 37˚C and a linear scratch was created in the center of
the well using a 100‑µl micropipette tip. Images were captured
at 0 and 24 h of incubation with an Olympus BX51 microscope
(Olympus Corporation) at a magnification of x40.
Flow cytometric analysis of apoptosis using FITC. After
48 h of transfection, OVCAR‑3 cells (1x10 6 cells/well)
were washed with PBS for 10 min and fixed with 4% paraformaldehyde for 15 min at room temperature. Cells were
stained using an Annexin‑V/propidium iodide assay (BD
Biosciences) according to the manufacturer's protocol for
15 min at room temperature in the dark. Apoptosis rate was
determined using a BD Accuri™ C6 flow cytometer (BD
Biosciences) and analyzed by FlowJo software (version 7.6.1;
FlowJo LLC).
Western blotting. Total protein was extracted using RIPA
lysis buffer (Beyotime Institute of Biotechnology) and
protein concentration was quantified using a BCA Protein
Assay kit, according to the manufacturer's protocol (Thermo
Fisher Scientific, Inc.). Equal amounts of protein (50 µg/lane)
were separated by SDS‑PAGE on 10% gels and then transferred onto PVDF membranes (Bio‑Rad Laboratories, Inc.).
The membranes were blocked with 5% non‑fat milk with
Tris‑buffered saline with 0.1% Tween‑20 for 1 h at 37˚C
and probed with antibodies against ZEB1 (cat. no. sc‑81428;
1:500 dilution; Santa Cruz Biotechnology, Inc.), checkpoint
kinase 1 (CHK1; cat. no. sc‑377231; 1:500 dilution; Santa Cruz
Biotechnology, Inc.), E‑cadherin (cat. no. sc‑71007; 1:500
dilution; Santa Cruz Biotechnology, Inc.), EMT (sc‑23902;
1:500 dilution; Santa Cruz Biotechnology, Inc.) and GAPDH
(cat. no. sc‑69778; 1:5,000 dilution; Santa Cruz Biotechnology,
Inc.) at 4˚C overnight. The membranes were then incubated
with goat anti‑rabbit horseradish peroxidase‑conjugated IgG
(cat. no. sc‑2004; 1:5,000 dilution; Santa Cruz Biotechnology,
Inc.) at 37˚C for 1 h and visualized with an enhanced chemiluminescence detection kit (Sigma‑Aldrich; Merck KGaA).
Protein results were analyzed using Image_Lab_3.0 (Bio‑Rad
Laboratories, Inc.).
Lactate dehydrogenase (LDH) activity and caspase‑3/9
activity levels. LDH activity levels at 48 h post‑transfection
were measured using an LDH activity kit (cat. no. C0017;
Beyotime Institute of Biotechnology) according to the manufacturer's protocol, and OD was measured at 450 nm using a
microplate reader (AD‑340; Beckman Coulter, Inc.).
Caspase‑3/9 activity levels at 48 h post‑transfection were
assessed using caspase‑3/9 activity kits (cat. nos. C1116
and C1158; Beyotime Institute of Biotechnology) according to
the manufacturer's protocol, and OD was measured at 450 nm
using a microplate reader (AD‑340; Beckman Coulter, Inc.).
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In vivo model. A total of 12 nude male mice (aged 5‑6 weeks
and weighing 17‑19 g) were collected from the Animal
Laboratory of Shandong University. All mice were housed
at 23‑25˚C, 55‑60% humidity, 12‑h light/dark cycle, and
were given free access to food and water. The mice were
inoculated with 200 µl OVCAR‑3 cells (1x10 7 cell/ml) by
subcutaneous injection in the axilla. Every 3 days, the tumor
size was measured using a vernier caliper. The maximum
tumor size was ≤1 cm 3. The mice were euthanized by
decapitation after being anesthetized with 50 mg/kg pentobarbital sodium [Sangon Biotech (Shanghai) Co., Ltd.]
by intraperitoneal administration. All animal experiments were approved by the Ethics Committee of Weihai
Municipal Hospital.
Immunofluorescence. After 48 h of transfection, OVCAR‑3
cells were fixed with 4% paraformaldehyde at room temperature for 15 min. OVCAR‑3 cells were blocked with 5% BSA
and 0.25% Triton X‑100 in PBS for 1 h at room temperature,
and observed using an Olympus BX51 microscope (Olympus
Corporation) at a magnification of x40.
Statistical analysis. Data are presented as the mean ± standard
deviation and experiments were performed in triplicate using
SPSS 22.0 (IBM Corp.). Two‑tailed Student's t‑test or one‑way
ANOVA with Bonferroni post hoc test were used to analyze
data depending on the result. P<0.05 was considered to indicate a statistically significant difference.
Results
miRNA‑199b‑3p and ZEB1 expression in patients with
ovarian cancer. To investigate the mechanism of ovarian
cancer progression, changes in miRNA expression between
normal and ovarian cancer tissues were analyzed. The
results demonstrated that miRNA‑199b‑3p expression was
reduced in patients with ovarian cancer compared with that
in controls (Fig. 1A and B). Furthermore, the expression of
miRNA‑199b‑3p in patients with stage III‑IV ovarian cancer
was decreased compared with that in patients with stage I‑II
disease (Fig. 1C). In addition, ZEB1 expression was increased
in patients with ovarian cancer compared with that in controls
(Fig. 1D and E). There was a negative correlation between
ZEB1 and miRNA‑199b‑3p expression (Fig. 1F). These results
demonstrated that miRNA‑199b‑3p may be involved in the
progression of ovarian cancer.
miRNA‑199b‑3p and ZEB1 expression regulates OS and DFS
in patients with ovarian cancer. The results demonstrated
that miRNA‑199b‑3p and ZEB1 expression regulated OS
and DFS in patients with ovarian cancer. The OS and DFS in
patients with ovarian cancer exhibiting high miRNA‑199b‑3p
expression were longer compared with those exhibiting low
expression (Fig. 2A and B). Furthermore, the OS and DFS
in patients with ovarian cancer and low ZEB1 expression
were longer compared with those exhibiting high expression
(Fig. 2C and D).
miRNA‑199b‑3p expression regulates ovarian cancer cell
proliferation and apoptosis in an in vitro model of ovarian
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Figure 1. miRNA‑199b‑3p and ZEB1 expression in patients with ovarian cancer. (A) Heat map of miRNA‑199b‑3p expression. miRNA‑199b‑3p expression
in (B) normal vs. OC and (C) normal vs. I‑II OC and III‑IV OC tissues. (D) ZEB1 expression (magnification; x100) and (E) quantification in normal vs. OC
tissues. (F) Pearson's correlation test was used to analyse the correlation between ZEB1 and miRNA‑199b‑3p expression. **P<0.01 vs. I‑II‑OC, ##P<0.01 vs.
normal. miR/miRNA, microRNA; ZEB1, zinc finger E‑box binding homeobox 1; OC, ovarian cancer; I‑IV, stage of ovarian cancer; normal, controls.

Figure 2. miRNA‑199b‑3p expression regulates (A) OS and (B) DFS in patients with ovarian cancer. ZEB1 expression regulates (C) OS and (D) DFS in patients
with ovarian cancer. miRNA, microRNA; OS, overall survival; DFS, disease‑free survival; ZEB1, zinc finger E‑box binding homeobox 1.
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Figure 3. miRNA‑199b‑3p downregulation regulates cancer cell proliferation in an in vitro model of ovarian cancer. (A) miRNA‑199b‑3p expression.
(B) Cell proliferation. Cell invasion (C) quantification and (D) staining (magnification, x20). Cell migration (E) quantification and (F) wound healing assay
(magnification, x100). (G) LDH, (H) caspase‑3 and (I) caspase‑9 activity levels were measured. ##P<0.01 vs. negative controls. miRNA, microRNA; LDH,
lactate dehydrogenase; control, negative mimics; anti‑199b‑3p, downregulated miR‑199b‑3p. miRNA‑199b‑3p, overexpressed miRNA‑199b‑3p.

cancer. Anti‑miRNA‑199b‑3p mimics were used to decrease
miRNA‑199b‑3p expression in an in vitro model of ovarian
cancer, and were compared with negative mimics (Fig. 3A)
in order to investigate the effects of miRNA‑199b‑3p on
ovarian cancer progression. The results demonstrated that
miRNA‑199b‑3p inhibition increased cell proliferation,
migration and invasion, and reduced LDH and caspase‑3/9
activity levels compared with negative mimics (Fig. 3B‑I).
Furthermore, miRNA‑199b‑3p mimics were used to increase
miRNA‑199b‑3p expression in an in vitro model of ovarian
cancer (Fig. 4A). The results revealed that miRNA‑199b‑3p

overexpression reduced cell proliferation, migration and
invasion, and increased LDH and caspase‑3/9 activity levels
in an in vitro model of ovarian cancer compared with negative mimics (Fig. 4B‑I). The results demonstrated that
miRNA‑199b‑3p expression regulated ovarian cancer cell
proliferation in vitro.
miRNA‑199b‑3p expression regulates ZEB1 in an in vitro
model of ovarian cancer. To investigate the mechanism of
miRNA‑199b‑3p in ovarian cancer progression, a gene chip
was employed to analyze the signaling pathway involved in an
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Figure 4. miRNA‑199b‑3p overexpression regulates cancer cell proliferation in an in vitro model of ovarian cancer. (A) miRNA‑199b‑3p expression.
(B) Cell proliferation. Cell invasion (C) quantification and (D) staining (magnification, x20). Cell migration (E) quantification and (F) wound healing assay
(magnification, x100). (G) LDH, (H) caspase‑3 and (I) caspase‑9 activity levels were measured. ##P<0.01 vs. negative controls. miRNA or miR, microRNA;
ZEB1, zinc finger E‑box binding homeobox 1; LDH, lactate dehydrogenase; control, negative controls; miR‑199b‑3p, overexpressed miRNA‑199b‑3p.

in vitro model of ovarian cancer following miRNA‑199b‑3p
overexpression. The results demonstrated that miRNA‑199b‑3p
overexpression suppressed ZEB1 and CHK1 expression, and
induced E‑cadherin and EMT expression in an in vitro model
of ovarian cancer (Fig. 5A). Furthermore, the 3'‑UTR of ZEB1
was a direct target site for miRNA‑199b‑3p (Fig. 5B). Luciferase
activity levels, ZEB1 and CHK1 expression were reduced in
response to miRNA‑199b‑3p overexpression compared with
negative controls (Fig. 5C‑F and I). Additionally, E‑cadherin
and EMT expression were increased compared with negative
controls (Fig. 5G‑I). In comparison, miRNA‑199b‑3p downregulation induced ZEB1 and CHK1 expression and suppressed
E‑cadherin and EMT expression compared with negative
controls (Fig. 6). These results suggested that miRNA‑199b‑3p

expression regulated ZEB1 signaling in an in vitro model of
ovarian cancer.
Anti‑miRNA‑199b‑3p regulates ovarian cancer progression
in vivo and in vitro. miRNA‑199b‑3p downregulation
increased tumor volume in an in vivo model of ovarian cancer
compared with negative controls (Fig. 7A and B). Furthermore,
miRNA‑199b‑3p downregulation increased caspase‑3/9
activity levels, induced ZEB1 and CHK1 expression and
suppressed E‑cadherin and EMT expression in vitro compared
with negative controls (Fig. 7C‑J).
Z E B1 a c t i v a t i o n a t t e n u a t e s t h e e f f e c t s o f
miRNA‑199b‑3p‑induced apoptosis in an in vitro model of
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Figure 5. miRNA‑199b‑3p overexpression regulates ZEB1 in an in vitro model of ovarian cancer. (A) Heat map for ZEB1 signalling. (B) The 3'‑UTR of ZEB1
had a direct target site for miRNA‑199b‑3p. (C) Luciferase activity levels. (D) Immunofluorescence for ZEB1 (magnification, x40). The protein expression of
(E) ZEB1, (F) CHK1, (G) E‑cadherin and (H) EMT was examined by (I) western blotting and statistical analysis. ##P<0.01 vs. negative controls. miRNA or
miR, microRNA; ZEB1, zinc finger E‑box binding homeobox 1; UTR, untranslated region; CHKI, checkpoint kinase 1; E‑cadherin, epithelial cadherin; EMT,
epithelial‑to‑mesenchymal transition; control, negative controls; miRNA‑199b‑3p, overexpressed miRNA‑199b‑3p.

ovarian cancer. pGL3‑ZEB1 plasmids were used to analyze
the role of ZEB1 in miRNA‑199b‑3p‑induced apoptosis
in an in vitro model of ovarian cancer. ZEB1 plasmids
induced ZEB1 expression compared with negative controls
(Fig. 8A). Furthermore, miRNA‑199b‑3p + ZEB1 transfection induced ZEB1 and CHK1 expression and suppressed
E‑cadherin and EMT expression in ovarian cancer cells

following compared with the miRNA‑199b‑3p overexpression group (Fig. 8B‑F). Additionally, miRNA‑199b‑3p +
ZEB1 transfection reduced cell proliferation, migration
and cell invasion, and inhibited the LDH and caspase‑3/9
activity levels, compared with the miRNA‑199b‑3p overexpression group in an in vitro model of ovarian cancer
(Fig. 9A‑H).
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Figure 6. miRNA‑199b‑3p downregulation regulated ZEB1 signalling in an in vitro model of ovarian cancer. The protein expression of (A) ZEB1, (B) CHK1,
(C) E‑cadherin and (D) EMT was examined by (E) western blotting and statistical analysis. ##P<0.01 vs. negative controls. miRNA, microRNA; ZEB1, zinc finger
E‑box binding homeobox 1; p‑ZEB1, phosphorylated ZEB1; CHKI, checkpoint kinase 1; E‑cadherin, epithelial cadherin; EMT, epithelial‑to‑mesenchymal
transition; control, negative controls; anti‑199b‑3p, downregulated miRNA‑199b‑3p.

E ‑ c a d h er i n i n d u ct i o n a t te n u a tes t h e ef fects of
anti‑miRNA‑199b‑3p‑induced metastasis in an in vitro
model of ovarian cancer. The function of E‑cadherin on the
effects of anti‑miRNA‑199b‑3p‑induced metastasis in an
in vitro model of ovarian cancer were analyzed. E‑cadherin
plasmids were used to induce E‑cadherin mRNA expression,
which was increased compared with the negative controls
(Fig. 10A). miRNA‑199b‑3p + E‑cadherin transfection induced
E‑cadherin and EMT expression in ovarian cancer cells
compared with downregulated miRNA‑199b‑3p (Fig. 10B‑D).
Furthermore, anti‑miRNA‑199b‑3p + E‑cadherin transfection
also attenuated the effects of anti‑miRNA‑199b‑3p on cell
growth, migration and apoptosis in ovarian cancer compared
with the anti‑miRNA‑199b‑3p alone group (Fig. 10E‑J). These
results demonstrated that miRNA‑199b‑3p suppresses ovarian
cancer progression via the CHK1/E‑cadherin/EMT pathway
by targeting the ZEB1 gene (Fig. 11), which may represent a
potential target for ovarian cancer treatment.
Discussion
Ovarian cancer is among the major malignant tumors
affecting the female reproductive system (2). The 5‑year
survival rate of patients with ovarian cancer is <30% (2).
Ovarian cancer has become a leading tumor that severely
threatens the health and life of women globally (14).
Furthermore, its onset is insidious and is difficult to
detect (14). Therefore, diagnosis is often made at a clinically
advanced stage after metastasis has already developed (15),
making complete surgical resection challenging and

postoperative recurrence frequent. As a result, ovarian
cancer is considered as one of the most malignant gynecological tumors with a poor prognosis (15). Zheng et al (11)
reported that miR‑199b‑5p inhibits triple‑negative breast
cancer cell proliferation, migration and invasion. In the
present study, miRNA‑199b‑3p expression was found to be
reduced in patients with ovarian cancer.
miRNAs are endogenous non‑coding small RNAs that
degrade target mRNAs to suppress target gene expression at
the post‑transcriptional level, and participate in the regulation of cell growth, proliferation and apoptosis (16). Certain
miRNAs regulate the expression of various oncogenes and
tumor suppressor genes, and participate in the pathogenesis,
invasion and metastasis of ovarian cancer (16). Furthermore,
the differential expression of certain miRNAs is closely associated with ovarian cancer resistance and prognosis (16,17).
Research into the target genes of ovarian cancer‑related
miRNAs and their signaling pathways may help design novel
strategies for improving the clinical diagnosis and treatment
of ovarian cancer.
Epithelial ovarian cancer cells are often subjected to
hypoxia during their rapid growth process (18). Hypoxia
increases the expression of the EMT‑related transcription
factor ZEB1 in the SKOV3 and ES‑2 ovarian cancer cell
lines (18). Additionally, ZEB1 reduces semaphorin 3F and
activates the hypoxia‑inducing factor‑1α in the oxygen reaction pathway (19). Furthermore, ZEB1 induces the formation
of classical blood vessels as well as vasculogenic mimicry.
Xu et al (20) reported that miR‑199b‑5p acts as a tumor
promoter in cervical cancer. In the present study, patients
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Figure 7. Anti‑199b‑3p regulates ovarian cancer progression in in vivo and in vitro models of ovarian cancer. Tumor (A) volume and (B) macroscopic size.
(C) Caspase‑3 and (D) caspase‑9 activity levels. The protein expression of (E) ZEB1, (F) CHK1, (G) E‑cadherin and (H) EMT were analyzed by (I) western
blotting and statistical analysis. ##P<0.01 vs. negative controls. Anti‑199b‑3p, negative controls; ZEB1, zinc finger E‑box binding homeobox 1; p‑ZEB1,
phosphorylated ZEB1; CHKI, checkpoint kinase 1; E‑cadherin, epithelial cadherin; EMT, epithelial‑to‑mesenchymal transition; control, negative controls;
anti‑199b‑3p, downregulated miRNA‑199b‑3p.

with ovarian cancer and high miRNA‑199b‑3p expression
exhibited longer OS and DFS compared with patients with
low expression, indicating the cancer‑suppressive role of
miRNA‑199b‑3p.
EMT plays a key role in embryogenesis, chronic inflammation, tissue reconstruction, cancer metastasis and fibrosis
in multiple organs (9). Furthermore, EMT is a key biological
process through which epithelium‑derived malignant tumor
cells can acquire the capacity to migrate and invade (21).
Additionally, E‑cadherin downregulation is an important event
in the initial stages of EMT (22). Transcription factors that
suppress E‑cadherin expression are defined as EMT‑inducing
factors (22). In the present study, miRNA‑199b‑3p overexpression suppressed ZEB1 and CHK1 expression and induced
E‑cadherin expression and EMT in an in vitro model of
ovarian cancer. Furthermore, ZEB1 activation reduced the

effects of miRNA‑199b‑3p‑mediated apoptosis in an in vitro
model of ovarian cancer.
E‑cadherin is a member of the cadherin family, which
comprises CA 2+ ‑dependent transmembrane proteins (23).
E‑cadherin is the main member of the cadherin family that is
universally conserved in epithelial cells and is a well‑known
epithelial cell biomarker (23). The abnormal expression
of E‑cadherin is the foundation of dissociation of cell‑cell
adhesion, which is closely associated with tumor invasion
and metastasis (24). E‑cadherin is rarely expressed in normal
ovarian epithelial cells (24). However, E‑cadherin expression
is markedly upregulated in 85% of primary ovarian tumors.
These data indicate that E‑cadherin induction also reduces
the effects of anti‑miRNA‑199b‑3p‑mediated metastasis in an
in vitro model of ovarian cancer. Portune et al (25) demonstrated
that miR‑199b attenuated TGF‑β1‑induced EMT/E‑cadherin in
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Figure 8. ZEB1 activation reduced the effects of miRNA‑199b‑3p on cell apoptosis in an in vitro model of ovarian cancer. (A) mRNA expression of ZEB1. The
protein expression of (B) ZEB1, (C) CHK1, (D) E‑cadherin and (E) EMT was examined by (F) western blotting and statistical analysis. ##P<0.01 vs. negative
control group. **P<0.01 vs. overexpressed miRNA‑199b‑3p. ZEB1, zinc finger E‑box binding homeobox 1; miRNA/miR, microRNA; p‑ZEB1, phosphorylated
ZEB1; CHKI, checkpoint kinase 1; E‑cadherin, epithelial cadherin; EMT, epithelial‑to‑mesenchymal transition; control, negative controls; miR‑199b‑3p,
overexpressed miR‑199b‑3p; miR‑199b‑3p + ZEB1; miR‑199b‑3p/ZEB1 transfection.

Figure 9. ZEB1 activation reduced the effects of miRNA‑199b‑3p on cell apoptosis in an in vitro model of ovarian cancer. (A) Cell proliferation. (B) LDH activity
levels. Cell migration (C) quantification and (D) staining (magnification, x20). Cell invasion (E) quantification and (F) wound healing assay. (G) Caspase‑3 and
(H) caspase‑9 activity levels. ##P<0.01 vs. negative controls; **P<0.01 vs. overexpressed miRNA‑199b‑3p. ZEB1, zinc finger E‑box binding homeobox 1; miRNA,
microRNA; LDH, lactate dehydrogenase; control, negative controls; miR‑199b‑3p, overexpressed miRNA‑199b‑3p; miR‑199b‑3p + ZEB1, miR‑199b‑3p/ZEB1
transfection.
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Figure 10. E‑cadherin induction reduced the effects of anti‑miRNA‑199b‑3p‑induced metastasis in an in vitro model of ovarian cancer. (A) mRNA expression
of E‑cadherin. The protein expression of (B) E‑cadherin and (C) EMT was examined by (D) western blotting and statistical analysis. (E) Cell viability. (F) LDH
activity levels. Cell migration (G) quantification and (H) staining (magnification, x20). Cell invasion (I) quantification and (J) wound healing assay (magnification,
x100). ##P<0.01 vs. negative controls; **P<0.01 vs. downregulated miRNA‑199b‑3p. E‑cadherin, epithelial cadherin; EMT, endothelial‑to‑mesenchymal
transition; LDH, lactate dehydrogenase; miRNA, microRNA; control, negative controls; anti‑199b‑3p, downregulated miRNA‑199b‑3p; anti‑199b‑3p,
downregulated miRNA‑199b‑3p; anti‑199b‑3p + E‑cadherin, E‑cadherin/anti‑199b‑3p transfection.

Figure 11. miRNA‑199b‑3p suppresses ovarian cancer cell proliferation and invasion via the CHK1/E‑cadherin/EMT pathway by targeting the ZEB1 gene.
CHKI, checkpoint kinase 1; E‑cadherin, epithelial cadherin; EMT, epithelial‑to‑mesenchymal transition; ZEB1, zinc finger E‑box binding homeobox 1;
miRNA, microRNA.

diabetic nephropathy. The results of the present study revealed
that the miRNA‑199b‑3p/E‑cadherin/EMT pathway regulates
ovarian cancer cell growth and apoptosis.

In conclusion, it was herein demonstrated that
miRNA‑199b‑3p suppresses ovarian cancer progression via
the CHK1/E‑cadherin/EMT pathway by targeting the ZEB1
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gene, which may represent a potential target for ovarian cancer
treatment, and that miRNA‑199b‑3p may be of value as a target
for the treatment of ovarian cancer.
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