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miRNA-199a-5p suppresses proliferation and invasion by
directly targeting NF-kB1 in human ovarian cancer cells
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Abstract. The aberrant expression of microRNA
(miRNA)-199a-5p has been frequently reported in a number
of cancer types, but to the best of our knowledge, this has
not been reported in ovarian cancer (OC). The role and the
molecular mechanism of miR-199a-5p in OC have not been
reported. Therefore, the present study investigated the effects
of miR-199a-5p overexpression on the proliferation and
invasion of OC cells. The level of miR-199a-5p in OC cell
lines was determined by reverse transcription-quantitative
polymerase chain reaction. The miR-199a-5p mimic was tran-
siently transfected into OC cells using Lipofectamine™ 2000
reagent. Subsequently, the BrdU-ELISA results indicated that
the exogenous expression of miR-199a-5p inhibited cell prolif-
eration. In addition, miR-199a-5p overexpression was able to
inhibit the invasion of HO-8910 and ES-2 cells. RT-qPCR
was performed to determine the expression of matrix metal-
loproteinase (MMP)-2 and -9 in OC cells. NF-kB1 expression
was reduced by upregulation of miR-199a-5p. Bioinformatics
analysis predicted that NF-kB1 was a potential target of
miR-199a-5p. Luciferase reporter assay further confirmed that
miR-199a-5p was able to directly target the 3'UTR of NF-kBI.
In conclusion, miRNA-199a-5p may suppress the prolifera-
tion and invasion of human ovarian cancer cells by directly
targeting NF-xBl1.

Introduction

Ovarian cancer results in abnormal cells that have the ability
to invade or spread to other part of the body. Recently,
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numerous studies confirmed that several genes are closely
associated with human ovarian cancer (1,2). However, the
precise molecular mechanisms of ovarian cancer remain to be
clarified. To date, studies on mechanisms of OC have focused
on known genes (3-7), but microRNAs (miRNAs) might also
provide further insights into OC.

The discovery of non-coding RNA in the human genome
was an important conceptual breakthrough in the post-genomic
sequencing era (8-12). miRNAs constitute a class of small,
non-coding RNA molecules with a length of 19-22, that
modulates gene expression. As a new layer of gene-regulation
mechanism, regulation by miRNAs is achieved through imper-
fect pairing with target mRNAs of protein-coding genes at the
transcriptional or post-transcriptional level (13). Furthermore,
miRNAs can regulate proliferation, differentiation and apop-
tosis as well as cancer initiation and progression (14). A number
of studies indicated that miRNAs were differentially regulated
in various tumors, including colorectal (15), breast (16,17) and
lung cancer (18,19).

Recently, a number of reports show that the majority of
miRNAs are aberrantly expressed in multiple types of cancer,
including OC. For example, miR-17-5p was overexpressed
in OC cells, and the upregulation of miR-17-5p significantly
promoted the proliferation, migration, invasion and epithelial
to mesenchymal transition (EMT) of OC cells by targeting
phosphatase and tensin homolog signaling (20). Niu ef al (21)
demonstrated that miR-205 expression was associated with the
motility of OC cells by targeting zinc finger E-Box binding
homeobox 1. miR-661 promoted the proliferation of OC
cells by directly targeting inositol polyphosphate-5-phos-
phatase J (22). These three miRNAs (miR-17-5p, miR-205
and miR-661) act as oncogenes; some miRNAs with tumor
suppressor functions were also studied in OC. For example,
the overexpression of miR-30d reversed transforming growth
factor-p1-induced EMT of OC cells by decreasing snail expres-
sion (23). The level of miR-127 was markedly downregulated
in OC tissues, and the overexpression of miR-127 inhibited the
proliferation of OC cells by targeting cyclin G1 (24). miR-302a
was also demonstrated to be involved in the suppression of
syndecan 1 to inhibit the tumorigenicity of OC cells (25).

miR-199a-5p has been indicated to be involved in the
regulation of multiple biological processes, including cell
proliferation, apoptosis, migration and invasion (26-31).
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In recent years, miR-199a-5p was considered as a tumor
suppressor and downregulated in prostate, gastric and
non-small cell lung cancer (31-33). Guo et al (27) reported that
miR-199a-5p functioned as a tumor suppressor by inhibiting
proliferation and inducing apoptosis in liver cancer cells by
targeting hexokinase 2.

In the present study, the downregulation of miR-199a-5p
was observed in HO-8910 and ES-2 OC cell lines. The upregu-
lation of miR-199a-5p was able to inhibit the proliferation and
invasion of OC cells. Furthermore, NF-xB1 was identified as a
potential target of miR-199a-5p in OC, and miR-199a-5p may
function as a tumor suppressor by downregulating NF-kB1.
Therefore, these results reveal critical roles for miR-199a-5p in
the pathogenesis of OC and miR-199a-5p may be a potential
target for the treatment of ovarian tumors.

Materials and methods

Cell culture and miRNA transfection. Human OC cell lines,
HO-8910 and ES-2, and an immortalized normal human
fallopian tube epithelial cell line, FTE187, were purchased
from the American Type Culture Collection (ATCC, Manassas,
VA, USA). All cell lines were cultured in Dulbecco's modified
Eagle's medium (DMEM,; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) at 37°C with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) 100 U/ml penicillin and
100 pg/ml streptomycin (Lonza Group, Ltd., Basel, Switzerland).
The cells were cultured in 0.1% gelatin-coated culture flasks at
37°C with a humidified atmosphere of 5% CO,. To increase the
expression of miR-199a-5p in cell lines, 50 nM miR-199a-5p
mimic (sequence: 5'-cccaguguucagacuaccuguuc-3'; RiboBio
Co., Ltd., Guangzhou, China) was transfected into HO-8910 and
ES-2 cells. miR-negative control (sequence: 5'-catttacgcaguguu-
cagacuaccuguuc-3'; RiboBio Co., Ltd.) was also transfected into
HO-8910 and ES-2 cells, respectively. A total of 24 h prior to
transfection, when the cells were at ~40-60% confluence, the
cell medium was changed to antibiotic-free medium. After
24 h, the cells were transfected with 50 nM miR-199a-5p mimic
and miR-negative control using Lipofectamine™ 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The expression of miR-199a-5p and four genes
(E-cadherin, vimentin, MMP-2 and MMP-9) was analyzed
with SYBR Green II (Takara Co., Ltd. Dalian China) and a
RT-gPCR system (MJ Research; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Briefly, the total RNA from HO-8910
and ES-2 cells was extracted using Trizol reagent (Thermo
Fisher Scientific, Inc.). A total of 2 mg RNA was used for
gene-specific RT-qPCR using a one-step RT-PCR kit (Qiagen,
Inc., Valencia, CA, USA) according to the manufacturer's
instructions. Complementary DNA (cDNA) was subjected
to 40 cycles of amplification. The sequences of the primers
are as follows: miR-199a-5p forward, 5'-CCGGGATCCGCA
AACTCAGCTTTAC-3" and reverse 5'-CGGAATTCGTGG
CGACCGTGATACC-3"; E-cadherin forward, 5'-TACACT
GCCCAGGAGCCAGA-3' and reverse, 5-TGGCACCAGTGT
CCGGATTA-3"; N-cadherin forward, 5-CGAATGGATGAA
AGACCCATCC-3' and reverse, 5-GGAGCCACTGCCTTC
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ATAGTCAA-3'"; vimentin, forward, 5-GCTGAATGACCG
CTTCGCCAACT"-3' and revere, 5'-GCTCCCGCATCTCCT
CCTCGTA-3"; MMP-2, forward, 5'-CTGCGGTTTTCTCGA
ATCCA-3' and reverse, 5'-GGGTATCCATCGCCATGCT-3";
MMP-9 forward, 5'-CCCTGGAGACCTGAGAACCA-3' and
revere, 5'-CCACCCGAGTGTAACCATAGC-3'; U6, forward,
5'-CTCGCTTCGGCAGCACA-3' and reverse, 5-AACGCT
TCACGAATTTGCGT-3"; GAPDH forward, 5'-GAGTCA
ACGGATTTGGTCGTATTG-3' and reverse, 5'-CCTGGA
AGATGGTGATGGGATT-3". SYBR Green II was used for
detection of signal fluorescence and ROX was used as the
control fluorescence. Reverse transcription was performed on
a GeneAmp PCR system 9700 (Applied Biosystems; Thermo
Fisher Scientific, Inc.), and gPCR was performed on ABI 7500
real-time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). All samples were processed at the same time
to avoid inter-experiment variance. The thermocycling condi-
tions were as follows: A holding step at 95°C for 30 sec, and
40 cycles of 95°C for 5 sec and 60°C for 30 sec.

Each experiment was performed in triplicate, and the mean
value was used for analysis. The expression level was analyzed
by using the AACq method. ACq values represent normal-
ized target genes levels with respect to the internal control.
AACq values were calculated as the ACq of each test sample
minus the mean ACq of the calibrator samples for each target
gene. U6 small nuclear RNA and GAPDH mRNA were used
for normalization. The fold change was calculated using the
method 2-44¢4 (34), Each treatment was performed in triplicate
in three independent experiments.

Cell proliferation and invasion. To study the role of
miR-199a-5p mimic in the proliferation of HO-8910 and ES-2
cells, 5x10* cells were seeded in a 96-well plate and allowed to
grow for 24 h in DMEM at 37°C with 10% FBS. The medium
was subsequently removed, and the cells were transfected
with 50 nM miR-199a-5p mimic or miR-NC for 24 h at 37°C.
Cell proliferation 5-bromo-2-deoxyuridine (BrdU)-ELISA
colorimetric kit (Roche Diagnostics, Indianapolis, IN, USA)
was used to assess cell proliferation according to the manu-
facturer's instructions. Optical densities were determined at a
wavelength of 530 nm using a spectrophotometric plate reader.

Transwell Matrigel invasion assay. The effect of miR-199a-5p
on the invasive ability of OC cells was also investigated
using Transwell chambers (8-mm pore size; Corning, USA)
pre-coated with Matrigel (BD Biosciences, Franklin Lakes,
NIJ, USA) that included extracellular matrix proteins. In brief,
after serum-starvation for 24 h, 2x10° cells were suspended
in 100 pl serum-free DMEM, and seeded in the top chamber,
and 600 yl DMEM containing 10% FBS was added to the
lower chamber. After 24 h incubation at 37°C in a 5% CO,
atmosphere, cells that remained on the upper surface of the
membrane were removed by cotton swabs and penetrating
cells were fixed in methanol, and then stained with 0.1%
crystal violet at 25°C for 12 h. Cell invasion was quantified
by counting cells on the lower surface using phase contrast
microscopy with x40 magnification for eight fields of view.

Western blot analysis. For protein extraction, HO-8910 and
ES-2 cells were washed twice in cold phosphate-buffered
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Figure 1. Altered expression of miR-199a-5p and NF-xB1 in OC cell lines. (A) The relative level of miR-199a-5p in OC and FTE187 cell lines by reverse
transcription-quantitative polymerase chain reaction. (B) Western blotting of NF-kB1 1. All data (n=10) are presented as the mean =+ standard error. ““P<0.001

vs. FTE187. NF-kB1, nuclear factor kB1; OC, ovarian cancer; miR, microRNA.

saline and subsequently lysed in radioimmunoprecipitation
assay buffer (Beyotime Institute of Biotechnology, Haimen,
China) with a protease inhibitor-PMSF (Beyotime Institute
of Biotechnology). The protein concentration of cell lysates
was quantified by using the OCA kit (Beyotime Institute of
Biotechnology). Equal quantities (50 ug) of total protein were
separated by 10% SDS-PAGE, and transferred to a polyvinyli-
dene fluoride membrane (Merck Millipore). The membranes
were blocked in 5% skimmed milk diluted with Tris-buffered
saline Tween-20 at room temperature for 1 h and incubated
overnight at 4°C with primary anti-nuclear factor-xBl
(NF-kB1) antibody (cat. no. 13586, 1:1,000; Cell Signaling
Technology, Inc., Danvers, MA, USA). The membranes were
subsequently incubated with a goat anti-rabbit horseradish
peroxidase-conjugated immunoglobulin G secondary antibody
(cat. no. A0208, 1:2,000; Beyotime Institute of Biotechnology)
for 2 h. The proteins were visualized using enhanced
chemiluminescence-plus reagents (Beyotime Institute of
Biotechnology). The density of the bands was measured using
Image J software (version 1.5b; National Institutes of Health
USA), and the values were normalized to the densitometric
values of GAPDH (1:1,000; Cell Signaling Technology, Inc.)
in each sample.

Measurement of MMP-2 and MMP-9 levels. ELISA Kits
(USCN Life Science, Wuhan, China) was used to determine
the levels of MMP-2 and -9 in the cells culture supernatants
based on the manufacturer's instructions.

Luciferase reporter assay. NF-xB1 was predicted to be a
direct target of miR-199a-5p by using online prediction soft-
ware RNA22 (https://cm.jefferson.edu/rna22/Interactive/),
TargetScan (http://www.targetscan.org/vert_71/) and PITA
(https://genie.weizmann.ac.il/pubs/mir07/mir07_data.html).
Then, HO-8910 and ES-2 cells (2x10%well) were seeded
in 24-well plates and incubated overnight at 37°C prior to
transfection. The cells were co-transfected with the 20 ng
of NF-kBI-3' untranslated region (UTR) wild-type (WT)
or mutant (MUT) reporter plasmid, 50 nm of miR-199a-5p
mimic or miR-negative control (NC) (Promega Corporation,

Madison, WI, USA) using Lipofectamine™ 2000. Firefly
and Renilla luciferase activities were quantified using a dual
luciferase reporter system (Promega Corporation) according
to the manufacturer's instructions 48 h following co-trans-
fection. Each treatment was performed in triplicate in three
independent experiments.

Statistical analysis. All statistical analyses were performed
using SPSS (version 18.0; SPSS, Inc., Chicago, IL, USA). Data
from each group are expressed as the mean + standard error of
the mean. One-way analysis of variance was used to compare
data sets. Bonferroni test was used to compare the variances
at the same time with different means and the Tamhane's T2
test was used to compare variances. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-199a-5p level is decreased in OC cell lines. The findings
of the present study indicated that miR-199a-5p expression was
significantly reduced in HO-8910 and ES-2 cells compared with
FTEI187 cells (Fig. 1A). Furthermore, NF-xB1 was predicted
to be a direct target of miR-199a-5p by using online prediction
software RNA22, TargetScan and PITA. The protein expres-
sion of NF-«kBl, a target of miR-199a-5p, was further assessed
in HO-8910 and ES-2 cell lines. The results indicate that
NF-kBI1 expression in HO-8910 and ES-2 cells was markedly
increased compared with FTE187 cells (Fig. 1B).

Cell proliferation and invasion are inhibited by miR-199a-5p.
The level of miR-199a-5p mRNA was significantly upregu-
lated following transfection with miR-199a-5p mimic
compared with the miR-NC group (Fig. 2A). To investigate the
role of miR-199a-5p in the proliferation of OC cells, HO-8910
and ES-2 cell were transfected with miR-199a-5p mimic or
miR-NC. Results from the BrdU-ELISA assay indicated that
exogenous expression of miR-199a-5p significantly suppressed
the proliferation of HO-8910 and ES-2 cells (Fig. 2B). These
findings indicated that the upregulation of miR-199a-5p was
able to inhibit the proliferation of OC cells. To understand
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Figure 2. Effects of miR-199a-5p overexpression on the proliferation, apoptosis and cell cycle of HO-8910 and ES-2 cells. HO-8910 and ES-2 cells were
transfected with miR-199a-5p mimic or miR-NC. (A) The levels of miR-199a-5p in HO-8910 and ES-2 cells were detected by reverse transcription-quantitative
polymerase chain reaction. (B) Cell proliferation was assessed by BrdU-ELISA assay. All data (n=10) are presented as the mean + standard error. “P<0.01,
""P<0.001 vs. miR-NC. BrdU, 5-bromo-2-deoxyuridine; OD, optical density; miR, microRNA; NC, negative control.
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Figure 3. Overexpression of miR-340 suppresses the invasion of OC cells. HO-8910 and ES-2 cells were transfected with miR-340 mimic and miR-NC, and
subsequently seeded into the upper chamber. After 24 h, the HO-8910 and ES-2 cells that migrated through the membrane were stained and quantified with a
magnification of x40 for eight fields of view. Data are expressed as a percentage of the miR-NC group. Data (n=6) are presented as the mean + standard error.

“P<0.05, “P<0.01 vs. miR-NC. miR, microRNA; NC, negative control.

whether the exogenous expression of miR-199a-5p was able
to inhibit the invasion of OC cells, miR-199a-5p mimic was
transfected into HO-8910 and ES-2 cells and the invasive
ability of the cells was evaluated by Transwell invasion assay.
It was demonstrated that the number of HO-8910 and ES-2
cells migrating through the Transwell membrane was signifi-
cantly decreased in the miR-199a-5p mimic group compared
with the miR-NC group (Fig. 3). Therefore, these findings
indicated that the upregulation of miR-199a-5p suppressed the
invasion of OC cells.

Effect of miR-199a-5p overexpression on MMP-2 and 9
expression in OC cells. MMPs may be responsible for the
impaired invasion of the cells that were transfected with
miR-199a-5p mimic. To confirm this hypothesis, the mRNA
levels of MMP-2 and 9 were detected by RT-qPCR. The over-
expression of miR-199a-5p resulted in significant reductions
in the levels of MMP-2 and -9 mRNA (Fig. 4). The results
suggested that the upregulation of hsa-miR-199a-5p was able

to suppress the invasive ability of HO-8910 and ES-2 cells by
potentially downregulating MMP-2 and 9.

NF-xBI is a direct target of miR-199a-5p in OC cells. As
NF-xB1 was predicted to be a potential direct target of
miR-199a-5p by prediction software (RNA22, TargetScan
and PITA), the expression of NF-kB1 protein in HO-8910
and ES-2 cells that were transfected with miR-199a-5p
mimic was determined by western blotting (Fig. 5SA). The
results demonstrated that NF-kB1 expression was decreased
in the cells that were transfected with miR-199a-5p
mimic compared with the cells that were transfected with
miR-199a-5p NC (Fig. 5A). To further confirm whether
NF-kBl is a direct target of miR-15a-5p, the 3'-UTR of
NF-«kBI1 was cloned into a luciferase reporter vector, and the
putative miR-199a-5p binding site in the NF-kB1 3'-UTR
was mutated (Fig. 5B). Luciferase reporter assay was used to
determine whether the miR-15a-5p mimic is able to interact
with the NF-xB1 3'-UTR. The exogenous expression of
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Figure 4. Overexpression of miR-199a-5p decreases the expression and secretion of MMP-2 and MMP-9. The mRNA levels of (A and B) MMP-2 and
MMP-9 were examined by reverse transcription-quantitative polymerase chain reaction. All data (n=10) are presented as the mean + standard error. “P<0.01,
“"P<0.001 vs. miR-NC. miR, microRNA; MMP, matrix metallopeptidase; NC, negative control.
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Figure 5. NF-xBl is a direct target of miR-199a-5p. HO-8910 and ES-2 cells were transfected with the miR-199a-5p mimic or miR-NC. A549 and H460 cells
were transfected with the miR-199a-5p mimic or miR-NC. (A) The protein expression of NF-kB1 was determined by western blotting, and GAPDH was used as
aloading control. (B) Schematic representation of NF-kB1 3'UTRs indicates a putative miRNA target site. (C) Analysis of the relative luciferase activity of OC
cells that were co-transfected with NF-kB1-WT or NF-kB1-MUT and miR-NC or miR-199a-5p mimic. All data (n=10) are presented as the mean + standard
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the miR-199a-5p mimic was able to significantly suppress
the luciferase activity of NF-xB1 3'-UTR WT (Fig. 5C).

The effect of miR-199a-5p was abolished by mutating the
miR-199a-5p-binding site in the NF-xB1 3'-UTR, which
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suggested that miR-199a-5p was able to directly negatively
regulate NF-kBI.

Discussion

Studies have demonstrated that miRNAs are dysregulated in
multiple types of cancer (35-37). Therefore, it is critical for the
identification of cancer-specific miRNAs and their targets in
order to understand their role in oncogenesis and to identify
novel therapeutic targets (38-40). The present study focused on
the function of miR-199a-5p in the pathogenesis of OC. Initially,
the level of miR-199a-5p was detected in OC cells by RT-qPCR.
It was demonstrated that the level of miR-199a-5p was signifi-
cantly reduced in ovarian cancer cells compared with FTE187
normal human fallopian tube epithelial cells. The results
indicated in the present study are consistent with other reports,
which have demonstrated that miR-199a-5p was significantly
downregulated in colorectal cancer, breast cancer, glioblas-
toma and oral squamous cell carcinoma (41,42). Therefore, the
downregulation of miR-199a-5p is exhibited by multiple types
of cancer cells and tissues, indicating that decreased expression
of miR-199a-5p may have a critical role in tumorigenesis.

As numerous miRNAs are decreased in various cancer
types, it was hypothesized that miRNAs may normally func-
tion as tumor suppressor genes (43-45). Therefore, the authors
hypothesized that miR-199a-5p was an inhibitory factor of
growth in OC cells. As the level of miR-199a-5p was down-
regulated in cancer cells and tissues, it was hypothesized that
the upregulation of miR-199a-5p would lead to cell growth
arrest. Using the BrdU-ELISA assay, it was demonstrated
that HO-8910 and ES-2 cells that were transfected with the
miR-199a-5p mimic exhibited decreased growth compared
with the cells transfected with miR-NC.

It has been reported that miR-199a-5p affects the growth,
metastasis and apoptosis of cancer cells potentially by targeting
cyclin dependent kinase 6, Rho associated coiled-coil containing
protein kinase 1 and cMet (30,31,46-49). Although bioinfor-
matic tools might help to reveal the putative mRNA targets of
miRNAs, experimental procedures are required for validation.
In the resent paper, it was demonstrated that miR-199a-5p was
able to target the NF-kB1 miRNA, therefore revealing a poten-
tial mechanism associated with ovarian oncogenesis.

As a member of the Rel/NF-«xB transcription factor
family, NF-kB1 has critical roles in the regulation of immune
responses, embryo and cell lineage development, cell-cycle
progression, cell apoptosis and tumorigenesis (50-52). The
data in the present study indicated that NF-xB1 was a target
of miR-199a-5p. First, using western blotting, it was confirmed
that the transfection of miR-199a-5p mimic was able to cause
a marked decrease in the levels of NF-xB1 protein. In addition,
it was indicated that miR-199a-5p was able to directly regulate
NF-kBI expression, as the seed region of miR-199a-5p is able
to bind with the 3' UTR of NF-xB1 mRNA. Furthermore,
the luciferase activity of the NF-kB1 3'-UTR was specifi-
cally responsive to miR-199a-5p upregulation. Indeed,
mutation of the miR-199a-5p binding site abolished the effect
of miR-199a-5p on the regulation of luciferase activity.

NF-«Bl facilitates invasion and metastasis of cancer
cells partly by transcriptional regulation of MMP-2 and
MMP-9 (53). Ferrer-Marin et al (53) have demonstrated
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that miR-9 suppressed the migration and invasion of uveal
melanoma cells partly by targeting NF-kB1 expression and
downregulating, MMP-2 and -9, its downstream molecules. An
additional study has indicated that miR-9 was able to inhibit
the metastasis of melanoma cells by suppressing E-cadherin
expression via targeting NF-xB1 (54). In the present study, it
was demonstrated that the expression of MMP-2 and MMP-9
was altered in the same pattern as NF-kB1 expression upon the
exogenous expression of miR-199a-5p. Therefore, the regula-
tion of MMP-2 and MMP-9 by NF-kB1 may contribute to the
invasion and metastasis of OC cells that is mediated by NF-xB1.

In summary, the present study indicated that miR-199a-5p
was downregulated in OC cells compared with the normal
human fallopian tube epithelial cell line. The transfection of
miR-199a-5p inhibited the proliferation and invasion of OC cells
by directly targeting NF-xB1. This novel miR-199a-5p/NF-kB1
axis might provide new insights into the molecular mechanisms
underlying the progression and metastasis of OC, and the
overexpression of miR-199a-5p might be a potential therapeutic
strategy for the treatment of OC in the future.
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