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hsa-microRNA-411-5p regulates proliferation,
migration and invasion by targeting the hyaluronan
mediated motility receptor in ovarian cancer
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Abstract. The mortality rate of ovarian cancer is the highest
out of all gynecological malignancies worldwide. Therefore, it
is important to understand the mechanisms of ovarian cancer,
identify new biomarkers and develop targeted drugs. The role
and molecular mechanisms of hsa-microRNA (miR)-411-5p
in ovarian cancer have not been fully elucidated. The present
study investigated the ovarian cancer cell lines OVCAR-8 and
SKOV3. After transfection with miRNA mimics, cell prolif-
eration was monitored by a proliferation assay. Furthermore,
cell migration was measured by a cell wound healing assay
and cell invasion was measured by Matrigel invasion assays. A
miRNA luciferase reporter assay was used to analyze the rela-
tionship between miRNAs and the target gene HMMR, which
was then further evaluated by gene differential analysis. In
the current study, hsa-mir-411-5p was identified as a miRNA
regulator of the hyaluronan mediated motility receptor, which
negatively regulated the activity of ERK1/2 and ultimately
inhibited ovarian cancer cell proliferation and motility.
Although hsa-mir-411-5p may have different roles in other
types of cancer, the present study suggested that miR-411-5p
functions as a negative tumor regulator in ovarian cancer cells,
displaying the potential of miR-411-5p as a biomarker for
ovarian cancer.

Introduction

Ovarian cancer is the third most common gynecological cancer
worldwide, and has the highest mortality rate of all gyneco-
logical malignancies (1,2). The 5-year survival rate for patients
with early ovarian cancer (stage I or II) is 80-90%, compared
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with the survival rate of patients with stage III and IV disease,
which is only 25% (3,4). Only 30% of American patients with
ovarian cancer are diagnosed in the early stages in 2016 (3,4).
In patients with recurrent ovarian cancer, treatment is less
effective than in patients with a first time diagnosis of ovarian
cancer (5). As the number of relapses increases for a particular
individual, the disease remission period is reduced (5). At
present, there is no effective preventive strategy for ovarian
cancer (5). Interventions that reduce the risk of ovarian cancer
are particularly important given the limited screening options
and high mortality rates, which have not significantly changed
over the past several decades (5). Therefore, ovarian cancer
is currently a major public health concern. The molecular
mechanisms underlying the proliferation, migration and inva-
sion of ovarian cancer cells require further investigation to
identify new biomarkers and develop targeted drugs.

MicroRNAs (miRNAs/miRs) are non-coding RNAs
~22 nucleotides in length, which are involved in cell homeo-
stasis and tumorigenesis (6). The abnormal expression of
miRNAs in ovarian cancer is closely associated with the
progression and clinical prognosis of the disease (7,8). A
number of carcinogenic pathways may influence the same
miRNA, and equally, a number of miRNAs may control a
post-transcriptional program that affects numerous target
genes (6,7). miRNAs are often downstream effectors of tumor
relevant protein kinases or mutations, and therefore, targeting
miRNAs may be a strategy to increase drug specificity and
overcome drug resistance (6,8).

The function and expression of miR-411 has been studied
in several types of cancer (9-12). A number of previous studies
have reported that miR-411 may function as an oncogene in
osteosarcoma and lung and hepatocellular carcinoma (9-12).
Contrastingly, a number of studies have reported that miR-411
functions as a tumor suppressor in oral, cervical, breast
and colorectal cancer, as well as renal cell carcinoma and
glioma (13-21). At present, the role of hsa-mir-411-5p (also
known as miR-411-5p) in the development of ovarian cancer
is not completely understood. However, it has been reported
that the expression of hsa-mir-411-3p in the stable state is low,
which is unstable and easy to degrade (22). The present study
explored the mechanisms of hsa-mir-411-5p in ovarian cancer
cells in vitro.
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Materials and methods

Cell culture and transfection. The ovarian cancer cell lines
OVCAR-8 and SKOV3 were purchased from The Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences
and American Type Culture Collection, respectively. Cells were
maintained in RPMI-1640 medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.), at 5% CO, and 37°C. 293 cells (The
Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences) were cultured in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 4,500 mg/]1 glucose and
10% FBS. The OVCAR-8 and SKOV3 cells were transfected
with 25 nM negative control mimic (MISSION® miRNA,
Negative Control 1; cat. no. HMCO002; Sigma Aldrich; Merck
KGaA) or miR-411-5p mimic (MISSION microRNA Mimic
hsa-miR-411-5p; cat. no. HMI10558; Sigma-Aldrich; Merck
KGaA) at 24 h after seeding, and cells were seeded into 6-well
plates at a density of 1x10° cells/well. The sequences used were
as follows: Negative control mimic forward, 5'-[AmC6]UGA
ACAGUGUUACGUACGAUACC[dT][dT]-3', and reverse
5'-GGUUCGUACGUACACUGUUCA-3'". hsa-miR-411-5p
mimic forward 5'-CGUACGCUAUACGGUCUAUCU
A[dT][dT]-3', and reverse 5'-UAGUAGACCGUAUAGCGU
ACG-3'". Transfection was carried out using Lipofectamine®
RNAiIMAX Transfection reagent (Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions.

IncuCyte proliferation assay. OVCAR-8 and SKOV3 cells
2,000 cells/well were seeded into 96-well plates and allowed
to adhere at 37°C and 5% CO,. After transfection for 12 h with
miRNA mimics, cell proliferation was monitored by analyzing
the occupied area (% confluence) of cell images at 0, 24, 48
and 72 h time points using the IncuCyte Live Cell Analysis
system (Essen BioScience) according to the manufacturer's
instructions.

Cell wound healing assay. OVCAR-8 and SKOV3 cells
(1.5x10%/well) were seeded into 96-well ImageLock plates
for 24 h in RPMI-1640 medium supplemented with 10%
FBS at 37°C and 5% CO,. Following serum starvation
(RPMI-1640 medium only) for 12 h at 37°C and 5% CO,,
scratch wounds were made by the IncuCyte™ Cell Migration
kit (Essen BioScience), using the 96-pin wound making
tool (WoundMaker). Subsequently, cells were cultured in
RPMI-1640 medium supplemented with 4% FBS for 24 h at
37°C and 5% CO,. Images were automatically monitored and
analyzed every 4 h for 24 h by the IncuCyte Live Cell Analysis
system (Essen BioScience; magnification, x10). Data were
processed and analyzed using IncuCyte™ Cell Migration
Software Application Module (Essen BioScience) for 24 h.
Data are presented as the wound width.

Cell invasion assay. OVCAR-8 and SKOV3 cells (~5x10*-1x10°)
were resuspended in serum-free RPMI-1640 medium and
seeded in the top portion of a BioCoat Matrigel Invasion
Chamber (Corning, Inc.). The lower compartment of the
chamber contained RPMI-1640 medium supplemented with
10% FBS as a chemoattractant. After a 28-h incubation at 37°C
and 5% CO,, cells on the upper side of the membrane were
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removed, washed with PBS and fixed in 50% ethanol for 15 min
at room temperature. Subsequently, cells were stained with
Coomassie brilliant blue for 15 min at room temperature and
counted under 10 different microscopic fields using an inverted
light microscope (Leica Microsystems; magnification, x100).

RNA isolation and reverse transcription-quantitative PCR
(RT-qgPCR). To measure miRNA expression, total RNA was
isolated from cultured OVCAR-8 and SKOV3 cells using
the mirVana™ miRNA Isolation kit with phenol (Ambion;
Thermo Fisher Scientific, Inc.). The mature form of miRNAs
were detected using the TagMan® Advanced miRNA ¢cDNA
Synthesis kit with TagMan Fast Advanced Master mix
(Thermo Fisher Scientific, Inc.). The hsa-miR-411-5p TagMan
Advanced miRNA assay kit (assay ID, 478086_mir) and the
hsa-miR-26a-5p TagMan Advanced miRNA assay kit (assay
ID,477995_mir), which was an internal control, were purchased
from Thermo Fisher Scientific, Inc. RT-q PCR was performed
by Applied Biosystems 7900HT Fast Real-time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
relative expression was calculated by 244%4 method (23) and
expression levels were normalized to hsa-miR-26a-5p.

To investigate the effects of miRNA-411-5p over-
expression on the potential miRNA target gene HMMR, total
RNA from OVCAR-8 and SKOV3 cells was isolated using
the RNeasy Plus Mini kit (Qiagen Sciences, Inc.; cat. no. MD
20874) according to the manufacturer's protocol. RNA was
reverse transcribed into cDNA using the High-Capacity cDNA
Reverse Transcription kit (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. PCR was performed
in triplicate using SYBR® Select Master mix (Thermo Fisher
Scientific, Inc.) on a 7900HT Fast Real-time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
primer sequences used were as follows: HMMR forward,
5'-CCAGGTGCTTATGATGTTAAAACT-3' and reverse,
5'"TGAGATTCCTTCTTTGATTCCGA-3"; and fB-actin
forward, 5'-ATTGGCAATGAGCGGTTCCG-3' and reverse,
5'-CGTGGATGCCACAGGACTCC-3". The following ther-
mocycling conditions were used: 95°C for 5 min; 40 cycles of
95°C for 10 sec, 60°C for 20 sec and 72°C for 20 sec. Relative
expression was calculated using the 2224 method (23) and
expression levels were normalized to [3-actin.

Bioinformatics analysis and Luciferase reporter assay.
starBase (version 2.0; starbase.sysu.edu.cn) online data-
base was used to predict that HMMR was a target of
miRNA-411-5p. The human HMMR 3'UTR fragment (337 bp)
was PCR-amplified from the genomic DNA and subcloned
into the pMIR-REPORT luciferase construct (Thermo
Fisher Scientific, Inc.) using the following cloning primers:
Forward, 5"TTGGTCCTACCTATTATCCTTCTA-3'; reverse,
5-AATGACTTACTGTGTAATTTTATTTC-3". The mutant
HMMR 3'UTR was made using a QuikChange Site-directed
Mutagenesis kit (Agilent Technologies, Inc.) and confirmed
using Sanger sequencing. 293 cells of 60% confluence in
24-well plates were co-transfected with the pMIR-REPORT
firefly luciferase reporter gene construct, the pRL-TK
Renilla luciferase construct (for normalization) and 25 nM
miRNA mimics per well using Lipofectamine 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Cell extracts were
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prepared 48 h after transfection and the luciferase activity was
measured using the Dual-Luciferase Reporter Assay system
(Promega Corporation).

Western blotting. Total protein from OVCAR-8 and SKOV3
cells was extracted using RIPA buffer (Beyotime Institute of
Biotechnology). Total protein was quantified using a bicin-
choninic acid assay kit (Beyotime Institute of Biotechnology).
40 pg protein/lane was separated on a 10% SDS-PAGE gel
and then transferred to Hybond membranes (GE Healthcare).
Membranes were blocked for 1 h in 5% milk in TBST at room
temperature. For immunoblotting, membranes were incubated
overnight at 4°C with antibodies targeted against HMMR (cat.
no. ab124729; 1:1,000; Abcam), phosphorylated-Erk1/2 (cat.
no. 4377; 1:1,000; Cell Signaling Technology Europe, B.V.),
Erk1/2 (cat. no. 9102; 1:1,000; Cell Signaling Technology
Europe, B.V.) and GAPDH (cat. no. sc-25778; 1:1,000; Santa
Cruz Biotechnology, Inc.). Subsequently, membranes were
incubated with anti-rabbit or anti-mouse horseradish peroxi-
dase conjugated IgG (cat. no. 111-035-003 and 115-035-003;
1:20,000; Jackson ImmunoResearch Laboratories, Inc.) for
1 h at room temperature. Bands were visualized by ECL-Plus
detection reagents (Santa Cruz Biotechnology, Inc.).

Oncomine gene differential analysis by Oncomine.
Differentially expressed HMMR mRNA between 586 ovarian
serous cystadenocarcinoma and 8 normal ovarian tissues was
analyzed by Oncomine (www.oncomine.org). Filters were set
up as: Gene, HMMR, cancer type, ovarian cancer, dataset
type, The Cancer Genome Atlas (TCGA) datasets. The data
were grouped by cancer and normal type, and only samples
included in the analysis are shown.

Statistical analysis. SPSS 20.2 software (IBM Corp.) was used
to analyze the data. Data are presented as the mean + SEM.
Differences between groups were assessed using a paired
Student's t-test. P<0.05 was considered to indicate a statistically
significant difference. StarBase (version 2.0; http://starbase.
sysu.edu.cn/) online database provided the correlation
analysis between miR-411-5p expression and HMMR mRNA
level. The correlation between miR-411-5p and HMMR was
further investigated using patient sample information from the
starBase online database.

Results

miR-411-5p is a potent suppressor of ovarian cancer
proliferation, migration and invasion. The effects of
miR-411-5p on the human ovarian cancer cell lines OVCAR-8
and SKOV3 were investigated using a miR-411-5p mimic.
OVCAR-8 and SKOV3 cells were cultured and transfected
with the negative control or the miR-411-5p mimic. At 48 h
after transfection, the miR-411-5p expression level was
significantly increased (P<0.001) in the miR-411-5p mimic
groups, compared with the negative control groups, measured
by RT-qPCR (Fig. 1). Furthermore, miR-411-5p significantly
inhibited cell proliferation (P<0.001) in both the OVCAR-8
and the SKOV3 cell lines compared with the negative control,
at all time points (Fig. 2A). Wound healing and Matrigel
invasion assays were carried out to evaluate the effect of the
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Figure 1. miR-411-5p mRNA levels in OVCAR-8 and SKOV3 cells following
transfection with a negative control or miR-411-5p mimic, confirmed by
reverse transcription-quantitative PCR. The Student's t-test was used to
assess the difference. Error bars denote the SEM. ““P<0.001 vs. the negative
control. miR, microRNA.

overexpression of miR-411-5p on the migration and invasion of
ovarian cancer cells, respectively. The results of the cell wound
healing assay suggested that wound healing was decreased
(P<0.001) at 8 h (OVCAR-8 and SKOV3), 12 h (OVCAR-8 and
SKOV3) and 16 h (SKOV3) in the miR-411-5p group compared
with the negative control group (Fig. 2B), which indicated that
miR-411-5p suppressed ovarian cancer cell migration. The
results of the Matrigel invasion assay displayed that cell inva-
sion was significantly suppressed (P<0.01) in the miR-411-5p
group compared with the negative control group (Fig. 2C).

miR-411-5p directly targets HMMR. To identify the potential
target of miR-411-5p in ovarian cancer cell lines, starBase
(version 2.0; starbase.sysu.edu.cn) online database was used
to predict the candidate downstream target genes. The results
suggested that the 3'-UTR of HMMR contained putative
binding sites for miR-411-5p (Fig. 3A). To further confirm
whether HMMR was the direct target of miR-411-5p, the
3'-UTR of HMMR was synthesized and cloned into a luciferase
reporter plasmid to construct dual luciferase reporter gene
plasmids including the pmiR-HMMR 3'-UTR wild-type and
pmiR-HMMR 3'-UTR mutant. The dual luciferase reporter gene
plasmids were co-transfected into 293 cells with the negative
control or miR-411-5p mimic. The results indicated that 293 cells
co-transfected with the pmiR-HMMR 3'-UTR wild-type plasmid
and the miR-411-5p mimic significantly decreased the relative
luciferase activity compared with co-transfection with the nega-
tive control (P<0.001; Fig. 3B). However, co-transfection with the
pmiR vector or pmiR-HMMR 3'-UTR mutant plasmid plus the
miR-411-5p or negative control mimic did not significantly influ-
ence the relative luciferase activity of 293 cells (Fig. 3B). These
results illustrated that HMMR was a direct downstream target of
miR-411-5p. The correlation between miR-411-5p and HMMR
was further investigated using patient sample information from
the starBase online database. miR-411-5p expression from
miRNA sequencing displayed a significant negative correlation
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Figure 2. Cell behavior following transfection with the miR-411-5p mimic. (A) IncuCyte proliferation assay of OVCAR-8 and SKOV3 cells transfected with
the negative control or miR-411-5p mimic. (B) Wound healing assay of OVCAR-8 and SKOV3 cells transfected with the negative control or miR-411-5p mimic
(magnification, x10). (C) Matrigel invasion assay of OVCAR-8 and SKOV3 cells transfected with the negative control or miR-411-5p mimic. Scale bar length
is 100 ym. The Student's t-test was used to assess the difference. Error bars denote the SEM. "P<0.05 vs. the negative control; “P<0.01 vs. the negative control;

ok

P<0.001 vs. the negative control. miR, microRNA.

with HMMR mRNA level from RNA sequencing (correlation
coefficient r=-0.14809; P=0.0158359) from 265 ovarian serous
cystadenocarcinoma patient samples (Fig. 3C) using the starBase

Pan-Cancer miRNA-Target Expression Profile (24).

HMMR downregulation mediated by miR-411-5p overex-
pression may inhibit ovarian cancer cell proliferation by
downregulating the activity of ERK1/2. The role of miR-411-5p
and HMMR in the proliferation of ovarian cancer cells was
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may bind to HMMR. The Student's t-test was used to assess the difference (n=3). Error bars denote the SEM. " P<0.001 vs. negative control. (C) Correlation
analysis between miR-411-5p expression and HMMR mRNA level. HMMR, hyaluronan mediated motility receptor; miR, microRNA; mut, mutant; RNA seq,
RNA sequencing; 1, correlation coefficient. RPM, reads/counts of exon model per million mapped reads; TPM (quantification of RSEM software), transcripts

per kilobase of exonmodel per million mapped reads.

explored. The results suggested that ovarian cancer cells
transfected with the miR-411-5p mimic displayed reduced
HMMR mRNA and protein expression levels, as well as
reduced ERK1/2 signaling pathway activity (Fig. 4A and B).
Furthermore, differential HMMR mRNA expression between
paired ovarian serous cystadenocarcinoma and normal tissue
was analyzed by Oncomine. The results suggested that HMMR
mRNA expression in ovarian serous cystadenocarcinoma was
significantly higher (P<0.001) than that in normal ovarian
tissue (Fig. 5).

Discussion

The biological role of miR-411 in ovarian cancer cells is
not well understood (25), however, it has been reported that

miR-411 is downregulated in ovarian cancer cells (25). To the
best of our knowledge, the present study is the first to demon-
strate the regulatory molecular mechanism of miR-411-5p in
the malignant biological behavior of ovarian cancer cells.

A number of previous studies have reported that miR-411
plays an important role as an oncogene in tumorigenesis by
negatively regulating protein expression (10,26). Further
studies have reported that miR-411 may function as an
oncogene in osteosarcoma, lung and hepatocellular carci-
noma tumorigenesis and tumor development (9,11,12,26,27).
miR-411 promoted osteosarcoma cell proliferation and migra-
tion by inhibiting the expression of the metastasis suppressor
protein 1 (MTSS1) (9). Furthermore, high miR-411 expression
was an independent poor prognostic indicator for patients with
non-small cell lung carcinoma, and compared with healthy
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Figure 4. Molecular mechanisms of miR-411-5p in ovarian cancer cells.
(A) Reverse transcription-quantitative PCR of HMMR mRNA levels in
OVCAR-8 and SKOV3 cells 24 h post-transfection with the miR-411-5p
mimic. (B) Western blot analysis of HMMR, phospho-ERK1/2, total ERK1/2
and GAPDH expression in OVCAR-8 and SKOV3 cells 72 h post-transfec-
tion with the miR-411-5p mimic. The Student's t-test was used to assess the
difference (n=3). Error bars denote the SEM. ""P<0.001 vs. negative control.
miR, microRNA; HMMR, hyaluronan mediated motility receptor; phospho,
phosphorylated; NC, negative control.

controls, miR-411 expression levels were higher in the serum of
patients with non-small cell lung carcinoma (26). Additionally,
other studies have demonstrated that the oncogenic effect of
miR-411 on lung cancer cell proliferation was mediated by
direct downregulation of forkhead box O1 (10). miR-411 also
increased cell migration in lung adenocarcinoma cells, was
upregulated in tumors from patients who relapsed systemi-
cally and was associated with poor survival time following
lung adenocarcinoma resection (11). Another study indicated
that miR-411 promotes lung carcinogenesis by directly
targeting the tumor suppressor genes sprouty RTK signaling
antagonist 4 (SPRY4) and thioredocin interacting protein (27).
Furthermore, it has been reported that miR-411 promoted
hepatocellular carcinoma cell proliferation by targeting itchy
E3 ubiquitin protein ligase (ITCH) (12).

Alternatively, numerous studies have reported that
miR-411 functions as a tumor suppressor in oral, cervical,
breast and colorectal cancer, as well as in renal cell carcinoma
and glioma (13,14,17,19,20). Recent study has shown that
miR-411-5p was downregulated in oral cancer compared with
non-cancerous tissue (13). Similarly, miR-411 was signifi-
cantly downregulated and played a role as a tumor suppressor
in renal cell carcinoma (14). In cervical cancer, miR-411 acted
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as a potential tumor suppressor to inhibit cancer progression
by directly targeting STAT3 (15). Additionally, miR-411-5p
inhibited proliferation and metastasis of breast cancer cells
by directly targeting growth factor receptor bound protein 2
(GRB2) (17). Zhao et al (18) reported that miRNA-411 inhib-
ited malignant biological behaviours of colorectal cancer cells
by targeting phosphoinositide-3-kinase regulatory subunit 3
(PIK3R3). Additionally, miR-411-5p decreased glioma cell
proliferation by targeting topoisomerase II-a (TOPO2A) (19);
overexpression of miR-411-5p inhibited the proliferation
of rhabdomyosarcoma cells in vitro and tumorigenicity
in vivo (20); and miR-411-5p activated p38-mitogen activated
protein kinase phosphorylation by directly downregulating
SPRY4 and promoted apoptosis and myogenic differen-
tiation (20). Furthermore, the miR-379/411 cluster regulated
IL-18, significantly suppressed the invasive capacity of MESOI1
cells (a tumor model) and contributed to drug resistance in
malignant pleural mesothelioma (21).

A number of targets of miR-411 have been reported
previously, including MTSS1 (9), TOP2A (19), ITCH (12),
STAT3 (15),specificity protein 1 (16), GRB2 (17), PIK3R3 (18),
SPRY4 (20), IL-18 (21), hypoxia inducible factor 1-a (28) and
matrix metalloprotease-13 (29). In the present study, HMMR
was identified as a novel direct target of miR-411-5p by a lucif-
erase reporter assay. HMMR is required for bipolar spindle
assembly and mitotic progression by integrating biochemical
and structural pathways (30). HMMR expression is associ-
ated with poor prognosis and metastasis in non-small cell
lung carcinoma (31). Furthermore, upregulation of HMMR
in lung adenocarcinoma was associated with an inflam-
matory molecular signature and poor prognosis (32). Cell
surface HMMR is an hyaluronic acid-binding protein that
is not highly expressed in normal tissues but is commonly
upregulated in a number of advanced forms of cancer (33,34).
However, the underlying mechanism of HMMR in ovarian
cancer is not completely understood. Using TCGA, the
present study suggested that HMMR mRNA expression is
higher in ovarian serous cystadenocarcinoma than in normal
ovarian tissue.

ERK1/2 kinases are ubiquitous and homologous mitogen
activated protein kinases that mediate ligand-stimulated signals
for the induction of proliferation, differentiation, survival,
apoptosis, angiogenesis and motility (35). Upregulation and
elevated activation of ERK1/2 kinases is common in human
tumors (36-38). Indeed, studies have reported that in a large
number of different types of cancer the ERK1/2 signaling
pathway is constitutively active and may be involved in the
pathogenesis of these tumors (36-38). Of note, the ERK
signaling pathway plays a critical role in ovarian cancer patho-
genesis and downregulation of this signaling pathway is highly
effective for the inhibition of ovarian tumor proliferation (39).
Furthermore, the nuclear localization of phosphorylated
ERK1/2 can serve as a marker for the progression of ovarian
cancer (39,40).

HMMR is a known modulator of ERK1/2 in certain types
of cancer (41,42). HMMR overexpression resulted in activa-
tion of the ERK1/2 signaling pathway, which promotes cell
proliferation of osteoblastic cells (41). Cell surface HMMR
and CD44 act together and coordinate to sustain ERK1/2
signaling, leading to high basal motility of invasive breast
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cancer cells (42). The results of the present study suggested
that the expression of phosphorylated ERK1/2 and HMMR
is decreased following the overexpression of miR-411-5p in
ovarian cancer cells, a result that is consistent with the afore-
mentioned studies. The present study suggested a potential
interplay between HMMR and ERK1/2, via phosphorylated
ERK1/2, which may contribute to cancer cell proliferation and
motility modulation.

The present study indicated that the overexpression of
miR-411-5p could suppress ovarian cancer cell (OVCAR-8 and
SKOV3) proliferation and motility. In the present study, it was
also described that miR-411-5p could downregulate HMMR,
which resulted in the downregulation of the ERK1/2 signaling
pathway activity, and thus inhibited ovarian cancer cell prolif-
eration and motility. In different cancer types, miR-411-5p may
have different roles (12,19). In conclusion, the results of the
present study demonstrated that miR-411-5p may be potential
therapeutic target for ovarian cancer.

One limitation of the present study was that the results were
based on miRNA mimic-mediated overexpression experi-
ments in two ovarian cancer cell lines, where the miRNA
level may be much higher than the endogenous miRNA level.
Additionally, the wound healing should ideally be performed
in 0% FBS, therefore the use of 4% FBS is a minor limitation.
Future investigations, in particular in vivo experiments, should
be performed to confirm the functional mechanisms and
investigate the clinical application of miR-411-5p. Collectively,
the present study provided a rationale for further investigation
into miR-411-5p-based diagnosis, prognosis and targeted
therapeutic strategies.
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