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serous ovarian carcinoma

RONGRONG LI'?*, HUAN WU!?*, HUIYANG JIANG'?, QIUMAN WANG'?, ZHIYUAN DOU!?,
HANLIN MA'2, SHI YAN'?, CUNZHONG YUAN!?, NING YANG'? and BEIHUA KONG'?

lDepau“[rnent of Obstetrics and Gynecology, 2Shandong Key Laboratory of Gynecological Oncology,
Qilu Hospital of Shandong University, Jinan, Shandong 250012, PR. China

Received April 23,2020; Accepted July 31,2020

DOI: 10.3892/0r.2020.7749

Abstract. High-grade serous ovarian carcinoma (HGSOC) is
one of the most lethal gynecological malignancies; however, the
precise molecular mechanisms have not been fully characterized.
Fibulin-5 (FBLN-5) is an extracellular matrix (ECM) glyco-
protein, and plays a crucial role in maintaining the stability of
ECM structures, regulating cell proliferation and tumorigenesis.
In the present study, the expression of FBLN-5, as determined
by western blot analysis and immunohistochemistry, was signifi-
cantly increased in normal fallopian tube (FT) samples compared
with that in HGSOC samples, and decreased FBLNS expres-
sion was associated with unfavorable prognosis of HGSOC.
Functional characterization revealed that FBLNS overexpression
significantly inhibited migration, invasion and proliferation
abilities of ovarian cancer cells in vitro. Furthermore, micro
(mi)RNA-27a-3p (miR-27a-3p) was revealed to be increased
in HGSOC, and dual-luciferase reporter assay indicated that
miR-27a-3p was functioned as a negative regulator of FBLNS5
by directly binding with its 3'-untranslated region. Collectively,
FBLNS expression was associated with prognosis, prolifera-
tion, and metastasis in HGSOC. We hypothesized that FBLNS
was targeted by miR-27a-3p and may serve as a biomarker and
provide a new therapeutic approach for the treatment of HGSOC.

Introduction

Ovarian cancer (OC) is one of the leading causes of cancer-asso-
ciated deaths. There was an estimated 52,100 newly-diagnosed
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cases and 22,500 fatalities from OC in China in 2015 and
21,750 newly-diagnosed cases and 13,940 fatalities in the USA
in 2020 (1,2). High-grade serous ovarian carcinomas (HGSOC)
account for 70-80% of all OC cases and the mortality rate is
markedly high (3). Despite the important advances in diagnosis
and research, the role and precise mechanisms of HGSOC have
not been fully elucidated.

The fibulin protein family widely exists in the extracellular
matrix (ECM), and plays a crucial role in the formation and
stabilization of the basement membrane, and loose connec-
tive tissue and elastic fibers (4,5). In addition to the role in
tissue framework, fibulin proteins have also been revealed to
be involved in tumorigenesis and progression of cancer (6).
Depending on the cell type and cellular context, different
fibulins possess both antitumor and pro-tumor properties (7).
Fibulin-5 (FBLNS), a 66-kDa secreted glycoprotein, plays
significant roles in cell adhesion and motility, and cell-to-cell
and cell-to-matrix communication (8,9). In addition, FBLNS5
has been revealed to regulate cell growth, cell migration,
tissue repair and tumorigenesis (10). Numerous studies have
indicated the prognostic potential of FBLNS5, as a tumor
suppressor in a diverse range of cancers, such as breast cancer,
lung cancer and hepatocellular carcinoma (11-14). However,
the molecular mechanisms and prognostic significance of
FBLNS in HGSOC have not been characterized.

Micro(mi)RNAs are endogenous, short (21 to 25 nucleo-
tides) non-coding RNAs that repress gene expression at the
post-transcriptional level (15). miRNAs target the mRNAs
by complementary binding to the homology sequence in the
3'-untranslated region (3'-UTR) (16), and have an overarching
regulatory role during carcinogenesis and tumor development (17).
Specifically, micro (mi)RNA-27a-3p (miR-27a-3p) was revealed to
be a significant positive regulator of tumorigenesis and progres-
sion in different types of cancer, including hepatocellular (18),
nasopharyngeal (19), and oral squamous carcinoma (20).

In the present study, the expression level of FBLN5 and the
molecular mechanisms in patients with HGSOC were elucidated.
FBLNS was identified and proved to negatively regulate the
malignant behavior of ovarian cancer both in vitro and in vivo,
implying that FBLNS and its upstream regulator miR-27a-3p has
the potential to be a novel therapeutic target of ovarian cancer.
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Materials and methods

Tissue samples. In the present study, a total of 216 samples [57
normal fallopian tubes (FT) and 159 HGSOC tissues] were
collected at Qilu Hospital of Shandong University (Shandong,
China) from May 2006 to July 2013. The ages of all included
patients ranges from 35 to 78 years. The normal FT samples
were obtained from patients who had a benign gynecological
tumor, while the HGSOC samples were collected from patients
undergoing surgical resection without previous chemotherapy.
Written informed consent was provided by each patient
prior to surgery. In addition, the guidelines developed by
the Ethics Committee of Shandong University Qilu Hospital
(KYLL-2018-229) were also adhered to.

Cells culture. The SKOV3 and 293T cell lines were purchased
from the American Type Culture Collection and the Chinese
Academy of Sciences, respectively. The HEY and A2780
cell lines were a kind gift from the laboratory of Dr. Wei
(Department of Gynecology and Obstetrics, Northwestern
University, Feinberg School of Medicine). The cells were
cultured in the appropriate medium (SKOV3 and A2780 cells,
RPMI-1640 medium and HEY and 293T cells, DMEM) (all
from Gibco; Thermo Fisher Scientific, Inc.) containing 10%
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific,
Inc.), and all the cells were maintained in an incubator under
standard growth conditions.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA from cells and samples was extracted
using TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). The
mRNA and miRNA were reverse-transcribed using the Prime
Script RT Reagent kit and One Step Prime Script miRNA
cDNA Synthesis kit, respectively, (both from Takara Bio, Inc.)
following the manufacturer's guidelines and recommended
thermocycling conditions. The cDNA was amplified using the
SYBR Green (Takara Bio, Inc.) and Real-Time PCR (qPCR)
System (QuantStudio3; Thermo Fisher Scientific, Inc.). The
thermocycling conditions were as follows: 95°C for 30 sec,
40 cycles at 95°C for 5 sec and 60°C for 30 sec, 95°C for 15 sec,
60°C for 1 min and 95°C for 15 sec. U6 and ACTB were used
as the internal controls for normalization and comparison. The
22444 method (21) was used to calculate the expression level
of the specific genes. The primers are presented in Table SIA.

Western blot analysis. The total protein from the cells and
tissues was isolated in ice-cold lysis solution containing RIPA
buffer, phenylmethylsulfonyl fluoride and sodium fluoride
(100:1:1) (all from Beyotime Bio, Inc.), and then centrifuged
for 15 min at 12,000 x g at 4°C. The supernatants were used
to calculate the protein concentration using a bicinchoninic
acid Assay (Merck KGaA). The proteins (50 pg) from each
sample were separated using electrophoresis (separation gel,
10-12%; stacking gel, 5%). Subsequently, the proteins were
transferred onto a PVDF membrane (0.22 ym), blocked (5%
skim milk for 1 h at room temperature), and incubated with
the primary antibodies overnight at 4°C. Then the membrane
was incubated with the horseradish peroxidase-conjugated
secondary antibodies for 1-2 h. Finally, the protein signals
were visualized using an enhanced chemiluminescence
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detection kit (PerkinElmer, Inc.), and the densitometry of the
protein bands were analyzed using the Image J v1.8.0 software
(National Institutes of Health). GAPDH was used as the endog-
enous control. The primary antibodies in this study included:
Anti-FBLNS5 (dilution 1:1,000, cat. no. ab66339; Abcam),
anti-GAPDH (dilution 1:1,000, cat. no. 2118; Cell Signaling
Technology), anti-N-cadherin (dilution 1:1,000, cat. no. 13116;
Cell Signaling Technology), anti-Snail (dilution 1:1,000, cat.
no. 3879; Cell Signaling Technology), anti-E-cadherin (dilu-
tion 1:1,000, cat. no. 3195; Cell Signaling Technology), anti-p21
(dilution 1:1,000, cat. no. 2947; Cell Signaling Technology),
anti-p27 (dilution 1:1,000, cat. no. 3686; Cell Signaling
Technology). The secondary antibodies were purchased from
KPL: Anti-mouse IgG (cat. no. 5220-0341, dilution 1:6,000)
and anti-rabbit IgG (cat. no. 5220-0336, dilution 1:4,000).

Immunohistochemical (IHC) staining. A tissue microarray
(TMA) of HGSOC tissues (4-pm thick, made by our laboratory)
were incubated at 60°C for 35 min. The TMAs were imme-
diately deparaffinized, rehydrated with xylene and a graded
ethanol series. Subsequently, antigen retrieval was performed
using citric acid buffer and microwave irradiation. The
non-specific antigens were blocked using a normal goat serum
and the slides were then probed with rabbit anti-FBLNS anti-
body (1:300; cat. no. ab202977; Abcam) overnight at 4°C. The
signal was detected using 3,3'-diaminobenzidine chromogenic
reagent kit (ZSGB Bio, Inc.) and hematoxylin-counterstained
(Solarbio Bio, Inc.) according to the manufacturer's instruc-
tions. The final score of FBLNS staining was determined on
the basis of extent and intensity.

Plasmid construction and transfection. The coding
DNA sequences of FBLNS5 were obtained from Shanghai
GeneChem Co., Ltd., and then ligated into a pLenti-C-Myc-
DDK-IRES-Puro (PCMV) plasmid (OriGene Technologies,
Inc.). Lentivirus expressing FBLNS were obtained using the
293T cell line packaged with the pMD2.G (Addgene, Inc.)
and psPAX2 (Addgene, Inc.) vectors. The FBLN5-expressing
stable cells were produced using the infected lentivirus for
24 h and selected for a week in medium containing anti-
biotics. Small interfering (si)RNA targeting FBLN5 was
synthesized from Shanghai Biosune Biotechnology Co., Ltd.,
and were similar to those stated in previous studies (4,22).
The sequences of the siRNA and miRNA are presented in
Table SIB and C.

Cell proliferation assays. The MTT (Sigma-Aldrich; Merck
KGaA) assay was used to measure cell growth. A total of
(0.8-1)x10° cells/well were plated in 96-well plates in sextupli-
cate, for 1-5 days. At the same time every day, 20 pl (5 mg/ml)
MTT reagent was added to each well, and continued to culture
for 4 h at 37°C. Subsequently, the supernatant was removed
and DMSO (Sigma-Aldrich; Merck KGaA) was then added to
each well. The optical density was detected at 490 nm using a
microplate reader (Thermo Fisher Scientific, Inc.). All experi-
ments were performed in triplicate.

Clonogenic assays. To evaluate the colony formation ability,
single cells were seeded in a 6-well plate (1,000 cells/well)
and cultured for two weeks, under standard culture conditions.
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Figure 1. FBLNS is downregulated in HGSOC tissues. (A) Reverse transcription-quantitative PCR analysis of the FBLN5 mRNA expression level in HGSOC
tissues (n=14) and normal FT tissues (n=16). (B) FBLN5 mRNA expression level in ovarian cancer and normal tissues from the GEPIA database. (C) FBLNS
protein expression level of FBLN5 in HGSOC (n=9) and normal FT (n=7) tissues using western blot analysis. "P<0.05. FBLNS3, fibulin-5; HGSOC, high-grade

serous ovarian cancer; T, tumor; FT, fallopian tube.

Thereafter, 100% methanol was used to fix the colonies for
15 min, and stained with 0.1% crystal violet for 15 min at room
temperature. Colonies of more than 50 cells were counted. All
experiments were performed in triplicate.

Invasion and migration assays. For both the assays, the cells
were seeded in a Transwell chamber (8-um), but only the
membrane for the invasion assays was coated with Matrigel
(both from BD Biosciences). A total of 200 yul suspension
(1x10° cells) was added to the upper chamber, and 700 ul
medium supplemented with 20% FBS was added in the
lower chamber. Following routine incubation at 37°C for the
appropriate time-points (6-24h), the cells in the upper chamber
were removed using a cotton swab. Subsequently, the cells that
reached the lower surface were fixed and stained with 100%
methanol and 0.1% crystal violet for 15 min at room tempera-
ture, respectively.

Tumor formation assays in nude mice. Female nude mice
(BALB/c; 4-5 weeks old; average weight, 15 g) were obtained
from the NBRI of Nanjing University (Jiangsu, China), and
maintained in specific-pathogen-free (SPF) conditions with
25°C temperature, 50% humidity, 12-h light/dark cycle, and had
free access to water and food. Nude mice health and behavior
were monitored every day. Then, a 200-ul cell suspension

(5x109 cells) was injected subcutaneously into either side of
the armpit, in each nude mouse. After 2-3 weeks, all the mice
were euthanized by intraperitoneal injection of pentobarbital
sodium (200 mg/kg), which was confirmed by respiratory and
cardiac arrest, and then the tumors were excised and weighed.
The diameter of the longest of these tumors was <2 cm, and
all animal experiments adhered to the guidelines and policy
of the Shandong University Animal Care and Use Committee.

Bioinformatics analyses. The GEPIA database (http://gepia.
cancer-pku.cn/) was used to evaluate the mRNA expres-
sion levels of FBLNS in serous ovarian cancer and normal
tissues (23). The TargetScan (http://www.targetscan.org/)
and miRanda (http://www.microrna.org) were employed
to identify predicted miRNA sequences that may regulate
FBLNS (24,25).

Statistical analysis. The data analysis was performed using
SPSS v18.0 software (SPSS, Inc.). The unpaired Student's
t-test and y? test were used to evaluate the association and the
significant difference between groups. The curve of overall
survival (OS) was assessed using the Kaplan-Meier method
and the log-rank test. The experimental data are presented
as the mean =+ standard error of the mean and P<0.05 was
considered to indicate a statistically significant difference.


https://www.spandidos-publications.com/10.3892/or.2020.7749

2146

A Low expression

LI et al: PROGNOSIS AND MOLECULAR MECHANISMS OF FBLN5 IN HGSOC

High expression

B C 1 —— Low expression (n=65)
1001 1.0 —- High expression (n=94)
@8 FBLN5-Low 1
. 807 3 FBLN5-High 0.8+
£ ] |e2es% N
uwy b Z (0.6
5 a |
£ 401 $ 04-
8 ]
204 oo
o ]
FT HGSOC 0.0 T T -
(n=57) (n=159) 0 50 100 150
Qverall survival (months)
D Variables HR (95% CI) P-value
Omentum metastasis 2.067 (1.012-4.219) 0.046*
Ascites hn 1.263 (0.734-2.175) 0.400
CA125 T 0.882 (0.513-1.518) 0.651
FIGO stage 2.981 (1.059-8.392) 0.039*
Age T 0.862 (0.545-1.364) 0.525
FBLNS = 0.536 (0.341-0.843) 0.007**
0 2 4 6 10

Figure 2. Association of FBLNS5 expression with clinical information in patients with HGSOC. (A) Representative immunohistochemical staining of FBLN5
in HGSOC. (B) The high and low expression level of FBLNS5 in 57 FT and 159 HGSOC tissues. (C) Overall survival rates in patients with HGSOC, with either
high or low expression levels of FBLNS. (D) The multivariate analysis for OS. "P<0.05, “P<0.01. FBLNS3, fibulin-5; HGSOC, high-grade serous ovarian cancer;

FT, fallopian tube.

Results

FBLN5 expression is significantly downregulated in the
HGSOC tissue. The mRNA expression level of FBLNS
in HGSOC and FT tissues (HGSOC, n=14; FT, n=16), was
initially investigated and the expression levels of FBLNS were
upregulated in FT tissues compared with that in HGSOC
tissues (P<0.001; Fig. 1A). The results from the GEPIA
database also revealed that FBLNS was overexpressed in
normal control tissues compared with that in OC samples
(Fig. 1B). Then, the protein levels of FBLNS in FT (n=7) and
HGSOC (n=9) tissue samples were investigated using western
blot analysis and were revealed to be significantly different
(P<0.001; Fig. 1C).

Low expression level of FBLNS is associated with unfavor-
able prognosis. To further investigate the role of FBLNS in
HGSOC, THC was performed to analyze the protein expres-
sion level ina TMA (FT,n=57; HGSOC, n=159). With respect
to the staining degree, the HGSOC tissues were divided into
either high (n=94) and low FBLNS expression groups (n=65)
(Fig. 2A). There was markedly higher expression levels of
FBLNS in the FT tissues (92.98%; 53/57) compared with
that in the HGSOC tissues (59.12%; 94/159; Fig. 2B). In
addition, the OS of the patients in the FBLN5-high expres-
sion group was significantly longer compared with that
in patients in the FBLN5-low expression group (P<0.05;
Fig. 2C). Using multivariate analysis of the clinicopatho-
logical parameters, the data presented in Fig. 2D revealed
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Table I. Association between FBLNS expression and clinico-
pathological features.

FBLNS
expression
Low High
Groups No. level level P-value
Age (years) 0.024
<55 74 23 51
=55 85 42 43
FIGO stage 0.244
I+IT 35 11 24
M+1v 120 52 68
CA125 (U/ml) 0.868
<600 64 27 37
>600 87 35 52
Ascites (ml) 0.502
<1,000 66 24 42
>1,000 84 36 48
Omentum metastasis 0.040
Negative 54 16 38
Positive 101 48 53
Lymph node metastasis 0.566
Negative 41 11 30
Positive 22 8 14
Recurrence 0.008
No 28 5 23
Yes 97 45 52
OS (years) 0.016
<48 79 40 39
>48 80 25 55

FBLNS, fibulin-5; FIGO, International Federation of Gynecology
and Obstetrics; CA125, cancer antigen 125; OS, overall survival.

that OS was significantly associated with FBLNS expression
(HR, 0.536; P=0.007), FIGO stage (HR, 2.981; P=0.039)
and omentum metastasis (HR, 2.067; P=0.046). In addi-
tion, analysis of the clinicopathological features indicated
that FBLNS expression was associated with age (P=0.024),
omentum metastasis (P=0.040), recurrence (P=0.008), and
OS (P=0.016; Table I).

FBLNS inhibits OS cell proliferation. To evaluate the func-
tional role of FBLNS, three cell lines, including SKOV3,
A2780 and HEY were transfected stably with FBLNS
overexpression vector, while the SKOV3 cell line was
transfected transiently with FBLNS5 siRNA. The growth
curve analysis demonstrated that upregulation of FBLNS
notably inhibited cell growth compared with that in the
control group (Fig. 3A). Furthermore, the clonogenic assays
revealed that overexpression of FBLNS significantly inhib-
ited the clonogenicity efficiency compared with that in the
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empty vector control group (Fig. 3B). In addition, the HEY
cells transfected with PCMV-FBLN5 and PCMV-NC, were
subcutaneously injected into the nude mice. As revealed in
Fig. 3C and D, FBLNS overexpression could significantly
suppress the growth of OC cell lines in the nude mice. IHC
staining of the xenograft tissue was utilized to detect the
protein expression level of FBLNS5. As demonstrated in
Fig. S1, the expression level of FBLNS in the nucleus was
higher in the PCMV-FBLNS5 group compared with that
in the PCMV-NC group. Lastly, FBLN5 overexpression
significantly increased p21 and p27 protein expression levels
(Fig. 3E). These data indicated that FBLNS5 could suppress
the proliferation of OC cells.

FBLNS5 inhibits OC cell invasion and migration by
suppressing epithelial-mesenchymal transition (EMT). To
determine the impact of altered FBLNS5 expression on the
metastasis of the OC cell lines, the invasion and migration
abilities were detected using Transwell and Matrigel assays.
As indicated in Fig. 4A and B, FBLNS5 downregulation
significantly promoted cell invasion and migration abilities.
In agreement, overexpression of FBLNS significantly attenu-
ated the abilities of migration and invasion of the SKOV3,
HEY and A2780 cell lines. Then, the molecular mechanism
was investigated by analyzing EMT markers. The results
revealed that FBLNS5 overexpression significantly upregu-
lated an epithelial marker (E-cadherin) and reduced the
levels of 2 mesenchymal markers (N-cadherin and Snail)
compared with that in the empty vector group, transfected
in the HEY, A2780 and SKOV3 cell lines. In addition,
FBLNS knockdown downregulated the epithelial marker
(E-cadherin) and increased the expression of 2 mesenchymal
markers (N-cadherin, Snail) compared with that in the control
group in the SKOV3-transfected cells (Fig. 4C). These data
demonstrated that FBLNS5 suppressed metastasis of OC cells
by inhibiting EMT in vitro.

miR-27a-3p is a direct regulator of FBLNS5. Finally, the
molecular mechanisms underlying the downregulation of
FBLNS expression in OC was investigated. The potential
miRNA that targets the mRNA of FBLNS was predicted
using the miRanda and TargetScan online databases,
and miR-27a-3p was selected for further examination.
In addition, prior research revealed that miR-27a-3p was
upregulated in OC (26,27). As demonstrated in Fig. 5A, the
expression level of miR-27a-3p was upregulated in HGSOC
compared with that in FT tissues. Further analysis revealed
that the expression level of FBLNS was negatively correlated
with miR-27a-3p expression level in HGSOC (Fig. 5B). To
further verify the association of direct interaction between
miR-27a-3p and FBLNS, the dual-luciferase reporter
assay was subsequently performed. The data indicated
that upregulation of miR-27a-3p markedly inhibited the
luciferase activities in cells co-transfected with wild-type
FBLNS sequences and miR-27a-3p mimics (Fig. 5C). The
SKOV3 cell line was transfected with miR-27a-3p inhibitors
or mimics. Western blot and RT-qPCR assays demonstrated
that miR-27a-3p mimics significantly reduced the protein and
mRNA expression levels of FBLNS5, respectively, which was
reversed by miR-27a-3p inhibitors (Fig. 5D).
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Figure 3. FBLNS inhibits ovarian cancer cell proliferation in vitro and in vivo.

The (A) growth curve and (B) colony formation assay were used to assess

the effect of FBLNS on the proliferation of ovarian cancer cells. (C) The HEY cell line with or without FBLN5 overexpression was injected subcutaneously
into nude mice (n=5). (D) The tumor weights in each group were assessed. Data are presented as the mean + standard error of the mean. n=5. (E) p21 and

p27 expression was measured using western blot analysis in ovarian cancer cell

lines with FBLNS overexpression or knockdown. Data are presented as the

mean = standard error of the mean. n=3. “P<0.05, “P<0.01, ““P<0.001. FBLNS3, fibulin-5; si, small interfering; NC, negative control.

Discussion

Ovarian carcinoma is the fifth leading cause of cancer-related
mortality in females (28,29), and HGSOC is the most malig-
nant type of OC. Most patients with OC are diagnosed at an
advanced stage, which leads to poor prognosis (30,31). FBLNS
has been verified to be an anti-oncogene in different types of
malignancy (11-14). In the present study, it was revealed that a

low expression level of FBLN5 was associated with unfavor-
able prognosis of HGSOC, providing a potential biomarker
for the prediction of diagnosis and prognosis. However,
the detailed mechanism of FBLNS5 in HGSOC progression
remains unknown.

FBLNS has an anti-proliferative effect in several types of
human malignancy (11-13), and FBLNS overexpression was
revealed to suppress DNA synthesis and cyclin A expression in
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or knockdown on the (A) migration and (B) invasion of ovarian cancer cells. (C)

Western blot analysis of the EMT markers, N-cadherin, E-cadherin and Snail.

Data are presented as the mean + standard error of the mean. n=3. "P<0.05, “P<0.01, ““P<0.001. FBLNS5, fibulin-5; EMT, epithelial-mesenchymal transition;
si, small interfering; NC, negative control; N-CAD, N-cadherin; E-CAD, E-cadherin.

mink lung epithelial cells (32). p21 and p27 are two important
cell cycle-related genes, which regulate cell cycle progression
during G,/S and G,/S phases, respectively (33). In the present
study, cell proliferation, colony formation and tumor forma-
tion assays were performed. Notably, the results revealed that
FBLNS overexpression inhibited OC cell growth in vitro and
in vivo, and markedly increased the protein expression level
of p21 and p27. Based on these data, we hypothesized that
FBLNS inhibited the proliferation of OC cells by regulating
the cell cycle-related proteins. Limitedly, we did not explore
the potential relations between FBLNS and the other essential
cell cycle regulators in the present study, such as AURKA,
AURKB and FOXM1, which would be carried out relevantly
in our future research.

Migration and invasion are important causes of death
in patients with cancer. As a vital regulator of metastasis,
EMT has been associated with tumor progression, and
promotes mobility and resistance to apoptosis in various
types of cancer (34). Emerging evidence has revealed that

tumor-associated matrix metallopeptidases (MMPs) stimu-
late EMT (4). Tu et al (13) and Lee et al (35), reported that
FBLNS was involved in EMT and affected the invasion and
migration by tumor-associated MMPs in breast cancer and
hepatocellular carcinoma cells. EMT is a cellular process
and is often defined as the loss of epithelial characteristics
and the increase in mesenchymal features (36,37). Consistent
with this hypothesis, the results in the present study revealed
that FBLNS overexpression increased the epithelial marker,
E-cadherin and decreased the mesenchymal markers,
N-cadherin and Snail. Therefore, we hypothesized that
FBLNS inhibited the migration and invasion of OC cells by
inhibiting the EMT pathway.

Currently, numerous studies have demonstrated that
miRNAs are important regulators in a diverse range of human
malignancies (18-20). Furthermore, it has been reported that the
function and aberrant expression of miRNAs play a crucial role
in several biological processes (38,39). For example, miR-27a-3p
promoted cell proliferation in glioma cells by the cooperative
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Figure 5. FBLNS is the target gene of miR-27a-3p. (A) The mRNA level of miR-27a-3p was higher in HGSOC tissues compared with that in FT tissues, using
RT-qPCR. (B) Correlation analysis of FBLN5 and miR-27a-3p expression levels. (C) Prediction of the binding sites between miR-27a-3p and 3'-UTR of FBLNS.
The binding sequence of miR-27a-3p with the FBLN5 3'UTR sequence was deleted in the mutated type. Dual-luciferase reporter assays were used to analyzed
the luciferase activity of the WT or MT FBLNS 3'UTR. (D) The mRNA expression level of miR-27a-3p was detected using RT-qPCR following SKOV3 cell
transfection with miR-27a-3p mimics or inhibitor. RT-qPCR and western blot analysis revealed an inverse association between FBLNS5 and miR-27a-3p expression.
Upregulation of miR-27a-3p inhibited FBLNS expression level and downregulated miR-27a-3p expression level could promote the expression level of FBLNS. Data
are presented as the mean + standard error of the mean. “"P<0.01. FBLNS, fibulin-5; miR-27-3p, microRNA-27-3-p; HGSOC, high-grade serous ovarian cancer; FT,
fallopian tube; RT-qPCR, reverse transcription-quantitative PCR; UTR, untranslated region; WT, wild-type; M T, mutant; NC, negative control.

regulation of MXI1 (40). Li et al (26) and Wang et al (27),
reported that the miR-27a-3p expression level was increased in
OC, and primarily affected the growth and metastasis of cancer
cells. Consistent with these previous studies, the results from the
present study indicated that miR-27a-3p was upregulated in the
tissue from patients with HGSOC. In addition, it was verified
that FBLNS5 was the target of miR-27a-3p, and the miR-27a-3p
expression level was negatively correlated with FBLNS expres-
sion level. Therefore, the increased miR-27a-3p expression level
could explain why FBLN5 was downregulated in HGSOC.

In summary, the present study indicated that FBLNS was
targeted by miR-27a-3p and suppressed cell proliferation,
invasion and metastasis in OC cells. Furthermore, FBLN5
downregulation was associated with unfavorable prognosis.
These findings revealed that increasing FBLNS expression
could be a potential new strategy for the treatment of HGSOC.
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