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Abstract Epithelial ovarian cancer (EOC) is a common type
of gynecologic cancer, which accounts for the majority of
deaths among all gynecologic malignant tumors in developed
countries. A series of recent studies suggested that miR-381
might play important roles in the development of various can-
cer types. However, the biological function of miR-381 in
EOC remains to be investigated. We examined the levels of
miR-381 expression in EOC tissues and cell lines. We identi-
fied miR-381 target genes by bioinformatic prediction. We
also characterized the phenotype regarding cell proliferation,
cell migration, and cell invasion in EOC cells lines with al-
tered expression levels of both miR-381 and its target gene,
YY1. The expression levels of miR-381 were downregulated
in EOC tissues and cell lines. Overexpression of miR-381
significantly inhibited EOC cell proliferation, migration, and
invasion. Restoration of YY1 expression partially reversed the
phenotype induced by miR-381 overexpression. Knockdown
of miR-381 target gene, YY1, mimicked the phenotype in-
duced by miR-381 overexpression. MiR-381 regulated EOC

cell through miR-381/YY1/p53 and miR-381/YY1/Wnt sig-
naling axis. We concluded that miR-381 inhibited EOC cell
proliferation, migration, and invasion, at least in part, via sup-
pressing YY1 expression.

Keywords miR-381 . YY1 . Epithelial ovarian cancer . Cell
proliferation . Cell migration . Cell invasion

Introduction

Epithelial ovarian cancer (EOC) is a common type of gyne-
cologic cancer, which accounts for the majority of deaths
among all gynecologic malignant tumors in developed coun-
tries [1]. The diagnosis and treatment of EOC are faced with a
series of challenges, including the incomplete understanding
of its pathology, the lack of reliable diagnostic biomarkers,
and the resistance to chemotherapy drugs [2–4]. Because of
these reasons, most of the patients with advanced EOC suffer
from relapse and ultimately develop chemotherapy resistance
and die from the disease [5, 6]. This situation prompts the
urgent need for the development of novel therapeutic ap-
proaches in EOC to achieve better treatment outcome.

MicroRNAs (miRNAs), a class of 19–22 nucleotide
RNAs, have recently emerged as novel regulators of cellular
activities. They regulate gene expression in a post-
transcriptional manner via binding to the 3′-UTR of target
miR-381 expression (miRNA), resulting in mRNA degrada-
tion or translational inhibition [7, 8]. Accumulating evidence
has implicated miRNAs in the development of many cancer
types, as either oncogenes or tumor suppressors [9–11]. Some
of the fundamental biological processes that are essential for
cancer progression, including cell differentiation [12], prolif-
eration [13], invasion [14], and tumor cell apoptosis [15], have
been associated with the function of miRNAs.
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The role of miR-381 in cancer has been characterized
by a series of recent studies. In glioma cells, miR-381
was shown to stimulate cell proliferation both in vitro
and in vivo, and this function was associated with the
regulation of the MEK/ERK and Akt signaling pathways
[16]. Paradoxically, downregulation of miR-381 was
shown to promote cell proliferation and invasion in co-
lon cancer through upregulation of LRH-1 [17]. In ad-
dition, miR-381 was found to be significantly downreg-
ulated in lung cancer, and low levels of miR-381 ex-
pression were correlated with poor prognosis [18]. miR-
381 was found to inhibit invasion of renal carcinoma by
targeting Wnt signaling pathway components [19].
Moreover, miR-381 sensitized kidney cancer cells to
chemotherapy drugs by upregulating Cdc2 activities
[20]. Taken together, these studies suggested that miR-
381 might play important roles in the development of
various cancer types. However, the biological function
of miR-381 in EOC remains to be investigated.

Yin Yang 1 (YY1) is a ubiquitously expressed transcription
factor that plays essential roles in embryogenesis [21, 22]. The
binding of YY1 to DNA is mediated through the recognition
of a specific consensus sequence, which leads to the activation
or repression of a wide variety of genes including c-Myc, c-
Fos, β-actin, IFN-γ, CREB, and Sp1 [23, 24]. Importantly,
YY1 has been shown to interact with a number of oncogenes
and tumor suppressors that are essential for the regulation of
cell growth, apoptosis, and cancer progression, including Rb,
Mdm2, p53, and Ezh2 [23, 25]. YY1 was reported to deter-
mine cell fate by repressing p53 signaling [25, 26]. In addi-
tion, several investigators have found that YY1 promotesWnt
signaling pathway in colorectal cancer development [27, 28].
Knockdown of YY1 inhibited gastric cancer cell proliferation
by inhibiting Wnt signaling pathway [29]. Meanwhile, miR-
381 was found to inhibit brain tumor by regulating p53 sig-
naling pathway and reduced renal carcinoma invasion by
targeting components of Wnt signaling pathway [19, 30,
31]. These information motivated us to study the miR-381/
YY1/p53 and miR-381/YY1/Wnt axis in EOC tumorigenesis.

In this study, we demonstrated that the expression levels
of miR-381 were downregulated in EOC tissues and cell
lines. Overexpression of miR-381 significantly inhibited
EOC cell proliferation, migration, and invasion. We also
identified transcription factor YY1 as a target of miR-381.
Importantly, as knockdown of YY1 mimicked the pheno-
type of miR-381 overexpression in the regulation of EOC
cell proliferation, migration, and invasion, and miR-381
regulated EOC cell through miR-381/YY1/p53 and miR-
381/YY1/Wnt signaling axis. Restoration of YY1 expres-
sion reversed the phenotype induced by miR-381, we con-
cluded that miR-381 inhibited EOC cell proliferation, mi-
gration, and invasion, at least in part, via suppressing
YY1.

Materials and methods

Human samples

Tissues were collected from patients who underwent surgery
at the Department of Obstetrics and Gynecology of Harbin
Medical University Cancer Hospital between 2012 and
2013, including 40 epithelial EOC tissues and 20 normal ep-
ithelial ovarian tissue sections. None of the patients were treat-
ed with chemotherapy or radiotherapy before they were sub-
jected to operation. The histopathological diagnoses were per-
formed according to the World Health Organization criteria.
The percentage of tumor cells in all primary EOC samples are
more than 50%.All fresh specimens were stored at −80 °C for
further use. This study was approved by the Medical Ethics
Committee of HarbinMedical University Cancer Hospital and
all patients were provided informed consent. The clinical char-
acteristics of all of EOC patients were recorded in Table 1.

GSE and DLANA tool analysis

The method of GSE analysis was discussed in details in the
website (http://www.ncbi.nlm.nih.gov/geo/info/geo2r.html).

Table 1 Association of miR-381 and clinical feature of 40 EOC
patients

Characteristics Total miR-381 expression p value

Low High

Age (years) 0.204

>55 22 9 13

≤55 18 11 7

Stage 0.022

I + II 15 4 11

III + IV 25 16 9

Grade 0.008

1 9 1 8

2 + 3 31 19 12

Tumor size 0.337

>1 23 10 13

≤1 17 10 7

Histology 1.000

Serous 20 13 7

Non-serous 20 7 13

Lymph node 0.077

Negative 29 12 17

Positive 11 8 3

YY1 expression 0.011

Low 20 6 14

High 20 14 6
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We analyzed miR-381 expression in GSE47841 microarray,
which included data from nine clear cell ovarian carcinomas
(CCOC), 12 high-grade serous ovarian carcinomas (HGSC),
and nine normal ovarian surface epithelial cells (OSES) [32].
Potential miR-381 targets were predicted in the website
(http://diana.imis.athena-innovation.gr/DianaTools/index.
php?r=microT_CDS/index).

Cancer cell lines and primary normal epithelial cells

The human EOC cell lines (OVCAR3, Caov3, OVCA429,
SKOV3, A2780, and COV644) and normal human ovarian
surface epithelial (HOSE) cells were supplied byChina Center
for Type Culture Collection (CCTCC). EOC cells were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco-BRL, Gaithersburg, MD) supplemented with 10 % fe-
tal bovine serum and antibiotics (Gibco). HOSE cells were
cultured in medium containing 1:1 mixture of MCDB 105
and M199 medium (Sigma, St. Louis, MO). All cells were
incubated at 37 °C under a humidified atmosphere containing
5 % CO2.

Quantitative real-time PCR

Total RNAwas extracted using Trizol reagent (Invitrogen, Carls-
bad, CA). To quantitate miR-381 expression, total RNA was
polyadenylated and reverse transcribed using TaqMan
MicroRNA Reverse Transcription Kit and TaqMan miRNA as-
say (Applied Biosystems, Foster City, CA), according to theman-
ufacturer’s instructions. U6 small nuclear RNAwas used as the
internal control. Quantitative real-time PCR (qRT-PCR) analyses
for mRNA of Yin Yang1 (YY1) were performed by using
QIAGEN OneStep RT-PCR kits (Qiagen, Valencia, CA) and
SYBR Green real-time PCR. The mRNA level of β-actin was
measured as an internal control. RT-PCR was performed in trip-
licates. Relative expression of the tested genes was calculated and
normalized using the 2−ΔΔCt method. Primers were as follows:
YY1 forward, 5′ GCGGAGCCCTCAGCCATGGCCTCG 3′,
and reverse, 5′CAGCGGCTGCAGAGCGATCATGG 3′; cyclin
D1 forward, 5′ AGCTCCTGTGCTGCGAAGTGGAAAC 3′,
and reverse 5′ AGTGTTCAATGAAATCGTGCGGGGT 3′;
LEF-1 forward, 5′ CGACGCCAAAGGAACACTGACATC 3′,
and reverse, 5′ GCACGCAGATATGGGGGGAGAAA 3′;
Axin2 forward 5′ ACAACAGCATTGTCTCCAAGCAGC 3′,
a n d r e v e r s e 5 ′ G C G C C T G G T C A A A C A
TGATGGAAT 3 ′ ; a n d β - a c t i n f o r w a r d , 5 ′
TGACGGGGTCACCCACACTGTGCCCATCTA3′, and re-
verse, 5′ CTAGAAGCATTTGCGGTGGACGATGGAGGG 3′.

Transfection and luciferase assay

Oligonucleotides including miR-381 mimics and non-specific
miRNA negative control (miR-Ctrl) were synthesized and

purified by GenePharma (Shanghai). All oligonucleotides
were transfected into EOC cells at a final concentration of
50 nM using HiPerFect transfection reagent according to the
product manual (Qiagen). The full-length 3′-UTR of YY1
gene containing the putative miR-381 biding sites was ampli-
fied by PCR and was inserted into the pGL3 control vector
subcloned Xba I with CMV promoter (Promega, Madison,
WI). The primer sequence is as follows: forward primer, 5′-
A G T T C T A G A A A A G A A G A G A G A A
GACCCT - 3 ′ , a n d r e v e r s e p r im e r , 5 ′ - AGT
TCTAGAAAGAAACATGAAATTAAGCT -3′. The coding
sequences of YY1 were generated by PCR and cloned into
pCDNA3.1(+) vector (Invitrogen) to generate pCDNA3.1-
YY1. The luciferase reporter vector (YY1 3′-UTR, p53, and
TOPflash), pCDNA3.1-YY1 and Renilla plasmid were all
transfected using Lipofectamine LTX according to the manu-
facturer’s instructions.

Cells were seeded in triplicate in 24-well plates 1 day be-
fore transfection for the luciferase assay. Forty-eight hours
after transfection, the cells were harvested and lysed, and the
luciferase activity assayed using the dual-luciferase assay kit
(Promega). Normalized luciferase activity was reported as lu-
ciferase activity/Renilla luciferase activity. Three independent
experiments were performed.

Cell counting and MTTassay

The cell viability and proliferation were determined by cell
counting and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay (Promega). For cell counting, at
48 h after transfection, 0.25×104 cells were seeded into 24-
well plates. Then, cell numbers were counted at 0, 1, 2, 3, and
4 days. For MTT assay, at 48 h after transfection, the cells
were plated in 96-well plates at 2000 per well in a final volume
of 100 μl. Then at 0, 1, 2, 3, and 4 days, 25 μl of MTT stock
solution was added to each well and incubated for 4 h. The
absorbance was measured at 570 nm. The assays were per-
formed in triplicates.

Colony formation assay

The transfected EOC cells were seeded in 6-well plates (300
cells per well) and incubated for 10 days for the colony for-
mation assay. The cells were then washed with PBS, fixed
with 10 % formalin, and stained with 0.5 % crystal violet
(Sigma). The assay was repeated in five replicates.

Transwell migration and invasion assays

In vitro cell migration and invasion assays were performed
using 24-well transwell chambers (8-μm pores, BD Biosci-
ences, San Jose, CA). The transfected EOC cells (5×104 cells
per well) were cultured in the top chamber with 100 μl 1 %
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FBS medium. Five hundred microliters complete media with
10 % FBS was added into the lower chamber. After 24 h of
cultivation, the medium from the chamber and the transwell
were removed, and the chamber was gently wiped with a
cotton swab. The migrated cells were fixed in 4 % parafor-
maldehyde, stained with crystal violet solution, and counted
under a microscope in six fields. The procedure for the cell
invasion assay was similar to the cell migration assay, except
that the transwell membranes were precoated with Matrigel
(BD Biosciences). The assays were performed in triplicates.

Western blot

Western blot was performed as described previously [33].
Briefly, total protein was extracted by RIPA buffer (50 mM
Tris–HCl pH 7.4,150 mM NaCl, 1 % NP-40, 1 % sodium
deoxycholic acid, 0.1 % SDS, 1 mM phenylmethylsulfonyl
fluoride, protease inhibitor cocktail; Santa Cruz Biotechnolo-
gy). The total extracts were separated using 10 % SDS-
polyacrylamide gels and electrophoretically transferred to
polyvinylidene difluoride membranes (PVDF, Bio-Rad, Her-
cules, CA). The membranes were probed with a primary an-
tibody against human YY1 (sc-281), p53 (sc-126), β-catenin
(sc-1496), or β-actin (sc-47778) from Santa Cruz, followed
by (HRP)-conjugated secondary antibody (Santa Cruz).
Bound antibody was detected using the SupersignalWest Pico
ECL chemiluminescence kit (Thermo scientific, Rockford,
IL).

Statistical analysis

Statistical analyses were performed by SPSS Windows ver-
sion 19. Data was expressed as mean±SEM of the experi-
ments performed in triplicate. One-way ANOVA followed
by Tukey’s post hoc was performed to determine the

significance of difference among groups. Differences were
considered significant at *p < 0.05, **p < 0.01, and
***p<0.001.

Results

MiR-381 is downregulated in EOC tissues and cell lines

In order to determine the clinical relevance of miR-381 in
human EOC, we first examined the expression levels of
miR-381 in samples from primary EOC tumor tissues
(n=40) and normal ovarian epithelial tissues (n=20). We
found that compared to those in normal ovarian epithelial
tissues, the levels of miR-381 expression were significantly
lower in EOC tissues (Fig. 1a, p<0.001). We also analyzed
miR-381 expression in GSE47841 microarray, which includ-
ed data from nine clear cell ovarian carcinomas (CCOC), 12
high-grade serous ovarian carcinomas (HGSC), and nine nor-
mal ovarian surface epithelial cells (OSES) [32]. Consistently,
we found that the expression of miR-381 was significantly
downregulated in CCOC and HGSC tissues (Fig. 1b). In ad-
dition, we determined the levels of miR-381 in six EOC cell
lines (OVCAR3, Caov3, OVCA429, SKOV3, A2780, and
COV644). The expression of miR-381 was significantly low-
er in all six cell lines, compared to those in human ovarian
surface epithelial (HOSE) cells (Fig. 1c). Among the six cell
lines, SKOV3 had the highest and COV644 has the lowest
miR-381 expression. The relationship between miR-381 and
clinical feature of EOC patients was summarized in Table 1.
Reduced expression of miR-381 was significantly associated
with tumor stage (p=0.022), grade (p=0.008), and lymph
nodemetastasis (p=0.077). However, there was no significant
association betweenmiR-381 expression and the other clinical
features, such as patient’s age, tumor size, and histology.

Fig. 1 MiR-381 is downregulated in EOC tissues and cell lines. a
Relative miRNA levels of miR-381 was determined by qRT-PCR in 40
EOC tissues and in 20 normal epithelial tissues samples. p < 0.001. b
Relative expression levels of miR-381 in clear cell ovarian carcinomas
(CCOC, n= 9), high-grade serous ovarian carcinomas (HGSC, n = 12),
and ovarian surface epithelial cells (OSEC, n= 9) (GSE47841, p= 0.001

for OSEC and HGSC, p < 0.001 for OSEC and CCOC, and p= 0.001 for
CCOC and HGSC). c Relative miRNA levels of miR-381 in 6 EOC cell
lines (OVCAR3, Caov3, OVCA429, SKOV3, A2780, and COV644), as
compared to those in human ovarian surface epithelial (HOSE cells). U6
snRNA was used as the internal control. **p < 0.01 and ***p < 0.01
compared to normal tissue samples or cell lines
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Taken together, these data indicated that miR-381 was down-
regulated in EOC tissues and cell lines.

MiR-381 inhibits EOC cell proliferation, migration,
and invasion

Next, we sought to determine whether the upregulation of
miR-381 expression could affect the proliferation, migration,
and invasion of EOC cells. We transfected miR-381 or control
miRNA into SKOV3 and COV644 cells, and confirmed the
upregulated expression of miR-381 tomore than 25 folds after
48 h (Fig. 2a). We discovered that in both cell lines, the cells
transfected with miR-381 showed significantly reduced
growth rate compared to those transfected with control
miRNA, as determined by MTT cell proliferation assay
(Fig. 2b) and cell counting assay (Fig. 2c). Additionally, col-
ony formation assays demonstrated that miR-381 significantly
inhibited EOC cell proliferation (Fig. 2d). Furthermore, we
examined the migration and invasion ability of SKOV3 and
COV644 cells with upregulated miR-381 expression using
both transwell migration assay and invasion assay. In both cell

lines, we found that overexpression of miR-381 led to signif-
icantly inhibited cell migration (Fig. 3a) and cell invasion
(Fig. 3b). Collectively, these results indicated that miR-381
suppressed EOC cell proliferation, migration, and invasion.

YY1 is a direct target of miR-381

We employed the bioinformatic DIANA tools to predict the
potential target genes of miR-381, and found that in the con-
text of cancer development [34], YY1 was one of the func-
tionally relevant target genes. Besides DLANA tool, we used
other bioinformatic tools including targetscan and
microRNA.org to confirm that YY1 was predicted as a poten-
tial target of miR-381. There were three miR-381 binding sites
in YY1 3′-UTR (Fig. 4a). In order to validate that YY1 was a
direct target gene of miR-381, we constructed luciferase re-
porter plasmid with the YY1 3′-UTR region. We then co-
transfected these plasmids into SKOV3 and COV644 cells
with either miR-381 or control miRNA. Results showed the
transfection of miR-381 significantly reduced the luciferase
activity in both EOC cell lines to less than 30 % (Fig. 4b).

Fig. 2 MiR-381 inhibits EOC
cell proliferation. a Relative
expression levels of miR-381 was
determined by qRT-PCR in
SKOV3 and COV644 cells
transfected with miR-381 or
control miRNA (miR-Ctrl). b
MTT assay of SKOV3 and
COV644 cells transfected with
miR-381 or miR-Ctrl. c SKOV3
and COV644 cells were
transfected with miR-381 or miR-
Ctrl for 48 h, then seeded on 24
well plates (2500 cells/well).
Numbers of alive cells were
counted at the indicated time
points. d Colony formation assay
of SKOV3 and COV644 cells
transfected with miR-381 or miR-
Ctrl. *p< 0.05, ***p< 0.001
compared with miR-Ctrl
transfected cells
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In addition, we examined the YY1 levels in SKOV3 and
COV644 cells transfected with miR-381. Consistently, miR-
381 remarkably reduced both the mRNA levels (Fig. 4c) and
the protein levels (Fig. 4d) of YY1 in both EOC cell lines.

Furthermore, we examined the correlation between the ex-
pression levels of YY1 and miR-381 in 40 EOC tissues using
qRT-PCR. With the Spearman correlation analysis, we found
that there was a strong inverse correlation between the

Fig. 3 MiR-381 inhibits EOC
cell migration and invasion. a
Transwell migration assay and b
invasion assay in SKOV3 and
COV644 cells transfected with
miR-381 or miR-Ctrl. *p < 0.05
compared with miR-Ctrl
transfected cells. Orange boxes
indicate area magnified in top row
of (b)

Fig. 4 YY1 is a target gene of miR-381. a The putative binding sites of
miR-381 on the YY1 3′-UTR region (positions 73–82, 604–610, and
2875–2881). b Luciferase activities in SKOV3 and COV644 cells 48 h
after co-transfected with YY1 3′-UTR luciferase plasmid and miR-381 or
miR-Ctrl. *p < 0.05 compared to miR-Ctrl transfected cells. c Levels of
YY1 mRNAwas determined by qRT-PCR in SKOV3 and COV644 cells

transfected with miR-381 or miR-Ctrl. *p < 0.05 compared to miR-Ctrl
transfected cells. d Levels of YY1 protein was determined by Western
blot in SKOV3 and COV644 cells transfected with miR-381 or miR-Ctrl.
eThe correlation of the expression levels of YY1 andmiR-381 in 40 EOC
tissue samples
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expression levels of miR-381 and YY1 (Fig. 4e, r=−0.558).
This negative correlation was also confirmed by immunohis-
tochemistry (Table 1). Collectively, these results indicated that
miR-381 inhibited the expression of YY1 by targeting its 3′-
UTR region.

YY1 deletion inhibits EOC cell proliferation, migration,
and invasion

Since YY1 was a target gene for miR-381, we next investi-
gated whether downregulation of YY1 would mimic the
phonotypes of miR-381 overexpression in regulating EOC
cell proliferation, migration, and invasion. We first knocked
down YY1 expression in both SKOV3 and COV644 cells
using small interfering RNA (siRNA) targeting YY1, and
confirmed the efficiency of knockdown by Western blot anal-
ysis (Fig. 5a). Significantly, we found that in both SKOV3 and
COV644 cell lines, the rate of cell growth was significantly
lower in cells transfected with siRNA targeting YY1, com-
pared to those transfected with control siRNA, as determined
by MTT cell proliferation assay (Fig. 5b). Furthermore, we
also performed transwell migration assay and invasion assay
on SKOV3 and COV644 cells with YY1 knockdown to ex-
amine the migration and invasion activities of these cells. In

both cell lines, we found that knockdown of YY1 led to sig-
nificantly reduced activities of both cell migration (Fig. 5c)
and cell invasion (Fig. 5d). These results indicated that knock-
down of YY1 inhibited EOC cell proliferation, migration, and
invasion.

MiR-381 inhibits EOC cell proliferation, migration,
and invasion via suppressing YY1

Our previous data showed that miR-381 inhibited EOC cell
proliferation, migration, and invasion and YY1 was a target
gene of miR-381. It is possible that miR-381 exerted its func-
tions on EOC cells via suppressing the expression of YY1. If
this is the case, then the relief of YY1 suppression would
reverse the regulation of miR-381 on EOC cells. To test this
hypothesis, we simultaneously co-transfected plasmids
encoding YY1 into miR-381 overexpressing SKOV3 cells.
These plasmids did not contain the 3′-UTR region of YY1
and were therefore resistant to miR-381 regulation. We found
that while overexpression of miR-381 reduced the expression
of YY1, co-transfection of YY1-overexpressing plasmids
completely restored the levels of YY1 protein, as determined
by Western blot analysis (Fig. 6a). In these cells, we per-
formed MTT assay to assess cell proliferation and transwell

Fig. 5 Knockdown of YY1
inhibits EOC cell proliferation,
migration and invasion. a Levels
of YY1 protein was determined
by Western blot in SKOV3 and
COV644 cells transfected with
siRNA targeting YY1 (siR-YY1)
or control siRNA (siR-Ctrl). b
MTT assay, c transwell migration
assay, and d invasion assay in
SKOV3 and COV644 cells
transfected with siRNA targeting
YY1 (siR-YY1) or siR-Ctrl.
Orange boxes indicate area
magnified in top row of (d).
*p< 0.05 compared with siR-Ctrl
transfected cells
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assays to assess cell migration and invasion. We found that
transfection of YY1-expressing plasmid significantly reversed
the inhibition of EOC cell proliferation (Fig. 6b), cell migra-
tion (Fig. 6c), and cell invasion (Fig. 6d) induced by the miR-
381. Taken together, these data suggested that miR-381
inhibited EOC cell proliferation, migration, and invasion, at
least in part, via suppressing the expression of YY1.

MiR-381 and YY1 regulates p53 and Wnt signaling
in EOC cells

YY1 was reported to regulate p53 and Wnt signaling to deter-
mine cell fate [23, 27]. In order to elucidate the molecular
mechanisms of YY1’s function in EOC, we investigated p53
expression in YY1 silencing SKOV3 and COV644 cells by
Western blot. The result revealed that inhibition of YY1 up-
regulated p53 expression (Fig. 7a). A wild-type p53 reporter
luciferase assay revealed the p53 transcriptional activity was
stimulated by YY1 inhibition (Fig. 7b). Next, we examinedβ-
catenin levels in YY1 knockdown EOC cells and observed
decreased expression of β-catenin (Fig. 7c). Consistently,
TOPflash activity was suppressed after YY1 was knocked
down (Fig. 7d). Furthermore, we examined whether miR-

381 also affects p53 andWnt signaling.We performed expres-
sion assays and reporter assays in SKOV3 and COV644 cells
overexpressed miR-381. We noticed that miR-381 increased
p53 and inhibited β-catenin expression (Fig. 7e–h). miR-381
was also decreased downstream genes of Wnt signaling in-
cluding cyclin D1, Axin2, and LEF-1 (Supplemental figure 1).
These finding further provided the evidences that miR-381
regulates ECO cell function via targeting YY1 and indicated
p53 and Wnt are two potential downstream signaling
pathways.

Discussion

In this study, we investigated the function of miR-381 in the
regulation of EOC cell proliferation, migration, and invasion.
The physiological relevance of miR-381 with EOC was first
established by the discovery that the expression levels of miR-
381 were significantly reduced in EOC tissues. This finding
was supported by data both from patient tissue samples ob-
tained by our group and from publicly available microarray
data. The fact that miR-381 was downregulated in cancerous
tissue suggested that miR-381 may play a role as an tumor

Fig. 6 MiR-381 inhibits EOC
cell proliferation, migration, and
invasion via suppressing YY1
expression. a Levels of YY1
protein was determined by
Western blot in SKOV3 cells
transfected with miR-381 or miR-
Ctrl, together with either vector
control or plasmids encoding
YY1. b MTT assay, c transwell
migration assay, and d transwell
invasion assay in SKOV3 cells
transfected with miR-381 or miR-
Ctrl, together with either vector
control or plasmids encoding
YY1. *p< 0.05 compared with
cells transfected with control
miRNA (miR-Ctrl) together with
vector control; #p < 0.05
compared with cells transfected
with miR-381 together with
vector control
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suppressor, which further suggested that its inhibitory targets
were likely to be genes stimulating tumor malignancy. Indeed,
this idea was actually supported by a series of recent studies
concerning cancers in other tissues. For example, loss of miR-
381 was shown to promote cell proliferation and invasion in
colon cancer through upregulation of LRH-1 [17]. MiR-381
was also found to be downregulated in lung cancer, and low
levels of miR-381 expression were correlated with poor prog-
nosis, partially due to de-repression of ID1 [18]. In addition,
miR-381 could sensitize kidney cancer cells to chemotherapy
drugs by upregulating Cdc2 activities [20]. Moreover, the ex-
pression levels of miR-381 were also inversely correlated with
the expression of the MDR1 gene and the development of
drug resistance in chemotherapy [35].

In our study, we assessed the function of miR-381 on
cell proliferation, cell migration, and cell invasion in in
vitro cultured EOC cells. We chose two independent
cell lines for these assays, so that we could confirm that
the effects of miR-381 were not restricted to just a
certain cell line. We found that overexpression of miR-
381 in EOC cells significantly inhibited the prolifera-
tion, migration, and invasion of these cells. These as-
pects of cell activities represented the key steps in can-
cer malignancy, and these results therefore were consis-
tent with the findings that the expression levels of miR-
381 were down-regulated in EOC tissues in vivo.

YY1 was identified as a target of miR-381 by bioin-
formatic prediction. The prediction was confirmed by

Fig. 7 YY1 and miR-381
regulate p53 and β-catenin. a
Levels of p53 protein was
determined by Western blot in
SKOV3 and COV644 cells
transfected with siR-YY1 or siR-
Ctrl. b Luciferase activities in
SKOV3 and COV644 cells 48 h
after co-transfected with wild-
type p53 luciferase plasmid and
siR-YY1 or siR-Ctrl. c Levels of
β-catenin protein was determined
by Western blot in SKOV3 and
COV644 cells transfected with
siR-YY1 or siR-Ctrl. d Luciferase
activities in SKOV3 and COV644
cells 48 h after co-transfected with
TOPflash luciferase plasmid and
siR-YY1 or siR-Ctrl. e Levels of
p53 protein was determined by
Western blot in SKOV3 and
COV644 cells transfected with
miR-Ctrl or miR-381. b
Luciferase activities in SKOV3
and COV644 cells 48 h after co-
transfected with wild type p53
luciferase plasmid and miR-Ctrl
or miR-381. c Levels ofβ-catenin
was determined by Western blot
in SKOV3 and COV644 cells
transfected with miR-Ctrl or miR-
381. d Luciferase activities in
SKOV3 and COV644 cells 48 h
after co-transfected with
TOPflash luciferase plasmid and
miR-Ctrl or miR-381. *p < 0.05
compared with control cells
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multiple lines of evidence. First, miR-381 was able to
inhibit the 3′-UTR activity of YY1 gene in a luciferase
assay. Second, miR-381 overexpression reduced the ex-
pression of endogenous YY1, but the transfected YY1
lacking the 3′-UTR region appeared to be resistant to
miR-381 overexpression. Our functional study on YY1
further supported its role as a target for miR-381, as
knockdown of YY1 almost perfectly mimicked the phe-
notype on cell proliferation, cell migration, and cell in-
vasion induced by the overexpression of miR-381. Fur-
thermore, downregulation of YY1 or ectopic miR-381
stimulated p53 and suppressed Wnt signaling. Collec-
tively, the lines of evidence consistently supported that
YY1 was a target for miR-381.

An important question we were trying to address in our
study was whether or not miR-381 exerted its function on
EOC cells via the suppression of YY1 expression. To address
this question, we reasoned that when we restore the levels of
YY1 in miR-381 overexpressing cells, if the phenotype in-
duced by miR-381 was reversed, then it was a strong indica-
tion that miR-381 exerted its function on EOC cells via the
suppression of YY1 expression. In our experiments, we were
able to completely restore the protein levels of YY1 in miR-
381 overexpressing cells by co-transfection of plasmids
encoding YY1. In these cells, however, althoughwewere able
to partially reverse the inhibition of cell proliferation and mi-
gration induced by overexpression of miR-381, the reversal
was not complete. These results suggested that there were
other factors regulated by miR-381 that also contributed to
the inhibition of cell proliferation, migration, and invasion.
In this study, SKOV3 had the highest and COV644 has the
lowest miR-381 expression. We chose these two representa-
tive cell lines to perform functional experiments. Loss p53
was reported in both SKOV3 and COV644 cells [36, 37].
Deletion of YY1 was noted to promote p53 expression, which
indicated negative regulation of p53 by YY1 in EOC. INK4a,
cyclin D1/CDK4, and RB were important regulators for
SKOV3 and COV644 cell progress [33, 38–40]. Majority of
ovarian cancer cells showed telomerase activity [41]. Howev-
er, telomerase activity is not related to p53 gene status, and
intensity of telomerase activity is not an independent factor for
ovarian cancer patients’ prognosis [42]. Wnt signaling path-
way plays a pivotal role in ovarian cancer tumorigenesis [43].
A given miRNA may have hundreds of various mRNA tar-
gets, and a given target might be regulated by multiple
miRNAs [44, 45]. From published resulted and our data, it
seems that miR-381 is related to Wnt signaling pathway.

Actually, this finding was not surprising, considering miR-
381 regulated the expression of many other proteins in differ-
ent types of cancers as mentioned earlier in the discussion.
More investigation needs to be carried out in the future to
identify other targets of miR-381 in EOC cells that regulate
the process of malignancy.
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