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MicroRNA-433 inhibits migration and invasion of ovarian cancer cells via
targeting Notchl
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We aimed to determine the effects of miR-433 on the malignant behaviors of ovarian cancer cells, as well as to elucidate
the possible mechanisms of ovarian cancer development. A total of 9 ovarian cancer tissues and 9 matched normal ovary
tissues were obtained, and the expression levels of miR-433 and Notch1 were then determined by real-time PCR. Human
ovarian cancer cell lines SKOV3 and OVCAR3 were transfected with miR-433 mimics, negative miR-control and Notch1
siRNA. The expression of Notchl protein in transfected cells was determined by western blot. In addition, the prolifera-
tion, migration and invasion of SKOV3 and OVCAR3 cells in vitro were then evaluated using Cell Counting Kit 8, wound
healing assay and Transwell invasion assay, respectively. Besides, bioinformatics methods and luciferace reporter assay were
performed to confirm whether Notchl was a direct target of miR-433. The expression of miR-433 was markedly down-
regulated while Notch1 expression was significantly up-regulated in ovarian cancer tissues compared with matched normal
ovary tissues. Overexpression of miR-433 significantly inhibited the migration and invasion of ovarian cancer cells, but had
not significant effects on cell proliferation. In addition, Notch1 was a direct target of miR-433. Besides, down-regulation of
Notchl inhibited the invasion of ovarian cancer cells. Our findings indicate that miR-433 may inhibit cell migration and
invasion in the development of ovarian cancer via down-regulation of Notchl. Notchl may serve as a potential target in
cancer therapy.
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Ovarian cancer is the most common lethal of gynecological
malignancies worldwide [1]. In 2015, approximately 21,290
new cases and 14,180 deaths in United States result from ovar-
ian cancer according to the national cancer statistics [2]. Due
to lack of symptoms at early stage, most of patients with ovar-
ian cancer (approximately 70%) are diagnosed at an advanced
stage. Despite improvement in treatment, the overall 5-year
survival rate is still about 30% [3]. Ovarian cancer continues to
be a challenging issue of women health. Although progresses
have been achieved, more efforts are still needed to elucidate
the molecular mechanisms underlying ovarian cancer.

Abbreviations: CCK-8 - Cell Counting Kit 8; EMT - epithelial-mesen-
chymal transition; FBS - fetal bovine serum; HDACG6 - Histone Deacetylase
6; FIGO - International Federation of Gynecology and Obstetrics; miRNAs
- MicroRNAs; SD —standard deviation

In several previous studies, the molecular mechanisms
underlying ovarian cancer have been widely investigated. For
instance, endogenous or exogenous aryl hydrocarbon receptor
(AhR) ligands have been shown to inhibit cell proliferation in
ovarian cancer [4, 5]. DiGeorge Critical Region 8 (DGCR8)
is reported to be associated with the malignant behaviors of
human ovarian cancer cells [6]. In addition, it has been known
that Notch signaling affects the development and function of
several organs via regulating cell proliferation and apoptosis
[7]. Especially, the key roles of Notch1 in cancer development
and therapy have aroused more attentions in recent. It has
been reported that the NOTCHI signaling pathway may be
a key mechanism to regulate the SHARP1mediated suppres-
sion of the epithelial-mesenchymal transition in metastasis
of endometrial cancer [8]. Activated Notchl1 is also shown to
inhibit p53-induced apoptosis and induce cell cycle in cervical
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cancer cells [9]. Besides, Notch 1 signaling is also observed to
be active in ovarian cancer [10].

Furthermore, microRNAs (miRNAs), a group of small
endogenous non-coding RNAs, can target the 3’ untranslated
region (3’ UTR) of mRNAs and consequently play regulatory
roles at the post-transcriptional level [11]. Increasing evidence
has indicated that miRNAs can be implicated in numerous
cellular processes, like cellproliferation and apoptosis [11, 12].
MiRNAs are likely to function as tumor suppressors or onco-
genes in cancer progression [13], including ovarian cancer.
For example, members of the miR-200 family are observed to
be down-regulated in ovarian cancer [14, 15], miR-199a can
inhibit the tumorigenicity of ovarian cancer-initiating cells
[16], and down-regulation of let-7 family is associated with
chemotherapy resistant in ovarian cancer cells [15]. Recently,
accumulating evidences have confirmed that miR-433 has
diverse functions in tumor biology. For instance, miR-433
can inhibit cell growth and metastasis in oral squamous cell
carcinoma by targeting Histone Deacetylase 6 (HDACS6) [17].
Also, miR-433 can inhibit migration of liver cancer cells by
repressing cAMP response element-binding protein [18]. Be-
sides, miR-433 is reported to negatively regulate chemotherapy
sensitivity of cervical cancer cells [19]. Overexpression of miR-
433 in ovarian cancer cells is reported to promote resistance to
paclitaxel [20], and decreased MAD2 expression by miR-433
is also shown to reduce progression-free survival in patients
with epithelial ovarian cancer [21]. However, the potential role
and regulatory mechanism of miR-433 in the development of
ovarian cancer have not been fully investigated.

In this study, we investigated whether miR-433 was ab-
errantly expressed in ovarian cancer tissues. The effects of
miR-433 on the proliferation, migration and invasion of ovar-
ian cancer cells were then explored. Importantly, we further
validated whether Notchl was a target gene of miR-433. Be-
sides, we observed the effects of Notch1 on the proliferation,
migration and invasion of ovarian cancer cells, thus to explore
whether miR-433 induced malignant phenotypes of ovarian
cancer through targeting Notchl. Notchl has been shown
to be a key player in a variety of cancers [22, 23]. Our study
aimed to determine the effects of miR-433 on the malignant
behaviors of ovarian cancer cells, as well as to elucidate the
possible mechanisms of ovarian cancer development. Our
findings will help to devise possible approaches for the treat-
ment of ovarian cancer in a clinical application.

Materials and methods

Samples collection. Our study was reviewed and ap-
proved by the Medical Ethics Committee of the First Affiliated
Hospital of Harbin Medical University, and each patient was
informed consent.

A total of 9 ovarian cancer tissues and 9 matched normal
ovary tissues were obtained from 9 patients who underwent
surgical resections for ovarian cancer at the First Affiliated
Hospital of Harbin Medical University. All samples were im-

mediately frozen in liquid nitrogen and then stored at -80°C
for subsequent experiments. Patients were diagnosed with
ovarian cancer according to histopathological evaluation
and all cancers were staged following the criteria of Interna-
tional Federation of Gynecology and Obstetrics (FIGO). All
patients did not receive chemotherapy before operation. The
information and the cancer stage of each patient were shown
in Table 1.

Cell culture and transfection. Human ovarian cancer cell
lines SKOV3 (high-invasive) and OVCAR3 (low-invasive)
were purchased from the American Type Culture Collec-
tion (Rockville, MD) and were then grown in RPMI 1640
medium (Invitrogen, Carlsbad, CA) supplemented with 10%
fetal bovine serum (FBS) in a humidified incubator with 5%
CO, at 37°C. Cells (5 x 10°) were seeded in 6-well plates and
cultured in serum-free RPMI-1640 medium for 1 day before
transfection. The miR-433 mimics, negative miR-control and
Notchl siRNA were synthesized by GenePharma (Shanghai,
China) and then transfected into SKOV3 and OVCAR3
cells with lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA) as manufacturer’s instruction. SKOV3 and OVCAR3
Cells without any treatment were considered as blank con-
trol. The Notchl siRNA sequences were as follows: sense,
5-GUCCAGGAAACAACUGCAATT-3" and antisense, 5 -
UUGCAGUUGUUUCCUGGACTT-3". After transfection,
the expression of miR-433 and Notchl mRNA was determined
by real-time PCR, and Notch1 protein were detected by west-
ern blot assay.

RNA extraction and real-time PCR. Total RNA was
extracted from ovarian cancer cell lines and ovarian cancer
tissues using TRizol reagent (Invitrogen, CA, USA) according
to manufacturer’s protocol. cDNA was then synthesized us-
ing a miScript II reverse transcription kit (Qiagen, USA).
Afterwards, quantitative real-time PCR was performed using
a SYBR Green PCR kit (Applied Biosystem, USA). The PCR
conditions were as follows: 95°C 10 min; 40 cycles of 95°C
15 sec, 69°C 30 sec and 72°C 30 sec; 72°C 5 min. The relative
expression of MiR-433 and Notchl mRNA were calculated
using the 2-2°T method as previously described [24]. Endog-
enous U6 and GAPDH mRNA was used as internal standards
to normalize the expression of MiR-433 and Notchl mRNA,

Table 1. Clinicopathological information of 9 ovarian cancer samples

No. Age FIGO stage Histotype Grade

1 47 I Endometrioid carcinoma moderate
2 49 I Serous cystadenocarcinoma well

3 52 I Endometrioid carcinoma moderate
4 55 11 Serous cystadenocarcinoma moderate
5 57 I Mucinous cystadenocarcinoma moderate
6 58 II Serous cystadenocarcinoma moderate
7 59 v Endometrioid carcinoma poor

8 6l I Serous cystadenocarcinoma well

9 62 I Serous cystadenocarcinoma moderate
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Figure 1. Analysis of the expression of miR-433 (A) and Notchl mRNA (B) in ovarian cancer tissues and normal ovarian tissues by real-time PCR.
* indicated the significant differences compared with control group (P < 0.05).

respectively. Primer sequences using in our study were pre-
sented in Table 2.

Cell viability assay. Cells were harvested after 48 h of trans-
fection and then seeded in 96-well plates. Cell proliferation
was assessed using the Cell Counting Kit 8 (CCK-8, biosharp,
China) for 5 consecutive days after seeding. In brief, 10 pl of
CCK-8 solution was added to each well and the plates were
incubated at 37°C for 4 h. Absorbance (450 nm) was measured
using a microplate reader (Infinite®* M1000 PRO, TECAN,
Switzerland). All samples are performed in triplicate and fol-
lowing the manufacturer’s instructions

Wound healing assay. The scratch wound healing assay is
proved to be a sensitive method to determine cell migration
capacity [25]. Cells were grown in culture dishes with serum-
free RPMI-1640 medium for 24 h after transfection. When
the cells reached 90% confluence and formed a confluent
monolayer, a “scratch” of the cell monolayer was scraped in
a straight line with a sterile pipette tip. Then cells continued to
incubate for 24 h. The scratch wounds were observed by phase-
contrast microscope (Nikon, TS100, Japan) after 0 and 24 h,

Table 2. Primer sequences used in our study

Primers Sequence (5’-3)

miR-433 RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACACACCG

U6 RT CGCTTCACGAATTTGCGTGTCAT

miR-433 Forward GCGGCGGATCATGATGGGCTCC

miR-433 Reverse = CCAGTGCAGGGTCCGAGGT

U6 Forward GCTTCGGCAGCACATATACTA

U6 Reverse CGCTTCACGAATTTGCGTGTC

Notchl Forward ~ ATGAGTTCCAGTGCGAGTGC

Notchl Reverse =~ TAAGTGTTGGGTCCGTCCAG

respectively. Photographs were taken to access the ability of
cell migration in each group. Each experiment was conducted
in triplicate.

Transwell invasion assay. Cell invasion assay was carried
out using BIOCOAT Matrigel Transwell chamber (BD, USA)
with pore size of 8.0 um. The inserts were placed into 24-well
plates containing 700 pul of RPMI-1640 medium for 30 min in
a humidified incubator with 5% CO, at 37°C before seeding
cells. After 48 hours’ transfection, 5 x 10* cells in each group
re-suspended in RPMI-1640 medium containing 5% FBS were
placed in each chamber. The lower compartment was loaded
with full media containing 15% FBS as the nutritional attract-
ant. After incubated for 24 h at 37°C, the chambers were fixed
with 10% formaldehyde and stained with 1% Giemsa stain,
and non-invaded cells were removed with a cotton swab. The
translocated cells on the bottom of the chamber in 3 randomly
selected fields were counted under a light microscope (50 x
magnification).

Western blot analysis. Cells were harvested after trans-
fected with miR-433 mimics for 72 h. Cells were then
washed with ice-cold PBS and lysed in RIPA lysis contain-
ing 0.01% protease and phosphatase inhibitor respectively.
An equal amount of protein lysates were separated in 6%
sodium dodecyl sulfate-polyacrylamide (SDS-PAGE) gel
and electrophoretically transferred to a polyvinylidene fluo-
ride membrane (Mllipore, USA). After being blocked with
Western Blocking Reagent (10%, Roche, Germany) for 2 h,
the membrane were incubated with anti-human rabbit poly-
clonal to Notchl (1:750, Abcam, ab65297, USA) and mouse
anti-human GAPDH (1:10000, Roche, Germany) overnight
at 4°C, followed by dylight-conjugated secondary antibody
(Rockland, USA) at room temperature for 1h. Finally, the blots
were visualized and analyzed using the Odyssey IR imaging
system (LI-COR Biosciences).
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Figure 2. Real-time PCR showed MiR-433 was successfully over-expressed in both SKOV3 and OVCARS3 cells. * indicated the significant differences

compared with control group (P < 0.05).

Luciferace reporter assay. To confirm whether Notch1 was
atarget of miR-433, luciferace reporter assays were carried out
using the Luciferase Reporter Assay System (Promega, USA).
SKOV3 and OVCARS3 cells was cultured in 24-well plates, and
co-transfected with pGL3 vector (Promega, USA) containing
miR-433 binding site of Notchl 3’UTR (WT) or deleting the
sequence of binding site (MUT) with or without miR-433
mimics. After incubation for 48 h, the luciferase activity was
measured and normalized to the renilla luciferase activity.

Bioinformatics methods and statistical analysis. The
miRNA targets were predicted by computer-aided algorithms
based on the information of targetscan (http://www.targets-
can.org/vert_61/) and miRanda (http://www.microrna.org/
microrna/home.do).

All data were presented as mean + standard deviation (SD)
and subsequently analyzed by SPSS 17.0 statistical software.
The statistical differences between groups were assessed by
two-tailed Student’s t-test or one-way ANOVA. A value of P <
0.05 was considered statistically significant.

Results

Inverse expression of miR-433 and Notchl in ovarian
cancer tissues. To investigate the expression of miR-433 and
Notchl mRNA in ovarian cancer tissues, real-time PCR was
performed. The results showed that the expression of miR-
433 was markedly down-regulated in ovarian cancer tissues
compared with normal ovarian tissues (Figure 1A, P < 0.05).
However, the expression of Notchl mRNA in ovarian cancer
tissues was significantly increased compared with normal
ovarian tissues (Figure 1B, P < 0.05).

MiR-433 was successfully over-expressed in SKOV3 and
OVCARS3 cells. After transfected with miR-433 mimics, the
expression of miR-433 in both SKOV3 and OVCARS3 cells

was significantly up-regulated compared with normal control
(Figure 2, P < 0.05), while there were no significantly differ-
ences between miR-NC group and control group (P > 0.05),
confirming that miR-433 was successfully over-expressed in
ovarian cancer cells.

Overexpression of miR-433 inhibited cell migration and
invasion of ovarian cancer cells. The effects of miR-433 in
both SKOV3 and OVCARS3 cells were detected. The results
of CCK-8 assay showed that proliferation of both SKOV3
and OVCARS3 cells that were transfected with miR-433
mimics was gradually inhibited compared normal control
(Figure 3A), but there was no significant difference between
them (P > 0.05). In addition, wound healing assay displayed
the migration capacity of SKOV3 and OVCARS3 cells (Fig-
ure 3B). Similar results were obtained that the percentage
of wound closure in miR-433 mimics transfected group was
significantly lower than control group (Figure 3C, P < 0.05).
Besides, we detected the invasive ability of both SKOV3 and
OVCARS3 cells using transwell invasion assay (Figure 3D).
Similar results were obtained that the number of migration
cells in miR-433 mimics transfected group was markedly
decreased than control group (Figure 3E, P < 0.05). Taken
together, miR-433 significantly inhibited the migration and
invasion of ovarian cancer cells.

Notchl was a direct target of miR-433. In this study,
bioinformatic analysis methods were firstly used to predict
that Notch1 was a potential target of miR-433 (Figure 4A). In
order to further verify the predicted results, the expression
of Notchl protein in miR-433 mimics transfected cells was
determined by western blot. The results showed that Notchl
protein expression in miR-433 mimics group was significantly
inhibited compared with control group (Figure 4B, P < 0.05).
Moreover, we performed luciferase report assay to verify
whether miR-433 could direct target the 3'UTR of Notchl



700 T. LIANG, Q. GUO, L. LL, Y. CHENG, C. REN, G. ZHANG
A
SKOV3 OVCAR3
151 1.51
-~ control g -~ control
= - miR-NC = -= miR-NC
8 £ 1.0 —+ miR-433 mimics L 1.0 -+ miR-433 mimics
ic 5
2@ 3]
R g
2 O 0.5 2 0.5
< : 5
172}
2
0.0 T T 1 < 0.0 T T 1
0 2 4 6 0 6
days days
B C
SKOV3 OVCAR3
[J SKOV3
50- I OVCAR3
4
0 h E 40
< 30
e .
2 20 .
% 10 *
RS | |
24h > e &> e
& & & &
& O & &
o e
& &
control miR-433 mimics control miR-433 mimics & &
[ SKOV3
I OVCAR3
D E 100-
SKOV3 32
& 80
S ¢ = % %k
=~ 60
£
¥
-E 40
S 204
=
5
© 0 T T
control miR-433 mimics &@\ i é&‘f’ &@\ \és"%
& & & &
» »
& &
& &

Figure 3. The effects of miR-433 on the proliferation, migration and invasion of ovarian cancer cells. A: CCK-8 assay showed the proliferation of SKOV3
and OVCAR3 in different groups in a experimental period of 5 d. B: Wound healing assay displayed the percentage of wound closure in different groups
at 0 h and 24 h, indicating the migration capacity of SKOV3 and OVCARS3 cells in different groups. C: Quantification for the results of wound healing
assay. D: Transwell invasion assay showed the invasive number of cells in different groups after 24 h of treatment. E: Quantification for the results of
Transwell invasion assay. * indicated the significant differences compared with normal control group (P < 0.05).

mRNA. Expected results was obtained that co-expression of
miR-433 markedly suppressed the luciferase report activity
of the wild-type Notchl 3’UTR but not the mutant Notchl
3’UTR (Figure 4C, P < 0.05). To sum up, Notch1 was a direct
target of miR-433.

Down-regulation of Notchl inhibited the invasion of
ovarian cancer cells. Western blot analysis showed that the
expression of Notchl protein in SKOV3 cells was successfully
knocked down by Notch1 siRNA (Figure 5A, P < 0.05). In ad-
dition, we found that down-regulation of Notch1 expression

could gradually inhibit proliferation of SKOV3 cells (Figure
5B), but there was no significant difference in cell proliferation
between Notchl siRNA group and control group (P > 0.05).
Besides, transwell invasion assay displayed that the invasive
SKOV3 cells in Notch1 siRNA group and control group (Figure
5C), and the results showed that down-regulation of Notch1
expression could markedly decreased the number of invasive
cells (Figure 5D, P < 0.05).
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Figure 4. Notch1 was a directly target of miR-433. A: The results of bioinformatic analysis methods. B: The expression of Notch1 protein expression in
different groups. C: Luciferase report assay showed miR-433 could directly target the 3’UTR of Notchl mRNA. * indicated the significant differences

compared with normal control group (P < 0.05).

Discussion

Ovarian cancer is a serious and under-recognized threat
to women’s health due to its high incidence and mortality.
Accumulating evidence has shown that miRNAs play an
important role in the development of various cancers. In the
present study, we found that miR-433 was down-regulated in
ovarian cancer tissues, and overexpression of miR-433 could
significantly inhibit cell migration and invasion of ovarian
cancer cells. Moreover, miR-433 could target Notch1 directly,
and down-regulation of Notch1 markedly inhibited the inva-
sion of ovarian cancer cells.

Accumulating evidence has shown that miRNAs are critical
regulators in cancer-related processes and may be novel diag-
nostic and therapeutic targets for tumor treatment [26]. In this
study, we identified that miR-433 was down-regulated in ovar-
ian cancer tissues. Moreover, miR-433 mimics were transfected
into ovarian cancer cells and confirmed that over-expression
of miR-433 may exert an inhibitory effect on cell migration
and invasion of ovarian cancer cells. Consistently, miR-433 is
shown to act as tumor suppressors in gastric cancer and may
serve as a diagnostic and therapeutic biomarker for human
GC treatment in the future [27, 28]. Also, miR-433 is reported

to negatively regulate the proliferation and erythropoiesis of
hematopoietic cells, thus to play a tumor suppressor role in
myeloproliferative neoplasms [29]. Therefore, our results imply
that miRNA-433 may function as a tumor suppressor in the
development of ovarian cancer. However, a recent study af-
firms that over-expression of miR-433 in ovarian cancer cells
can promote resistance to paclitaxel through induce cellular
senescence [20]. Thus, the key roles of miR-433 in regulating
the malignant behaviors of ovarian cancer cells are still needed
to further explored.

Furthermore, Notchl was confirmed as a directly target
of miR-433 in our study. The Notch signaling cascade is an
evolutionarily conversed mechanism which plays a crucial
role in controlling proliferation, differentiation, and apoptosis
events [30]. Aberrant activation of Notch signaling has been
reported to be implicated in tumorigenesis [31]. Notchl is
a core component of Notch signaling in mammals [32]. Notch1
functions as a key player in ovarian cancer [33, 34] and breast
cancer [35]. In addition, down-regulation of Notchl is also
reported to lead to inhibit cell invasion in pancreatic cancer
cells [36]. Furthermore, microRNA-34a can play inhibitory
roles in cell migration and invasion in invasive urothelial
bladder carcinoma by targeting Notchl [37]. In our study,
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Figure 5. The effects of Notch1 on the proliferation, migration and invasion of ovarian cancer cells. A: Western blot analysis showed that the expression
of Notchl protein in SKOV3 cells. B: CCK-8 assay showed the proliferation of SKOV3 in different groups. C: Transwell invasion assay displayed that
the invasive SKOV3 cells in Notch1 siRNA group and control group. D: The invasive number of cells in different groups obtained by Transwell invasion
assay. * indicated the significant differences compared with normal control group (P < 0.05).

down-regulation of Notch1 inhibited the invasion of ovarian
cancer cells. Thus, our results are in line with previous findings
and suggest that Notch1 may contribute to the cell proliferation
and invasion in the development of ovarian cancer. Besides,
targeting Notch signaling pathway is an effective strategy to
overcome drug resistance for cancer therapy [38]. McAuliffe et
al. also demonstrated that targeting Notch pathway sensitized
ovarian tumors to platinum therapy [39]. It can therefore be
speculated that targeting Notchl may have feasibility and
application prospects in cancer therapy. Taken together, miR-
433 may inhibit malignant progression of ovarian cancer via
targetingNotch1.

Besides, a previous study has confirmed that the cAMP
response element-binding protein CREBI is the first identified
target of miR-433 in liver cancer and miR-433 can repress cell
migration in hepatocellular carcinoma (HCC) via regulating
CREBI [40]. Also, miR-433 can increase the sensitivity to
5-fluorouracil in HeLa cells via negatively regulating TYMS
[19]. These findings suggest that there are other targets of
miR-433 besides Notchl. Therefore, whether miR-433 plays

a key role in ovarian cancer development via regulating other
targets is still further investigated. In addition, because miR-
433 was markedly down-regulated in ovarian cancer tissues
compared with normal ovarian tissues in our study, we only
performed overexpression experiment to observe the effect
of miR-433 on the malignant behaviors in ovarian cancer. If
miR-433 knockdown experiment was performed, the func-
tion of miR-433 will be clear demonstrated. In combination,
more experimental validations are valuable need to verify our
observation.

Conclusion

In conclusion, our findings indicate that miR-433 may
inhibit cell migration and invasion in the development of
ovarian cancer via down-regulation of Notchl. Notchl may
serve as a potential target in cancer therapy. Our findings
provide a new insight into the progression of ovarian cancer
and may have potential value for the diagnosis and treatment
of this disease.
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