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MiRNA-802 suppresses proliferation and
migration of epithelial ovarian cancer cells
by targeting YWHAZ
Bo Yang*, Li Sun and Lei Liang

Abstract

Background: The imbalance of expression of microRNA-802 may have a significant place in tumor progression.
However, the bio-function of epithelial ovarian cancer cells remains unclear. Therefore, we setup this study to
explore the pathogenesis of epithelial ovarian cancer based on microRNA-802.

Methods: RT-qPCR analysis was used to measure the expression level of microRNA802 and YWHAZ in epithelial
ovarian cancer. CCK-8, colony formation, flow cytometry and transwell assay were used to detect the effects of
microRNA-802 on cell proliferation, apoptosis, invasion and migration. Target gene prediction and screening,
luciferase reporting experiments were applied to validate the downstream target genes of microRNA-802. The
effects of microRNA-802 on the expression of YWHAZ and its biological effects were measured by Western blotting
and RT-qPCR.

Results: Compared with normal cell lines and tissues, the expression level of microRNA-802 was obviously down-
regulated in cancer related cell lines and tissues. Overexpression of microRNA-802 could obviously inhibit the
invasion and proliferation and induce apoptosis. In addition, YWHAZ was the binding target protein of miR-802 for
epithelial ovarian cancer cells. YWHAZ was obviously up-regulated in human epithelial ovarian cancer cells, and
YWHAZ was negatively correlated with the expression of miR-802. YWHAZ can partly eliminate the inhibitory effect
caused by overexpression of miR-802 on growth and metastasis of epithelial ovarian cancer cells.

Conclusion: miR-802 can regulate the occurrence and development of epithelial ovarian cancer by targeting YWHAZ.
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Background
The mortality rate of ovarian malignant tumors ranks
first in gynecological malignant tumors [1, 2]. Epithelial
ovarian cancer is a popular ovarian cancer, about 85 to
90% of ovarian cancer belong to this cancer type [3].
People have been studying ovarian cancer for more than
150 years. Unfortunately, the mortality rate of ovarian
cancer has not decreased. The anatomical location of
the ovary is hidden, and the early symptoms are not ob-
vious [4, 5]. In recent years, although the surgical treat-
ment and chemotherapy of epithelial ovarian cancer
(OC) have been improving constantly [6, 7]. Therefore,

how to find and control the related factors of prolifera-
tion, invasion and metastasis, and then improve the
survival rate of patients with epithelial ovarian cancer
has become a research hotspot.
Many scholars have done a lot of research on epithelial

ovarian cancer, and current research focuses on gene
regulation levels, including DNA methylation, group egg
protein modification, and non-coding RNA, among
which non-coding RNA has received unprecedented at-
tention [8, 9]. Studies have showed that miRNAs have a
key place in almost all important life activities [10, 11]. At
present, it has been found that it is related to many dis-
eases, among which the identification of miRNAs in tu-
mors and the exploration of their functions have become
the hotspot and frontier of life science research [12].
MicroRNAs (miRNAs) are a class of small (19 to 25 nt),
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non-coding, highly stable RNAs that regulate mRNA and
protein expression [13]. Moreover, they should specify
that several studies have indicated that miRNAs have been
involved in regulating various biological processes, such as
cellular differentiation, proliferation, angiogenesis, metab-
olism and cancer development [14, 15]. Many kinds of
miRNAs have been proved to be abnormally appeared in
carcinoma of ovary. MiRNAs are involved in biological
processes related to the development of ovarian cancer
[16]. The study has also found that miRNAs are associated
with staging, grading, and histological subtypes of ovarian
cancer, suggesting that miRNAs can be screened for ovar-
ian cancer as a class of biomarkers [17, 18]. Some studies
have showed that miRNA-802 has obvious differences in
the expression levels of various tumor cells and surround-
ing healthy tissues [19, 20]. However, current research on
miRNA-802 in ovarian cancer is rarely reported.
In recent years, research have found that miRNAs

make a difference in biological through downstream tar-
get genes [21]. YWHAZ belongs to the 14–3-3 gene
family. Studies have found that YWHAZ have a vital
function in tumor migration, inhibited apoptosis and
regulated signal transduction [22, 23]. It is abnormally
expressed in many malignant tumor cells [24]. The
YWHAZ mechanism of action on the development of
ovarian carcinoma is not clear. Based on the above stud-
ies, it was hypothesized that miRNA-802 may regulate
the development of ovarian cancer through YWHAZ
expression. This study main purpose was to attest the
mechanism of miRNA-802 regulation of ovarian cancer,
to verify the role and relationship of YWHAZ in miRNA-
802-regulated ovarian carcinoma, and to demonstrate a
theoretical basis for finding new drug targets.

Methods
Research object
Matched detection of epithelial ovarian cancer and adja-
cent normal tissues was performed in 35 patients who
underwent surgical resection in Bethune International
Peace Hospital. This study was approved by the ethics
committee of Bethune International Peace Hospital and
was conducted in accordance with the Helsinki Declar-
ation. All patients signed written informed consent. None
of the patients received radiotherapy or chemotherapy.
The clinicopathological features of these patients were
summarized in Table 1.

Cell culture
HOSEpiC cells (normal human ovarian surface epithe-
lial) and Epithelial ovarian cancer cells (OVCAR3,
SKOV3, A2780 and CAOV3) were obtained from the
Shanghai Cell Bank of Chinese Academy of Sciences.

miRNA and plasmid transfection
Both miR-802 mimic (miR-802) and miR-NC (negative con-
trol) were obtained from GenePharma Company (Shanghai,
China). The sequence used was as follows: miR-802 sense,
5′-CAGUAACAAAGAUUCAUCCUUGU-3′; miR-NC 5′-
CAGUACUUUUGUGUAGUACAA-3′. YWHAZ was over
expressed by synthesis of the pcDNA3.1-YWHAZ overex-
pression plasmid (GenePharma), the empty vector severed
as a negative control. Stable cell lines were then infected
with miR-802/NC (50 nM) or pcDNA3.1-YWHAZ plasmid/
pcDNA3.1 (2 μg) with Lipofectamine 2000 reagent (Invitro-
gen) and OptiMEM (Invitrogen). The cells were harvested
36 h post-transfection for subsequent experiments.

Quantitative real-time PCR (qRT-PCR)
Total RNA from cells was obtained with TRIzol reagent
(Guyu, Shanghai, China). Once the reverse transcription
reaction was done, qRT-PCR was started using a ViiATM
7 real-time PCR system (Jinuo, Shanghai, China). GAPDH
and U6 were treated as inner benchmarks. Quantitative
real-time PCR (qRT-PCR) specific experimental methods
were performed with reference to the literature [25]. The
primer sequences were as follows:

(1) miR-802-forward 5′-CGTTGTGTAGCTTATCAG
ACTG-3′;

(2) miR-802-reverse 5′-AATGGTTGTTCTCCACAC
TCTC-3′;

(3) U6-forward 5′-CTCGCTTCGGCAGCACA-3′;
(4) U6-reverse 5′-AACGCTTCAGGAATTTGCGT-3′;

Table 1 Clinicopathological features of epithelial ovarian cancer
patients

Features N. of patients (n = 35)

Age

< 55 years 16

≥ 55 years 19

Histological type

Serous 11

Mucinous 15

Others 9

Histological grade

G1 18

G2 7

G3 10

Residual tumor upon surgery

< 1 cm 12

≥ 1 cm 23

FIGO stage

I/II 10

III/IV 25
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(5) YWHAZ-forward 5′-AGGAGCCCGTAGGTCATC
TT-3′;

(6) YWHAZ-reverse 5′-TGCTTGTGAAGCAT
TGGGGA-3′;

(7) GAPDH-forward 5′-AAGGTGAAGGTCGG
AGTCAAC-3′;

(8) GAPDH-reverse 5′-GGGGTCATTGATGGCAAC
AATA-3′

Cell proliferation assay
Cell Counting Kit-8 was used for analysis the cell prolif-
eration (CCK8; Dojindo, Tokyo, Japan). The transfected
cell proliferation was measured every one day. The ab-
sorbance values were finally measured at 450 nm with an
ELx 800 microplate reader (Bio-Tek, USA).

Colony formation test
After 2 weeks, cells were washed, fixed by methanol and
then stained with crystal violet (1%). Finally, the amount
of colonies was calculated under inverted microscope.
(Olympus, Japan).

Migration and invasion assay
Transwell chamber with 8 μm pore size (Corning Incor-
porated, Corning, NY, USA) was used for cell migration
and invasion detection. The upper basement membrane
of the Transwell chamber was pre-coated with 20 μg
Matrigel Matrigel and cultured overnight in a 24-well
plate. Cell suspension was placed in the upper chamber
and culture medium in the lower chamber. After 12 h of
culture, it was washed with PBS for 3 times. Then it was
fixed with 90% of the formaldehyde, and stained in the
crystal violet solution. In the cell migration experiment,
the upper chamber of the Transwell chamber was free of
matrigel coating, and the rest of the operation was the
same as the invasion experiment.

Apoptosis analysis
After 36 h of cell transfection, epithelial ovarian cancer
cells were collected. Then they were incubated with 5 μl
of propidium iodide (PI) and 5 μl of FITC Annexin V.
The apoptotic rate was determined by flow cytometry
(FACS Calibur, USA). Specific experimental methods
were carried out in reference to the literature [26].

Dual luciferase reporter gene assay
The potential target protein or genes of miR-802 protein
were identified by bioinformatics methods using the on-
line software program starBase v2.0. Wild-type miR-802
(miR-802 WT) and YWHAZ 3′-UTR WT (3′-UTR
YWHAZ) reporter plasmid or mutant reporter plasmids
(miR-802 MT and YWHAZ 3′-UTR MT) with pmir-
GLO fluorescein enzyme vector (Promega, WI) were
constructed, and cells were transfected with luciferase

reporter plasmids(a wild type or mutant plasmid). Lucif-
erase activity was measured by double luciferase assay
system kit (Promega).

Western blot analysis
The transfected cells were collected, total protein was
extracted. Then the protein was electrophoresised and
transferred to the membrane of PVDF. After adding anti-
YWHAZ (ab13589, abcam), anti-GAPDH (ab16321, abcam),
the 1:5000 labeled secondary anti-rabbit antibody was
added for 1 h, and the specific experimental method
of Western blot analysis was performed by reference
to the literature [27].

Statistical method
The monitoring data were analyzed by SPSS19.0 statis-
tical software. The results of data analysis were showed
as mean ± standard deviation (mean ± SD). Multigroup
data analysis was based on one-way ANOVA. LSD test
was used for subsequent analysis. P < 0.05 meant the
difference was significant.

Results
Expression of miR-802 is down regulated in epithelial
ovarian cancer cell lines and tissues
First, the expression level of miR-802 gene in epithelial
ovarian cancer tissues was analyzed. As shown in Fig. 1a,
the expression yield of miR-802 gene in epithelial ovar-
ian cancer tissues was significantly lower than that in
normal tissues (P < 0.01). In addition, miR-802 expres-
sion was significantly reduced in 4 human epithelial
ovarian cancer tumor cells (OVCAR3, SKOV3, A2780
and CAOV3) compared with that in the normal control
cell line HOSEpiC, which were consistent with tissue
assay results (P < 0.01) (Fig. 1b). Since the expression
yield of mir-802 gene in OVCAR3 and SKOV3 cell lines
were relatively low, the OVCAR3 and SKOV3 cell lines
were selected as candidate cell models for further studies
in this study.

Overexpression of miR-802 suppressed migration,
proliferation, invasion and induces apoptosis in epithelial
ovarian cancer
The data were indicated in Fig. 2a. The expression yield
of miR-802 gene was obviously increased after LV-
UCA1 transfection, indicating successful transfection
(P < 0.01).
The CCK8 assay indicated that the proliferation of

OVCAR3 and SKOV3 cells was obviously inhibited
in the miR-802 gene overexpression group with a
contrast to that of the NC (negative control) group
(P < 0.05, P < 0.01) (Fig. 2b). Colony formation results
showed that in the miR-802 overexpression group,
the number of colonies of SKOV3 and OVCAR3
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Fig. 2 Biological effects of miR-802 on epithelial ovarian cancer cells. a Expression levels of miR-802 in SKOV3 and OVCAR3 cells. b Cell growth
rate in SKOV3 and OVCAR3 cells. c Colony forming ability of SKOV3 and OVCAR3 cells. Cell invasion (d) and migration ability (e) were measured in
SKOV3 and OVCAR3 cells. f Apoptosis rate of SKOV3 and OVCAR3 cells.* P < 0.05, ** P < 0.01

Fig. 1 Levels of miR-802 expression. a Expression levels of miR-802 in epithelial ovarian cancer tissues and adjacent normal tissues. b miR-802
expression levels in epithelial ovarian cancer cell lines and normal human ovarian surface epithelial cells.* P < 0.05, ** P < 0.01
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cells was obviously decreased with a contrast to that
in the NC (negative control) group (P < 0.01) (Fig. 2c).
Transwell assay results indicated that the miR-802 overex-
pression group obviously suppressed the invasion and mi-
gration of OVCAR3 and SKOV3 cells with a contrast
to that of the NC (negative control) group (P < 0.01)
(Fig. 2d and e). Flow cytometry results indicated that
with a contrast to NC group, the apoptosis rate of
SKOV3 and OVCAR3 cells was obviously enhanced in
the miR-802 overexpression group (P < 0.01) (Fig. 2f). In
summary, the above data showed that miR-802 exerted a
tumor suppressor effect and inhibited the metastasis and
growth of epithelial ovarian cancer cells.

YWHAZ was a direct target gene of miR-802 in epithelial
ovarian cancer cells
YWHAZ was predicted and identified as a potential
target protein for miR-802 by bioinformatics (Fig. 3a).
Luciferase reporter assays were performed to validate

the predicted results using the WT-miR-802 or mutant
(mut)-miR-802 luciferase reporter plasmid. As a result
in Fig. 3b, in SKOV3 and OVCAR3 cells, ectopic expres-
sion of YWHAZ significantly inhibited luciferase activity
of WT-miR-802, which had no significant effect on lucif-
erase activity of mut-miR-802. Next, the expression
pattern of miR-802 and YWHAZ in epithelial ovarian
cancer cells was analyzed. As indicated in Fig. 3c, in
OVCAR3 and SKOV3 cells, YWHAZ mRNA transcrip-
tional and protein expression yields were significantly
reduced in the miR-802 overexpressing group with a
contrast to NC group (P < 0.01). Compared with normal
tissues, YWHAZ expression was obviously up regulated
in epithelial ovarian cancer tissues (P < 0.01) (Fig. 3d). In
addition, a direct negative correlation between miR-802
expression and YWHAZ levels was found in epithelial
ovarian cancer tissues (Fig. 3e). These results suggested
that miR-802 protein may have its biological function in
epithelial ovarian cancer through YWHAZ.

Fig. 3 YWHAZ was a direct target of miR-802 in epithelial ovarian cancer cells. a Bioinformatics analysis revealed predicted binding sites between
miR-802 and YWHAZ. b Relative luciferase activity in cells co-transfected with miR-802 mimic or NC and pLUC-YWHAZ 3′-UTR wild type (WT) or
pLUC-YWHAZ 3′-UTR mutant (MT) active. c The levels of YWHAZ in SKOV3 and OVCAR3 cells. d Expression levels of YWHAZ in epithelial ovarian
cancer tissues and adjacent normal tissues. e Spearman correlation analysis of the correlation between miR-802 expression and YWHAZ mRNA
expression.** P < 0.01
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Restoration of YWHAZ expression abrogated the impact
of miR-802 on epithelial ovarian cancer cell proliferation
and metastasis
The results were shown in Fig. 4a. In OVCAR3 and
SKOV3cells, YWHAZ mRNA transcriptional and pro-
tein expression yields were obviously up regulated in the
YWHAZ overexpression group with a contrast to that in
the NC group (P < 0.05, P < 0.01). In the miR-802
overexpression group, YWHAZ mRNA transcriptional
and protein expression yields were significantly reduced
(P < 0.05, P < 0.01). Co-transfection of miR-802 and
YWHAZ relieved the inhibited effect of miR-802 overex-
pression on YWHAZ expression levels (P < 0.01). CCK8 re-
sults and colony formation experiments indicated that in
SKOV3 and OVCAR3 cells, YWHAZ overexpression obvi-
ously promoted cell growth rate and increased cell colony
number with a contrast to NC group (P < 0.05, P < 0.01).
MiR-802 overexpression significantly suppressed the cell
growth rate and decreased the number of cell colonies

(P < 0.05, P < 0.01). However, co-transfection and co-
expression of miR-802 with YWHAZ reversed the
inhibition effect of cell growth and colony formation by
miR-802 overexpression (P < 0.05, P < 0.01) (Fig. 4b and c).
In addition, in OVCAR3 and SKOV3 cells, the cell invasion
and migration ability of the YWHAZ overexpression group
was significantly increased with a contrast to that in the
NC group (P < 0.05, P < 0.01), and the cell invasion and
migration ability in the miR-802 gene overexpression
group was significant decreased (P < 0.05, P < 0.01). How-
ever, co-transfection of miR-802 with YWHAZ abolished
the inhibition of cell invasion and migration by miR-802
overexpression (P < 0.01) (Fig. 4d).

Discussion
Ovarian cancer has the highest mortality rate among
malignant tumors of female reproductive system [28].
Although the current surgical + combined chemother-
apy treatment has become more mature, it often causes

Fig. 4 Overexpression of YWHAZ reversed the biological effects of miR-802 on epithelial ovarian cancer cells. a The levels of YWHAZ with miR-
802 mimic and pcDNA3.1-YWHAZ. b Cell growth rate with miR-802 mimic and pcDNA3.1-YWHAZ. c Colony forming ability of SKOV3 and OVCAR3
cells co-transfected with miR-802 mimic and pcDNA3.1-YWHAZ. d miR-802 mimic and pcDNA3.1-YWHAZ co-transfected SKOV3 and OVCAR3 cells
Invasion and migration ability with miR-802 mimic and pcDNA3.1-YWHAZ.* P < 0.05, ** P < 0.01 vs the control group; #P < 0.05, ## P < 0.01 vs the
miR-802 group
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treatment failure due to chemotherapy resistance and re-
currence and metastasis, and its five-year survival rate is
still very low [29]. Therefore, it is very important to find
new effective treatments. With the advancement of mo-
lecular biology, molecular targeted therapy has become a
new treatment for malignant tumors [30]. Compared
with traditional chemotherapy drugs, molecular targeted
therapy has the characteristics of strong specificity, obvi-
ous curative effect, and less damage to normal tissue
cells [31]. Ovarian cancer is a multi-gene, multi-step,
multi-stage interaction development process [32]. There-
fore, a better study of the molecular mechanism of ovar-
ian cancer has important clinical value for the early
diagnosis and effective treatment of ovarian cancer.
MicroRNAs (microRNAs) are a group of short-chain,

non-coding single-stranded RNAs that directly target
the untranslated regions (UTR) of mRNA and become a
new post-transcriptional regulator [33]. More and more
studies indicate that abnormal expression of miRNAs
may be related to tumors [34]. Is it involved in tumori-
genesis through regulatory genes and signaling pathways
[35]. MiRNAs can regulate the development of ovarian
cancer. Studies have found that in epithelial ovarian
cancer, miR-15a, miR-16, and miR-31 expression are up-
regulated, while miRNA-34, miRNA-100, and miR-199
are down-regulated [36, 37]. Therefore, it is speculated
that the pathogenesis and mechanism of epithelial ovar-
ian cancer is closely related to miRNA. MiR-802 is a
research hotspot in recent years. Studies have shown
that the expression level of miR-802 is abnormal in
hepatocellular carcinoma, prostate cancer and bladder
tumors [38]. This study found that the expression level
of miR-802 gene in cancer cells and tissues was signifi-
cantly reduced. The overexpression of miR-802 gene
suppressed the invasion and proliferation in epithelial
ovarian cancer cells. Based on the existing literature and
our experimental results, we speculate that miR-802 may
have a function of tumor suppressor gene in epithelial
ovarian cancer. The decrease of miR-802 expression may
trigger the activation of related anti-cancer mechanisms
and inhibit the occurrence of epithelial ovarian cancer,
which provides a theoretical basis for revealing the pos-
sible mechanism of epithelial ovarian carcinogenesis.
Numerous studies have indicated that miRNAs are re-

lated in tumorigenesis, regulation, and even prognosis
through multiple signaling pathways [39]. For example,
miR-802 regulates the proliferation of intestinal epithe-
lial c2bbe1 cells by targeting Ang II signaling pathway
[40]. YWHAZ is a highly conserved protein expressed in
various tissues of human body. The YWHAZ gene af-
fects cell proliferation under a number of pathological
conditions [41]. Studies have found that miR-451 can in-
hibit hepatocellular carcinoma proliferation and metasta-
sis by targeting YWHAZ [42]. It was screened YWHAZ

as a target gene for miR-802 through a database. And
miR-802 regulates its expression level by targeting the
3’UTR of the YWHAZ gene. The expression of miR-802
in cancer tissues was significantly increased, and a negative
relationship between miR-802 expression and YWHAZ
levels was observed. This study proved that the expression
level of YWHAZ was obviously decreased in the miR-802
overexpression group, while the YWHAZ expression level
was significantly enhanced in the miR-135a inhibitor
group. MiR-802 silencing partially reversed the YWHAZ
expression level in the miR-802 inhibitor group. There was
also a direct positive relationship between miR-802 expres-
sion and YWHAZ levels. The expression yield of YWHAZ
was obviously decreased in the miR-802 overexpression
group, while co-transfection of miR-802 and YWHAZ re-
versed the effect of miR-802 overexpression on YWHAZ
mRNA and protein expression levels. Moreover, YWHAZ
overexpression promoted cell proliferation rate and in-
creased the number of colonies and invasion and migration
ability. MiR-802 overexpression inhibited cell proliferation
rate and reduced the number of colonies and invasion and
migration ability. However, co-transfection of miR-802
with YWHAZ reversed the inhibition of cell growth,
invasion and migration by miR-802 overexpression. These
indicated that miR-802 inhibited the progression of epithe-
lial ovarian cancer by targeting YWHAZ. We speculate
that the binding of miR-802 to YWHAZ gene transcription
can inhibit the translation of YWHAZ protein and regulate
the biological function of epithelial ovarian cancer cells. In
the process of the occurrence and development of epithe-
lial ovarian cancer, YWHAZ signaling pathway mediated
by miR-802 may play a role, but the detailed regulatory
mechanism needs further study.

Conclusions
MiR-802 can suppress the growth, invasion and metastasis
of epithelial ovarian cancer by binding to YWHAZ, sug-
gesting that miR-802 may be a potential tumor suppressor
gene of epithelial ovarian cancer. It would provide experi-
mental basis for the clinical prognosis judgment and fur-
ther targeted intervention therapy of this cancer.

Abbreviations
HOSEpiC cells: Normal human ovarian surface epithelial;
microRNAs: MicroRNAs; OC: Ovarian cancer; PI: Propidium iodide;
UTR: Untranslated regions

Acknowledgements
Not applicable.

Authors’ contributions
BY: experiments work, data analysis and design of the work, was a major
contributor in the writing the manuscript. LS: experiment work and research
design. LL: research design, manuscript edit & review. All authors read and
approved the final manuscript.

Funding
Not applicable.

Yang et al. Journal of Ovarian Research          (2019) 12:100 Page 7 of 8



Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due research design, but are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
This study was approved by Ethics Committee of Bethune International
Peace Hospital. The study followed the tenets of the Declaration of Helsinki,
and informed written consent was obtained from all patients and controls
after we explained the nature and possible consequences of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 5 August 2019 Accepted: 27 September 2019

References
1. Bicher A, Levenback CF, Silva EG, Burke TW, Morris M, Gershenson DM.

Ovarian malignant mixed Müllerian tumors treated with platinum-based
chemotherapy. Obstet Gynecol. 1995;85(5):735–9.

2. Jha R, Jha S. Study of malignant germ cell tumors with special reference to
malignant ovarian germ cell tumors: 5 years experience. J Pathol Nepal.
2012;2(4):289–92.

3. Ng JS, Low J, Ilancheran A. Epithelial ovarian cancer. Best Pract Res Clin
Obstet Gynaecol. 2012;26(3):337–45.

4. Hensley ML. Epithelial ovarian cancer. Curr Treat Options in Oncol.
2002;3(2):131–41.

5. Alniaimi AN, Ahmed MM, Petersen CB. Epithelial ovarian cancer. Obstet
Gynecol Clin N Am. 2012;39(2):269–83.

6. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian cancer. Lancet.
2019;393(10177):1240–53.

7. Perren TJ. Mucinous epithelial ovarian carcinoma. Ann Oncol. 2016;
27(Suppl 1):i53–i7.

8. Liu S, Liu Y, Lu Q, Zhou X, Chen L, Liang W. The lncRNA TUG1 promotes
epithelial ovarian cancer cell proliferation and invasion via the WNT/β-
catenin pathway. Onco Targets Ther. 2018;11:6845–51.

9. Liang WC, Fu W, Wong CW, Wang Y, Wang WM, Hu GX, et al. The lncRNA
H19 promotes epithelial to mesenchymal transition by functioning as
miRNA sponges in colorectal cancer. Oncotarget. 2015;6(26):22513–25.

10. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosovaagadjanyan
EL, et al. Circulating microRNAs as stable blood-based markers for cancer
detection. Proc Natl Acad Sci U S A. 2008;105(30):10513–8.

11. Mendell JT, Olson EN. MicroRNAs in stress signaling and human disease.
Cell. 2012;148(6):1172–87.

12. Farazi TA, Spitzer J, Morozov P, Tuschl T. miRNAs in human cancer. J Pathol.
2011;223(2):102–15.

13. Nuo Y, George C, Lin Z. MicroRNA epigenetic alterations in human
cancer: one step forward in diagnosis and treatment. Int J Cancer.
2010;122(5):963–8.

14. Slack FJ, Weidhaas JB. MicroRNA in cancer prognosis. N Engl J Med. 2008;
359(25):2720–2.

15. Hede K. Small RNAs are raising big expectations. J Natl Cancer Inst. 2009;
101(12):840–1.

16. Friedman R, Farh KK, Burge CB, Bartel DP. Most mammalian mRNAs are
conserved targets of microRNAs. Genome Res. 2008;19(1):92–105.

17. White NMA, Chow TF, Mejiaguerrero S, Diamandis M, Rofael Y, Faragalla H,
et al. Three dysregulated miRNAs control kallikrein 10 expression and cell
proliferation in ovarian cancer. Br J Cancer. 2010;102(8):1244–53.

18. Vang S, Wu H, Fischer A, Miller DH, Maclaughlan S, Douglass E, et al.
Identification of ovarian cancer metastatic miRNAs. PLoS One. 2013;
8(3):e58226.

19. Li X, Lv Y, Gao N, Sun H, Lu R, Yang H, et al. microRNA-802/Rnd3 pathway
imposes on carcinogenesis and metastasis of fine particulate matter
exposure. Oncotarget. 2016;7(23):35026–43.

20. Wang LQ, Chen G, Liu XY, Liu FY, Jiang SY, Wang Z. microRNA-802
promotes lung carcinoma proliferation by targeting the tumor suppressor
menin. Mol Med Rep. 2014;10(3):1537–42.

21. Chang TC, Wentzel EA, Kent OA, Mullendore M, Lee KH, Feldmann G, et al.
Transactivation of miR-34a by p53 broadly influences gene expression and
promotes apoptosis. Mol Cell. 2007;26(5):745–52.

22. Ruenauver K, Menon R, Svensson MA, Carlsson J, Vogel W, Andren O, et al.
Prognostic significance of YWHAZ expression in localized prostate cancer.
Prostate Cancer Prostatic Dis. 2014;17(4):310–4.

23. Nishimura Y, Komatsu S, Ichikawa D, Nagata H, Hirajima S, Takeshita H, et al.
Overexpression of YWHAZ relates to tumor cell proliferation and malignant
outcome of gastric carcinoma. Br J Cancer. 2013;108(6):1324–31.

24. Li Y, Zou L, Li Q, Haibekains B, Tian R, Li Y, et al. Amplification of LAPTM4B
and YWHAZ contributes to chemotherapy resistance and recurrence of
breast cancer. Nat Med. 2010;16(2):214–8.

25. Pfaffl MW. A new mathematical model for relative quantification in real-time
RT-PCR. Nucleic Acids Res. 2001;29(9):e45.

26. Chen S, Cheng A, Wang M, Peng X. Detection of apoptosis induced by new
type gosling viral enteritis virus in vitro through fluorescein annexin V-FITC/
PI double labeling. World J Gastroenterol. 2008;14(14):2174–8.

27. Finn RS, Dering J, Conklin D, Kalous O, Cohen D, Desai AJ, et al. PD 0332991,
a selective cyclin D kinase 4/6 inhibitor, preferentially inhibits proliferation of
luminal estrogen receptor-positive human breast cancer cell lines in vitro.
Breast Cancer Res. 2009;11(5):1–13.

28. Petricoin EF, Ardekani AM, Hitt BA, Levine PJ, Fusaro VA, Steinberg SM, et al.
Use of proteomic patterns in serum to identify ovarian cancer. Lancet. 2002;
359(9306):572–7.

29. Steer C. Chemotherapy for ovarian cancer in the older adult. Curr Treat
Options in Oncol. 2009;10:159–70.

30. Sapiezynski J, Taratula O, Rodriguezrodriguez L, Minko T. Precision targeted
therapy of ovarian cancer. J Control Release. 2016;243:250–68.

31. Hiss DC. Optimizing molecular-targeted therapies in ovarian cancer: the
renewed surge of interest in ovarian cancer biomarkers and cell signaling
pathways. J Oncol. 2012;2012:737981.

32. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, et al.
Studies of the HER-2/neu proto-oncogene in human breast and ovarian
cancer. Science. 1989;244(4905):707–12.

33. Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell.
2009;136(2):215–33.

34. Valadi H, Ekstrom KM, Bossios A, Sjostrand M, Lee JJ, Lotvall J. Exosome-
mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat Cell Biol. 2007;9(6):654–9.

35. Rathod SS, Rani SB, Khan M, Muzumdar D, Shiras A. Tumor suppressive
miRNA-34a suppresses cell proliferation and tumor growth of glioma stem
cells by targeting Akt and Wnt signaling pathways. FEBS Open Bio. 2014;
4(1):485–95.

36. Dahiya N, Shermanbaust CA, Wang T, Davidson B, Shih IM, Zhang Y, et al.
MicroRNA expression and identification of putative miRNA targets in
ovarian cancer. PLoS One. 2008;3(6):e2436.

37. Kobayashi M, Salomon C, Tapia J, Illanes SE, Mitchell MD, Rice GE. Ovarian
cancer cell invasiveness is associated with discordant exosomal
sequestration of Let-7 miRNA and miR-200. J Transl Med. 2014;12(1):4.

38. Wang D, Lu G, Shao Y, Xu D. microRNA-802 inhibits epithelial-mesenchymal
transition through targeting flotillin-2 in human prostate cancer. Biosci Rep.
2017;37(2). https://doi.org/10.1042/BSR20160521.

39. Gregory PA, Bert AG, Paterson EL, Barry SC, Tsykin A, Farshid G, et al. The
miR-200 family and miR-205 regulate epithelial to mesenchymal transition
by targeting ZEB1 and SIP1. Nat Cell Biol. 2008;10(5):593–601.

40. Sansom SE, Nuovo GJ, Martin MM, Kotha SR, Parinandi NL, Elton TS. miR-802
regulates human angiotensin II type 1 receptor expression in intestinal
epithelial C2BBe1 cells. Am J Physiol Gastrointest Liver Physiol. 2010;299(3):
G632–42.

41. Watanabe N, Komatsu S, Ichikawa D, Miyamae M, Ohashi T, Okajima W,
et al. Overexpression of YWHAZ as an independent prognostic factor in
adenocarcinoma of the esophago-gastric junction. Am J Cancer Res. 2016;
6(11):2729.

42. Zhang Z, Luo X, Ding S, Chen J, Chen T, Chen X, et al. MicroRNA-451
regulates p38 MAPK signaling by targeting of Ywhaz and suppresses
the mesangial hypertrophy in early diabetic nephropathy. FEBS Lett.
2012;586(1):20–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yang et al. Journal of Ovarian Research          (2019) 12:100 Page 8 of 8

https://doi.org/10.1042/BSR20160521

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Research object
	Cell culture
	miRNA and plasmid transfection
	Quantitative real-time PCR (qRT-PCR)
	Cell proliferation assay
	Colony formation test
	Migration and invasion assay
	Apoptosis analysis
	Dual luciferase reporter gene assay
	Western blot analysis
	Statistical method

	Results
	Expression of miR-802 is down regulated in epithelial ovarian cancer cell lines and tissues
	Overexpression of miR-802 suppressed migration, proliferation, invasion and induces apoptosis in epithelial ovarian cancer
	YWHAZ was a direct target gene of miR-802 in epithelial ovarian cancer cells
	Restoration of YWHAZ expression abrogated the impact of miR-802 on epithelial ovarian cancer cell proliferation and metastasis

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

