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Ovarian cancer is the second most common gynaecological malignancy, and microRNAs (miRNAs) play important role in the
cancer development. Here, we found that the level of miR-200b/200a/429 was significantly increased in serum and tumor tissues
of patients with stage-I ovarian cancer. Consistent with these results, we detected increased expression levels of miR-200b/200a/
429 in ovarian cancer cell lines compared with the human nontumorigenic ovarian epithelial cell line T80. The overexpression of
miR-200b/200a/429 in T80 cells stimulated proliferation and caused their growth in soft agar and tumor formation in nude mice.
Furthermore, we determined that miR-200b/200a/429 targets inhibitor of growth family 5 (ING5) and that the overexpression of
INGS can block miR-200b/200a/429-induced T80 cell transformation and tumorigenesis. Our findings suggest that miR-200b/
200a/429 may be a useful biomarker for the early detection of ovarian cancer and that miR-200b/200a/429 significantly con-

tributes to ovarian cancer development through ING5.

1. Introduction

Ovarian cancer is one of the most common gynecologic
tumors in the world, with estimated 238,700 new cases and
151,900 deaths in 2012 [1]. The 5-year survival rate of early-
stage ovarian cancer patients is more than 92%; however, the
5-year survival rate of late-stage ovarian cancer patients is
only 29%, suggesting that early diagnosis is crucial for pa-
tient survival [2]. Unfortunately, only approximately
20-25% of patients with ovarian cancer are diagnosed at an
early stage [3] due to a lack of early diagnostic markers [2].
Additionally, the molecular mechanism of ovarian cancer
development is not fully understood.

MicroRNAs (miRNAs) are short, single-stranded non-
coding RNAs that inhibit gene expression at the post-
transcriptional level by binding to the 3'-untranslated re-
gions (UTRs) of target gene messenger RNAs. Accumulating

evidence shows that miRNAs are aberrantly expressed in
tumors and closely correlated with tumor initiation and
progression. Notably, the dysregulation of even a single
miRNA is sufficient to cause tumor development [4] because
one miRNA can target many genes, thereby affecting a large
cellular signaling network [5]. Dysregulated expression of
the miR-200s family (cluster 1: miR-200b/200a/429 and
cluster 2: miR-200c/141) has been indicated in several tu-
mors [6-8]. Interestingly, studies have shown that miRNAs
of the miR-200s family play different roles in different
progression stages by targeting different genes, even in the
same cancer [7]. According to Korpal et al., miR-200s inhibit
local invasion by targeting zinc finger E-box-binding ho-
meobox 1/2 (ZEB1/2) but promote lung metastatic colo-
nization by targeting Sec23a in breast cancer [7]. According
to Brozovic et al., miR-200s differentially regulate sensitivity
to paclitaxel and carboplatin in ovarian cancer [9]. These
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findings suggest that the role of the miR-200s family at
different tumor progression stages is necessary to study. The
dysregulated expression of miR-200s was detected previ-
ously, and its role in different stages of ovarian cancer
progression has been studied, including chemoresistance
and metastasis [10, 11]. However, its role in ovarian cancer
development is still unclear.

Here, we identified the upregulated expression of miR-
200b/200a/429 in the sera of patients with stage-I ovarian
cancer compared with healthy controls. The upregulated
expression of miR-200b/200a/429 was also identified in
stage-I ovarian cancer tissues compared with matched
normal tissues. The ectopic expression of miR-200b/200a/
429 caused tumor formation in nude mice injected with the
nontumorigenic human ovarian epithelial cell line T80 by
targeting inhibitor of growth family 5 (ING5). Our findings
suggest that miR-200b/200a/429 significantly contributes to
ovarian cancer development and has potential as a bio-
marker for detecting early-stage ovarian cancer.

2. Materials and Methods

2.1. Materials. miR-200a mimics, miR-200b mimics, miR-
429 mimics, and primer set for miR-200a, miR-200b, miR-
429, and RNU6 were obtained from RiboBio Co., Ltd.
(Guangzhou, China). All cell culture media and fetal bovine
sera (FBS) were from Biological Industries (Israel). TRIzol
reagent and GeneChip Human Transcriptome Array 2 were
purchased from Invitrogen (Carlsbad, CA, USA) and
Affymetrix (Santa Clara, CA, USA), respectively. The
miRNA Expression Reporter Vector was from Life Tech-
nologies (Carlsbad, CA, USA), and the Dual-Luciferase
Assay System was from Promega (Madison, WI, USA).

2.2. Cell Lines and Clinical Samples. The human ovarian
cancer cell lines OVCAR3 and A2780 and the human ovarian
epithelial cell line T80 were maintained in DMEM supple-
mented with 10% fetal bovine serum. All cells were incubated
at 37°C in a humidified atmosphere of 95% air and 5% CO,.

Ovarian cancer tissues, matched adjacent normal tissues,
and sera were collected from 10 patients with newly diag-
nosed early-stage ovarian cancer at Daping Hospital (Ta-
ble 1). This research was approved by the Research Ethics
Board of Daping Hospital.

2.3. RNA Analysis. Total RNA was isolated from cells and
tissues using the TRIzol reagent according to the manu-
facturer’s protocol. Mature miR-200a, miR-200b, miR-429,
and RNU6 (endogenous control) expression levels were
measured by qRT-PCR. The relative expression of miRNAs
was normalized to RNU6 expression using the 274!
method. GeneChip Human Transcriptome Array 2 is used to
detect genes whose expression levels are affected by miR-
200s in ovarian cancer cells.

2.4. Luciferase Reporter Assay. The 3'-UTR segments of
INGS that are predicted to interact with miR-200a/200b/429
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TaBLE 1: Characteristics of patients with HGSOC.

Patient number Age FIGO stage Lymph node metastasis
1 63 1 No
2 55 1 No
3 72 | No
4 38 1 No
5 56 1 No
6 40 1 No
7 47 1 No
8 36 1 No
9 52 1 No
10 41 1 No

HGSOC, high-grade serous ovarian carcinoma.

were amplified by PCR from human genomic DNA and
inserted into the Mlu I and Hind III sites of the miRNA
Expression Reporter Vector. For the luciferase reporter assay,
cells were seeded into 24-well cell culture plates at a con-
centration of 1x 10* per well. The next day, the cells were
transfected with the indicated reporter plasmids containing
firefly luciferase and either the indicated miRNA mimics or
control nucleotides. After 48 hours of transfection, luciferase
activity was measured using the Dual-Luciferase Assay Sys-
tem according to the manufacturer’s protocol. Firefly lucif-
erase activity was normalized to that of Renilla luciferase.

2.5. Soft Agar and Proliferation Assays. Soft agar and pro-
liferation assays were performed as described previously [12].

2.6. Animal Experiments. To investigate the effect of miR-
200b/200a/429 on ovarian tumor formation, 5x 10° stably
expressing miR-200b/200a/429 T80 cells and their vector
control cells in 100 ul of phosphate-buffered saline (PBS)
were subcutaneously injected into 6-week-old female nude
mice (six mice per group). The experiments were conducted
for 6 months. To investigate the role of ING5 in miR-200b/
200a/429-induced ovarian tumor formation, stably
expressing miR-200b/200a/429 T80 cells were transfected
with the ING5 expression vector or an empty vector and
5x10° cells in 100 ul of PBS were subcutaneously injected
into 6-week-old female nude mice (seven mice per group).
The experiments were conducted for 6 months.

2.7. Statistical Analysis. All data are presented as the
mean * standard deviation, and significant differences be-
tween treatment groups were analyzed by Student’s t-test.
Differences were considered statistically significant at a p
value less than 0.05.

3. Results

3.1. miR-200b/200a/429 Expression Was Significantly In-
creased in Early-Stage Ovarian Cancer. To investigate the
correlation between miR-200b/200a/429 expression and
ovarian cancer development, we compared the expression
level of miR-200b/200a/429 between early-stage ovarian cancer
tissues and normal ovarian tissues. As shown in Figure 1(a),
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FiGURre 1: The expression of miR-200b/200a/429 was significantly upregulated in ovarian cancer. (a) The expression of miR-200b/200a/429
significantly increased in stage-I ovarian cancer tissues compared with their matched adjacent normal tissues (1 = 10). (b) Serum levels of
miR-200b/200a/429 higher in patients with stage-I ovarian cancer (n = 10) than healthy controls (n = 10). (c) The expression of miR-200b/
200a/429 significantly increased in ovarian cancer cells compared with T80 ovarian epithelial cells.

miR-200b/200a/429 expression was significantly increased in
stage-I ovarian cancer tissues compared with matched adjacent
normal tissues. In addition, we found that the miR-200b/200a/
429 level was significantly higher in the sera of stage-I ovarian
cancer patients than in healthy controls (Figure 1(b)). Finally,
we determined that the expression of miR-200b/200a/429 was
higher in ovarian cancer cell lines than in T80 nontumorigenic
ovarian epithelial cells (Figure 1(c)). These findings suggest that
the increased expression of miR-200b/200a/429 may be as-
sociated with ovarian cancer development.

3.2. Overexpression of miR-200b/200a/429 Stimulates Ovar-
ian Tumorigenesis. To investigate whether the increased
expression of miR-200b/200a/429 is involved in ovarian
cancer development, we overexpressed miR-200b/200a/429
in T80 nontumorigenic human ovarian epithelial cells and
then subjected the cells to cell proliferation, anchorage-

independent growth, and tumor formation assays
(Figure 2(a)). Our results showed that the overexpression of
miR-200b/200a/429 (Figure 2(b)) significantly stimulated T80
cell proliferation compared with the vector control groups
(Figure 2(c)). In addition, the overexpression of miR-200b/
200a/429 caused T80 cells to readily form foci in soft agar,
indicating that miR-200b/200a/429 promotes the transfor-
mation of ovarian epithelial cells (Figure 2(d)). More im-
portantly, the overexpression of miR-200b/200a/429 led to
T80 nontumorigenic ovarian epithelial cells forming tumors
in 50% of nude mice after 6 months of cell injection
(Figure 2(e)). Taken together, these findings suggest that the
increased expression of miR-200b/200a/429 significantly
contributes to ovarian cancer development.

3.3. ING5 Is a Target of miR-200b/200a/429. To investigate
the underlying mechanism of miR-200b/200a/429 in ovarian



miR-200b/200a/4290V

/ Proliferation assay

Vector
miR-200b/200a/429

()

T80 cells
40 ~
* %k
30 4
2
o} * %k %
w20
2
X
10
O T T T T
6h 24h 48h 72h

—m- miR-200b/200a/429
—@— Vector

(c)

Journal of Oncology

Relative expression of miRNAs

— > S
24 S < 3
I
L - .
04
miR-200b miR-200a miR-429
 Vector

Bl miR-200b/200a/429

Colonies per field

Vector miR-200b/200¢/429

Tumor incidence in nude mice

Vector

Vector
miR-200b/200c/429 3/6

0/6

miR-200b/200a/429

FIGURE 2: Overexpression of miR-200b/200a/429 stimulated the transformation of T80 ovarian epithelial cells. (a) Schematic diagram of the
experiments. (b) The expression of miR-200a, miR-200b, and miR-429 was significantly increased in miR-200b/200a/429 stably transfected
T80 cells. (c) Overexpression of miR-200b/200a/429-accelerated T80 cell proliferation. *** p <0.001 compared to the vector control group.
(d) Overexpression of miR-200b/200a/429 caused the anchorage-independent growth of T80 ovarian epithelial cells in soft agar. (e)
Overexpression of miR-200b/200a/429 caused the tumor formation of T80 cells in nude mice. miR-200s, miR-200b/200a/429; miR-200s in,

inhibitor of miR-200b/200a/429.

tumorigenesis, we performed a gene array using miR-200b/
200a/429-overexpressing T80 cells and their control cells. As
shown in Figure 3(a), we observed many genes that were
downregulated by miR-200b/200a/429 in T80 cells
(Figure 3(a)). Then, we used miRNA target prediction al-
gorithms (starbase.sysu.edu.cn) to determine whether the

3'-UTR of the top 5 downregulated genes (Figure 3(b)) has a
sequence that can bind to miR-200b/200a/429. As shown in
Figure 3(c), we determined that the 3’-UTR of ING5 con-
tains sites that can bind to miR-200a, miR-200b, and miR-
429. Next, we investigated whether miR-200b/200a/429 is
directly involved in the inhibition of ING5 protein
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FIGURE 3: INGS5 is a target gene of miR-200b/200a/429 in ovarian epithelial cells. (a) Heatmap showing the downregulated genes in T80 cells
by miR-200b/200a/429. mRNA array was performed using miR-200b/200a/429 cluster overexpressing T80 cell and their vector control cells
(one replicate). (b) Top 5 genes that were downregulated by miR-200b/200a/429 in T80 cells. (c) Sequence alignment of miR-200b/200a/429
with the 3’-UTR of ING5. (d) miR-200b/200a/429 negatively regulated the expression of ING5. (e) miR-200b/200a/429 inhibits ING5
promoter-regulated gene expression. T80 cells were cotransfected with the 3'-UTR luciferase reporter construct (wild-type or mutant-type)
of ING5 and the indicated nucleotides. After 48 hours of transfection, the cells were subjected to a luciferase activity assay.

expression. Our data showed that the overexpression of
miR-200b/200a/429 significantly inhibited ING5 protein
expression levels in T80 cells compared with the vector
control, whereas the inhibition of miR-200b/200a/429 in-
creased ING5 protein expression levels in T80 cells com-
pared with the vector control (Figure 3(d)). Furthermore, to
determine whether the expression regulation of ING5 by
miR-200b/miR-200a/429 is dependent on binding to the
ING5 3'-UTR region, a three-nucleotide mutation was
inserted into the ING5 3'-UTR (red), as indicated in
Figure 3(c). Our data showed that the overexpression of
miR-200b, miR-200a, or miR-429 significantly repressed
luciferase activity that is regulated by ING5 3'-UTR
(Figure 3(e)). However, the 3’-UTR mutation of ING5
completely abrogated the effect of overexpressing miR-200b,
miR-200a, or miR-429 on luciferase activity in 293T cells
(Figure 3(e)). Cumulatively, these data suggest that miR-
200b/200a/429 suppress the expression of ING5 in the ovary
by directly targeting their 3'-UTR.

3.4. miR-200b/200a/429 Stimulates Ovarian Tumorigenesis
through ING5. To investigate whether INGS5 is involved in
miR-200b/200a/429-induced ovarian tumorigenesis, we

overexpressed ING5 in miR-200b/200a/429-stably over-
expressing T80 cells (Figure 4(a)) and then performed cell
proliferation, soft agar, and in vivo tumor formation assays.
Our data showed that the overexpression of ING5
(Figure 4(a)) significantly inhibited miR-200b/200a/429-
overexpressing T80 cell proliferation (Figure 4(b)) and foci
formation in soft agar (Figure 4(c)). Importantly, the
overexpression of ING5 completely blocked the tumor
formation of miR-200b/200a/429-overexpressing T80 cells
in nude mice (Figure 4(d)). These findings suggest that miR-
200b/200a/429 plays its oncogenic role through ING5 in
ovarian cancer.

4. Discussion

In the present study, we demonstrated the role of miR-200b/
200a/429 in ovarian cancer development. Our data showed
that miR-200b/200a/429 was significantly increased in early-
stage ovarian cancer tissues and in the sera of early-stage
ovarian cancer patients compared with normal ovarian
tissues and healthy controls, respectively. In addition, the
overexpression of miR-200b/200a/429 caused the transfor-
mation and tumor formation of T80 nontumorigenic
ovarian epithelial cells. Similar to our results, Mateescu et al.
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P <0.001 compared to the vector control group. (c)

Overexpression of ING5 significantly inhibited the foci formation of miR-200b/200a/429-overexpressing T80 cells in soft agar. (d) The miR-
200b/200a/429-induced tumor formation of T80 cells in nude mice was blocked by ING5 overexpression.

reported that the overexpression of miR-200b/200a/429
can markedly enhance transformation and tumor forma-
tion in K-Ras-transformed fibroblasts [8]. These findings
clearly indicate that miR-200b/200a/429 plays role in
ovarian cancer development as an oncogenic miRNA and
may have potential as a biomarker for the diagnosis of
early-stage ovarian cancer. However, further verification is
needed in a large sample size of early-stage ovarian cancer
patients.

We also clarified the oncogenic mechanism of miR-
200b/200a/429 in ovarian cancer development. ING5 is a
member of the ING family and is a tumor suppressor gene
[13]. According to Zheng et al., the downregulation of ING5
is closely correlated with ovarian carcinogenesis, ovarian
cancer metastasis, and angiogenesis [14]. In this study, for
the first time, we found that ING5 expression was negatively
regulated by miR-200b/200a/429 in the ovary. Our data
showed that the overexpression of miR-200b/200a/429 in
ovarian epithelial cells led to the suppression of ING5 ex-
pression; conversely, the inhibition of miR-200b/200a/429
further upregulated ING5 expression. Additionally, lucif-
erase reporter gene experiments showed that miR-200b/
200a/429 directly targets the 3'-UTR of ING5. In addition,

our data showed that the overexpression of ING5 in T80 cells
dramatically abrogated the miR-200b/200a/429 over-
expression-induced stimulation of cell proliferation, an-
chorage-independent growth in soft agar, and tumor
formation in nude mice. These findings clearly suggest that
miR-200b/200a/429 mediates tumorigenesis and cell pro-
liferation by inhibiting ING5 in ovarian cancer. However,
the mechanism of ING5 in ovarian cancer development is
not clear and needs further study.

In summary, our findings suggest that miR-200b/200a/
429 is an oncogenic miRNA that significantly contributes to
ovarian cancer development by targeting ING5. Addition-
ally, miR-200b/200a/429 may be a useful candidate bio-
marker for the detection of early-stage ovarian cancer.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no competing interests.



Authors’ Contributions

Wei Guan, Huiling Cui, and Ping Huang contributed equally
to this work. H. Z and HSK conceived and designed the
study. WG and PH performed the experiments. CW] and
JWL analyzed all data and wrote the manuscript. HC revised
this manuscript.

References

(1]

(2]

(3]

(10]

(11]

(12]

(13]

(14]

L. A. Torre, F. Bray, R. L. Siegel, J. Ferlay, J. Lortet-Tieulent,
and A. Jemal, “Global cancer statistics, 2012,” CA: A Cancer
Journal for Clinicians, vol. 65, no. 2, pp. 87-108, 2015.

T. Dedova, E. 1. Braicu, J. Sehouli, and V. Blanchard, “Sialic
acid linkage analysis refines the diagnosis of ovarian cancer,”
Frontiers in Oncology, vol. 9, p. 261, 2019.

K. B. Mathieu, D. G. Bedi, S. L. Thrower, A. Qayyum, and
R. C. Bast Jr., “Screening for ovarian cancer: imaging chal-
lenges and opportunities for improvement,” Ultrasound in
Obstetrics & Gynecology, vol. 51, no. 3, pp. 293-303, 2018.
S. J. Song, L. Poliseno, M. S. Song et al., “MicroRNA-an-
tagonism regulates breast cancer stemness and metastasis via
TET-family-dependent chromatin remodeling,” Cell, vol. 154,
no. 2, pp. 311-324, 2013.

A. Bhattacharya, J. D. Ziebarth, and Y. Cui, “SomamiR: a
database for somatic mutations impacting microRNA func-
tion in cancer,” Nucleic Acids Research, vol. 41, no. D1,
pp. D977-D982, 2013.

E.J. Nam, H. Yoon, S. W. Kim et al., “MicroRNA expression
profiles in serous ovarian carcinoma,” Clinical Cancer Re-
search, vol. 14, no. 9, pp. 2690-2695, 2008.

M. Korpal, B. J. Ell, F. M. Buffa et al.,, “Direct targeting of
Sec23a by miR-200s influences cancer cell secretome and
promotes metastatic colonization,” Nature Medicine, vol. 17,
no. 9, pp. 1101-1108, 2011.

B. Mateescu, L. Batista, M. Cardon et al., “miR-141 and miR-
200a act on ovarian tumorigenesis by controlling oxidative
stress response,” Nature Medicine, vol. 17, no. 12,
pp. 1627-1635, 2011.

A. Brozovic, G. E. Duran, Y. C. Wang, E. B. Francisco, and
B. I. Sikic, “The miR-200 family differentially regulates sen-
sitivity to paclitaxel and carboplatin in human ovarian car-
cinoma OVCAR-3 and MES-OV cells,” Molecular Oncology,
vol. 9, no. 8, pp. 1678-1693, 2015.

S. A. Sulaiman, N. S. Ab Mutalib, and R. Jamal, “miR-200c
regulation of metastases in ovarian cancer: potential role in
epithelial and mesenchymal transition,” Frontiers in Phar-
macology, vol. 7, p. 271, 2016.

A. Pendlebury, N. J. Hannan, N. Binder et al., “The circulating
microRNA-200 family in whole blood are potential bio-
markers for high-grade serous epithelial ovarian cancer,”
Biomedical Reports, vol. 6, no. 3, pp. 319-322, 2017.

S. Han, H. Zou, J. W. Lee et al., “miR-1307-3p stimulates
breast cancer development and progression by targeting
SMYD4,” Journal of Cancer, vol. 10, no. 2, pp. 441-448, 2019.
G.-]. Zhang, J. Zhao, M.-L. Jiang, and L.-C. Zhang, “ING5
inhibits cell proliferation and invasion in esophageal squa-
mous cell carcinoma through regulation of the Akt/NF-xB/
MMP-9 signaling pathway,” Biochemical and Biophysical
Research Communications, vol. 496, no. 2, pp. 387-393, 2018.
H. C. Zheng, S. Zhao, Y. Song, and X. Q. Ding, “The roles of
INGS5 expression in ovarian carcinogenesis and subsequent
progression: a target of gene therapy,” Oncotarget, vol. 8,
no. 61, pp. 103449-103464, 2017.

Journal of Oncology



