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Abstract

Ovarian cancer (OC) is the most lethal gynecologic cancer, and the incidence of OC has risen steadily worldwide. Numerous
microRNAs (miRNAs) have been found to be involved in the progression of OC. miR-204-5p is down-regulated and functions as a
tumor suppressor in various types of human malignant tumors. However, the biological roles and molecular mechanisms of miR-
204-5p in OC still remain unclear. In this study, the aberrant down-regulation of miR-204-5p was detected in OC tissues. We also
observed that miR-204-5p overexpression represses OC cell proliferation. Ubiquitin-specific peptidase 47 (USP47) is verified as
the functional target of miR-204-5p, through which it plays an important biological role in OC. Our results uncover new functions
and mechanisms for miR-204-5p in the progression of OC, and provide a potential therapeutic target for the treatment of OC.
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Introduction

Ovarian cancer (OC) is the sixth most common cancer in
women globally, and has the highest mortality rate and the
poorest prognosis among gynecological malignancies'. OC
is also the most common gynecological malignancy in
China®. The number of cases is steadily increasing world-
wide?. Nowadays, even with the advances in its treatment,
including surgery, chemotherapy, and radiotherapy, survival
rates remain poor for the majority of patients, with a 5-year
survival rate of ~30%". Therefore, it is essential to develop
novel therapeutic strategies.

An increasing number of interesting genes and pathways
that may play essential roles in the pathogenesis of OC have
already been identified at the molecular level. Among these,
the recently discovered miRNAs constitute a novel layer of
gene expression regulation and have been implicated in the
etiology of OC. MiRNAs are approximately 22-nucleotide
non-coding RNAs, which are generally involved in posttran-
scriptional gene regulation®. Currently, it is accepted that
miRNAs are involved in processes including proliferation,
cell cycle, differentiation, and development in various
human cancers®®. Of them, miR-204-5p functions as a
tumor suppressor in various types of human tumors includ-
ing glioblastoma, prostate cancer, and non-small-cell lung

carcinoma’ ''. However, the function and molecular
mechanism of miR-204-5p in OC remains unclear.

In this study, we showed that miR-204-5p is down-
regulated in OC tissues compared with paired adjacent
non-cancerous tissues. We also demonstrated that the up-
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regulation of miR-204-5p suppressed the OC cell prolifera-
tion. Moreover, USP47 is identified as the direct functional
target of miR-204-5p in OC. Based on these results, we
report a novel molecular mechanism of the miR-204-5p/
USP4 pathway in OC. miR-204-5p could serve as a potential
therapeutic target for patients with OC.

Materials and Methods
Cell Culture and Tissue Collection

The human OC cell lines SKOV-3 and TOV-112D were
purchased from ATCC (Manassas, VA, USA). Cells were
maintained in DMEM (Invitrogen, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (Sigma-Aldrich, St.
Louis, MO, USA) at 37°C in 95% air and 5% CO..

Human OC tissues were obtained from 20 patients diag-
nosed at the oncology division in the department of Gyne-
cology and Obstetrics of the affiliated hospital of Hubei
Polytechnic Institute (Xiaogan, China), between November
2017 and May 2018. All pathology specimens were
reviewed in the pathology department and the relevant clin-
ical data were collected by retrospective review of the
patients’ files. Patients with non-epithelial-type neoplasia,
patients treated before operation, and patients who were not
treated surgically were excluded. Borderline tumors of the
ovary were also excluded from this study. Biopsies were
frozen in liquid nitrogen and stored at —80°C until subse-
quent analysis. This study was approved by the Ethics Com-
mittee of the medical faculty of Hubei Polytechnic Institute
(Xiaogan, China), and informed consent was obtained from
each patient.

Quantitative Real-Time PCR (qRT-PCR) for Genes
and miRNAs

Total RNA from tissue samples and cells was extracted by
TRIzol (Invitrogen) according to the protocols supplied by
the manufacturer. After removal the residual DNA by DNase
I (Invitrogen), RNAs were reverse-transcribed into cDNA
using the high-capacity RNA-to-cDNA kit (Thermo Fisher
Scientific, Waltham, MA, USA). Tagman qRT-PCR was
performed to determine the USP47 gene expression on a
QuantStudio 6 Flex system (Life Technologies, Gaithers-
burg, MD, USA). Glyceraldehyde-3-phosphate dehydrogen-
ase (GAPDH) was used as an internal control.

To quantify the levels of the mature miRNAs, total RNA
was reverse-transcribed using the Tagman advanced
miRNA cDNA synthesis kit, according to manufacturer-
recommended protocols (Applied Biosystems Materials,
Richmond, VA, USA). The relative levels of miR-204-5p
were normalized to the levels of U6, a ubiquitously
expressed small nuclear RNA. U6 was reverse-transcribed
by TagmanTM microRNA reverse transcription kit accord-
ing to the manufacturer’s protocol (Applied Biosystems
Materials).

Relative miR-204-5p expresseion
P
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Figure 1. miR-204-5p expression was down-regulated in OC tis-
sues. miR-204-5p expression was determined by qRT-PCR in 12
paired CRC and adjacent non-cancerous tissues. miR-204-5p
expression was significantly down-regulated in tumor tissues com-
pared with the paired non-cancerous tissues. *P < 0.05 vs. non-
cancerous tissues.

The relative gene and miRNA expression data using the
2(-Delta Delta C(T)) Method'?. gqRT-PCR primers for gene
and miRNA expression were available from Applied Biosys-
tems. All independent PCR-based reactions were performed
in triplicate.

Western Blot Analysis

Total protein lysates were fractionated on 4-15% polyacryla-
mide gels and transferred onto nitrocellulose (Bio-Rad, Rich-
mond, CA, USA). The levels of USP47 were analyzed by
western blots using a rabbit anti-USP47 (Thermo Fisher Scien-
tific) with dilution of 1:500. Normalization was performed by
blotting the same samples with an antibody against GAPDH
(Abcam, Cambridge, MA, USA). The secondary antibodies were
goat anti-rabbit horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (1:2,000; Bio-Rad).

Overexpression and Knockdown

The lentiviral system of has-miR-204-5p (Applied Biolo-
gical Materials, Forster City, CA, USA) was used to
stably overexpress miR-204-5p in the SKOV-3 or TOV-
112D cells. A non-relevant sequence insert lentivirus
acted as a negative control (miR-Ctrl) (Applied Biologi-
cal Materials). Similarly, USP47 lentivirus was used to
stably overexpress the USP47 (USP47-OE) (OriGene
Technologies, Rockville, MD, USA). The relative control
lentivirus (USP47-Ctrl) was also available at OriGene
Technologies.

The silencing lentiviral plasmid vector of USP47 (sh-
USP47) and correlated control vector (sh-Ctrl) were com-
mercially available at Applied Biological Materials. The
lentiviruses were generated as previously described'?.
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Figure 2. miR-204-5p inhibits OC cells proliferation in vitro. (A) miR-204-5p expression levels after infection in SKOV-3 and TOV-112D
cells were examined by qRT-PCR; (B) miR-204-5p overexpression repressed the proliferation of SKOV-3 and TOV-1 12D cells. The CCK-8
assay was used to determine the cell growth rate (C) miR-204-overexpressed SKOV-3 and TOV-112D cells exhibited decreased colony
formation rates compared with the control cells, which varies from [-4 weeks. *P < 0.05 vs. cell without transduction (BC), **P < 0.05 vs.

miR-control (n=3).

The lentivirus was infected to cells with 5 pg/mL poly-
brene (Sigma-Aldrich). Cells were incubated in complete
growth medium with 10 pg/mL puromycin (Sigma-Aldrich)
for stable clone selection.

Target Prediction

The prediction of potential target genes of miR-204-5p were
searched using the available databases TargetScan (http:/

www.targetscan.org/) and miRanda (microrna.org and
miRbase).

Dual Luciferase Reporter Assay

SKOV-3 or TOV-112D cells were cultured in 96-well plates
and co-transfected with 50 nM of miR-204-5p mimic or
mirVana™ miRNA mimic Negative Control # 1 and
50 ng of USP47 3’-UTR luciferase reporter construct
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Figure 3. USP47 mRNA and protein levels were overexpressed in OC tissues and inversely correlated with miR-204-5p levels. (A)
USP47 mRNA expression was up-regulated in the OC tissues compared with the paired non-cancerous tissues by qRT-PCR
examination. *P < 0.05 vs. non-cancerous tissues (n=12). (B) USP47 protein expression was up-regulated in the OC tissues compared
with the paired non-cancerous tissues by western blot analysis; (C) the correlation between miR-204-5p expression and USP47
protein from 12 pairs of OC tissues and the corresponding non-cancerous tissues was determined by non-parametric correlation
Spearman’s correlation test.

(Switchgear genomics, Menlo Park, CA, USA) using Lipo- Cell Proliferation Assay

fectamlqe 2000 Wlt.h Op ti-MEM (Thermo F%sher Smephﬁc). For the cell proliferation assay, SKOV-3 and TOV-112D

The luciferase activities were assayed using a luciferase . . .
cells transfected with different vectors were plated in

assay kit (Promega, Madison, WI, USA) after 48 h o0 0 (5510 cells/well) for 48 h and detected with
transfection.
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Cell Counting Kit-8 (CCK8) assay (Promega) according to
the manufacturer’s instruction. Cellular proliferation was
detected at O h, 24h, 48 h, 72 h, 96 h and 120 h. The solution
was then measured spectrophotometrically at 450 nm.
Results came from three independent cell preparations.

Soft Agar Assay

The colony formations of SKOV-3 and TOV-112D cells
transfected with different vectors were determined in soft
agarose. The 6-well plates were coated with 0.5% (v/v) agar-
ose in the DMEM media and allowed to set. Cells (5x10°
cells/well) were resuspended in a heated soft agarose
medium consisting of 0.4% (v/v) low-melt agarose. The
incubation time for colony formation varies from 1 to
4 weeks. Colonies were fixed and stained with 0.5% crystal
violet (Sigma-Aldrich).

Statistics

The results are expressed as means =+ standard errors
(SE). The data were subjected to the two-tailed, unpaired
student’s #-test between two conditions. The Spearman’s
rank correlation analysis was performed to analyzed the
correlation. The P (probability) <0.05 was considered
statistically significant. The SPSS software package (ver-
sion 20.0, SPSS Inc, Chicago, IL, USA) was used for

statistical analyses.

Results
miR-204-5p was Down-Regulated in OC Tissues

Based on our preliminary miRNA microarray study,
miR-204-5p was one of the down-regulated miRNAs in
OC tissues compared with the adjacent non-tumor tissues.
gqRT-PCR analysis revealed that miR-204-5p was down-
regulated in 12 OC tissues than the corresponding adjacent
non-tumor tissues by 2.1-fold (P < 0.05), which is consistent
with the microarray data (Fig. 1). This result suggested that
miR-204-5p may be involved in the progression of OC.

miR-204-5p Inhibits OC Cell Proliferation in Vitro

To decipher the biological function of miR-204-5p, the
miR-204-5p was stably overexpressed in SKOV-3 and
TOV-112D cells. We first determined miR-204-5p expres-
sion levels after infecting SKOV-3 and TOV-112D cells by
qRT-PCR (Fig. 2A). Cell proliferation assays revealed that
miR-204-5p overexpression significantly reduced the
growth rates of SKOV-3 and TOV-112D cells (P < 0.05,
Fig. 2B). Soft agar colony formation assays confirmed the
proliferation-repressing function of miR-204-5p in SKOV-3
and TOV-112D cells (P < 0.05, Fig. 2C). Collectively, these
data indicate that miR-204-5p has a growth-suppressive
function in OC.
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Figure 4. USP47 is the direct target of miR-204-5p. (A) Analysis of
relative luciferase activity of SKOV-3 and TOV-112D cells after co-
transfection with USP47 3’ UTR luciferase reporter and miR-204-
5p or miR-Ctrl. The relative luciferase activity was normalized to
Renilla activities. *P < 0.05 vs. BC, **P < 0.05 vs. miR-Ctrl (n=3); (B)
USP47 mRNA expression levels after miR-204-5p overexpression
in SKOV-3 and TOV-112D cells were determined by qRT-PCR
(n=3); (C) The USP47 protein levels were examined by western
blot in miR-Ctrl and miR-204-5p overexpressed SKOV-3 and TOV-
112D cells.

USP47 Expression is Increased in OC Tissues and
Inversely Correlated with miR-204-5p Expression

To decipher the underlying molecular mechanism of how
miR-204-5p regulates OC cell proliferation, we subse-
quently identified the direct target of miR-204-5p. The com-
plementary sequence of miR-204-5p has already been
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Figure 5. miR-204-5p inhibited SKOV-3 and TOV-1 12D cell growth by regulating USP47. (A) USP47 mRNA expression levels after USP47
silencing by shRNA in SKOV-3 and TOV-112D cells were determined by qRT-PCR (n=3); (B) The USP47 protein levels were examined by
western blot in USP47 silenced SKOV-3 and TOV-112D cells. (C) Knockdown of USP47 by shRNA remarkedly inhibited SKOV-3 and TOV-
112D cell proliferation. *P < 0.05 vs. mock cells, ¥**P < 0.05 vs. sh-Ctrl (n=3); (D) USP47 silenced SKOV-3 and TOV-1 12D cells exhibited
decreased colony formation rates compared with the control cells, which varies from | to 4 weeks. (E) USP47 mRNA expression levels after
USP47 overexpression in miR-204-5p overexpressed SKOV-3 and TOV-1 12D cells were determined by qRT-PCR (n=3). *P < 0.05 vs. mock
cells, **P < 0.05 vs. USP47-Ctrl (n=3); (F) USP47 mRNA expression levels after USP47 overexpression in miR-204-5p overexpressed
SKOV-3 and TOV-1 12D cells were determined by qRT-PCR (n=3); (G) up-regulation of USP47 promoted cell growth and abrogated miR-
204-5p-induced growth-inhibition in SKOV-3 and TOV-112D cells. *P < 0.05 vs. mock cells, *P < 0.05 vs sh-Ctrl (n=3); (H) USP47
overexpressed SKOV-3 and TOV-112D cells exhibited increased colony formation rates compared with the control cells, which varies

from | to 4 weeks.

identified in the 3° UTR of USP47 mRNA'%. To further
study the relationship between miR-204-5p and USP47 in
OC, we assessed the USP47 mRNA and protein expression
in 12 OC tissues and the paired adjacent non-tumor tissues.
The expression levels of USP47 mRNA and protein levels

were significantly higher in the OC tissues compared with
the matched adjacent non-cancerous tissues (P < 0.05,
Fig. 3A, B). Furthermore, we executed a correlation analysis
between the expression of USP47 and miR-204-5p to eluci-
date whether USP47 interacts with miR-204-5p in OC. The
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protein expression of USP47 levels inversely correlated with
miR-204-5p expression (Fig. 3C). Our results suggested that
miR-204-5p acts as a regulator of USP47 expression in
OC tumors.

Identification of USP47 as a Target of miR-204-5p

Subsequently, the 3’-UTR luciferase assay confirmed that
miR-204-5p directly binds USP47 mRNA in SKOV-3 and
TOV-112D cells. MiR-204-5p significantly decreased the
luciferase activities of USP47 (P < 0.05, Fig. 4A). However,
we did not observe down-regulation of luciferase activities
of USP47 by miR-Ctrl (Fig. 4A). In addition, the expression
levels of USP47 mRNA and protein were also significantly
suppressed in the miR-204-5p-overexpressed SKOV-3 and
TOV-112D cells (P < 0.05, Fig. 4B, C). Taken together,
these results imply that USP47 is directly suppressed by
miR-92a-3p in OC cells.

Role of miR-204-5p in Cell Proliferation via Directly
Targeting USP47

To further determine the functional significance of USP47 in
the miR-204-5p-induced phenotype, USP47 was silenced by
USP47 shRNA lentivirus in the SKOV-3 and TOV-112D
cells (Fig. 5A, B). As for the cell proliferation assay and soft
agar colony formation assay, shRNA-mediated USP47 silen-
cing could phenocopy the proliferation-repressing effect of
miR-204-5p (Fig. 5C, D). Subsequently, we rescued the
USP47 in the miR-204-5p overexpressed SKOV-3 and
TOV-112D cells (Fig. SE, F). We revealed that USP47
overexpression could significantly abrogate the inhibitory
effect of miR-204-5p on cell proliferation (Fig. 5G, H).
Collectively, these results show that miR-204-5p exerts
tumor-suppressive function in OC through directly regulat-
ing USP47.

Discussion

Nowadays, miRNAs have been identified as key regulation
factors for the tumor cell proliferation, migration, invasion,
and apoptosis. Extensive reports have shown that many
miRNAs act as onco-miRNAs or tumor suppressors in
diverse human tumors. The role of miR-204-5p in tumor
development has recently received much attention. Several
studies have reported that miR-204-5p is down-regulated
and functions as a tumor suppressor in different types of
human tumors. miR-204-5p has been reported to contribute
to BRAF inhibitor resistance in melanoma'>. miR-204-5p
has also been identified to suppress hepatocellular cancer
proliferation by regulating homeoprotein SIX1 expression'®.
In addition, previous research has reported that miR-204-5p
suppressed cell proliferation by inhibiting IGFBPS in papil-
lary thyroid carcinoma'’. However, little is known about the
biological function and molecular mechanism of miR-204-
5p in OC.

In this study, we observed that miR-204-5p expression is
significantly lower in OC tissues compared with the paired
non-cancerous tissues. These findings indicate that low
expression of miR-204-5p may play an important role in the
progression of OC. Furthermore, the biological function of
miR-204-5p has been investigated in OC cells. It inhibited
cell proliferation. Subsequently, we further investigated the
molecular mechanism of miR-204-5p. We discovered that
USP47 may be the functional target of miR-204-5p in OC. It
reflects the number of living cells. However, the reduction of
living cells might be due to increased cell death or extended
cell cycle arrest; both possibilities are worth further research
in the future.

USP47 has been verified as the direct target of miR-204-
5p in human gastric cancer'®. Reversible regulation of
SATBI ubiquitination by USP47 and SMURF2-mediated
colon cancer cell proliferation and tumor progression has
been reported'®. The deubiquitinylase USP47 has been
shown to promote RelA phosphorylation and survival in
gastric cancer cells?®. USP47 has been suggested as a pos-
sible therapeutic target, as USP47 depletion up-regulated
levels of Cdc25A and decreased cell survival®'. In this study,
USP47 was found to be significantly up-regulated in OC
tissues compared with their paired adjacent non-cancerous
tissues. Our data also revealed a negative correlation
between miR-204-5p and USP47 protein expression in OC
tissues. Then, we demonstrated that USP47 is the functional
targets of miR-204-5p in OC by luciferase reporter assays
and cell proliferation assays. In vivo experiments are needed
to verify this in vitro cell model in the future. The investi-
gation of downstream effectors of USP47, invasion and/or
progression results of miR-204-5p/USP47 regulation in
human OC cell are also worth future investigation.

In conclusion, we demonstrated that the level of miR-
204-5p is significantly lower in OC tissues than in the paired
adjacent non-cancerous tissues. We also determined that up-
regulated miR-204-5p inhibited OC cell proliferation. Low
levels of miR-204-5p participate in OC progression. Further-
more, we revealed that USP47 is the direct functional target
of miR-204-5p. Thus, miR-204-5p/ USP47 may be a poten-
tial therapeutic target for OC.
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