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MiR-203 inhibits cell proliferation, invasion, and migration of

ovarian cancer through regulating RGS17
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Abstract:
ovarian cancer (OC), but the regulatory mechanism of OC is still unclear. MicroRNA (miRNA) negatively regulates gene expression, and its
maladjustment is related to tumorigenesis. We understand the role of miRNA in OC modulators induced by RGS17.

To characterize the regulatory effect of miR-203 on RGS17, we used ovarian cancer cell lines SKOV3 and OVCAR3, and constructed miR-203
and RGS17 overexpression vectors. CCK8 kit was used to detect cell proliferation, while Transwell analysis was used to measure cell invasion

It has been reported that G-protein signaling 17 (RGS17) oncogene is involved in the occurrence and development of

and migration. RT-qPCR and Western blotting were used to analyze the expression of miR-203 and RGS17 in ovarian cancer. The interaction
between miR-203 and RGS17 was detected by fluorescent enzyme reporter gene method. The expression of miR-203 was significantly decreased
in tumor cells, while the expression of RGS17 mRNA was increased. Luciferase reporter gene assay showed that miR-203 down regulated
RGS17 expression by directly integrating into RGS17 mRNA. Our results showed that miR-203 was down regulated during tumorigenesis
and inhibited the proliferation and invasion of OC cells. MiR-203 inhibits the proliferation, invasion and migration of ovarian cancer cell lines

SKOV3 and OVCAR3 by targeting RGS17. After RGS17 overexpression, the regulatory effect of miR-203 was inhibited.
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1.Introduction

Ovarian cancer (OC) is the fifth leading cause of can-
cer-related deaths in women worldwide, resulting in
14240 deaths per yearl. Although the treatment of ovar-
ian cancer has made great progress in the past few de-
cades, the prognosis of OC patients is still unsatisfactory
no matter in surgery, chemotherapy or radiotherapy?2.
Therefore, it is an urgent need to understand the molec-
ular mechanism of the disease related to the occurrence
and development of OC. Long noncoding RNA (In-
cRNA) has been found to be a key regulator in various
biological processes. MicroRNA (miRNA) is a small
non coding RNA, which can play a role by regulating
the expression of genes in a variety of biological pro-
cesses3. More and more evidences suggest that miRNA
plays an important role in controlling the invasion and
metastasis of cancer cells4-6 . For example, the tumor
suppressor gene miR-203 in ovarian cancer the expres-
sion of tumor growth factor Snai27. MiR-203 inhibits
ovarian tumor metastasis by targeting BIRCS5 / surviving
and weakening TGFp pathway8. The key regulatory
point of G protein activity is the inactivation of G pro-
tein by GTP hydrolysis, through which GTPase activat-
ing protein (GAP) is significantly enhanced in cells. The
G-protein modulator signal transduction (RGS) protein
is a highly diverse heterotrimeric G-protein used as gap
to accelerate the inactivation of protein family, thus ter-
minating the signal transduction initiated by GPCR9,10.

We have recently shown that RGS protein inhibits LPA
stimulated growth signals in ovarian cancer cells 9,11,
and more than ten RGS transcripts were identified in
ovarian cancer cells, many of which were differential
expression of cell lines in normal ovarian cells and ovar-
ian cancerl2.

However, bioinformatics and functional analysis showed
that miR-203 could target RGS17 gene. In this study, we
investigated the interaction of miR-203-RGS17 inhib-
ited the progression of ovarian cancer, and it was found
that the expression of miR-203 significantly increased to
inhibite the migration, invasion and diffusion of ovarian
cancer cells induced by RGS17. In addition, we identi-
fied miR-203 as a regulator cell line to inhibit RGS17
expression in ovarian cancer.

2.Materials and methods

2.1Cell culture

Ovarian cancer cell lines SKOV3 and OVCAR3 were
obtained from ATCC and cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10%
FBS (Hyclone, USA), 100 U / ml penicillin and 100 pg /
ml streptomycin (Invitrogen, USA). HEK293 cells were
cultured in DMEM medium containing 10% FBS, 100 U
/ ml penicillin, 100 pg / ml streptomycin, 1% glutamine.

2.2 Cell transfection
First, HEK293 cells were seeded into 96 well plates at
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a density of about 1 x 106 / well. Add DMEM medium
to each well and incubate for another 24 hours. After
the cell adheres to the wall, the cells are transfected.
MiR-203 mimic or overexpression of RGS17 vector
was transfected into cells according to the instructions
of lipofectaminetm2000 (Invitrogen, USA). The related
indexes were detected 48 hours later. Three groups are
established: NC group (negative control), miR-203
mimic (SKOV3 and OVCAR cells transfected with
miR-203 mimic) and miR-203 mimic + RGS17 (SKOV3
and OVCAR cells transfected with miR-203 mimic and
RGS17).

2.3MTT determination

According to the manufacturer’s instructions, use the
MTT assay kit to check cell proliferation. Ovarian can-
cer cells were cultured (8000 cells / well) in 96 well
plate. At different time points, 10 pl MTT reagent (10
mg / ml) was added to each pore and incubated for about
4 h. The reaction was terminated by the addition of 100
p 1 cracking reagent and incubated in darkness at 22 °C
for 2 hours. The absorbance was measured at 570nm on
Bio-Rad.

2.4Cell migration assay

The chamber system was used to measure the cross
whole migration. These cells were inserted into 24 well
plates and 30 p 1 of 3 x 104 cells in serum-free DMEM
were added to the upper chamber. DMEM (supplemented
with 10% FBS) was added to the inferior chamber of
each well and the cells were incubated for 24 hours. The
cells in the lower side of the membrane were fixed with
methanol and stained with 0.1% crystal violet. Count the
migrating cells in at least three different areas.

2.5Real time quantitative PCR analysis

Trizol reagent (Invitrogen, USA) was used to extract
total RNA from tissues and cells. The extracted RNA
is reverse transcribed into complementary DNA
(cDNA). RT-qPCR was performed with fluorescent RT-
gPCR instrument. The specific reaction conditions are
as follows: pre-denaturation at 95°C for 10 minutes,
denaturation at 95°C for 30 minutes. After renaturation
for 30 s at 55°C, it was extended for 2 min at 72 °C for
a total of 35 cycles. The relative expression of miR-203
and RGS17 were quantified by the 2-AA CT method.
The primer sequences used in this study are as follows:
RGS17, foward: 5’-CCA GGA ACC CCT CCT TAC
TC-3’, reverse: 5’-TGT GTC CGA AGG ACT AGG
GA-3’; miR-203, forward: 5’-AGG GGT GTA ACA
TCC TCG ACT G-3’, reverse: 5’-AGT GTC GTG GAG
TTT GCG TGT CAT-3’; U6: forward: 5’-GCA ACG
GCA GCA CAT ATA CTA AAA T-3°, reverse: 5’-CGC
TTC AGA ATT TGC GTG TCA T-3’,GAPDH, forward:
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5’-CGC TCT CTG CTC CTC CTG TTC-3’, reverse: 5’°-
ATC CGT TGA CTC CGACCTTCA C-3".

2.6Western blotting (WB) analysis

The protein was extracted from cells using protein
lysates. The concentration of the extracted protein was
quantified by the analysis of BCA. The extracted protein
was electrophoresis and transferred to PVDF membrane.
The membrane was then incubated overnight at 4 °C
with Rabbit anti human RGS17 primary antibody and
3-phosphoglyceraldehyde dehydrogenase (GAPDH).
After washing with tris buffer salt water and Tween-20
(TBST), the membrane was incubated with the second
antibody of Goat anti rabbit immunoglobulin G (IgQG)
labeled with horseradish peroxidase for 1 hour at 37°C.
After washing, use enhanced chemiluminescence (ECL)
method to develop color (Thermo Fisher, USA).

2.7Statistical analysis

Use Students’ t-test or F-test for statistical analysis.
All P values were positive and negative, P < 0.05 was
considered statistically significant. For all statistical
analysis.

3.Results

3.1Expression of miR-203 and RGS17 in ovarian
cancer

To study the role and mechanism of miR-203 and
RGS17 in ovarian cancer. Here, we used RT- qPCR
to analyze the expression of miR-203 and RGS17 in
SKOV3 and OVCAR cell lines. As expected, miR-203
was negatively correlated with RGS17 and significantly
decreased in OC cell lines compared with normal
IOSE144 cells (Fig. 1A), whereas RGS17 was up-
regulated in OC cell lines (Fig. 1B). There is a specific
regulatory relationship between miR-203 and RGS17
mRNA.

3.2MiR-203 inhibited tumorigenicity and metastasis
in vitro

In order to identify the effect of miR-203 on ovarian
cancer cell proliferation, migration, and invasion, both
SKOV3 and OVCARS3 cells were transfected with the
miR-203 overexpression mimic vector. After 48 h of
transfection, expression level of miR-203 was detect-
ed by RT-qPCR. Result showed that the expression of
miR-203 was significantly increased in both SKOV3
and OVCAR3 cells compared with the control group
(Fig. 2A). Cell proliferation was then determined using
a cell-counting kit, with 2 x103 cells used as the initial
concentration. After culturing for different times (0, 1,
2, and 3 days), cell proliferation was detected by mea-
suring the absorbance at 450 nm. Expression of miR-
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203 significantly suppressed cell proliferation at 2 days
in both SKOV3 and OVCAR3 cells. However, there
was no significant difference after transfection with the
NC vector compared with the control group (Fig. 2B,
C). To determine the effect of miR-203 on metastasis,
Transwell detected migration and invasion assays were
carried out using SKOV3 and OVCAR3 cells trans-
fected with the miR-203 mimic, NC, or their respective
controls. The miR-203-transfected ovarian cancer cells
showed significantly lower migration and invasiveness
than the control or NC group (Fig. 2D-G). Together,
these results showed that miR-203 inhibited ovarian
cancer cell proliferation, migration, and invasion in vi-
tro.

3.3RGS-17 overexpression reversed miR-203-
induced cell proliferation, migration, and invasion
inhibition

Previous studies showed that RGS17 expression
played an important role in the maintenance of tumor
cell proliferation. To determine whether RGS17 was
involved in the suppression of miR-203-mediated tumor
cell proliferation, the RGS17 overexpression vector was
constructed and successfully transfected into SKOV3
and OVCAR cells. Western blotting showed that the
expression of RGS17 was significantly increased in
both SKOV3 and OVCAR cells (Fig. 3A, B). Previous
studies reported that the expression of miR-203
significantly inhibited proliferation of both SKOV3
and OVCAR cells. However, RGS17 overexpression
reversed miR-203-induced proliferation inhibition in
both SKOV3 and OVCAR cells (Fig. 3C, D). Transwell
detected migration and invasion assays were carried out
using SKOV3 and OVCAR cells, showing that RGS17-
transfected OC cells significantly reversed the miR-203-
induced migration and invasiveness inhibition (Fig. 3E-
H). Taken together, the result showed that the antitumor
effect of miR-203 on OC cells was decreased after
overexpression of RGS17.

3.4RGS-17 was the direct target of miR-203

To determine the possible interaction between miR-
203 and RGS17, we first carried out a bioinformatics
screen for its possible target genes, using an online 3°-
UTR binding site prediction database. A mutated version
of the RGS17 3°-UTR was constructed (Fig. 4A). This
mutated construct was fused to the luciferase coding
region and co-transfected into HEK293T cells along
with miR-203 mimic. The relative luciferase activity
showed that when the wild-type RGS17 3’-UTR was
co-transfected with miR-203 mimic, RGS17 expression
was significantly decreased (P < 0.01) compared with
co-transfection with the control miRNA. However, this
effect was not observed after mutant 3’-UTR of RGS17,
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indicating that miR-203 can specific suppression
RGS17 expression by targeting 3’-UTR of RGS17
(Fig. 4B, C). Western blotting and RT-PCR analyses
further confirmed that miR-203 expression significantly
inhibited RGS17 expression in both protein and mRNA
level in vitro (Fig. 4D-F). Our results also showed that
inhibiting miR-203 expression with miR-203 inhibitor
treatment significantly promoted RGS17 expression in
both SKOV3 and OVCAR cells.

4.Discussion

Recently, miR-203 has been reported to be
dysfunctional in a variety of cancer types. The down-
regulation of miR-203 was found in lung cancer, gastric
cancer and glioblastomal3-15. However, it is reported
that the expression of miR-203 is up-regulated in ovarian
cancer tissues16, indicating that the expression pattern
of miR-203 depends on the type of cancer. In addition,
some previous and current studies have demonstrated
the correlation between the expression of miR-203 and
the clinical characteristics and carcinogenic function
of miR-203 in ovarian cancer, indicating that miR-203
may be used as a diagnostic marker and treatment target
for ovarian cancer. However, the related molecular
mechanism of its expression is still unclear. MiR-203
has been shown to regulate the resistance of cancer cells
to therapeutic drugs, indicating that miR-203 may be a
predictor of chemotherapy responsel7. The change of
miR-203 expression leads to antitumor effect, suggesting
that miR-203 plays a crucial role in the regulation of
tumorigenesis. Therefore, it may be of great clinical
significance to study the potential mechanism of miR-
203 in different types of cancer. Our results showed that
the expression level of miR-203 in OC cells was lower
than that in normal cells. In contrast to miR-203, RGS17
expression induces tumorigenesis. A number of recent
studies have shown that the expression of RGS17 was
up-regulated and promoted the growth and migration
of colorectal cancer. RGS17 is one of the smallest RGS
proteins and lacks clear definition functional domain
outside RGS domain. RGS17 is a member of RZ (A)
subfamily of RGS protein, preferentially inactivating
Gi /Go family of G proteinl8,19. RGS17 also contains
a palmitoylation site located in its N-terminal region of
the RGS domain. This site may regulate its subcellular
location, further affect the selectivity of G protein and
receptor. In contrast to miR-203, RGS17 expression
is regulated in cancer cells, such as in HCC19 and
prostate cancer20. RGS17 increased proliferation,
migration and invasion, and even increased resistance
to chemotherapy. Therefore, it may be of great clinical
significance to study the mechanism of RGS17 mediated
tumor metabolism.
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In our study, our results showed that miR-203
expression in ovarian cancer cells was significantly
lower than that in normal cells, but RGS17 expression
in ovarian cancer cells was significantly increased. We
also found that the expression of miR-203 significantly
inhibited the proliferation of OC cells and reduced cell
migration and invasion. However, over expression of
RGS17 reversed miR-203 induced antitumor effect. The
double fluorescein test further confirmed that miR-203
was integrated into the 3’-UTR of RGS17 and down
regulated the expression of RGS17 after transcription.
We also show that miR-203 can inhibit cell proliferation,
invasion and migration of OC by down regulation
RGS17. However, the exact regulatory mechanism of
RGS17. 1t is still unknown to promote cell proliferation,
invasion and migration of OC, which needs further
study. In conclusion, this study shows that miR-203
inhibits cell proliferation, invasion and migration in OC
by targeting RGS17. Therefore, miR-203 may be a new
diagnosis and treatment option for OC patients.

References

[1] Siegel, R. L., Miller, K. D. & Jemal, A. Cancer
statistics, 2016. CA: a cancer journal for clinicians
66, 7-30, doi:10.3322/caac.21332 (2016).

[2] Rustin, G. J. et al. Early versus delayed treatment
of relapsed ovarian cancer (MRC OVO05/EORTC
55955): a randomised trial. Lancet (London,
England) 376, 1155-1163, doi:10.1016/s0140-
6736(10)61268-8 (2010).

[3] Bartel, D. P. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 116, 281-297,
doi:10.1016/s0092-8674(04)00045-5 (2004).

[4] Nicoloso, M. S., Spizzo, R., Shimizu, M., Rossi,
S. & Calin, G. A. MicroRNAs--the micro steering
wheel of tumour metastases. Nature reviews. Cancer
9,293-302, doi:10.1038/nrc2619 (2009).

[5] Sheervalilou, R. et al. A new insight on reciprocal

relationship between microRNA expression

and epigenetic modifications in human lung
cancer. Tumour biology : the journal of the

International Society for Oncodevelopmental

Biology and Medicine 39, 1010428317695032,

doi:10.1177/1010428317695032 (2017).

Li, Z. et al. MicroRNA expression and its

implications for diagnosis and therapy of gallbladder

cancer. Oncotarget 6, 13914-13921, doi:10.18632/

oncotarget.4227 (2015).

[7] Zhao, G. et al. miR-203 Functions as a Tumor
Suppressor by Inhibiting Epithelial to Mesenchymal
Transition in Ovarian Cancer. Journal of cancer
science & therapy 7, 34-43, doi:10.4172/1948-
5956.1000322 (2015).

29 (2021) 784-788

ISSN 2161-2609

[8] Wang, B. et al. miR-203 inhibits ovarian tumor
metastasis by targeting BIRCS and attenuating
the TGFbeta pathway. Journal of experimental &
clinical cancer research : CR 37, 235, doi:10.1186/
s13046-018-0906-0 (2018).

[9] Berman, D. M. & Gilman, A. G. Mammalian RGS
proteins: barbarians at the gate. The Journal of
biological chemistry 273, 1269-1272, doi:10.1074/
jbc.273.3.1269 (1998).

[10] Hurst, J. H. & Hooks, S. B. Regulator of G-protein
signaling (RGS) proteins in cancer biology.
Biochemical pharmacology 78, 1289-1297,
doi:10.1016/j.bcp.2009.06.028 (2009).

[11] Hurst, J. H., Henkel, P. A., Brown, A. L. & Hooks, S.
B. Endogenous RGS proteins attenuate Galpha(i)-
mediated lysophosphatidic acid signaling pathways
in ovarian cancer cells. Cellular signalling 20, 381-
389, doi:10.1016/j.cellsig.2007.10.026 (2008).

[12] Hurst, J. H., Mendpara, N. & Hooks, S. B.
Regulator of G-protein signalling expression and
function in ovarian cancer cell lines. Cellular &
molecular biology letters 14, 153-174, doi:10.2478/
s11658-008-0040-7 (2009).

[13] Liao, H. et al. MiR-203 downregulation is
responsible for chemoresistance in human
glioblastoma by promoting epithelial-mesenchymal
transition via SNAI2. Oncotarget 6, 8914-8928,
doi:10.18632/oncotarget.3563 (2015).

[14] Wang, N. et al. miR-203 suppresses the proliferation
and migration and promotes the apoptosis of lung
cancer cells by targeting SRC. PloS one 9, ¢105570,
doi:10.1371/journal.pone.0105570 (2014).

[15] Zhou, X., Xu, G., Yin, C., Jin, W. & Zhang,
G. Down-regulation of miR-203 induced by
Helicobacter pylori infection promotes the
proliferation and invasion of gastric cancer by
targeting CASK. Oncotarget 5, 11631-11640,
doi:10.18632/oncotarget.2600 (2014).

[16] Wang, S. et al. Upregulation of microRNA-203 is
associated with advanced tumor progression and
poor prognosis in epithelial ovarian cancer. Medical
oncology (Northwood, London, England) 30, 681,
doi:10.1007/512032-013-0681-x (2013).

[17] Zhou, Y. et al. miR-203 induces oxaliplatin
resistance in colorectal cancer cells by negatively
regulating ATM kinase. Molecular oncology 8, 83-
92, doi:10.1016/j.molonc.2013.09.004 (2014).

[18] Mao, H. et al. RGS17/RGSZ2, a novel regulator
of Gi/o, Gz, and Gq signaling. The Journal
of biological chemistry 279, 26314-26322,
doi:10.1074/jbc.M401800200 (2004).

[19] Nunn, C., Mao, H., Chidiac, P. & Albert, P. R.
RGS17/RGSZ2 and the RZ/A family of regulators
of G-protein signaling. Seminars in cell &

Copyright@2021 by Cancer Cell Research

787



29 (2021) 784-788

W M 264%/%4 ISSN 2161-2609

developmental biology 17, 390-399, doi:10.1016/
j.semcdb.2006.04.001 (2006).

[20] James, M. A., Lu, Y., Liu, Y., Vikis, H. G. & You,
M. RGS17, an overexpressed gene in human lung
and prostate cancer, induces tumor cell proliferation
through the cyclic AMP-PKA-CREB pathway.
Cancer research 69, 2108-2116, doi:10.1158/0008-
5472.can-08-3495 (2009).

Copyright@2021 by Cancer Cell Research
788



