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Recent evidence suggests that dysregulation of microRNAs is associated with the development of multiple
malignancies. miR-186 has been reported as a critical cancer regulator in several types of cancers. However,
its functional significance and molecular mechanism underlying renal cell carcinoma (RCC) remain unknown.
In this study, our results showed that miR-186 expression was dramatically downregulated in RCC tissues and
cell lines compared to that in adjacent normal tissues and cell lines. Overexpression of miR-186 significantly
inhibited cell growth, colony formation, and cell invasion; caused cell cycle arrest at the G/G, phase; and
induced cell apoptosis as detected by MTT, colony formation, Transwell assay, and flow cytometry assays in
RCC cells. In addition, inhibition of miR-186 expression promoted RCC cell proliferation, invasion, and cell
cycle progression and reduced apoptosis. Bioinformatics analysis and luciferase reporter assay confirmed that
the 3’-UTR of sentrin-specific protease 1 (SENP1) was a direct target of miR-186. A remarkably reverse corre-
lation was observed between miR-186 and SENP1 mRNA in RCC tissues. Furthermore, immunohistochemical
staining revealed that SENP1 was positively expressed in RCC specimens. Restoration of SENP1 expression
could partially abrogate the inhibitory effect of miR-186 overexpression on RCC cell proliferation through acti-
vating NF-xB signaling and its downstream proteins. These data demonstrated that miR-186 acted as a novel
tumor suppressor and potential therapeutic biomarker in the progression of RCC by directly targeting SENP1.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common
malignant tumor and is recognized as the sixth lead-
ing cause of cancer death worldwide, and the number
of patients diagnosed with RCC is steadily increasing
every year'. Although early localized RCC patients who
received surgical resection usually have a satisfied prog-
nosis, most patients are initially diagnosed with RCC
in the advanced stages, which has already metastasized
and is refractory to standard treatments’. Furthermore,
advanced RCC is resistant to chemotherapy and radio-
therapy; thus, emerging targeted therapies such as tem-
sirolimus, axitinib, pazopanib, and sorafenib have been
widely used to improve and prolong the survival of RCC
patients3. However, these treatment strategies are not
sufficient for patients with metastasis or relapse. A bet-
ter understanding of the molecular pathways involved in
RCC progression and metastasis is urgently needed.

MicroRNAs (miRNAs) are classified as small non-
coding RNAs and are 21-23 nucleotides in length’. They
could modulate gene expression by direct binding to the
complementary sites of mRNAs to promote their deg-
radation or repress the functional protein translation
from their transcripts®. A single miRNA processes vari-
ous different target mRNAs and has been identified to
participate in regulating many complex human diseases’.
Thus, the dysregulation of miRNAs has been reported
to be of particular importance and plays a crucial role
during multiple tumorigenesis®. Growing studies have
emphasized that miRNAs served as tumor suppressors
or oncogenes in the progression and development of
RCC. For instance, some miRNAs, such as miR-203a
and miR-21, are overexpressed in RCC cells and con-
tribute to cell proliferation and invasion during RCC
development”'’. Some miRNAs like 148a and miR-22
have been reported to be downregulated in RCC tissues,
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but whose exogenous expression could dramatically sup-
press tumor proliferation'"'*. Consequently, exploring
RCC-related miRNAs will facilitate an understanding of
the pathogenesis of RCC, and elucidation of their func-
tions could achieve promising diagnosis and prognosis in
RCC treatment"’.

Previous studies have identified that miR-186 was
associated with the suppression of cell proliferation and
metastasis in different cancers, including prostate can-
cer, colorectal cancer, and cervical cancer'. However,
whether miR-186 also functions as a tumor suppressor
during RCC development still remains unknown. The
purpose of this study was to explore the biological signif-
icance of miR-186 and tentatively investigate its potential
mechanism during RCC progression. We observed that
miR-186 expression was noticeably downregulated in
RCC tissues and cell lines. Cell growth, cell cycle, and
cell migration were significantly inhibited, but cell apo-
ptosis was induced by the ectopic expression of miR-186
in RCC cells. Furthermore, we identified if the role of
miR-186 as a tumor suppressor regulated NF-kB signal-
ing in RCC progression by targeting SENP1.

MATERIALS AND METHODS
RCC Tissue Specimen Collection

Primary RCC tissue samples and corresponding adja-
cent normal renal tissues were obtained from 20 patients
who underwent surgery in the China—Japan Union Hospi-
tal of Jilin University between September 2014 and July
2015. None of the patients had undergone chemotherapy
or radiotherapy before surgery. All the tissue specimens
were immediately collected for future investigation. This
study was approved by the research ethics committee of
China—Japan Union Hospital of Jilin University. Written
informed consent was obtained from all patients before
sample collection.

Cell Culture

Human RCC cell lines (786-0O, A498, ACHN, Caki-1,
and UMRC-3) and the normal renal cell line HK-2 were
purchased from the American Type Culture Collection
(ATCC; Rockville, MD, USA). All cell lines were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
Gibco, NY, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin/streptomycin in a
humidified incubator containing 5% CO, at 37°C.

Transfection of miRNA and Plasmid

The miR-186 mimic (miR-186), a mimic negative
control (mimic-NC), miR-186 inhibitor (miR-186-in),
and an inhibitor negative control (inhibitor-NC) were
synthesized from GenePharma (Shanghai, P.R. China).
The SENP1 sequence was amplified and subcloned into
the pcDNA3.1 vector (Life Technologies, Carlsbad, CA,
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USA); empty pcDNA vector was used as a negative con-
trol. Transfection of miRNAs or plasmid was performed
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s procedure.

Reverse Transcription Quantitative Polymerase
Chain Reaction (RT-gPCR) Assay

Total RNA was extracted from tissues and cells using
TRIzol reagent (Invitrogen) according to the manufac-
turer’s instructions. For miRNA and SENP1 reverse tran-
scription, Prime Script RT Reagent Kit (Takara, Dalian,
PR. China) was used to synthesize cDNA. RT-qPCR
analysis of miR-186 and SENPI mRNA quantifications
were performed using miRNA gPCR Detection Kit
(Applied Biosystems, Carlsbad, CA, USA) and SYBR
Green Master Mix (Applied Biosystems), respectively, on
an ABI 7900 HT Sequence Detection System (Applied
Biosystems). The U6 gene and GAPDH were used as
internal controls. The relative expressions of miR-186
and SENP1 mRNA were analyzed by the 27**Ct method.
The primers for SENP1 were 5-GAC CAC TCA GCC
TTC CTT CT-3" (forward) and 5-ACA GGC AAA ATT
TCC CGC AT-3’ (reverse). The primers for GAPDH were
5’-CAG GCT GTA AAT GTC ACC GG-3’ (forward) and
5’-GAG TGG GAG CAC AGG TAA GT-3’ (reverse).

Western Blot Analysis

Tissue samples and cells were lysed using RIPA buffer
(Boster, Wuhan, P.R. China). Total protein concentration
was detected using a BCA Protein Assay Kit (Boster).
Proteins (40 pg) were separated by 12% SDS-PAGE
and transferred onto the polyvinylidene fluoride (PVDF)
membranes (Bio-Rad, Carlsbad, CA, USA). Subsequently,
the membranes were blocked with 5% nonfat milk for
2 h at room temperature and then incubated with the pri-
mary antibodies against SENP1, phosphorylation (p)-p65,
p65, p-IkBa, IxBa, p21, MMP9Y, Bcl-2, cyclin D1, and
GAPDH (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) overnight at 4°C. After rinsing, the membrane was
incubated with the corresponding horseradish peroxidase
(HRP)-conjugated secondary antibodies (Santa Cruz Bio-
technology) for 2 h at room temperature. GAPDH was
used as internal control. The bands were visualized with
ECL Chemiluminescence Kit (Pierce, Rockford, IL,
USA) and quantified using ImagelJ software.

Immunohistochemical Staining

The clinical specimens were embedded into paraffin
and cut into 5-um-thick sections and then deparaffinized
in xylol, rehydrated in gradient alcohol series. Endogenous
peroxidase activity was blocked with 3% H,O,—methanol
for 10 min. After rinsing, the slides were blocked with
normal goat serum for 1 h to avoid nonspecific bind-
ing and then incubated with anti-human SENP1 rabbit
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polyclonal antibody (Santa Cruz Biotechnology) over-
night at 4°C. The slides were then incubated with bioti-
nylated goat anti-rabbit secondary antibody for 1 h and
3,3’-diaminobenzidine (DAB) solution was added for
30 s, followed by counterstaining with hematoxylin for
1 min. Immunostaining was evaluated by two indepen-
dent investigators according to a scoring method described
previously".

Cell Proliferation Assay

For the 3-(4,5-dimethylthiazol-2-yl)-2-5 diphenyltet-
razolium bromide (MTT) assay, 48 h after transfection,
ACHN cells were seeded into a 96-well plate at a den-
sity of 3x 10’ per well and then cultured for 96 h. MTT
(5 mg/ml; Promega, Madison, WI, USA) solution was then
added, and the cells were incubated for an additional 4 h.
The medium was removed, and the MTT formazan was
dissolved in dimethyl sulfoxide (150 pl/well). The absor-
bance was determined at 490 nm with a microplate reader.

For the calculation of the inhibitory concentration
(IC,,) value of the NF-xB inhibitor pyrrolidine dithiocar-
bamate (PDTC; Sigma-Aldrich, St. Louis, MO, USA), the
ACHN cells were plated at a density of 1x 10’ cells/well
in 96-well plates. Cytotoxicity studies were performed
24 h after treating cells with various concentrations (12.5,
25, 50, 75, 100, 125, 150 nmol/L) of the PDTC using
MTT assays as described above. IC,, values were deter-
mined using Microsoft Excel 2010.

Colony Formation Assay

For the colony formation assay, 48 h after transfection,
1x10* ACHN cells were plated into six-well plates and
incubated for 10 days. Cells were then rinsed with PBS
and fixed with 4% formaldehyde for 15 min at room tem-
perature. The cells were stained with 1% crystal violet for
10 min. The colony numbers (>50 cells) were counted ran-
domly in five fields by an inverted microscope (Olympus,
Tokyo, Japan).

Cell Cycle Assay

To assess cell cycle distribution, 1x10° ACHN cells
were plated into six-well plates and transfected with
miRNAs for 36 h, and then were collected and fixed in
70% ice-cold ethanol at 4°C overnight. After rinsing,
cells were stained with propidium iodide (PI; 50 mg/ml;
Sigma-Aldrich) and RNase A (50 mg/ml) in the dark for
1 h at room temperature. The cell cycle distribution was
analyzed by flow cytometry (BD Biosciences, San Jose,
CA, USA).

Apoptosis Assay

Cell apoptosis was analyzed with Annexin-V-FITC/
PI Apoptosis Detection Kit (BD Biosciences) follow-
ing the manufacturer’s guideline. Thirty-six hours after
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transfection, the ACHN cells were collected and centri-
fuged at 1,500 rpm for 5 min and then suspended in the
binding buffer. Annexin V-FITC (5 pl) was added into
each well and incubated for 15 min in the dark at room
temperature, followed by treatment with 5 ul of PI for
5 min. Cell apoptosis rate analysis was performed by
flow cytometry (BD Biosciences).

Invasion Assay

The cell invasion assay was performed using Transwell
chambers with an 8-um pore size (Millipore, Temecula,
MA, USA). Transfected cells (1x10°) suspended in
serum-free DMEM were added into the top chamber
coated with Matrigel (BD Biosciences). Then DMEM
with 10% FBS was added to the bottom chamber as a
chemoattractant. After incubation for 24 h at 37°C,
the cells remaining in the upper chamber were slightly
removed with a cotton swab. Cells that invaded to the
bottom chamber were fixed with 4% paraformaldehyde
for 30 min and stained with crystal violet for 20 min.
Invading cells were imaged and counted in five random
fields by an inverted microscope (Olympus).

Bioinformatics and Dual-Luciferase Reporter
Gene Assay

The online bioinformatics database (TargetScan, http://
www.targetscan.org/vert_60/) was used to predict the
binding sites of miR-186. The wild-type (WT) or mutant
(MU) 3’-untranslated region (3’-UTR) of SENPI1 was
inserted into the pGL3 vector (Promega). The RCC cells
were cotransfected with WT or mutated SENP1 3’-UTR
vectors and miR-186 mimic, mimic-NC, miR-186 inhib-
itor, or inhibitor-NC using Lipofectamine 2000 (Invitro-
gen). After 24 h of transfection, luciferase activity was
normalized with a Renilla luciferase reference plasmid
and assessed by a Dual-Luciferase Reporter Assay Kit
(Promega) according to the manufacturer’s instructions.

Statistical Analysis

The data are presented as meanztstandard deviation
(SD); each experiment was performed at least three
times. Statistical analysis was determined by two-tailed
Student’s t-test of GraphPad Prism 5.0 software (La Jolla,
CA, USA). The correlation between miR-186 expres-
sion and the SENP1 mRNA expression was evaluated by
Spearman’s correlation coefficient analysis. A value of
p<0.05 was considered statistically significant.

RESULTS

miR-186 Was Downregulated in RCC Tissues
and Cell Lines

To demonstrate the function of miR-186 in the RCC
progression, first the expression level of miR-186 was
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detected in 20 RCC tissue samples and their paired
normal tissues. The RT-qPCR analysis showed that the
miR-186 expression was dramatically reduced in RCC
tissues compared with that in the adjacent normal tis-
sues (p<0.01) (Fig. 1A). Moreover, we observed that the
miR-186 expression was also significantly increased in
five human renal cancer cell lines (786-O, A498, ACHN,
Caki-1, and UMRC-3) compared to that in the control
cell line HK-2 cells (all p<0.05) (Fig. 1B), which indi-
cated a possible antitumor effect of miR-186 in RCC
development.

miR-186 Inhibits Cell Proliferation in RCC Cells

To explore the influence of miR-186 in RCC devel-
opment, ACHN cells were selected and transfected with
equal amounts of miR-186, mimic-NC, miR-186-in, or
inhibitor-NC. The high efficiency of the transfection
was evaluated after transfection for 48 h by RT-qPCR.
As shown in Figure 2A, the expression of miR-186 in
ACHN cells with mimic transfection was significantly
upregulated (p<0.01), whereas its expression was notice-
ably downregulated in the miR-186-in group (p<0.01)
(Fig. 2A). Subsequently, the MTT assay showed that the
overexpression of miR-186 obviously inhibited ACHN
cell growth rate (p<0.01) and the miR-186 inhibitor sig-
nificantly promoted ACHN cell growth rate (p<0.01)
(Fig. 2B). The colony formation assay also revealed that
ACHN cells transfected with mimic formed decreased
number of colonies compared with that in the mimic-NC
group (p<0.05). The colony formation ability of ACHN
cells transfected with the miR-186 inhibitor was signifi-
cantly increased when compared to that in the inhibitor-NC
group (p<0.05) (Fig. 2C). Furthermore, flow cytometry
analysis of cell cycle distribution revealed that over-
expression of miR-186 obviously induced G,/G, phase
arrest (p<0.05), whereas miR-186 inhibitor transfection

A & 1.5-

< %%
14 ] 1
£ 1.24 oo
u— ———c®
g I. e
o 0.9+ .-‘-'--'-O-..
3 -
(4] [ ]
§ 0.6 "k
(] [ |
$ 0.3 —rjr—
iz L
200 . T

Normal Tumor

JIAO ET AL.

significantly promoted cell cycle progression by increas-
ing the S phase in ACHN cells (Fig. 2D).

miR-186 Suppresses Invasion and Enhances
Cell Apoptosis in RCC Cells

To examine whether miR-186 regulates cell invasion
of RCC cells, a Transwell assay was performed. We found
that overexpression of miR-186 markedly suppressed the
cell invasive abilities of ACHN cells (p<0.05), whereas
inhibition of miR-186 expression enhanced ACHN cell
invasion (p<0.05) (Fig. 3A). Furthermore, the cell apo-
ptosis assay revealed that overexpression of miR-186 sig-
nificantly induced cell apoptosis in ACHN cells compared
with the mimic-NC group. On the other hand, the rate of
cell apoptosis was remarkably decreased in ACHN cells
with miR-186-in transfection (p<0.01) (Fig. 3B). These
findings suggested that miR-186 overexpression inhibited
cell invasion and induced apoptosis in ACHN cells.

SENPI Is a Potential Target of miR-186

A bioinformatics method of the available database
(TargetScan) was performed to predict the potential
mRNA target of miR-186. The 3’-UTR of SENP1 was
identified as a putative target of miR-186 (Fig. 4A). To
validate the direct targeting of miR-186 on SENP1 in
RCC cells, the WT or MU 3’-UTR of SENP1 was cloned
into the luciferase plasmid. The luciferase reporter assay
revealed that cotransfection of ACHN cells with the
miR-186 mimic and SENP1 WT 3’-UTR displayed a sig-
nificant reduction in luciferase activity when compared to
that in the mimic-NC group (p<0.01) (Fig. 4B). In con-
trast, cotransfection of ACHN cells with miR-186-in and
SENP1 WT 3’-UTR showed a significant enhancement on
luciferase activity (p<0.01). Furthermore, RT-qPCR and
Western blot confirmed that overexpression of miR-186
could significantly suppress SENP1 expression in ACHN
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Figure 1. MicroRNA-186 (miR-186) is downregulated in renal cell carcinoma (RCC) cells and tissues. (A) Reverse transcription
quantitative polymerase chain reaction (RT-qPCR) analysis of miR-186 expression in 20 paired RCC tissue samples and adjacent nor-
mal tissues. (B) Relative miR-186 expression in human RCC cell lines (786-0, A498, ACHN, Caki-1, and UMRC-3) and the control
cell line HK-2. U6 was used for normalization. *p<0.05, **p<0.01 versus control.
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Figure 2. miR-186 inhibits cell proliferation in RCC cells. (A) The expression of miR-186 in ACHN cells transfected with the miR-
186 mimic or miR-186 inhibitor was detected by RT-qPCR. (B) Cell growth rate in ACHN cells transfected with the miR-186 mimic
or miR-186 inhibitor was detected by MTT assay. (C) The number of colonies in ACHN cells transfected with the miR-186 mimic or
miR-186 inhibitor was measured by colony formation assay. (D) Cell cycle distribution in ACHN cells transfected with the miR-186
mimic or miR-186 inhibitor was analyzed by flow cytometry assay. *p <0.05, **p<0.01 versus the NC group.

cells at both the mRNA and protein levels (Fig. 4C).
Accordingly, we next determined the expression of SENP1
in 20 paired RCC clinical samples. The immunohis-
tochemical staining assay demonstrated that SENP1 was
positively expressed in 80% (16/20) of the RCC tissues,
whereas it was negatively expressed in all cases of adja-
cent normal tissues (Fig. 4D). In addition, the relationship
between miR-186 and SENP1 in the RCC tissue samples
was investigated using linear regression. SENP1 mRNA

was reversely correlated with miR-186 in RCC tissues
(p=0.007) (Fig. 4E). These data suggested that SENP1
was a direct target of miR-186 in RCC.

Restoration of SENP1 Abolished miR-186-Mediated
Inhibition on RCC Cell Tumorigenesis

To further examine whether restoration of SENP1 in
RCC cells could abrogate the inhibitory effect of miR-
186 on RCC progression, we cotransfected ACHN cells
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with SENP1 expression plasmid and miR-186 mimic.
The transfection efficiency was confirmed by Western
blot analysis (Fig. 5A). Additionally, restoration of
SENP1 expression significantly improved ACHN cell
proliferation ability and partially abrogated inhibition
of cell proliferation by miR-186 (Fig. 5B). Furthermore,
we also found that restoration of SENP1 expression sig-
nificantly promoted invasion and decreased apoptosis in
ACHN cells (p<0.05, respectively), but attenuated miR-
186-induced inhibition of ACHN cell invasion (p<0.05)
(Fig. 5C) and miR-186-induced promotion of ACHN cell
apoptosis (p<0.05) (Fig. 5D).

miR-186 Inhibited the NF-kB Signaling Pathway via

Downregulating SENP1 in RCC Cells

The NF-xB signaling pathway plays a critical role in
RCC development, and SENPI can positively activate
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NF-xB signaling'®. Thus, whether miR-186 could regu-
late RCC progression via the NF-xB signaling pathway
was determined by Western blot. We found that the
expressions of p-IkBa and p-p65 levels were signifi-
cantly decreased in ACHN cells with miR-186 mimic
transfection when compared with those in the control
group, whereas the total IkBow and p65 had no changes
(Fig. 6A). On the contrary, restoration of SENP1 could
reverse this inhibitory effect of p-IxBa and p-p65 caused
by miR-186. Furthermore, the expressions of its down-
stream key proteins including cyclin D1 and MMP9 were
significantly decreased, whereas p21 and Bcl-2 were
significantly enhanced in ACHN cells with miR-186
mimic transfection, but partially reversed by restora-
tion of SENP1 expression. In addition, to further evalu-
ate whether the NF-xB signaling pathway is involved in
miR-186-mediated cell invasion, Transwell assay was
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Figure 5. Restoration of SENP1 abolished the miR-186-mediated inhibition on RCC cell tumorigenesis. (A) The expression of
SENP1 in ACHN cells cotransfected with the SENP1 vector and miR-186 mimic was detected by Western blot. (B) Cell prolifera-
tion of ACHN cells cotransfected with the SENP1 vector and miR-186 mimic was analyzed by MTT assay. (C) Cell invasive ability
of ACHN cells cotransfected with the SENP1 vector and miR-186 mimic was measured by Transwell assay. (D) Cell apoptosis of
ACHN cells cotransfected with the SENP1 vector and miR-186 mimic was determined by flow cytometry analysis. Control group:
miR-NC + vector; miR-186 group: vector + miR-186; SENP1 group: miR-NC+SENP1; miR-186+SENP1 group: miR-186+SENP1.
*p<0.05, **p<0.01 versus the control group; #p <0.05 versus the miR-186 group.
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performed. The IC,, of the NF-kB inhibitor PDTC against
ACHN cells was 228 nmol/L (Fig. 6B). ACHN cells were
pretransfected with the miR-186 mimic or SENPI vec-
tor and then treated with or without 50 umol/L of NF-kB
inhibitor PDTC (Sigma-Aldrich) for 24 h. After treatment
with PDTC for 24 h, the numbers of ACHN cell invasion
pretransfected with the miR-186 mimic or SENP1 vector
were both remarkably decreased when compared to the
control groups (p<0.05, respectively) (Fig. 6C), indicat-
ing that the NF-xB signaling pathway plays a crucial role
in the miR-186-mediated cell invasion.

DISCUSSION

Emerging evidence has declared that dysregulation of
expression of miRNAs plays crucial roles in the patho-
logical processes of RCC tumorigenesis, and multiple
miRNAs are identified as suitable biomarkers for the
diagnosis and prognosis of RCC patients'’. Previous
reports have shown that miR-186 is aberrantly expressed
in various cancers. Drucker demonstrated that miR-186 is
downregulated in non-small cell lung cancer and associ-
ated with chemoresistance'®. Cao et al. have illustrated
that miR-186 functions as a tumor suppressor on cell
proliferation and invasion in human gastric cancer devel-
opment”. Liu et al. suggested that downregulation of
miR-186 suppresses apoptosis and promotes epithelial—
mesenchymal transition in human cervical cancers'. Hua
et al. reported that overexpression of miR-186 cells inhib-
ited cell proliferation and arrested cell cycle in the G/G,
phase during prostate cancer progression®.

In our study, we found that the expression of miR-186
was remarkably downregulated both in RCC tissue sam-
ples compared to paired normal tissues and in RCC cell
lines compared to the normal renal cell line HK-2. Ectopic
expression of miR-186 could dramatically suppress RCC
cell growth, colony formation, and invasion; cause cell
cycle at the G,/G, phase arrest; and induce cell apoptosis.
In addition, inhibition of miR-186 in RCC cells resulted
in the promotion of cell proliferation and invasion, rapid
cell cycle progression, and negligible apoptosis. Thus,
these findings suggested that miR-186 functioned as a
tumor suppressor in RCC development.

To further elucidate the molecular mechanisms by
which miR-186 controls RCC biological behavior, bio-
informatics algorithm TargetScan was used to identify the
target of miR-186. We found that miR-186 could suppress
cell proliferation by binding to the 3-UTR of SENPI,
which was a novel target for miR-186 in RCC cells. Small
ubiquitin-like modifier (SUMO) is kind of ubiquitin-like
protein that posttranslationally modifies the function of
proteins®'. Sumoylation is considered as a dynamic pro-
cess and is easily reversed by a family of SUMO-specific
proteases (SENPs). The SENPs could deconjugate the
modified mature SUMO from their targeted proteins and
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thus plays a critical regulatory role in maintaining protein
stability and normal physiological functions®. SUNO1/
sentrin-specific protease 1 (SENP1) could particularly
facilitate the maturation of SUMOI-3 by cleavage of
these SUMO isoforms from modified proteins>. Recently,
plenty of essential transcriptional factors and regulators
such as SIRT1, p53, IxkBa, and HIF-1a are proven to be
the substrates of SENP1, suggesting that the function of
SENPI is involved in the cellular processes of develop-
ment, mitosis, differentiation, and even carcinomas®.

SENPI has been shown to have a pro-oncogenic role
in many types of cancer. Wang et al. indicated that SENP1
is a marker of radioresistance, and modulation of SENP1
expression could inhibit proliferation of lung cancer
cells®. Bawa-Khalfa et al. suggested that SENP1 exhibits
carcinogenic properties by promoting androgen receptor-
dependent cell proliferation and supports angiogenesis in
prostate cancer’. Dong et al. clarified that SENP1 pro-
motes cell growth via activating glycolysis in clear cell
RCC?. In our study, miR-186 overexpression in RCC
cells could significantly downregulate SENP1 mRNA
and protein expressions. In addition, SENP1 was deter-
mined as the direct target of miR-186 in RCC cells using
a luciferase report system. Correlation analysis revealed a
negative association between miR-186 and SENP1 mRNA
level in RCC tissues, which was further confirmed by the
immunohistochemical staining of SENP1 in RCC tis-
sues. The restoration of SENP1 expression compromised
the miR-186-mediated repression of cell proliferation
and invasion on RCC cells, indicating that inhibition of
SENP1 is necessary for miR-186 to suppress RCC devel-
opment. Therefore, SENP1 is a vital downstream target of
miR-186 during the progression of RCC.

The aberrant activation of transcription factor NF-kB
has been implicated in the involvement of various human
cancers. NF-xB (p65) combines with IkB in the cytoplasm
in its inactive form; under stimulation, IxBa is phospho-
rylated by IKKo/B and ubiquitination to release p65%.
Afterward, activated NF-xB transcriptionally binds to a
large set of target genes to promote their transcriptions
and thus participate in tumor cell survival, proliferation,
invasion, angiogenesis, and therapeutic resistance”. For
instance, Bcl-2, as a proto-oncogene, negatively regu-
lates cell apoptosis and has been identified to process a
NF-kB binding site, which is directly regulated by p65™.
Furthermore, SENP1 was observed to inhibit apoptosis
and enhance cell proliferation of astroglioma and multiple
myeloma cells through modulation of NF-kB signaling'’.
The present study showed that the ectopic expression of
miR-165 repressed NF-kB signaling activation by dra-
matically reducing the expressions of p-p65, p-IkBa,
and its downstream factors in RCC cells. Restoration
of SENPI expression partially abolished the inhibitory
effect of miR-186 on NF-xB signaling activation in RCC
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cells. Furthermore, the NF-xB inhibitor PDTC signifi-
cantly enhanced the inhibitory effect of miR-186 on RCC
cell invasion and attenuated the SENP1-induced RCC
cell invasion. These observations demonstrated that miR-
186 inhibited NF-xB signaling and its downstream fac-
tors in RCC progression possibly through the regulation
of SENP1 expression.

In summary, our results showed that miR-185 was sig-
nificantly downregulated in RCC tissues and cell lines.
Mechanism analysis revealed that ectopic expression of
miR-186 noticeably suppressed cell proliferation and
invasion, blocked G,-to-S phase transition, promoted cell
apoptosis, and inhibited NF-xB signaling in RCC cells.
We also identified that SENP1 was a direct target of miR-
186, and SENP1 mRNA expression was reversely cor-
related with miR-186 in RCC tissues. All these findings
highlighted the potentially crucial role of miR-186 in the
diagnosis and treatment of RCC patients.
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