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MiR-182 affects renal cancer cell proliferation,
apoptosis, and invasion by regulating PI3K/
AKT/mTOR signaling pathway
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Abstract. — OBIJECTIVE: PI3K/AKT/mTOR
signaling pathway plays a crucial role in tum-
origenesis and development. It was shown that
mTOR overexpression was associated with the
pathogenesis of renal cancer. Down-regulation
of MiR-182 was found in renal carcinoma tissue.
This study thus aims to investigate the influence
of miR-182 in regulating mTOR expression and
renal carcinoma cell proliferation, invasion, and
apoptosis.

PATIENTS AND METHODS: The targeted reg-
ulatory relationship between miR-182 and mTOR
was tested by dual luciferase assay. Renal car-
cinoma tissue and benign renal tissue were col-
lected to detect miR-182 and mTOR expressions.
MiR-182, mTOR, p-mTOR, and Survivin levels
were compared between HK-2 and A498 cells. Re-
nal carcinoma A498 cells were divided into four
groups, including miR-NC, anti-miR-182 mimic,
si-NC, and si-mTOR groups. Cell apoptosis and
proliferation were evaluated by flow cyto .
Cell invasion was determined by transwe
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target of rapamycin (mTOR) rep-

s with a variety of signaling molecules,
as mitogen, cytokine, nutritional status, and
levels. However, its activity and function are
mainly regulated by phosphatidylinositol-3 ki-
nase (PI3K)/protein kinase B (AKT/PKB). More-
over, it exerts to signal transduction function at
the downstream of PI3K/AKT signaling pathway.
The overexpression of mTOR can enhance the
activity of PI3K/AKT/mTOR signaling pathway
and can be detected in a variety of tumor tissues.
It was found that mTOR contributed to the regu-
latory role in the pathogenesis of renal cancer?,
and was considered to be an important target in
the treatment of renal cell’*. MiRNA is a type
of endogenous single-stranded noncoding RNA
with the length of 22-25 nt. It plays a degrading
or inhibiting role on more than 30% of mRNA
by binding with the 3’-UTRS. Based on target
genes, microRNAs serve as an oncogene”™® or tu-
mor suppressor®!® role in tumor. Multiple stud-
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ies'"'? demonstrated that the expression of miR-
182 in tumor tissue and peripheral blood samples
of renal cell carcinoma patients was significantly
decreased, suggesting that miR-182 may be a tu-
mor suppressor in the pathogenesis of renal cell
carcinoma. Therefore, this work focuses to deter-
mine the impact of miR-182 in regulating mTOR
expression, PI3K/AKT/mTOR signaling pathway
activity, and renal carcinoma cell proliferation,
invasion, and apoptosis.

Patients and Methods

Main Reagents and Materials

Human renal carcinoma cell A489 and normal
renal proximal tubule epithelial cell HK-2 were
purchased from Shanghai Cellular Library, Chi-
nese Academy of Sciences. Roswell Park Memo-
rial Institute 1640 (RPMI 1640) medium, fetal
bovine serum (FBS), and penicillin-streptomy-
cin were purchased from Gibco (Waltham, MA,
USA). TRIzol and Lip2000 were bought from
Invitrogen (Waltham, MA, USA). Real-time,
reagent PrimeScript™ RT reagent Kit and
Fast qPCR Mix were obtained from
(Otsu, Shiga, Japan). MiR-182 mimic, m
inhibitor, and miR-NC were bought from
b10 (Guangzhou Guangdong, China). Sl-NC a
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Reporter Gene Assay
oducts containing the full length
gene 3’-UTR or mutant segment were
o pGL3. Next, it was transformed to
petent cells. Then, pGL3-mTOR-3’-
(or pGL3-mTOR—3’-UTR-mut) and
R-182 mimic (or miR-182 inhibitor, or miR-
C) were co-transfected to HEK293T cells using
GENE®6 together with miR-155 mimic (or an-
miR-155, or miR-NC). After 48 h incubation,
e cells were lysed by Passive Lysis Buffer on ice
for 20 minutes and detected using the Stop & Glo
solution (Promega, Madison, WI, USA). At last,
the sample was analyzed at 560 nm.

Cell Transfection and Grouping

A498 cells were divided into four groups, in-
cluding miR-NC, miR-182 mimic, si-NC, and
si-mTOR groups. MiR-NC, miR-182 mimic, si-
NC, or si-mTOR at 30 nmol/L and Lip2000 at 5
uL were diluted in serum-free DMEM medium
at room temperature for 5 min. Then, they were
added to the cells and incubated for 72 h for the
following experiments.

gRT-PCR

Total RNA was extracted using TRIzol and
was reversed transcribed to cDNA by Prime-
Script™ RT reagent kit. The reaction system
contained 1.0 pg RNA, 0.5 pL oligo dT Primer
at 50 uM, 0.5 pL. Random 6 mers at 100 pM,
0.5 pL PrimeScript RT Enzyme Mix, 2 pL
5xPrimeScript Buffer, and RNase Free H,O. The
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reverse transcription was performed at 37°C for
15 min and 85°C for 5 s. The PCR reaction sys-
tem contained 10.0 uL. SYBR Fast qPCR Mix,
0.8 uL Reverse Primer at 10 uM, 2.0 uL. cDNA,
and 6.4 uL. RNase Free H,O. The PCR reaction
was composed of 95°C for 10 min, followed by 40
cycles of 95°C for 10 s, 60°C for 20 s, and 75°C
for 15 s. Real-time PCR was performed on Bio-
Rad CFX96 Real-time PCR Detection System to
test the relative expression. The primer sequences
were listed as follows. miR-182P_: 5-ACACTC-
CAGCTGGGTTTGGCAATGGTAGAACT-3',
miR-182P : 5“TGGTGTCGTGGAGTCG-3'; U6P,:

~ATTGGAACGATACAGAGAAGATT-3', U6P,:
5“GGAACGCTTCACGAATTTG-3;  mTORP,:

"TCCGAGAGATGAGTCAAGAGG-3', mTORP,:
5-CACCTTCCACTCCTATGAGGC-3"; Survivin-
P.: 5-AGGACCACCGCATCTCTACAT-3, Sur-
vivinP,:  5-AAGTCTGGCTCGTTCTCAGTG-3
B-actinP_: 5-GAACCCTAAGGCCAAC-3', B-ac-
tinP_: 5“-TGTCACGCACGATTTCC-3".

Western Blot

Total protein was extracted by radioi
noprecipitation assay (RIPA) from cells.
of 50 pg protein was separated by 10%
dodecyl sulphate-polyacrylamide gel electr
resis (SDS-PAGE) and transferred to membr:
Next, the membrane was blocked by 5% ski
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ses were performed on SPSS 18.0
hicago, IL, USA). The measurement
depicted as mean + standard deviation
ed by t-test. p < 0.05 was considered
al significance.

software

Results

he Targeted Regulatory Relationship
Between miR-182 and mTOR

MicroRNA.org online prediction showed the
targeted binding site between miR-182 and 3’-
UTR of mTOR mRNA (Figure 1A). Dual lu-
ciferase assay revealed that miR-182 mimics
or miR-182 inhibitor transfection significantly
declined or elevated the relative luciferase ac-
tivity of HEK293T cells transfected by pGL3-
mTOR-3’-UTR-WT, respectively (Figure 1B),
while no change of relative luciferase activity
was observed in HEK293T cells transfected by
pGL3-mTOR-3’-UTR-MUT, indicating the regu-
latory relationship between miR-182 and mTOR
mRNA.

MiR-182 and mTOR Expressions in Renal
Carcinoma Tissue

gRT-PCR demonstrated that the level of mTOR
mRNA was significantly elevated, while miR-182
level was downregulated in renal carcinoma tis-
sue compared with that in control. The reduction
of miR-182 expression was presented in a TNM
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Figure 1. MiR-182 inhibited mTOR expression. (4) The
binding site between miR-182 and the 3’-UTR of mTOR
mRNA; (B) Dual luciferase assay. * p < 0.05, compar
mimic NC.
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over, Western blot revealed that mTOR prot
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mTOR phosphorylation Figure 2. MiR-182 and mTOR expressions in renal carci-
noma tissue. (4) qRT-PCR detection of miR-182 and mTOR
mRNA expressions in renal tissue; (B) Western blot detec-
tion of mTOR protein expression in renal tissue. p < 0.05,
as well as enhanced cell apop- compared with benign renal lesions. ®p < 0.05, compared
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compared with that i
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was abnormally reduced in
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e findings from Wang et al ' and
Wilflingseder et al *°. Elfiky et al*” demonstrated
ression of mTOR protein in tumor tis-
nts with renal carcinoma was signifi-
reased, and was associated with poor
vival and prognosis, which was in agreement
ith our results that mTOR protein expression
s apparently lower in renal carcinoma tissue
n in benign lesions.

Further analysis exhibited that miR-182 mim-
ic or si-mTOR transfection significantly reduced
mTOR expression, mTOR phosphorylation, and
Survivin level, along with the inhibition of cell
invasion and proliferation, suggesting that miR-
182 regulated renal carcinoma cell proliferation,
invasion, and apoptosis through targeting mTOR.
Wang et al'' observed that miR-182 suppressed
renal carcinoma Caki-1 cell viability, migration,
invasion, and colony formation by specific inhibi-
tion of IGFIR. Wilflingseder et al*® revealed that
miR-182 attenuated the proliferation and colony
formation of renal carcinoma 780-O and Caki-1
cells, arrested cell cycle in G1 phase, and weak-
ened cancer cell growth and tumorigenic ability
in nude mice by targeted suppression of FLOT1
gene expression. This study also observed that
miR-182 served as a tumor suppressor role in re-
nal carcinoma, which was in accordance with pre-
vious reports. Fang et al*® showed that simvasta-
tin treatment significantly inhibited the functional
activity of mTOR and restrained the proliferation
of renal carcinoma A498 and 786-0 cells. Elfiky
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