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Abstract

Although several studies have reported that microRNA (miR)-92b-3p is involved in
various cellular processes related to carcinogenesis, its physiological role in clear cell
renal cell carcinoma (ccRCC) remains unclear. To clarify the role of miR-92b-3p in
ccRCC, we compared miR-92b-3p expression levels in ccRCC tissues and adjacent
normal renal tissues. Significant upregulation of miR-92b-3p was observed in ccRCC
tissues. Overexpression of miR-92b-3p using a miRNA mimic promoted proliferation,
migration, and invasion activities of ACHN cells. Functional inhibition of miR-92b-3p
by a hairpin miRNA inhibitor suppressed Caki-2 cell growth and invasion activities in
vitro. Mechanistically, it was found that miR-92b-3p directly targeted the TSC1 gene,
a known upstream regulator of mTOR. Overexpression of miR-92b-3p decreased the
protein expression of TSC1 and enhanced the downstream phosphorylation of p70S6
kinase, suggesting that the mTOR signaling pathway was activated by miR-92b-3p in
RCC cells. Importantly, a multivariate Cox proportion hazard model, based on TNM
staging and high levels of miR-92b-3p, revealed that miR-92b-3p expression (high vs.
low hazard ratio, 2.86; 95% confidence interval, 1.20-6.83; P = .018) was a significant
prognostic factor for overall survival of ccRCC patients with surgical management.
Taken together, miR-92b-3p was found to act as an oncomiR, promoting cell prolif-
eration by downregulating TSC1 in ccRCC.
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1 | INTRODUCTION

The incidence and mortality of RCC have been increasing in recent
years in Japan.! Among all RCC cases, approximately 70% to 80% of
subtypes are ccRCC. Approximately 20%-30% of RCC patients have
metastatic disease at the time of diagnosis, and 20%-40% develop
metastases later after nephrectomy.2 There are no early detection
or prognostic biomarkers in routine clinical practice, and the mecha-
nisms involved in RCC development and progression remain unclear.
Hence, understanding the molecular mechanisms involved in the
pathogenesis of RCC is crucial for developing new cancer prevention
strategies.

MicroRNAs are noncoding RNAs that regulate gene expression,
mainly at the translational level.® Anomalous changes in miRNA ex-
pression have been reported in several human cancers and are as-
sociated with tumorigenesis.“'é In our previous microarray analysis,
we identified several miRNAs that were significantly overexpressed
in ccRCC and that were thought to be involved in proliferation, mi-
gration, and invasion.”” However, none of them were found to be
associated with long-term OS in ccRCC patients.

MicroRNA-92b-3p is one of the upregulated miRNAs in ccRCC
tissues, according to our previous study,” and it has been revealed
as an oncomiR in colorectal carcinoma®® and gastric cancer.'! In
contrast, miR-92b-3p might also function as a tumor suppres-
sor RNA in pancreatic cancer.’? Hence, the physiological role
of miR-92b-3p varies according to the types of cancer, and the
precise mechanism of miR-92b-3p in ccRCC progression remains
unknown.

In this study, we undertook a functional analysis of miR-92b-3p
in RCC cells and evaluated the association of upregulated miR-
92b-3p with prognosis in ccRCC patients. Our data showed for the
first time that miR-92b-3p functions as an oncomiR by regulating
TSC1 as the direct target gene in RCC cell lines and influences cell
proliferation by regulating the TSC1-mTOR signaling pathway.
Collectively, our findings suggest that miR-92b-3p is a promising
target for RCC treatment and a potential prognostic marker in
ccRCC.

2 | MATERIAL AND METHODS
2.1 | Chemicals and Abs

Monoclonal anti-TSC1 Ab was purchased from Thermo Fisher
Scientific (clone: 5C8A12, #37-0400). Monoclonal anti-phos-
pho-p70 $6 kinase (Thr®%) Ab (clone: 108D2, #9234) and poly-
clonal anti-p70 Sé kinase Ab (#9202) were purchased from Cell
Signaling Technology. Monoclonal anti-B-actin Ab was purchased
from Sigma (clone: AC-74). miRIDIAN miRNA hairpin inhibitor
negative control, miRIDIAN miRNA mimic negative control, mi-
RIDIAN hairpin inhibitor, and miRIDIAN miRNA mimic for human
hsa-miR-92b-3p (MIMAT0003218) were purchased from Horizon
Dharmacon.
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2.2 | Clinical specimens

Clear cell RCC specimens were obtained from patients while they
underwent primary resection at Osaka University Hospital from July
2002 to August 2010. Tumor-associated normal renal tissue was also
obtained from a subset of these patients when possible. Written in-
formed consent was obtained from all patients, and the study was
approved by the ethics committee of Osaka University Hospital
(#13397-2 and #14069-3). Tumor stage was determined according to
the 6th edition of the American Joint Committee on Cancer stage clas-
sification,'® and grading was determined according to the International
Histological Classification of Tumours.* Clinical characteristics of the
patients related to these samples are presented in Tables 1 and 2.

2.3 | Quantitative real-time PCR

Following excision, tissue samples were immediately immersed
in RNAlater (Qiagen) and stored at -20°C until RNA extraction.
MicroRNAs were purified using the miRNeasy mini kit according
to manufacturer’s instructions (Qiagen). Real-time PCR analysis
was undertaken to validate the miR-92b-3p expression in 20
matched-pair samples and 75 tumor samples of ccRCC using the
Mir-X miRNA first-strand synthesis kit (Takara). Thermal cycling
conditions included an initial step at 98°C for 30 seconds, and
40 cycles at 95°C for 2 seconds and 63°C for 5 seconds using a
miR-92b-3p-specific primer (5'-tattgcactcgtcccggectce-3') and a
U6 snRNA primer (Takara) as an internal control. Total RNA was
isolated by using TRIzol reagent (Invitrogen). The PrimeScript RT
reagent Kit (Takara) was used to prepare cDNA from 500 ng total

TABLE 1 Clinical characteristics of 20 patients with clear
cell renal cell carcinoma for real-time PCR analysis (validation of
microRNA-92b-3p expression)

Age, median years (range) 57 (37-84)
Gender
Male 14
Female 6
Histological type
Clear cell 20
Grade (highest)
Gl 3
G2 11
G3 6
Pathological T stage
1a 11
1b 3
2a 2
3a 2
3b 1
3c 1
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TABLE 2 Clinical characteristics of patients with clear cell renal
cell carcinoma for overall survival analysis (n = 75)

Age, median years (range) 64 (39-82)
Gender

Male 48

Female 27
Histological type

Clear cell 75
TNM Stage

| 29

Il 16

1 18

\% 12
Grade (highest)

G1 6

G2 51

G3 18
Vascular invasion

Yes 18

No 55

N/A 2

2.52(0.89-14.69)
1.48(0.57-5.37)
0.20 (0.04-17.20)
140 (134-144)

NLR, median (range)
PLR, median (range)
CRP, median mg/dl (range)

Serum sodium concentration, median
mEq/L (range)

Follow-up time, median months (range) 100 (0.00-195)

Abbreviations: CRP, C-reactive protein; N/A, not available; NLR,
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.

RNA. Both mRNA expression and miRNA expression were quan-

tified as delta Ct values.

2.4 | Cell culture

Four human ccRCC cell lines (786-0, Caki-1, Caki-2, and ACHN), ob-
tained from the ATCC, were cultured in RPMI-1640 medium (Wako)
supplemented with 10% FBS, 100 U/mL penicillin G, and 0.1 pg/mL
streptomycin.

2.5 | Western blot analyses

Cells were lysed with Laemmli SDS sample buffer (Bio-Rad) con-
taining 5% 2-mercaptoethanol. Protein samples were separated on
a 7.5%-15% SDS-PAGE gel and then transferred to a PVDF mem-
brane using the Bio-Rad semidry transfer system (1 hour, 12 V).
Immunoreactive proteins made to react with the Abs described
previously were visualized by treatment with an ECL Prime Western
blotting detection reagent (GE Healthcare).

2.6 | MicroRNA hairpin inhibitor, mimic transfection

miRIDIAN miRNA hairpin mimics, hairpin inhibitors, and mimic/
inhibitor negative controls were transfected at a concentration of
50 nmol/L using Lipofectamine RNAIMAX reagent (Thermo Fisher
Scientific).

2.7 | Luciferase reporter assay

A pmirGLO dual-luciferase miRNA target expression vector was
used for the 3’-UTR luciferase reporter assay (Promega). The fol-
lowing sequences of oligos were used for the construction of the
pmiRGLO/TSC1 3'-UTR vector:

5'-ctagcggccgetagtggttgegtectttgaacctgtgeaatag-3’ and
5'-tcgactattgcacaggttcaaaggacgcaaccactageggecgctagaget-3'.

ACHN cells were cotransfected with 50 nmol/L miR-92b-3p (or
control mimic) and luciferase reporter constructs, and Caki-2 cells
were cotransfected with 50 nmol/L miR-92b-3p (or control inhib-
itor) and luciferase reporter constructs using Lipofectamine 2000
(Thermo Fisher Scientific). Forty-eight hours later, luciferase assays
were carried out, and luciferase activity was determined using a
Turner Biosystems 20/20 luminometer (Promega) with a microplate
reader (Bio-Rad).

2.8 | Cell growth assay

ACHN or Caki-2 cells transfected with miRIDIAN hairpin inhibitor
or mimic were reseeded in 96-well plates (5 x 102 cells/100 pL) and
incubated for the indicated time. Twenty microliters of CellTiter
96 AQueous One Solution Reagent (Promega) were added and in-
cubated at 37°C and 5% CO, (Caki-2 cells, 1.5 hours; ACHN cells,
2.5 hours). The absorbance at 490 nm was measured with a micro-

plate reader (Bio-Rad).

2.9 | Wound healing assay

Cell migration was evaluated using wound healing assays. Caki-2
or ACHN cells transfected with the miRIDIAN hairpin inhibitor or
mimic were seeded in a 24-well plate (Caki-2 cells, 2.0 x 10* cells/
well; ACHN, 1.0 x 10* cells/well) and incubated for 72 hours. A
wound was created in a monolayer of each line using a sterile 1-mL
pipette tip at approximately 90% confluence, and cell pictures were
recorded at O and 18 hours for both Caki-2 and ACHN cells after
wound creation.

2.10 | Cellinvasion assay

Invasion assays were undertaken using the BD BioCoat Matrigel

Invasion Chamber (pore size 8 um) (Becton Dickinson). Caki-2 cells
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or ACHN cells transfected with the miRIDIAN hairpin or mimic for
72 hours were reseeded into the inserts of 24-well plates (Caki-2
cells, 2.0 x 10* cells/well; ACHN, 1.5 x 10* cells/well) in serum-free
media, with the base plate containing RPMI supplemented with 10%
FBS. After 48 hours of incubation at 37°C, cells that had penetrated
the Matrigel were fixed and stained using Diff-Quik stain (Sysmex).

2.11 | Everolimus treatment

ACHN cells transfected with the miR-92b-3p mimic or a negative
control miRNA mimic for 24 hours were reseeded in a 96-well plate
and incubated for another 24 hours. Subsequently, 100 nmol/L
everolimus (RADOO1) (ChemScene) or a vehicle (0.1% DMSO) was
added to the transfected ACHN cells for 96 hours, then cell viability

was examined by MTS assay.

2.12 | Immunohistochemistry

The expression of TSC1 was determined by immunohistochemical
staining of paraffin-embedded tissues of ccRCC samples alongside
healthy counterparts. Formalin-fixed paraffin-embedded sections
(4 um in thickness) were deparaffinized and rehydrated. After the slides
were steamed for 20 minutes in 10 mmol/L citrate buffer (pH 6.0) for
antigen retrieval, endogenous peroxidase was blocked using 3% H,0,,.
Immunohistochemical staining for TSC1 was carried out using anti-
TSC1 Ab (clone: 5C8A12, #37-0400; Thermo Fisher Scientific) and the
EnVision+ Detection System (Dako) according to the manufacturer’s
instructions. Primary Ab was incubated overnight at 4°C and counter-
stained with hematoxylin.

The levels of TSC1 staining were classified into 2 groups accord-

ing to the staining intensity of the positive cells (staining score, 1-2).

2.13 | Survival analysis

Clear cell RCC patients from the TCGA cohort were used to as-
sess the correlation between miR-92b-3p expression and OS. The
prognostic data and Kaplan-Meier curve were calculated using the
SurvMicro web tool (http://bioinformatica.mty.itesm.mx:8080/
Biomatec/Survmicro.jsp). Patients were divided into 2 groups (high-
and low-risk group), according to the prognostic index calculated by
multivariate survival analysis using a Cox regression model.

2.14 | Statistics

Results are expressed as the mean + SD, and values were compared
using the Mann-Whitney U test or unpaired Student’s t test. Overall sur-
vival was analyzed using the Kaplan-Meier method, and differences be-
tween groups were assessed by the Gehan-Breslow-Wilcoxon test.!>

Cox proportional hazards regression model analysis was carried out
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to determine potential predictors of OS. P values less than .05 were
considered significant and are indicated with asterisks. Correlations
between the values were analyzed using Pearson’s correlation analy-
sis. Statistical analysis was carried out using GraphPad Prism version
6.0(GraphPad Software) and SPSS version 20.0 (IBM SPSS Statistics).

3 | RESULTS

3.1 | MicroRNA-92b-3p is overexpressed in ccRCC
and inversely correlates with patient OS

To confirm the miRNA expression signature of miR-92b-3p in ccRCC,
we performed quantitative real-time PCR analysis to compare the
expression of miR-92b-3p in ccRCC tissues with normal renal tissues
(Table 1). The results indicated that the expression of miR-92b-3p
was approximately 2.9-fold higher in the ccRCC tissues than in the
adjacent normal renal tissues (Figure 1A), which was consistent with
the result of our previous microarray analysis.9

In order to evaluate the clinical significance of miR-92b-3p, we
tested whether the high expression levels were significantly associated
with poor prognosis in ccRCC patients. First, we analyzed an in-house
validation cohort of 75 ccRCC patients with surgical management
(Table 2). Patients were divided into high- and low-expression groups
according to the median expression level of miR-92b-3p. Kaplan-Meier
survival analysis revealed that levels of miR-92b-3p were significantly
correlated with OS rate (Figure 1B; high vs. low, P = .005). Moreover,
univariate analysis indicated that OS rate was associated with levels
of miR-92b-3p (high vs. low: HR, 2.56; 95% Cl, 1.10-5.97; P = .030),
TNM stage (I, Il vs. Ill, IV: HR, 0.46; 95% Cl, 0.21-1.01; P = .053), and
histopathological nuclear grade (1, 2 vs. 3: HR, 0.43; 95% Cl, 0.18-1.00;
P =.050). Among the parameters above, miR-92b-3p (high vs. low: HR,
2.86; 95% Cl, 1.20-6.83; P = .018) and TNM stage (I, Il vs. Ill, IV: HR,
0.43; 95% Cl, 0.18-0.99; P = .048) were significantly associated with
patient prognosis when analyzed by multivariate analysis (Table 3).

To further validate the correlation between the miR-92b-3p ex-
pression level and OS, we used the SurvMicro tool, which assesses
miRNA signatures from publicly available miRNA profiles.” We found
that miR-92b-3p was also associated with OS in ccRCC patients from
TCGA database. (high vs. low: HR, 1.86; 95% Cl, 1.21-2.85; P = .0044,
Figure S1).

Altogether, these data demonstrated that the transcriptional
level of miR-92b-3p is upregulated in ccRCC and can be a significant
prognostic factor to predict prognosis in ccRCC.

3.2 | Functional analysis of miR-92b-3p

To investigate the role of miR-92b-3p in ccRCC, we first examined the
expression levels of miR-92b-3p in RCC cell lines (Caki-1, Caki-2, 786-
O, and ACHN cells). Among the 4 cell lines tested, the expression was
lowest in ACHN cells, and Caki-2 cells showed the highest expression

(Figure 2A). To investigate the potential function of miR-92b-3p, we
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FIGURE 1 MicroRNA (miR)-92b-3p is upregulated in clear cell renal cell carcinoma (ccRCC) and inversely correlates with patient overall
survival (OS). A, miR-92b-3p expression in ccRCC tissues. Expression of miR-92b-3p was examined in 20 matched-pair samples of ccRCC by
quantitative real-time PCR. Data are the relative expression normalized to U6 snRNA. Comparison was undertaken by Mann-Whitney U test.
***P < .001. B, Probability estimates of OS of patients. ccRCC samples were divided into 2 groups, high or low levels, based on real-time PCR
results. Kaplan-Meier survival estimates stratified by miRNA level. Statistical analysis was carried out using the Gehan-Breslow-Wilcoxon test

Univariate analysis

Multivariate analysis

TABLE 3 Univariate and multivariate
logistic regression analysis on microRNA

HR 95% ClI Pvalue HR
Age (<65 vs. 265y) 0.76  0.35-1.68 .500 —
TNM stage (I, Il vs. 11, 1V) 046 0.21-1.01  .053 0.43
Grade (G1, 2 vs. G3) 043  0.18-1.00 .050 0.60
Vascular invasion (- vs. +) 0.79 0.31-2.00 .620 —
Na (<139 vs. 2139) (mEq/L) 0.69  0.27-1.73 430 -
NLR (<2.52 vs. 22.52) 0.79 0.36-1.74 .560 —
PLR (<1.76 vs. 21.76) 0.76  0.34-1.70  .500 —
CRP (<1 mg/dL vs. 21 mg/ 0.77  0.30-1.95 .580 =
dL)

miR-92b-3p (high vs. low) 2.56 1.10-5.97 .030 2.86

(miR)-92b-3p expression levels with
overall survival in validation cohort
(n=75)

95% ClI P value

0.18-0.99  .048
0.24-145  .250

1.20-6.83 .018

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil

to lymphocyte ratio; PLR, platelet to lymphocyte ratio.

examined the effect of the miR-92b-3p mimic on cell growth, migra-
tion, and invasion activities using the ACHN cell line. The miR-92b-3p
mimic significantly increased the cell growth (P < .01, Figure 2B), migra-
tion (P < .01, Figure 2C), and invasion ability (P < .05, Figure 2D). Next,
we examined the effect of a miR-92b-3p inhibitor using the Caki-2 cell
line. Although the miR-92b-3p inhibitor had no significant effect on
cell migration (P = .19, Figure 3A), we observed downregulated pro-
liferation (P < .01, Figure 3B) and invasion activity (P < .05, Figure 3C)
in Caki-2 cells. These results indicate that miR-92b-3p is involved in
regulating the expression of crucial molecules in RCC cell lines.

3.3 | TSC1is adirect target of miR-92b-3p in
RCC cells

To identify the potential target of miR-92b-3p, we used the target pre-
diction program miRDB*® and focused on the TSC1 gene, an upstream
regulator of the mTOR signaling pathway. The target prediction resource
MicroRNA .org (http://www.microrna.org) predicted that the 3'-UTR of

TSC1 mRNA contains a complementary sequence for the seed region
of miR-92b-3p (Figure 4A). To confirm whether TSC1 was a target gene
of miR-92b-3p in RCC cells, we cotransfected both miR-92b-3p mimic
and luciferase reporter vector containing the predicted miR-92b-3p
binding site (within the 3"-UTR of the human TSC1 gene) in ACHN cells.
The luciferase activity of the TSC1 3"-UTR construct was significantly
reduced upon overexpression of the miR-92b-3p mimic, but not with a
negative control mimic (Figure 4B). Conversely, in Caki-2 cells cotrans-
fected with the miR-92b-3p inhibitor, the luciferase activity of the TSC1
3'-UTR construct increased when compared to that cotransfected with
a negative control inhibitor (Figure 4C). These results indicated that
TSC1 is a direct target of miR-92b-3p in RCC cells.

3.4 | MicroRNA-92b-3p activates mTOR signaling
pathway in RCC cells by downregulating TSC1

The miR-92b-3p mimic reduced TSC1 expression at the protein
level in ACHN cells, and the miR-92b-3p inhibitor increased TSC1
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Expression of miR-92b-3p in 4 renal cell carcinoma (RCC) cell lines was examined by quantitative real-time PCR. B, ACHN cells transfected
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had penetrated the Matrigel membrane were fixed and stained. Scale bar = 1.2 mm. Values are means + SD of 3 independent experiments.

*P < .05 vs. control mimic

protein expression in Caki-2 cells (Figure 5A). As p70 ribosomal S6
kinase B-1 (S6K) is a downstream factor of TSC1, which drives the
oncogenic signaling pathway by upregulating cell growth in RCC
cells,"” we examined the phosphorylation status of S6K. When
miR-92b-3p was overexpressed in ACHN cells, phosphorylation
of S6K was upregulated. In contrast, inhibition of miR-92b-3p
decreased phosphorylation of S6K in Caki-2 cells (Figure 5A).

To examine whether the malignant phenotypes upregulated by

the miR-92b-3p in RCC cells were due to the decrease in TSC1
expression, we undertook cell proliferation assays using ACHN
cells treated with mTORC1 inhibitor everolimus (RADOO1). As
expected, the result showed that ACHN cells transfected with
miR-92b-3p mimic were more sensitive to everolimus than ACHN
cells transfected with negative control mimic (Figure 5B), sug-
gesting that miR-92b-3p upregulates the mTOR signaling pathway
by targeting TSC1 in RCC cells. Using TCGA KIRC datasets, we
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also clarified that both the mRNA expression levels (p = -=0.26,
P < .001, Fig. S2), and the protein expression levels (p = -0.22,
P =.001, Figure S3) of TSC1 showed a weak negative correlation
with miR-92b-3p expression in the ccRCC samples. Moreover,
low protein levels of TSC1 were significantly associated with
poor prognosis in ccRCC patients (Figure S4). To further exam-
ine the protein levels of TSC1 in ccRCC and normal tissues, 30
formalin-fixed paraffin-embedded clinical specimens from ccRCC
patients were immunohistochemically stained with an anti-TSC1
Ab. The levels of TSC1 staining were classified as medium and
low (staining score, 1-2; Figure 5C). TSC1 was moderately stained
and evenly distributed in the cytosol of normal renal tissues, but
weakly stained in the ccRCC tissues (Figure 5C). These results are

consistent with the upregulated expression levels of miR-92b-3p

observed in ccRCC tissues compared with paired normal tissues
(Figure 1A).

4 | DISCUSSION

There have been several reports showing that miR-92b-3p functions
as an oncomiR in several types of cancer.)®*! Wu et al reported that
miR-92b-3p functions as a potential oncogenic miRNA in glioblasto-
mas by targeting SMAD3.2° In nonsmall-cell lung cancer, miR-92b-3p
directly targets PTEN, promotes cell growth, and induces cisplatin
chemosensitivity.?! However, miR-92b-3p has also been reported to
act as a tumor suppressor miRNA.*2 The present study shows for the
first time that miR-92b-3p functions as an oncomiR in both RCC cell
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FIGURE 4 MicroRNA (miR)-92b-3p targets TSC1 in renal cell carcinoma (RCC) cells. A, Predicted miR-92b-3p-binding site within the
3'-UTR of the human TSC1 gene. B, ACHN cells were cotransfected with the luciferase reporter construct containing the predicted miR-92b-
3p-binding site within the TSC1 3'-UTR and miR-92b-3p mimic, or a negative control (NC) miRNA mimic. C, Caki-2 cells were cotransfected
with the luciferase reporter construct containing the predicted miR-92b-binding site in the TSC1 3'-UTR and miR-92b inhibitor, or NC
miRNA inhibitor. Relative luciferase activities were calculated as ratios of firefly luminescence / Renilla luminescence. Values presented as
mean + SD of 7 independent experiments (B,C). One-way ANOVA with Tukey’s post hoc tests. *P < .05, **P < .01, ***P < .001
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FIGURE 5 MicroRNA (miR)-92b-3p regulates the mTOR signaling pathway by targeting TSC1, and TSC1 is downregulated in clear cell
renal cell carcinoma (ccRCC) specimens compared to adjacent normal tissues. A, Representative images of western blot analysis from 3
independent experiments showing the protein levels of TSC1 and p70S6K(Thr389) and S6K in ACHN cells transfected with miR-92b-3p
mimic, or a negative control (NC) miRNA mimic, and also in Caki-2 cells transfected with miR-92b-3p inhibitor, or NC miRNA inhibitor.

B, Proliferation assay of ACHN cells transfected with a miR-92b-3p mimic or NC mimic after 96 h incubation with either everolimus or
vehicle control (0.1% DMSOQ). Values are means + SD of 3 independent experiments. Comparison was carried out by unpaired Student’s t
test. **P < .01. C, Representative images of immunohistochemical staining for TSC1 in ccRCC tissues and normal tissues. Paired tissues (30
samples of each) were examined and TSC1 staining intensity was classified into 2 levels: weak = 1 and moderate = 2. Mean scores of normal
tissues and ccRCC tissues are shown in the bar graph. Scale bar = 100 pm

lines and ccRCC clinical specimens. Importantly, based on both TCGA
database and our in-house data analysis, we found that miR-92b-3p
expression displays a significant inverse correlation with ccRCC pa-
tient OS, nominating miR-92b-3p as a prognostic miRNA in ccRCC.
The TSC1/TSC2 complex functions as a tumor suppressor

by inhibition of the downstream mTOR signaling pathway, which

regulates cell size and proliferation by promoting translation ac-
tivity.” A recent study showed that in a kidney-specific TSC1
inactivation mouse model, the mice developed progressive RCC
due to chronic mTORC1 upregulation and subsequent accumu-
lation of the oncometabolite fumarate.?? Thus, the TSC1-mTOR

axis is important in ccRCC development. There is accumulating
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evidence for miRNA-mediated regulation of the mTOR signaling
pathway in different cancer types.?® However, to our knowledge,
there are no miRNAs that have been reported to be associated
with the regulation of mTOR signaling in RCC. In the present
study, we identified miR-92b-3p as a suppressor of TSC1 expres-
sion and an activator of the mTOR signaling pathway by upreg-
ulating phosphorylated S6K levels in RCC cells. Furthermore,
we found TSC1 protein expression was downregulated in ccRCC
tissues when compared with paired normal renal tissues. The
TSC1 gene was previously reported to be mutated in only ap-
proximately 4% of ccRCC, and no correlations were found be-
tween mutations and mTORC activation in tumors.?* Given the
low frequency of TSC1 mutations in ccRCC, other mechanisms
might exist to account for the relative low protein expression of
TSC1 in ccRCC tumor tissues compared to normal counterparts.
Based on our results (Figures S2 and S3), we hypothesized that
the relatively high miR-92b-3p expression in ccRCC tissues could
correlate with the reduced protein expression of TSC1 in ccRCC.

There are some limitations in the present study. Although
we have shown that miR-92b-3p regulated not only cell growth
(Figures 2, 2 and S5), but also cell invasion in RCC cells (Figures
2 and 2), it is not clear whether the described cellular phenotypic
changes were caused directly by the variation in TSC1 expression.
To our knowledge, the TSC1-mTOR signaling pathway plays im-
portant roles in the regulation of cell growth and proliferation, but
little is known about the regulation of cell invasion activities. It
should also be noted that the target prediction programs predicted
miR-92b-3p-putative binding sequences in other genes involved in
the invasion in RCC: PTE?® and Dickkopf-related protein-3 (DKK-
3).2 As a single miRNA can regulate multiple protein-coding and
noncoding RNA transcripts in cells, miR-92b-3p could also mediate
RCC cell invasion activities through other target molecules. In ad-
dition, it is also necessary to use mouse models to further evaluate
the potential of miR-92b-3p for miRNA therapeutics.

Taken together, our study indicates that miR-92b-3p plays an
important role in ccRCC progression and predicts poor patient
OS. In the future, miR-92b-3p could be a potential target for RCC
treatment.
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