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Cell proliferation is induced in renal cell carcinoma
through miR-92a-3p upregulation by targeting FBXW7
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Abstract. Renal cell carcinoma (RCC) is the most common
type of kidney cancer whose incidence has gradually increased
worldwide. MicroRNAs (miRNAs) represent a type of short
endogenous non-coding RNA containing approximately
22 nucleotides, which are capable of regulating mRNAs at
the post-transcriptional level in human cells. miRNAs have
been demonstrated to mediate gene expression by influencing
important regulatory genes. Accumulating evidence indicates
that certain miRNAs are involved in RCC development. The
present study investigated the underlying mechanism and
functional role of miR-92a-3p in RCC cells using reverse
transcription-quantitative polymerase chain reaction, western
blotting, 3' UTR luciferase assay, cell proliferation assay and
soft agar assay. The results demonstrated that miR-92a-3p
expression level is significantly upregulated in RCC tissues
and cell lines; however, F-box and WD repeat domain
containing 7 (FBXW7) expression level was significantly
downregulated in RCC tissues and cell lines. Subsequently,
whether FBXW7 could be considered as a direct target of
miR-92a-3p in RCC cells was investigated. The results demon-
strated that miR-92a-3p overexpression significantly promoted
RCC cell proliferation and colony formation. Conversely,
miR-92a-3p downregulation significantly inhibited RCC cell
proliferation and colony formation. In addition, FBXW7
knockdown significantly enhanced RCC cell proliferation
and colony formation. Conversely, FBXW7 overexpression
significantly inhibited RCC cell proliferation and colony
formation. Collectively, these results demonstrated that
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miR-92a-3p/FBXW7 pathway may represent a novel strategy
and therapeutic target for RCC.

Introduction

Renal cell carcinoma (RCC) is the most common type of kidney
cancer (1). The incidence of RCC has gradually increased
worldwide in the last decades (2). In 2015, 12,547 new cases
of RCC were registered in the UK, with an Age-Standardized
Incidence Rate of 20.8 (2). As RCC has acquired chemoresis-
tance, its prognosis remains low (3,4). In addition, only 10%
of patients with RCC and metastases survive longer than five
years (5,6). Furthermore, the underlying mechanisms of RCC
progression are poorly understood. A previous study reported
that molecular-targeted therapies have significant therapeutic
efficacy in RCC (7). It is therefore crucial to identify novel
diagnostic biomarkers in order to allow the development of
potential therapeutic interventions in RCC.

MicroRNAs (miRNAs) are small non-coding RNAs
(~22 nucleotides in length) that regulate gene expression on a
post-transcriptional level through base-pairing with comple-
mentary sequences of the 3'untranslated region (UTR) of
mRNAs (8). Recent studies demonstrated that miR-720 and
eight other miRNAs serve crucial roles in RCC (9,10). For
example, miR-92a-3p has been reported to serve a crucial
role in the progression of various types of cancer, including
lung cancer, esophageal squamous cell carcinoma, colorectal,
breast, ovarian, and cervical cancer (11-16). However, the func-
tional significance and molecular mechanism of miR-92a-3p
in RCC remain unclear.

F-box and WD repeat domain containing 7 (FBXW?7) has
been reported to act as a general tumor suppressor and to be
one of the most frequently dysregulated ubiquitin-proteasome
system proteins in human cancer (17). It has been reported that
FBXWT7 is a substrate specifying subunit of the evolutionarily
conserved SKP1-CULI1-F-box ubiquitin ligase complex, and
that FBXW?7 functions as a cell cycle regulatory gene which
protein products that regulate the stability of numerous onco-
protein substrates, including cyclin E, c-Myc, Notch, c-Jun,
mammalian target of rapamycin and MCL1 (18,19). The
dysregulation of FBXW7 expression therefore serves critical
roles in cancer development. Furthermore, FBXW7 was
demonstrated to be a functional target of numerous miRNAs
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involved in the regulation of cancer progression (20,21).
However, the significance of miRNAs and FBXW?7 associa-
tion in RCC requires further investigation

The present study investigated the effects of miR-92a-3p
in RCC cells. In addition, the association between miR-92a-3p
and its direct target gene FBXW7 was determined in order
to highlight the underlying mechanisms of miR-92a-3p in the
progression of RCC.

Materials and methods

Cell culture and tumor tissues. The human proximal tubule
epithelial (HK-2) and human renal cancer (ACHN and
SN12PM6) cell lines were purchased from the American Type
Culture Collection. Cells were cultured in Dulbecco's Modified
Eagle's medium (Thermo Fisher Scientific, Inc) supplemented
with 10% (v/v) fetal bovine serum (Thermo Fisher Scientific,
Inc.) and placed at 37°C in a humidified incubator containing
5% CO,.

A total of 16 pairs of RCC tissues and adjacent non-tumor
tissues were obtained from the tissue bank of the Hubei
University of Chinese Medicine. The inclusion criteria were
as follows: i) Provision of prior nephrectomys; ii) histological
confirmation of clear-cell RCC with metastases; iii) Eastern
Cooperative Oncology Group performance status of O or 1;
and iv) adequate hematologic, hepatic, renal and cardiac
functions. Patients were excluded if they had cardiac disease,
antibiotic-requiring systemic infections, coagulation disor-
ders, second malignancies, organ allografts, corticosteroid
dependence, and infection with human immunodeficiency
virus or hepatitis. The age of patients ranged from 51 to
82 years (median age 67 years) and 68% of patients were men.
The mean tumor size was 4.7 cm and histologic necrosis was
present in 25.1% of cases. Tissues were collected between
January 2015 and November 2017, immediately minced on
ice, frozen in liquid nitrogen and stored at -80°C until further
analysis. Patients were staged using radiographic reports
and postoperative pathological data according to the 2010
American Joint Committee on Cancer Tumor-Node-Metastasis
classification (22). Patients with N1- or M1-stage tumors were
considered to have metastatic disease and were excluded from
this study. The present study was approved by the Ethics
Committee of Hubei University of Chinese Medicine, and
informed consent was obtained from each patient.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). A mirVana™ miRNA Isolation Kit (Ambion;
Thermo Fisher Scientific, Inc.) was used to extract total RNA
from tissue samples and cells according to the manufacturer's
instructions. Subsequently, RNAs were reverse transcribed
into cDNA using a High Capacity RNA-to-cDNA Kit (Thermo
Fisher Scientific, Inc.) following removal of residual DNA by
DNase I (Invitrogen; Thermo Fisher Scientific, Inc.). FBXW7
gene expression was detected by TagMan™ RT-qPCR in a
QuantStudio 6 Flex System (Thermo Fisher Scientific, Inc.).
[-actin was used as an internal control. The relative expres-
sion level of FBXW7 was presented as the fold difference
relative to B-actin. The relative expression level of FBXW7
was normalized to endogenous controls and was expressed
as 2°44€1(23),
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To quantify the expression of mature miRNAs, total
RNA was reverse-transcribed using a TagMan™ Advanced
miRNA cDNA Synthesis Kit, according to the manufac-
turer's recommended protocols (Applied Biosystems; Thermo
Fisher Scientific, Inc.). U6 small nuclear RNA (snRNA) was
used as the internal control and reverse-transcribed using a
TagMan™ microRNA Reverse Transcription Kit, according
to the manufacturer's protocol. The relative expression level
of miR-92a-3p was calculated as the fold difference relative
to U6. All TagMan probes were purchased from Thermo
Fisher Scientific, Inc. (FBXW7, cat. no. Hs00217794; -actin,
cat. no. Hs99999903; miR-92a-3p, cat no. 477827; U6,
cat no. 001973). The thermocycling conditions were as follows:
Hold stage, 95°C for 20 sec; PCR stage, 95°C for 1 sec, 60°C
for 20 sec for 1 cycle, 40 cycles total.

Western blotting. Tissues and ACHN and SN12PM6 cell
lines were lysed in ice cold RIPA Lysis and Extraction buffer
(Thermo Fisher Scientific, Inc.). Briefly, 0.5 or 1 ml RIPA
buffer was added to 5x10° cells in suspension or 0.1 g tissue,
respectively. Protein concentration was determined using a DC
Protein Assay kit (Bio-Rad Laboratories, Inc.). Proteins (15 pg)
were separated on 4-15% precast gels (Bio-Rad Laboratories,
Inc.) and transferred onto nitrocellulose membranes (Bio-Rad
Laboratories, Inc.). Membranes were blocked with 5%
skimmed milk in TBST for 1 h at room temperature, and
incubated with primary antibodies against FBXW7 (1:1,000;
cat. no. abl09617; Abcam), CDC42 (1:1,000; cat. no. ab187643;
Abcam) and B-actin (1:500; cat. no. sc-47778; Santa Cruz
Biotechnology, Inc.) at 4°C overnight. Membranes were washed
three times with TBST and incubated with the goat anti-rabbit
horseradish peroxidase (HRP)-conjugated secondary antibody
(1:2,000; cat. no. STAR124P; Bio-Rad Laboratories, Inc.) or
goat anti-mouse HRP-conjugated secondary antibody (1:5,000;
cat. no. STAR207P; Bio-Rad Laboratories, Inc.) for 2 h at
room temperature. Bands were detected using the Enhanced
Chemiluminescence Kit (Pierce; Thermo Fisher Scientific,
Inc.). Each experiment was repeated three times. In order to
avoid possible problems related to incomplete stripping, all
results were taken from separate blots. The relative protein
expression was normalized to endogenous control f-actin
using ImagelJ software version 1.50i (National Institutes of
Health).

Cell transfection. The miR-92a-3p lentivirus expression vector
and inhibitor hsa-miR-92b-3p lentivector (anti-miR-92a-3p)
were purchased from Applied Biological Materials Inc. and
were used to stably overexpress or knock down miR-92a-3p,
respectively, in ACHN and SN12PM6 cell lines. Non-relevant
sequence inserts acted as negative controls for miR-92a-3p
and miR-92a-3p inhibitor, named miR-control and
anti-miR-control, respectively (Applied Biological Materials
Inc.). The lentiviral construct expressing human FBXW7
short hairpin RNA (sh-FBXW?7) that was used to knock down
FBXW?7 and the negative control (sh-control) were generated
using pPLVTHM-GFP lentiviral RNAi expression system
(Addgene, Inc.) as previously described (24). Furthermore,
the lentivirus-covered coding region FBXW7 cDNA sequence
(FBXW7-OE) was used to overexpress FBXW7, whereas
control-OE was used as negative control lentivirus (both from
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Figure 1. miR-92a-3p expression in RCC tissues and cell lines. (A) The mean level of miR-92a-3p expression in RCC tissues was significantly elevated
compared with matched non-tumor tissues, as determined by RT-qPCR. "P<0.05 vs. non-tumor tissues (n=16). (B) RT-qPCR was used to compare the differ-
ences in miR-92a-3p expression level between the non-tumorigenic renal cell line HK-2 and RCC cell lines ACHN and SN12PM6. “P<0.05 vs. HK-2 (n=3).
RCC, renal cell carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

GeneChem, Inc.). ACHN and SN12PM6 cells (6x10° cells)
were infected with 2.5 ug of lentiviral particles containing the
aforementioned vectors. Media containing 2 yg/ml puromycin
(Sigma-Aldrich; Merck KGaA) was used to select infected
cells after 48 h. The successfully infected cells were main-
tained in complete medium containing 0.5 xg/ml puromycin.

All transfection procedures were performed using 5 ug/ml
polybrene (GeneChem, Inc.) according to the manufacturer's
instructions. Cells were collected for subsequent measure-
ments after 48 h transfection.

Target gene analysis of miR-92a-3p. The available databases
of TargetScan (http://www.targetscan.org/) and miRanda
(http://www.microrna.org/ and http:/www.mirbase.org/) were
used to search for candidate targets of miR-92a-3p. The term
‘miR-92a-3p’ was typed in the search box and the candidate
genes were then provided.

3" UTR dual luciferase assay. For reporter assays, the 3'-UTR
of FBXW7 within the predicted target sites was cloned into
the pRL-TK vector (Promega Corporation) for luciferase
expression, as previously described (25,26). Cells were seeded
into 96-well plates at a density of 2x10* cells/well. Cells were
co-transfected with 120 ng miR-92a-3p or miR-control and
30 ng of the wild-type 3'-UTR of FBXW7 mRNA. Following
48 h transfection, the cells were collected and gene expression
was assessed using the dual luciferase assay system (Promega
Corporation), according to the manufacturer's instructions.
The pRL-TK expressing Renilla luciferase was co-transfected
as an internal control to reduce variation from different trans-
fection and harvest efficiencies (27).

Cell proliferation assay. ACHN and SN12PMG6 cells that were
transfected with different vectors were seeded into 96-well
plates at a density of 5x10° cells/well and incubated for 48 h.
The Cell Counting Kit-8 (CCK-8) assay (Invitrogen; Thermo
Fisher Scientific, Inc.) was used to measure cell proliferation,
according to the manufacturer's protocol. Cell proliferation
was detected at 0, 24, 48, 72, 96 and 120 h. Briefly, 10 ul
CCK-8 solution was added to each well and incubated for
2 h at 37°C. Optical density was measured at 450 nm with an

automatic microplate reader (28) and data were expressed as
the means =+ standard error (SE).

Soft agar assay. Anchorage-independent growth is the ability
of transformed cells to grow independently on a solid surface
and is considered as a hallmark of carcinogenesis (29). The
anchorage-independent growth of ACHN and SN12PM6 cells
that were transfected with different vectors was examined by
colony formation in soft agarose. Some 6-well plates were
coated with 0.5% (v/v) agarose diluted in cell media at 42°C
for 1 h. Cells (5,000/well) were resuspended in heated medium
containing 0.4% (v/v) low-melt agarose and incubated in the
6-well plate for 1-4 weeks. Colonies were stained with crystal
violet (0.5% v/v; EMD Millipore) for 15 min at room tempera-
ture and counted manually by light microscopy.

Statistical analysis. Each experiment was set up in triplicate
and repeated three times. A two-tailed unpaired Student's
t-test was used to assess significance between two conditions.
One-way ANOVA followed by Tukey's post-hoc test was used
to compare significant differences between more than two
conditions. Means and SEs were calculated from numerical
data. The SPSS software package (version 20.0; IBM Corp.)
was used to perform statistical analyses. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

miR-92a-3p is upregulatedin RCC tissues and cells. According
to preliminary miRNA microarray data for differentially
expressed miRNAs in RCC tissues and adjacent non-tumor
tissues, miR-92a-3p is one of the upregulated miRNAs in RCC
tissues (data not shown). To verify these preliminary results,
16 pairs of RCC tissues and matched adjacent non-tumor
tissues were tested for miR-92a-3p expression level. The
results demonstrated that the mean level of miR-92a-3p
expression was significantly upregulated by 2.6-fold (P<0.05)
in RCC tissues compared with matched adjacent non-tumor
tissues (Fig. 1A). Subsequently, miR-92a-3p expression level
was determined by RT-qPCR in the RCC cell lines ACHN and
SN12PM6 and the non-tumorigenic renal cell line HK-2. The


https://www.spandidos-publications.com/10.3892/ol.2020.11443
https://www.spandidos-publications.com/10.3892/ol.2020.11443
https://www.spandidos-publications.com/10.3892/ol.2020.11443

ZENG et al: REGULATION OF RENAL CARCINOMA PROGRESSION BY mir-92a-3p 3261

A B .,
)
>
£ 2
_ =
© 5 % c
o & @5
o) @ =3 g
[ L]
T g L=
=) Qo
x 14
E E
£E 8 &|E B & £ T 8% T &
s € | 8 E g z § &| a3 § §
m 5] o m 5] o 5 8 5 S
¢ 9 ¢ 9 £ « T <
o x x x E E £ £
£ £ = = £ =
€ E £ Z £ Z
ACHN SN12PM6 ACHN SN12PM6
c 871 ——ACHN 8
S c ~—SN12PM6
%= 7 1 -m=miR-control o7 )
o] X = -m-miR-control
5 6{ -+miR-92a-3p OF S6 , * A
= o —+—miR-92a-3p OE ,
=} 5 4 5 5 4
D_ [
— 4 S 4
m =
O 3 83
o
A @
s ' |
@ o ; . . . : . o : . : : :
0 24 48 72 96 120 0 24 48 72 96 120
Time (h) Time (h)
180 -
g 160 - H * *
D Blank miR-92a-3p O Anti-miR-92a-3p Sh-FBXWT FBXWT-OE E 140 4 1
= 120
< 100 4
] [&]
5 80 4 *
5 60 * *
=]
£ 40 *
=]
- Z 20
SN12PM6 |
t & & % 8|t 4 & 5 B
g & & =2 2|8 & & 7 2
o o o m o o [51]
2 9 I = 2 9 I =
€ x £ X ¢ ¢ L X
E E » w = E L
z z
<L <<
ACHN SN12PM6
c c 7
S %1 —-AcHN S ! :i:t:—ﬁ:'iontrol
© 5 | -= Anti-miR-control © 6 Anti-miR 928-3p OF
8 -+ Anti-miR-92a-3p OE ]*," R P
S 41 e 4]
CI.3 o
© © 3
L&) 2 | (&)
2 227
RE © 1
[ [
o . . . . . . x o : - : : : \
0 24 48 72 96 120 0 24 48 72 96 120
Time (h) Time (h)

Figure 2. Biological effect of miR-92a-3p overexpression on ACHN and SN12PM6 cells. (A) RCC cell lines ACHN and SN12PMG6 stably overexpressed miR-92a-3p
following miR-92a-3p transfection. "P<0.05 vs. untransfected cells (blank); "P<0.05 vs. miR-control (n=3). (B) miR-92a-3p was stably downregulated in RCC cell
lines ACHN and SN12PM6 following anti-miR-92a-3p transfection. "P<0.05 vs. untransfected cells (blank); "P<0.05 vs. anti-miR-control (n=3). (C) miR-92a-3p
overexpression stimulated ACHN and SN12PM§6 cell proliferation. “P<0.05 vs. untransfected cells; "P<0.05 vs. miR-control (n=3). (D) Colony formation assay
demonstrated that miR-92a-3p-overexpression and FBXW7-knockdown accelerated colony formation of ACHN and SN12PM6 cells. Conversely, miR-92a-3p
knockdown and FBXW?7 overexpression inhibited colony formation of ACHN and SN12PM6 cells. (E) Number of colony forming cells/well expressed as percentage
of untransfected cells (blank) and presented as the mean + standard error. "P<0.05 vs. blank. (F) miR-92a-3p knockdown inhibited ACHN and SN12PM6 cell
proliferation. “P<0.05 vs. untransfected cells, AP<0.05 vs. anti-miR-control (n=3). FBXW?7, F-box and WD repeat domain containing 7; RCC, renal cell carcinoma.
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Figure 2. Continued. (G and H) Western blotting determination of Cdc42 protein expression level in ACHN and SN12PM6 cells following miR-92a-3p or
anti-miR-92a-3p transfection. FBXW7, F-box and WD repeat domain containing 7; RCC, renal cell carcinoma.

results demonstrated that miR-92a-3p relative expression level
was significantly upregulated in ACHN and SN12PM6 cells
compared with HK-2 cells (Fig. 1B).

Effects of miR-92a-3p on RCC cell proliferation. To determine
the biological function of miR-92a-3p, the miR-92a-3p and
anti-miR-92a-3p were stably expressed in ACHN and SN12PM6
cell lines, and the endogenous expression level of miR-92a-3p
in ACHN and SN12PM6 cells was determined by RT-qPCR.
The results demonstrated that miR-92a-3p expression level
was significantly increased in miR-92a-3p-overexpressing
cells compared with miR-control and untransfected cells
(blank) (Fig. 2A). Conversely, miR-92a-3p expression level was
significantly decreased following anti-miR-92a-3p cell trans-
fection compared with anti-miR-control and untransfected
cells (blank) (Fig. 2B). Furthermore, miR-92a-3p-overex-
pressing cells exhibited significant increased cell proliferation
compared with miR-control and untransfected cells
(Fig. 2C). In addition, the number of colonies formed under
anchorage-independent conditions was significantly increased
(P<0.05) in miR-92a-3p-overexpressing cells compared with
untransfected ACHN and SN12PMG6 cells (Fig. 2D and E).
Conversely, miR-92a-3p downregulation inhibited cell prolif-
eration compared with anti-miR-control and untransfected
cells (Fig. 2F). In particular, the number of colonies formed
under anchorage-independent conditions was also decreased
(P<0.05) following miR-92a-3p knockdown (Fig. 2D and E)
compared with untransfected ACHN and SN12PM6 cells. In
addition, the protein expression of the cell proliferation-asso-
ciated marker Cdc42, was increased in cells overexpressing
miR-92a-3p compared with miR-control and untransfected
cells (Fig. 2G); however, Cdc42 protein expression was
decreased in cells following miR-92a-3p knockdown compared
with anti-miR-control and untransfected cells (Fig. 2H).

FBXW7 is downregulated in RCC tissues and cells.
FBXW7 expression level was determined in 16 RCC tissue
samples by RT-qPCR and western blotting. The results
demonstrated that FBXW7 mRNA expression levels
was significantly lower in RCC tissues compared with in
matched adjacent non-tumor tissues (P<0.05; Fig. 3A).
Furthermore, FBXW?7 protein expression was also lower in
the RCC tissues compared with paired non-tumor tissues
(Fig. 3B). Subsequently, FBXW7 mRNA and protein levels
were determined in HK-2, ACHN and SN12PM6 cells by

RT-qPCR and western blotting. The results demonstrated
that FBXW7 mRNA and protein expression levels were
significantly downregulated in ACHN and SN12PMG6 cells
compared with HK-2 cells (Fig. 3C-E).

FBXW?7 is the direct target of miR-92a-3p. The complimen-
tary sequence of miR-92a-3p has already been verified in the
3'UTR of FBXW7 mRNA in human hepatocellular carci-
noma (26). In the present study, the results from the 3'-UTR
luciferase assay confirmed that FBXW7 was the direct target
of miR-92a-3p in ACHN and SN12PM6 cells. Furthermore,
miR-92a-3p significantly suppressed the luciferase activity of
FBXW7, which was not the case with miR-control (Fig. 4A). In
addition, FBXW7 mRNA and protein expression were signifi-
cantly decreased following miR-92a-3p overexpression in
ACHN and SN12PM6 cells (Fig. 4B-D). Conversely, FBXW7
mRNA and protein expression were significantly increased
following miR-92a-3p knockdown (Fig. 4E-G). These results
indicated that FBXW7 was directly suppressed by miR-92a-3p
in RCC cells.

Alterations in FBXW7 expression mimic the effects of
miR-92a-3p on RCC cells. To further confirm that FBXW7
may be a downstream functional target of miR-92a-3p,
FBXW?7 was knocked down or overexpressed by FBXW7
shRNA or FBXW-OE lentivirus, respectively, in ACHN and
SN12PM6 cell lines. The efficiency of FBXW7 knockdown
or overexpression was verified by RT-qPCR and western
blotting. As presented in Fig. 5SA and B, FBXW7 shRNA
significantly reduced the mRNA expression level of FBXW7
compared with untransfected cells and sh-control, whereas
FBXW-OE significantly upregulated FBXW7 mRNA expres-
sion compared with untransfected cells and control-OE. To
further confirm these results, western blotting was used to
determine FBXW7 protein level following sh-FBXW7 or
FBXW7-OE-transfection of ACHN and SN12PM6 cells. The
results demonstrated that FBXW?7 protein level was signifi-
cantly decreased after sh-FBXW?7 transfection compared with
sh-control and untransfected cells (Fig. 5C and D). Conversely,
FBXWT7 protein level was significantly upregulated following
FBXW?7 overexpression compared with control-OE and
untransfected cells (Fig. 5SE and F). In addition, FBXW7
knockdown significantly stimulated cell proliferation
(Fig. 5G) and increased the number of colonies formed
under anchorage-independent conditions compared with
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Figure 3. FBXW7 downregulation in RCC tissues and cell lines. (A) RT-qPCR demonstrated that FBXW7 expression level was significantly downregu-
lated in RCC tissues compared with matched non-tumor tissues. "P<0.05 vs. non-tumor tissues (n=16). (B) FBXW?7 protein expression was determined in
RCC tissues and paired non-tumor tissues by western blotting. (C) RT-qPCR was used to compare differences in the expression of FBXW7 between the
non-tumorigenic renal cell line HK-2 and RCC cell lines ACHN and SN12PM6. ‘P<0.05 vs. HK-2 (n=3). (D) FBXW?7 protein expression was determined in
HK-2, ACHN and SN12PM6 cell lines by western blotting. (E) Western blotting bands were quantified using ImageJ software. Relative FBXW7 expression
levels were normalized to B-actin. "P<0.05 vs. HK-2 (n=3). FBXW7, F-box and WD repeat domain containing 7; RCC, renal cell carcinoma; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction.

untransfected cells (Fig. 2D), which was similar to the results = FBXW?7 overexpression significantly inhibited cell prolifera-
observed following miR-92a-3p overexpression. Conversely, tion (Fig. 5H) and decreased the number of colonies formed
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Figure 4. FBWX7 was directly suppressed by miR-92a-3p. (A) 3'-UTR luciferase reporter assay was used to confirm that miR-92a-3p bound to specific regions
in the FBXW7 3'-UTR region. "P<0.05 vs. blank; "P<0.05 vs. miR-control (n=3). (B) FBXW7 mRNA level was assessed following miR-92a-3p overexpression
by RT-qPCR. "P<0.05 vs. blank; "P<0.05 vs. miR-control (n=3). (C) Western blotting of FBXW?7 in ACHN and SN12PM6 cells not transfected with lentivirus
(blank) or transfected with lentivirus expressing miR-92a-3p or miR-control. (D) Western blotting bands were quantified using ImageJ software. Relative
FBXW?7 expression levels were normalized to B-actin. “P<0.05 vs. blank; "P<0.05 vs. miR-control (n=3). (E) FBXW7 mRNA level was measured following
anti-miR-92a-3p overexpression in ACHN and SN12PM6 cell lines by RT-qPCR. “P<0.05 vs. blank; "P<0.05 vs. anti-miR-control (n=3). (F) FBXW7 protein
expression was determined by western blotting in ACHN and SN12PM6 cell lines not transfected with lentivirus (blank) or transfected with a lentivirus
expressing anti-miR-92a-3p or anti-miR-control. (G) Western blotting bands were quantified using ImagelJ software. Relative FBXW7 expression levels
were normalized to B-actin. "P<0.05 vs. blank, "P<0.05 vs. anti-miR-control (n=3). FBXW7, F-box and WD repeat domain containing 7; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction.
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under anchorage-independent conditions compared with
untransfected cells (Fig. 2D).

Discussion

At present, miRNAs dysregulation is an area of great interest
when investigating the molecular mechanisms of renal tumori-
genesis (30). Numerous studies reported that miRNAs serve
crucial roles in the regulation of various cellular processes,
including cell cycle control, proliferation, migration and apop-
tosis (31,32). Furthermore, aberrant miRNA expression has
been associated with a wide range of human diseases, including
cancer (33-35). Among these miRNAs, miR-92a-3p has been
frequently reported to be dysregulated in various types of
cancer, including human acute megakaryoblastic leukemia,
glioma and Wilms tumor (36-38). For example, miR-92a can
mediate AZD6244-induced apoptosis and Gl-phase arrest of
lymphoma cells by targeting Bim (39). Previous study reported
that miR-92a-3p inhibits proliferation, migration and invasion of
Wilms tumor cells by targeting notch receptor 1 (NOTCHI) (38).
In addition, it has been demonstrated that miR-92a-3p is upregu-
lated in cervical cancer and promotes cell proliferation and
invasion by targeting FBXW?7 (16). However, the biological func-
tion and underlying mechanism of miR-92a-3p in RCC remain
unknown. In the present study, miR-92a-3p expression level was
significantly increased in RCC tissues compared with paired
non-tumorous tissues. Furthermore, miR-92a-3p expression
was upregulated in ACHN and SN12PMG6 cells compared with
HK-2 cells. In addition, miR-92a-3p overexpression promoted
RCC cell proliferation and stimulated the number of colonies
formed under anchorage-independent conditions. Furthermore,
miR-92a-3p downregulation inhibited cell proliferation and
reduced colonie number under anchorage-independent condi-
tions. These results suggested that miR-92a-3p may regulate
RCC cell proliferation.

The results from the present study suggested that altera-
tion of FBXW7 expression could interfere with the enhancing
effects of miR-92a-3p on tumor cell proliferation. In addition,
FBXW?7 was confirmed to be a direct target of miR-92a-3p in
human hepatocellular carcinoma (26). Furthermore, FBXW7 is
associated with knockdown of family with sequence similarity
83 member D, and could regulate the proliferation, migration
and invasion of colorectal cancer cells (40). In addition, it has

been reported that FBXW?7 functions as a tumor suppressor,
inhibits breast cancer growth and promotes cell apoptosis by
targeting metadherin for degradation (41). A previous study
reported that melanoma-associated antigen 1 interacts with
FBXWT7 to regulate the ubiquitin ligase-mediated turnover of
Notchl intracellular domain 1 in breast and ovarian cancer
cells (42). FBXW7 upregulation also suppresses metastasis
and epithelial mesenchymal transition in RCC (43). However,
the biological function and underlying mechanism of FBXW7
on miRNAs remain unknown in RCC. The results from the
present study demonstrated that FBXW7 was downregulated
in RCC tissues compared with adjacent non-tumorous tissues.
Furthermore, miR-92a-3p inversely regulated FBXW7
abundance in RCC cell lines. Besides, miR-92a-3p directly
suppressed FBXW?7 using a 3'UTR luciferase assay and
western blotting. In addition, FBXW7 knockdown signifi-
cantly promoted cell proliferation and increased the number
of colonies formed under anchorage-independent conditions.
Conversely, FBXW7 overexpression significantly suppressed
cell proliferation and decreased the number of colonies formed
under anchorage-independent conditions. These results strongly
suggested that FBXW7 may be considered a functional mediator
of miR-92a-3p in RCC and that miR-92a-3p may stimulate RCC
cell proliferation by regulating FBXW7; however, whether the
downstream of FBXW7 is also dysregulated in RCC remains to
be investigated.

The results from this study indicated that miR-92a-3p was
upregulated in RCC tissues and cells. In addition, miR-92a-3p
could be considered as a novel miRNA promoting prolifera-
tion and colony formation in RCC cells. The tumor-promoting
effect of miR-92a-3p may be associated with FBXW7. In
conclusion, the tight regulation of the newly discovered
miR-92a-3p/FBXW7 pathway may represent a potential novel
strategy and theoretical basis for improving the clinical treat-
ment of RCC.
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