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were used to investigate the cell proliferation,
0. Bioinformatics analysis and dual-luciferase

REB2 expression was downregulated in ccRCC cancer tissues and
had a longer overall survival (OS) and disease-free survival (DFS).
REB2 could reverse the function of miR-935 inhibitor on cell proliferation and
enal cancer cells.

nclusion: The study indicated that miR-935 may act as an oncomiRNA and influenced
ion and invasion progress of ccRCC by targeting IREB2. Oncogene miR-935 may be
a molecular marker and uncover new strategies for ccRCC.
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Introduction

Cancer is an important public health problem. Renal cell carcinoma (RCC) con-
stitutes for more than 3% of all adult malignancies, is the most lethal urological
malignancy with about 65,340 new cases and 14,970 deaths estimated for 2018 in
the United States.! Clear cell renal cell carcinoma (ccRCC), which has the highest
rate of mortality, invasion and metastasis, is the most common RCC histological
subtype.” Prevention and detection of cancers at early stage can get better treatment
outcomes and different situations affect renal cell carcinoma diagnosis. One-third of
the patient’s present metastasis when they were primarily diagnosed with RCC in
consequence of the inexistence of diagnostic biomarkers.** More and more

researchers focus on tumor diagnosis or prognosis biomarkers. It is meaningful to

submit your manuscript

Dove n

http:

in &

Cancer Management and Research 2019:11 10891-10900 10891
© 2019 Liu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _NC

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:zjhsmlc@163.com; 
mailto:xmfhxjc@163.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Liu et al

Dove

look for the timely diagnostic markers which may be
involved in the occurrence or development of cancer thus
improving the prognosis of ccRCC patients.

MiRNAs are widely accepted to play critical roles in the
progression and metastasis of tumors, such as angiogenesis,’
chemosensitivity,”® cell differentiation and proliferation,”’

10,11 12,13

tumor invasion and metastasis and apoptosis

Furthermore, miRNAs may function as “oncogenes”
(oncomiRs) or “tumor suppressor genes” in various cancers.
Abnormal miRNA expression found in many cancers and
abnormal miRNA expression reveals some correlation
between tumor type and stage and miRNA expression.'*
About half of miRNAs are on the side of the tumor-
associated genome and suggest that miRNAs may play an
important role in tumor progression.'> Mature miRNA regu-
lates gene expression negatively by repressing the translation
of the target gene’s proteins from messenger RNAs (mRNAs)
or by binding to the 3'-untranslated regions to increase the
degradation of mRNAs.'*!” Recently, miR-935 is observed to
be upregulated in pancreatic cancer,'® liver cancer' and gas-
tric cancer.”® However, the expression and potential roles of
miR-935 in renal cancer progression are largely unknown.

In the present study, we explored the potential roles of
the miR-935 in ccRCC and found that miR-935 was
vated in renal cancer cells and cancer tissues. MiR-9

promoted cell proliferation and invasion by targggs

Human Samples ent
Twenty-five patient

from the Department

d normal kidney tissues
S freshly after sample collec-
tion and then st&@d at —80 °C. Written, informed consent
was obtained from§@gh individual patient. The study was
approved by the Institutional Review Board of Southern

Medical University, in line with the Helsinki Declaration.

RNA Extraction and qRT-PCR

Tissue and cell RNA was extracted with the TRizol reagent
(Thermo, Massachusetts, USA) as previous research.”’ The
RNA solution concentration and purity were measured with
NanoDrop 2000 spectrophotometer (NanoDrop Technologies,

Wilmington, USA) and then reverse transcription with 1 pg
RNA. miRNA reverse transcription was accomplished by the
RevertAid First-Strand c¢DNA Synthesis Kit (Thermo,
Massachusetts, USA) and reverse transcript primers were
obtained from RiboBio (RiboBio, Guangzhou, China).
SYBR Green mix (Thermo, Massachusetts, USA) was per-
formed for qRT-PCR analysis. Primers of mir-935
(MQPS0002274-1-100) and U6 (MQPS0000002-1-100)
were purchased from RiboBio (RiboBio, Guangzhou, China)
and gene primers of GAPDH and IREB2 were obtained from
GENEWIZ (GENEWIZ, Suzhou, Ching

mples were nor-

IREB2 (forward,
A-3;
reverse, 5'-GTT

HN were obtained from the American Type
llection (ATCC). Cells were cultured in DMEM
edium with 10% FBS and 1% penicillin—streptomycin in 5%
02 at 37°C. Cancer cells were seeded in six-well plates at
a density of 1x10°/well. miR-935 inhibitor, miRNA-935
mimic, /REB2 siRNA or their negative control were trans-
fected into 780-O and A498 cells with Lipofectamine 2000
reagents (Thermo Fisher Scientific, Waltham, USA). RNA
oligonucleotides were obtained from RiboBio (Guangzhou,
China) as previous research.”> Forty-eight hours later, the
cells were prepared for further analysis.

Cell Proliferation Assay

Cells (4x10) were seeded in 96-well plates for cell pro-
liferation assay. Detection of cell growth rate was detected
with the cell counting kit-8 (CCK-8) method according to
the manufacturer’s instructions. Cell viability was assessed
at 24, 48, 72 and 96 hrs cells were seeded, respectively.

Wound Healing Assay

Six-well plates were used for cell seed at a density of 1 x10°
cells per well. After transfection overnight, scratching the
monolayer of cells with a sterile 10 ul micropipette tip.
Washing with PBS for three times and then incubated cells
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in serum free medium at 37°C, 5% CO,. Observing and
photographing the scratch healing area of cells at 0 h and 24 h.

Cell Migratory and Invasion Assays

Cell migratory and invasion were evaluated by transwell
assay. Fifty-milliliter Matrigel (BD Biosciences, San Jose,
CA, USA) was coated the upper chambers at 4°C. Cells
were incubated without serum for 12 h, washed and resus-
pended with serum-free BSA (Invitrogen, NY, USA). The
lower chamber was placed with 500 mL of DMEM high
glucose medium (Invitrogen, NY, USA) containing 20%
FBS (Invitrogen, NY, USA) as a chemokine. After 24-hr
incubation, the upper chamber cells were removed and
then fixed the chambers with 4% paraformaldehyde,
washed the chambers and stained with 0.1% crystal violet
(Thermo ScientificTM, #R40052, Waltham, MA, USA).
Counting the migrated or invasion cells under the micro-
scope. Three independent experiments were done.

Luciferase Assays
Reporter plasmids of wild-type or mutant IREB2 3'UTR
were purchased from RiboBio (RiboBio, Guangzhou,
China). Cells were transfected with 500ng luciferase reporter
and cotransfected with miR-NC or miR-935 mimic ‘
well plates by Lipofectamine 2000 reagents (Thermo f
Scientific, Waltham, USA). The dual lucifg

Cells are pyrolyzed in
Diagnostics, India
Boster Biological
lysis system. &

5% skim milk wi¥
PBS 3 times, incubated the membrane with antibody against
GAPDH (1:2000;, BM3876; Wuhan Boster Biological
Technology, Ltd., Wuhan, China) or IREB2 (1:1000; 23829-
1-AP; Proteintech, Rosemont, USA) at 4°C overnight. After
incubated the membranes 12—-16 hrs, the membranes were

in 1 hr. After cleaning the membrane with

washed and incubated the membranes for 2 h at room tempera-
ture with secondary antibodies (1:5000; BA1020; Wuhan
Boster Biological Technology, Ltd., Wuhan, China). Finally,

the membranes were detected by Biosense SC8108 Gel
Documentation System with GeneScope V1.73 software
(Shanghai BioTech, Shanghai, China) as previous research.”

Statistical Analysis

SPSS 22.0 software (SPSS, Chicago, IL, USA) and GraphPad
Prism 6.0 (GraphPad, Software, San Diego, CA, USA) were
used to data analyses and perform. The data were presented as
the means + standard deviation. Regarding statistical analysis,
a normality test was performed on the expression levels of

genes, p = 0.200, and the data confoa 0 a normal distribu-

tors was evaluated using
(ROC) curve analysis.

@PccRCC tissues and 3 RCC cell lines. Relationship between
miR-935 expression and clinicopathological parameters is
shown in Table 1. Compared with normal tissues, cancer tissues
expressed higher levels of miR-935 (Figure 1A and B). ROC
curve analysis showed that miR-935 could sufficiently discrimi-
nate ccRCC from normal tissues with an area under the curve
(AUC) of 0.734 (95% CI: 0.5881 to 0.8807; P < 0.05)
(Figure 1C). Moreover, we found a significantly higher miR-
935 expression in T stage IVand III, when compared with T stage
Iand II (Figure 1D). We further investigate the expression level
of miR-935 in normal kidney cell (HK2) and RCC cell lines
(786-0O, ACHN and A498). RCC cell lines expressed miR-935
highly when compared to HK2 (Figure 1D). Overall, these
results indicate that miR-935 is overexpressed in RCC cell
lines and tissues, suggesting that miR-935 may be a potential
prognostic biomarker for ccRCC.

MiR-935 Promotes RCC Proliferation,
Migration and Invasion in Renal Cancer

Cells

We selected the 786-O and A498 cell lines to evaluate the
function of miR-935 in RCC as it is more highly expressed
in those cell lines. We transfected NC, miR-935 inhibitor,
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Table |
Clinicopathological Parameters of ccRCC Patients

Correlation Between miR-935 Expression and

Parameter Number | Low miR-935 P value
(N=12) | Expression
High (N=13)

Age(years) <60 14 7 7

>60 11 5 6 1.000
Gender Male 7 2 5

Female 18 10 8 0318
T stage TI+T2 12 9 3

T3+T4 13 3 10 0.017
N stage NO 23 12 I

NI 2 0 2 0.480
M stage MO 24 12 12

MI | 0 | 1.000
G stage GI+G2 | 21 9 12

G3+G4 | 4 3 | 0.322

or NC, miR-935 mimics into cells to investigate the influ-
ence of miR-935 on RCC cell growth. CCK-8 assay was
conducted to investigate the influence of miR-935 on RCC
cell growth, migration and invasion. The gqRT-PCR resu
showed that the relative expression levels of miR-935 w
miR-935 mimic and inhibitor-transfected 786-O and A49

A498 cells.
cell proliferation and viability

Transfection of miR.

suggesting that miR-935 ha

A498 cells
bitors inhib
while miR-93

sion, as shown in

o ind invasion of 786-O cells,
icked enhanced migration and inva-
yre 2E.

IREB2 Is a Direct Target of miR-935

Two prediction software (TargetScan and miRDB) was
used to predict the possible potential targets of miR-935.
IREB2 was predicted to be a potential target of miR-935
as shown in Figure 3A. The dual-luciferase reporter assays
were conducted to further validate whether miR-935
bound to the 3'-UTRs of IREB2. Luciferase reporter

constructs containing either the wild type (WT) or mutated
(MUT) IREB2 binding sequences downstream of the fire-
fly luciferase gene were generated (Figure 3B). Reporter
vector plasmid and miR-935 mimics or mimics control
were co-transfected into 786-O and A498 cells, luciferase
activity was decreased significantly after miR-935 mimics
co-transfection with WT vector plasmid (Figure 3C).
These results imply that IREB2 was a direct target gene
of miR-935. Then, we found IREB2 expression was lower
in samples from ccRCC patients, and miR-935 expression

was significantly negatively correla th IREB2 in

patient overall survival
(DFS) in renal cell cargg
Genome Atlas
(Figure 3F).

IREB2 could reverse the function of miR-
ted miR-935 inhibitor or/and siRNA of
ancer cells. Two IREB2 siRNA were trans-
into the A498 and 780-O cells (Figure 4A and B). The
els of miR-935 and IREB2 showed in Figure 4C,
he protein levels of IREB2 were shown in Figure 4D. As
own in Figure 4E, knockdown IREB2 reversed the function
of miR-935 inhibitor on the migration and invasion ability of
A498 cells. Taken together, these data demonstrated that miR-
935 could promote ccRCC cell migration and invasion by
targeting IREB2.

Discussion

It is reported that miRNA is involved in tumorigenesis, acting
variously as either oncogenes®* = or tumor suppressors.' 252
Increasing evidence has demonstrated that miRNAs are effec-
tive biomarkers and tumor regulators in kidney cancer and
therefore have broad implications in both clinical and thera-
peutic practice. Lin et al demonstrated that miR-154-5p reg-
ulates cell function and serves as a molecular marker for poor
prognosis in renal cell carcinoma.®® Yu et al confirmed that
miRNA-34a inhibits cell proliferation and metastasis in renal
cancer cells by targeting CD44.>'

As for miR-935, Wang et al found that miR-935 was up-
regulated in pancreatic carcinoma and targeted inositol poly-
phosphate 4-phosphatase type I to promote cancer malignant
behavior.'® Liu et al confirmed the truth that miR-935 could
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ic cancer.” Peng et al

microRNA-935 was a prognostic marker and promoted cancer

cell proliferation, migration, and invasion in colorectal
cancer.>* In the microenvironment of solid tumors, intermedi-
ate-sized hyaluronan fragments could interact with TLR4 and
then educate macrophage polarization to an M2-like pheno-
type via miR-935.%

In our study, dual-luciferase reporter assay and bioinfor-
matics analysis identified iron-responsive element-binding

Tumor

T

T L]
HK2 7860 ACHN

A498

protein 2 (IREB2) as a direct target of miR-935. Zhang et al
revealed that miR-29 could bind on IREB2 and the expression
of miR-29 was inversely correlated with IREB2 expression.”®’
IREB2 encodes a master regulator of iron metabolism including
ferroptosis.®® Ferroptosis can inhibit the development of certain
types of cancer, such as pancreatic cancer, hepatocellular carci-
noma, breast cancer and prostate cancer.**** The role of IREB2
in kidney cancer has not been studied yet.

We discovered that miR-935 expression was upregulated
in renal cancer tissues and cells. miR-935 could discriminate
effectively between ccRCC and paired normal kidney tis-
sues (AUC 0.7344; P<0.001) with ROC curve analysis.
Then, we discovered patients who had renal carcinomas
with high miR-935 expressions in T stage with low miR-
935 expressions. This result might suggest miR-935 can be

a potential diagnostic biomarker for renal cancer.
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Figure 2 MiR-935 promotes RCC proliferation, migration and invasion in renal cancer cells (A) The expression of miR-935 after transfection in 786-O and A498 cells. (B)
Cell Counting Kit-8 assays determined the proliferation of miR-935 in 786-O and A498 cells. (C) and (D) Representative images of the wound healing assay in 786-O
andA498 cells. (E) Transwell assay determined the migration ability of miR-935 in 786-O cells. *P < 0.05; **P<0.01; ***P<0.001.

Abbreviations: miR, microRNA; NC, negative control.
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With the above results, we took further steps to evalu-
ate the functional role of miR-935 downregulation or
upregulation in renal cancer development. Through miR-
935 inhibitor or mimics transduction, we showed that
miR-935 had an oncogenic role by increasing prolifera-
tion, migration, and invasion in renal cancer cells.

Downregulation of miR-935 had an anticancer effect in

Months

Months

y TR reporter and miR-935 mimics in 786-O and A498 cells. (D) and (E) The mRNA level of IREB2 was downloaded and negatively
935 expression in ccRCC. (F) High IREB2 expression had a longer survival on patient overall survival (OS) and disease-free survival (DFS) in ccRCC.

renal cancer cells. Dual-luciferase reporter assay and
bioinformatics analysis identified that IREB2 as a direct
target of miR-935. qRT-PCR showed IREB2 expression
was downregulated in cancer tissues and high IREB2
expression had a longer OS and DFS. Silencing IREB2
could reverse the function of miR-935 inhibitor in renal

cancer cell proliferation and metastasis.
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Conclusion 12. Sharifi M, Moridnia A. Apoptosis-inducing and antiproliferative

. .. . effect by inhibition of miR-182-5p through the regulation of

Our results pr0V1ded the first convincing evidence that CASP9 expression in human breast cancer. Cancer Gene Ther.

miR-935-IREB2 may be an important oncogene by target- 2017;24(2):75-82. doi:10.1038/cgt.2016.79

13. Dong X, Jin Z, Chen Y, et al. Knockdown of long non-coding RNA
ANRIL inhibits proliferation, migration, and invasion but promotes

limited in our research, and further research may be crucial apoptosis of human glioma cells by upregulation of miR-34a. J Cell

for our future research. Whether miR-935 and IREB2 Biochem. 2018;119(3):2708-2718. doi:10.1002/jcb.26437
14. Grady WM, Tewari M. The next thing in prognostic molecular

markers: microRNA signatures of cancer. Gut. 2010;59(6):706—708.
doi:10.1136/gut.2009.200022

D Sh . S 15. Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards a new era
ata arlng tatement for the management of cancer and other diseases. Nat Rev Drug

The datasets used during the present study are available Discovery. 2017;16(3):203-222. doi:10.1038/nrd.2016.246

16. Bartel DP. MicroRNAs: genomics gesis, mechanism, and
function. Cell. 2004;116(2):281- B 6/S0092-8674(04)
00045-5

ing IREB2 in human renal cancer. However, it might be

affect ferroptosis needs further study.

from the corresponding author upon reasonable request.
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