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Purpose: Clear cell renal cell carcinoma (ccRCC) has the highest rate of metastasis and
invasion in RCC and is the third most common adult urinary malignancy. miRNA may serve
a critical role in human cancer development and progression, has been confirmed to play
a pivotal role in RCC cell invasion and migration. Since miR-935 had been verified to be an
oncogene or tumor suppressor in various cancers, the role of miR-935 in RCC was unclear.
Methods: Real-time quantitative polymerase chain reaction (QRT-PCR) was used to verify
miR-935 expression. CCK-8 assay, wound healing assay and transwell assay were used to
investigate the cell proliferation, migration and invasion of miR-935. Receiver operating
characteristic (ROC) curve analysis was applied to discriminate different clinical classifica-
tions. Gain or loss of function approaches were used to investigate the cell proliferation,
migration and invasion of miR-935 in vitro. Bioinformatics analysis and dual-luciferase
reporter assay were used to identify the target of miR-935.

Results: MiR-935 had a higher expression level in RCC cells and cancer tissues. MiR-935
mimics promoted cell proliferation, migration and invasion, and miR-935 inhibitor inhibited
cell inhibit malignancy of cancer cells. Bioinformatics analysis and dual-luciferase reporter
assay identified iron-responsive element-binding protein 2 (IREB2) as a direct target of miR-
935. qRT-PCR showed IREB2 expression was downregulated in ccRCC cancer tissues and
high IREB2 expression had a longer overall survival (OS) and disease-free survival (DFS).
Silencing IREB2 could reverse the function of miR-935 inhibitor on cell proliferation and
metastasis in renal cancer cells.

Conclusion: The study indicated that miR-935 may act as an oncomiRNA and influenced
migration 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
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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,”’
invasion and metastasis'®"' 1213
miRNAs

(oncomiRs) or “tumor suppressor genes” in various cancers.

tumor and apoptosis

Furthermore, may function as “oncogenes”
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 ele-
vated in renal cancer cells and cancer tissues. MiR-935
promoted cell proliferation and invasion by targeting iron
response element-binding protein 2 (IREB2). Altogether,
our findings suggest that miR-935 as an oncogene and may
provide new insights into the treatment of ccRCC.

Materials and Methods

Human Samples and Ethics Statement

Twenty-five patient samples with ccRCC were obtained
from the Department of Urology, Zhujiang Hospital of
Southern Medical University, Guangzhou, China between
2016 and 2018. Cancer tissues and normal kidney tissues
were frozen in liquid nitrogen freshly after sample collec-
tion and then stored at —80 °C. Written, informed consent
was obtained from each 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, China). Samples were nor-
malized to U6 and GAPDH, respectively. The relative expres-
sion of miR-935 was analyzed with the 274",

IREB2 (forward, 5'-GCGATTTCCAGGCTTGCTT
A-3";

reverse, 5'-GTTTAACACGCAGACCAGCT -3).

GAPDH (forward, 5'-GAGTCAACGGATTTGGTC
GT-3';

reverse, 5'-GACAAGCTTCCCGTTCTCAG-3")

Cell Culture and miRNA Mimics,

Inhibitors and IREB2 siRNA Transfection
Human normal kidney cell (HK2), RCC cell lines 786-0,
A498 and ACHN were obtained from the American Type
Culture Collection (ATCC). Cells were cultured in DMEM
medium with 10% FBS and 1% penicillin—streptomycin in 5%
CO2 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 mimics in 24-
well plates by Lipofectamine 2000 reagents (Thermo Fisher
Scientific, Waltham, USA). The dual luciferase result is
determined by the dual luciferase system assay (Promega,
Madison, USA). Renilla-luciferase values were normalized
to control reporter according to the manufacturer’s protocol.

Western Blotting

Cells are pyrolyzed in RIPA, protease inhibitor cocktail (Roche
Diagnostics, Indianapolis, IN, USA) and PMSF (Wuhan
Boster Biological Technology, Ltd., Wuhan, China) protein
lysis system. A total of 30 ug proteins were added to the SDS-
PAGE gel system, then separated the proteins and transferred
them to polyvinylidene fluoride (PVDF) membrane (EMD
Millipore, Bedford, MA, USA) within 90 mins. After protein
transfer to the PVDF membrane, the membrane was blocked in
5% skim milk within 1 hr. After cleaning the membrane with
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
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 conformed to a normal distribu-
tion. The correlation between miR-935 expression of patients
and the clinicopathological parameters with ccRCC was eval-
uated with y* test. Student’s r-test was used to assess the
differences of miR-935 expression between each ccRCC cancer
and normal kidney tissues. The prognostic value of miR-935 for
various ccRCC clinicopathological factors was evaluated using
receiver operator characteristic (ROC) curve analysis.
A P value of <0.05 was considered statistically significant.

Results
MiR-935 [s Elevated in ccRCC Cancer

Tissues and Cell Lines

We used qRT-PCR to explore the expression of miR-935 in 25
paired ccRCC 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 [V and 11, when compared with T stage
I'and II (Figure 1D). We further investigate the expression level
of miR-935 in normal kidney cell (HK2) and RCC cell lines
(786-O, 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 qRT-PCR results
showed that the relative expression levels of miR-935 with
miR-935 mimic and inhibitor-transfected 786-O and A498
cells are shown in Figure 2A. The results as shown in
Figure 2B indicate that miR-935 inhibitors significantly
impaired the proliferation and viability of 786-O and
A498 cells. Transfection of miR-935 mimic enhanced
cell proliferation and viability of 786-O and A498 cells,
suggesting that miR-935 had an oncogenic effect. Wound
healing experiments show that miR-935 inhibitors can
significantly reduce the migration of 786-O and A498
cells, as shown in Figure 2C. As shown in Figure 2D,
miR-935 mimics can enhance the migration of 786-O and
A498 cells. Transwell analysis showed that miR-935 inhi-
bitors inhibited the migration and invasion of 786-O cells,
while miR-935 mimicked enhanced migration and inva-
sion, as shown in Figure 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 correlated with IREB2 in
samples from ccRCC patients (Figure 3D and E). At last,
we found high IREB2 expression had a longer survival on
patient overall survival (OS) and discase-free survival
(DFS) in renal cell carcinoma database from The Cancer
Genome Atlas (TCGA) of c¢cRCC (TCGA_KIRC)
(Figure 3F).

Silencing IREB2 Reverses the Function of

miR-935 Inhibitor in Renal Cancer Cells
To find out whether IREB2 could reverse the function of miR-
935, we co-transfected miR-935 inhibitor or/and siRNA of
IREB?2 into renal cancer cells. Two IREB2 siRNA were trans-
fected into the A498 and 780-O cells (Figure 4A and B). The
mRNA levels of miR-935 and IREB2 showed in Figure 4C,
the protein levels of IREB2 were shown in Figure 4D. As
shown 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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Figure | MiR-935 is elevated in ccRCC cancer tissues and cell lines. (A) and (B) The expression of miR-935 in 25 ccRCC patients’ cancer tissues and paired normal tissues.
(€) miR-935 effectively discriminated between ccRCC and paired normal kidney tissues (AUC 0.9412; P<0.05) with ROC curve subanalysis. (D) The expression levels of
miR-935 were compared with respect to T stage. (E) The expression of miR-935 in HK2 and RCC cells. *P<0.05; **P<0.01.

Abbreviations: Tumor, RCC tissues; Normal, normal kidney tissues; HK2, proximal tubular epithelial renal cell line; miR, microRNA; RCC, renal cell cancer.

target SOX7 to promote liver cancer cell proliferation and
migration.'® Yang et al informed that miR-935 promoted cell
proliferation by targeting SOX7 in gastric cancer.”’ Peng et al
reported that miR-935 inhibition could increase paclitaxel
sensitivity to non-small cell lung cancer via regulation of
SOX7.%* Wang et al verified that mir-935 could downregulate
IL-27 expression to inhibit suppression role of IL-27 in non-
1% Huang et al illustrated that
microRNA-935 was a prognostic marker and promoted cancer

small-cell lung cancer cel

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

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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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

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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The expression of miR-935 and IREB2 was measured by qRT-PCR in 786-O and A498 cells. (D) and (E) Silencing of IREB2 reversed the miR-935 inhibitor on IREB2

expression, cell migration and invasion in A498 cells. *P<0.05; **P<0.01.
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Conclusion
Our results provided the first convincing evidence that

miR-935-IREB2 may be an important oncogene by target-

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

limited in our research, and further research may be crucial
for our future research. Whether miR-935 and IREB2
affect ferroptosis needs further study.
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