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repressed by c-jun, modulates clear cell renal cell
carcinoma aggressiveness by repressing ROCK1
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Abstract: Aberrant expression of miR-145 has frequently been reported in cancer studies; however, its role in renal
cell carcinoma (RCC) has not been examined in detail. Here, we showed that miR-145 was downregulated in RCC
cells and tissues and associated with a poor prognostic phenotype in RCC patients. Restoration of miR-145 sup-
pressed proliferation and invasion and induced apoptosis in clear cell RCC (ccRCC) cells. By luciferase and western
blot assays we identified ROCK1 as a direct target gene for miR-145. Furthermore, a reverse correlation between
miR-145 and ROCK1 expression was observed in ccRCC tissues. In addition, we revealed that miR-145 down-
regulation in ccRCC cells was due to EZH2-mediated histone methylation. Altogether, these results identify a crucial
tumor suppressive role of miR-145 in the progression of ccRCC and suggest that miR-145 might be an anticancer

therapeutic target for ccRCC patients.
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Introduction

Renal cell carcinoma (RCC), accounting for 90%
to 95% of all renal tumors in adults [1], com-
prises a heterogeneous group of epithelial neo-
plasms with diverse biologic potential and vari-
able clinical outcomes [2]. From the three main
subtypes of RCC, clear cell, chromophobe and
papillary RCC, clear cell renal cell carcinoma
(ccRCC) is the most common type and associ-
ated with a worse prognosis [3]. Radical or par-
tial nephrectomy remains the most important
treatment for localized RCC, but alone it has
limited benefit in patients with an aggressive
form of the disease [4]. In addition, in most
cases RCC is resistant to chemotherapy and
immunotherapy [5]. Recently, there has been a
rapid development in molecular targeted thera-
py for the treatment of advanced RCC. However,
most of the treatments are not curative and
side effects associated with targeted therapy
cannot be ignored [6-8]. Thus, new correlative
markers and therapeutic agents for RCC diag-
nostics and treatment are urgently needed.

MicroRNAs (miRNAs), single-stranded 19-25
nucleotide long non-coding RNAs, function as
negative posttranscriptional regulators of their
target genes [9-11]. Recent studies suggest
that miRNAs are aberrantly expressed during
the development and/or progression of a vari-
ety of human cancers [12, 13]. A recent miRNA
expression signature of ccRCC revealed that
miR-145 is downregulated in cancer tissues,
suggesting that it might be a candidate tumor
suppressor in ccRCC [14]. The tumor suppres-
sive function of miR-145 has been reported in
several types of cancer, such as gastric cancer
[15], neuroblastoma [16], and ovarian cancer
[17]. However, the biological functions of miR-
145 in the control of ccRCC have not been well
characterized. Here, we sought to investigate
the potential role of miR-145 in the develop-
ment and progression of ccRCC.

Materials and methods
Cell lines and patient samples

A498 cell line was purchased from the Institute
of Biochemistry and Cell Biology of the Chinese
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Academy of Sciences (Shanghai, China) and
cultured in DMEM supplemented with 10%
fetal bovine serum, 100 U/mL penicillin, and
100 mg/mL streptomycin in a humidified 37°C
incubator with 5% CO,. ccRCC and adjacent
normal tissue samples from patients were
obtained with informed consent under institu-
tional review board-approved protocols. The
samples were collected at the Affiliated
Hospital of Jining Medical University, Jining city,
Shandong province, China. The study was
approved by the Institutional Review Boards of
Affiliated Hospital of Jining Medical University
and written informed consent was obtained
from each patient.

Quantitative realtime PCR (qRT-PCR)

Total RNA was extracted with TRIzol reagent
(Invitrogen, Carlsbad, California, USA). For rever-
se transcription and gRT-PCR analysis, One
Step PrimeScript® miRNA cDNA Synthesis Kit
and SYBR Premix Ex Taqg (TaKaRa, Dalian,
China) were used. The primers for miR-145
were 5-TCAAGAGCAATAACGAAAAATGT-3’ (for-
ward) and 5’-GCTGTCAACGATACGCTACGT-3’ (re-
verse). U6 snRNA was used as normalization
control The primers for ROCK1 were 5-AGGA-
AGGCGGACATATTAGTCCCT-3’ (forward) and 5™-
AGACGATAGTTGGGTCCCGGC-3’ (reverse). Prim-
ers for GAPDH were 5-AACGTGTCAGTGGTGG-
ACCTG-3’ (forward) and 5-AGTGGGTGTCGCT-
GTTGAAGT-3’ (reverse). The relative expression
of each gene was calculated and normalized
using the 244t method relative to U6 snRNA or
GAPDH. PCR amplification was repeated three
times for each gene.

Lentivirus production and infection

The pLV-hsa-miR-145 plasmid together with the
control pLV-miRNA-vector, were obtained from
Biosettia Inc. (Biosettia, San Diego, USA).
Lentivirus packaging and transfection was per-
formed according to standard protocols. We
named the packaged lentiviruses LV-miR-145
and LV-ctrl.

Plasmid construction and luciferase reporter
assays

For the luciferase reporter assay, the 3-UTR
segment of ROCK1 containing the miR-145-
binding sites was amplified and inserted into
the pGL3-control vector (Promega, Madison,
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WI, USA). Site-directed mutagenesis of the miR-
145 seed sequence in the ROCK1 3’-UTR (Mut)
was performed using the QuikChange™ Site-
Directed Mutagenesis Kit (Stratagene, La Jolla,
CA, USA). Subsequently, LV-miR-145 cells were
transfected with WT or Mut reporter plasmids,
followed by measuring the luciferase activity
with the Dual-Luciferase Reporter Assay
System (Promega) 48 hours later. Full-length
ROCK1 cDNA entirely lacking the 3-UTR was
purchased from GeneCopoeia (Rockville, MD,
USA) and subcloned into the eukaryotic expres-
sion vector pcDNA.3 (Invitrogen).

MTT, colony formation and cell invasion assays

MTT assay was used to analyze cell prolifera-
tion. Briefly, 4x10°® cells were seeded into
96-well culture plates. Subsequently, the cells
were incubated with MTT. Then the culture
supernatant was removed and DMSO was
added to solubilize the crystals. The absor-
bance value (OD) of each well was measured at
490 nm. Experiments were performed three
times.

For colony formation, twenty-four hours after
infection, 300 infected cells were placed in a
fresh six-well plate and maintained in DMEM
medium containing 10% FBS for 2 weeks.
Colonies were fixed with methanol and stained
with 0.1% crystal violet in 20% methanol for 15
min. Experiments were performed three times.

To perform the invasion assay, 10° cells were
added to a Matrigel invasion chamber (BD
Biosciences), which was present in the insert of
a 24-well culture plate. Cells were plated in
medium without serum, and in the lower cham-
ber medium containing 10% FBS served as
chemoattractant. After the cells were incubat-
ed for8 hat37°Cina 5% CO2 atmosphere, the
insert was washed with PBS, and cells on the
top surface of the insert were removed with a
cotton swab. Invasive cells located on the lower
side of the chamber were stained with Crystal
Violet, air-dried and photographed. Experiments
were performed three times.

Apoptosis assay

Apoptosis was measured by using an Annexin
V/fluorescein isothiocyanate (FITC) apoptosis
detection kit (Keygen, China) according to the
manufacturer’s instructions. Data acquisition
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Figure 1. Lower levels of miR-145 are frequently detected in ccRCC tissues and
are associated with a poor prognostic phenotype. A. The expression of miR-145
was significantly downregulated in ccRCCs when compared with adjacent non
neoplastic renal tissues. B. ccRCC patients with miR-145 expression levels be-
low the median had shorter survival times than those whose levels were higher
than the median.
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Figure 2. ROCK1 is a direct target of miR-145 in A498 cells. A. Sequence align-
ment of miR-145 and the ROCK1 3’-untranslated region (UTR), which contains
one predicted miR-145-binding site. The seed-recognizing sites in the ROCK1
3'-UTR are indicated in red, while the mutant ROCK1 3’-UTRs are indicated in
blue. B. Luciferase assay in A498 cells co-transfected with miR-145 and lucifer-
ase reporter containing ROCK1 wild type (WT) or mutant (Mut) 3’-UTR. C. miR-
145 transfection affects ROCK1 mRNA levels. D. miR-145 transfection affects
ROCK1 protein levels.

protein extracts were sepa-
rated and transferred to
PVDF membranes. Membr-
anes were blocked with 5%
non-fat milk and incubated
with  primary antibodies
against ROCK1 and GAPDH
(Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA)
overnight at 4°C. Then me-
mbranes were incubated
for 1 h at room tempera-
ture with an appropriate
secondary antibody, fol-
lowed by detection with
enhanced chemilumines-
cence reagents (Amersham
Pharmacia Biotech, USA).

Chromatin immunoprecipi-
tation (CHIP) assay

We performed the CHIP
assay according to the
manufacturer’'s  instructi-
ons by a ChIP assay Kkit
(Millipore). Briefly, the cells
were fixed with 1% formal-
dehyde to covalently cross-
link proteins to DNA fol-
lowed by harvesting chro-
matin from the cells. Sub-
sequently, the cross linked
DNA (sheared to 200-
1,000 base pairs in length)
that linked with sonication
were processed to an imm-
mmunoselection process.
Then the PCR assay was
performed to measure en-
richment of DNA fragments
in the putative c-JUN-bind-
ing sites in the miR-145
promoter.

In vivo tumorigenesis

and analyses were done on a Becton Dickinson
FACSCalibur (Franklin Lakes, NJ, USA) using
Cell Quest software (Becton Dickinson, USA).
Each experiment was performed in triplicate.

Western blot analysis
Cells were lysed in RIPA Buffer in the presence

of a proteinase inhibitor cocktail. Then the total
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All animal procedures were performed in accor-
dance with institutional guidelines. 4x10° A498
cells were injected into the flanks of Nude mice.
Mice were sacrificed for examination 21 days
after tumor inoculation. The tumor volume was
calculated by using the formula Volume (mm?)
= xW2/2 (Ilength L, mm; width W, mm). All treat-
ment of animals was in strict accordance with
the guidelines of the Animal Center of Jining
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Figure 3. Restoration of miR-145 suppresses proliferation and colony formation and induces apoptosis in ccRCC. A.
Restoration of miR-145 inhibited A498 cell proliferation. B. Overexpression of miR-145 impeded the colony forma-
tion ability of A498 cells. C. Exogenetic overexpression of miR-145 markedly reduced the invasiveness of A498 cells,
while ROCK1 restoration partially blocked these effects. D. miR-145 overexpression induced apoptosis in A498
cells, while exogenetic overexpression of ROCK1 blocked these effects.

Medical College., and all animal experimental
procedures were approved by the Ex-
perimental Animal Ethical Committee of Jining
Medical College.

Statistical analysis

All values are presented as the mean + S.E.M.
One-way ANOVA or two-tailed Student’s t-test
was used for comparisons between groups.
Kaplan-Meier method was used to perform the
survival analysis. SPSS software package
(SPSS Standard version 16.0, SPSS Inc) was
used for statistical analysis and P<0.05 was
considered statistically significant.

Results

Lower levels of miR-145 in ccRCC tissue are
associated with a poor prognosis

The expression levels of miR-145 were first
examined by real-time PCR in 26 pairs of ccRCC
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and adjacent non-neoplastic renal tissues. The
results showed that miR-145 was significantly
down-regulated in ccRCC tissues when com-
pared with adjacent non-neoplastic renal tis-
sues (Figure 1A, P<0.05). Furthermore, the
relationship between miR-145 expression and
overall survival was determined through
Kaplan-Meier survival curve analysis with a log-
rank comparison of 98 ccRCC patients. We
observed that ccRCC patients with miR-145
expression levels lower than the median were
associated with poorer survival (Figure 1B).

MIiR-145 targets ROCK1 in ccRCC cells and
tissue

It is generally accepted that miRNAs exert their
function by regulating the expression of their
downstream target gene(s). MiRanda and
TargetScan algorithms were used to search for
target genes of miR-145. Analysis revealed that
the 3-UTR of ROCK1 mRNA contains a comple-
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Figure 4. miR-145 levels are inversely correlated
with mRNA expression of ROCK1 in ccRCC tissues
(r=-0.972, P<0.05).

mentary site for the seed region of miR-145
(Figure 2A). Subsequently, we subcloned
ROCK1 wild-type (WT) or mutant 3’-UTR (MUT)
(Figure 2A) into a luciferase reporter vector.
Then A498 cells were co-transfected with miR-
145 or scrambled control and ROCK1 wild-type
(WT) or mutant 3'-UTR (MUT). It was found that
miR-145 significantly inhibited the luciferase
activity of the ROCK1 WUT 3-UTR but not of
the mutant in A498 cells (Figure 2B, P<0.05).
Furthermore, overexpression of miR-145 signifi-
cantly downregulated ROCK1 mRNA and pro-
tein levels in A498 cells (Figure 2C and 2D).

Exogenetic overexpression of miR-145 sup-
presses proliferation and invasion and induces
apoptosis in ccRCC cells

We asked whether restoration of miR-145 may
suppress proliferation and invasion in ccRCC
cells. As shown in Figure 3A and 3B, miR-145
overexpression significantly inhibited ccRCC
cells proliferation and colony formation ability.
However, over-expression of ROCK1-overexpre-
ssing vector (0CDNA. 3-ROCK1) can counteract
this effect.

The matrigel invasion assay demonstrated that
exogenetic overexpression of miR-145 mark-
edly reduced invasiveness of ccRCC cells, while
ROCK1 restoration could partially block these
effects (Figure 3C).

We further examined whether restoration of
miR-145 may affect apoptosis in ccRCC cells.
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The rate of cellular apoptosis in A498 cell was
examined using flow cytometric analysis with
Annexin V staining. As shown in Figure 3D, miR-
145 overexpression induced apoptosis in
A498 cells, while exogenetic overexpression of
ROCK1 blocked the effect of miR-145 on
apoptosis.

MiR-145 levels are inversely correlated with
mMRNA expression of ROCK1 in ccRCC tissues

We further examined miR-145 and the mRNA
expression of ROCK1 in 39 cases of ccRCC tis-
sues. We found a significant inverse correlation
between the levels of miR-145 and ROCK1
mMRNA expression in ccRCC tissues (Figure 4,
P<0.05).

C-jun repressed miR-145 expression in ccRCC
cells

We used UCSC and PROMO bioinformatics soft-
ware to analyze a 0.8-kb region upstream of
the transcription start site of miR-145. We iden-
tified four c-jun-binding motifs inside the puta-
tive promoter region upstream of the miR-145
transcriptional start site (TSS). These transcrip-
tion factor-binding sites (TFBSs) were named A,
B, C and D, respectively (Figure 5A). Si-RNAs
were used to knock down c-jun expression and
we found that miR-145 expression was signifi-
cantly increased in these cells when c-jun was
down-regulated (Figure 5B). c-jun down-regula-
tion also increased miR-145 promoter lucifer-
ase activity (Figure 5C). Finally, the Chromatin
immunoprecipitation (ChlP) assay confirmed
that c-jun protein was recruited to all the four
binding sites in the putative miR-145 promoter
(Figure 5D).

MiR-145 inhibits tumor growth in vivo

To examine the role of miR-145 in ccRCC tumor
development, we used a SCID xenograft mouse
model in which mice were transplanted with
miR-145 overexpressing or scramble control
A498 cells. After 3 weeks, miR-145 overex-
pressing tumors were significantly smaller than
those of mice transfected with the scrambled
control (Figure 6A). Furthermore, overexpres-
sion of miR-145 significantly reduced xenograft
tumor volume (Figure 5B) and tumor weight
(Figure 5C). Taken together, these results sh-
owed that miR-145 can inhibit tumor growth in
vivo.

Int J Clin Exp Pathol 2018;11(1):138-145
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Figure 5. c-jun regulated miR-145 expression. A. The putative binding sites of
transcription factor c-jun in the DNA region of miR-145. B. The qPCR analysis
showed that c-jun decreased miR-145 expression. C. Luciferase activity was ef-
ficiently increased when c-jun down-regulation. D. The ChIP assay showed that
c-jun was recruited to all the four binding sites.
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Discussion

ed to ccRCC progression.
We observed that miR-145
expression is decreased in
human ccRCC tissues wh-
en compared with match-
ing adjacent normal tissue.
Furthermore, miR-145 sup-
pressed tumor growth both
in vitro and in vivo.

MiRNAs not only contribute
to diverse biological pro-
cesses but are also impli-
cated in the progression
and metastasis of human
cancers [13, 18]. Insights
into the roles of mMiRNAs in
cancer have made miRNAs
targets for novel therapeu-
tic approaches and several
miRNA-targeted therapeu-
tics have reached clinical
development [19]. Xu et al.
reported that miR-145 sup-
presses gastric cancer cell
invasion and metastasis
through directly targeting
the specificity protein 1
(SP1) and Bcl-w (BCL2L2)
MRNA transcripts [20]. Re-
cently, researchers found
that miR-145 acts as a
tumor suppressor in pros-
tate cancer [21]. Consistent
with the above findings, we
found that restoration of
miR-145 could suppress
proliferation and invasion
and induce apoptosis in
ccRCC cells. By dual-lucif-
erase and Western Blot
assay ROCK1 was con-
firmed as a direct target of
miR-145.

ROCK1 is a serine/threo-
nine kinase that belongs to
the Rho family of GTPase
proteins that facilitate the

reorganization of the actin cytoskeleton, a piv-

otal event during cell motion and invasion [22].

In this study, we focused on miR-145 and inves-
tigated its tumor suppressive function and how
miR-145-mediated cancer pathways contribut-

ROCK1 is over-expressed in various cancers,
including ccRCC [23, 24]. ROCK1 mediates
multiple pathways regulating cell proliferation,

143 Int J Clin Exp Pathol 2018;11(1):138-145
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invasion, and apoptosis [25, 26]. Our findings
showed that miR-145 exert its tumor suppres-
sor function partially through ROCK1 in ccRCC
cells. Importantly, we further found that miR-
145 levels are inversely correlated with mRNA
expression of ROCK1 in ccRCC tissues.

The transcription factor c-jun is a key regulator
of cell growth [27] and metastasis [28] in can-
cer. We revealed four putative biding sites of
c-jun in the region upstream of miR-145 locus.
The subsequent experiment demonstrated that
c-jun could negative regulate miR-145 expres-
sion by directly biding at its promoter. Taken
together, our findings revealed that c-jun was
responsible for miR-145 un-regulation in
ccRCC.

Taken together, this study identified miR-145 as
growth-suppressive miRNA in human ccRCC
both in vitro and in vivo. As miR-145 is down-
regulated in ccRCC, reintroduction of this
mature miRNA into the tumor tissue could pro-
vide a therapeutic strategy. Although miRNA-
based therapeutics are still in their infancy, our
findings on miR-145 are encouraging and sug-
gest that this miRNA could be a potential target
for the treatment of ccRCC in the future.
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