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Abstract

Purpose Abnormal expression of miRNAs is closely
related to a variety of human cancers. The purpose of this
study is to identify new tumor suppressor miRNA and elu-
cidate its physiological function and mechanism in renal
cell carcinoma (RCC).

Methods The expression of miR-145 in 45 RCC and adja-
cent normal tissues was performed by quantitative RT-PCR.
Cell proliferation, migration, invasion, apoptosis and cycle
assays were carried out for functional analysis after miR-
145 transfection. Two target genes of miR-145 were iden-
tified by luciferase reporter assay. The altered expression
of 84 epithelial to mesenchymal transition (EMT)-related
genes after miR-145 transfection was detected by RT? Pro-
filer EMT PCR array.

Results The expression of miR-145 was downregulated
in RCC compared to their normal adjacent tissues. Restor-
ing miR-145 expression in RCC cell lines dramatically
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suppressed cell proliferation, migration and invasion, and
induced cell apoptosis and G2-phase arrest. We further val-
idated those miR-145 targets two oncogenes, ANGPT2 and
NEDD9 in RCC. In addition, miR-145 was found to regu-
late numerous genes involved in the EMT.

Conclusions These findings demonstrate that miR-145
functions as tumor suppressor in RCC, suggesting that
miR-145 may be a potential therapeutic target for RCC.

Keywords miR-145 - Tumor suppressor - Renal cell
carcinoma - ANGPT2 - NEDD9

Introduction

In addition to prostate and bladder cancer, renal cell carci-
noma (RCC) is the third most common urological cancer
with the highest mortality rate at over 40 % (Redova et al.
2012). Clear cell renal cell carcinoma is the most common
subtype of RCC, responsible for approximately 80 % of
cases (Rini et al. 2009). The 5-year survival rate of RCC is
estimated to be approximately 55 %, and that of metastatic
RCC is approximately 10 % (Pascual and Borque 2008;
Reeves and Liu 2009). Despite increased early detection of
RCC and more frequent surgery, the mortality rate has not
changed significantly and 20-40 % patients will develop
recurrence (Redova et al. 2012). Therefore, an urgent
need of searching new sensitive, reliable biomarkers and
developing new targeted therapies is emphasized for renal
cancer.

In current, one of the most popular and progressive
approaches for molecular characterization of tumors is
based on microRNAs (miRNAs) expression profiles.
miRNAs are small non-coding RNAs (~22 nucleotides
in length), which can play important regulatory roles in a
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variety of biological processes, such as cell cycle, prolifera-
tion, differentiation, metabolism and apoptosis (Ha 2011).
They are genome-encoded, endogenous negative regula-
tors of translation and mRNA stability originating from
long primary transcripts with local hairpin structures (Chen
et al. 2012). The miRNA:s initially bind to the 3'UTR of tar-
get gene mRNA and repress protein translation or induce
mRNA cleavage (Inui et al. 2010), thereby inhibiting trans-
lation from mRNA to protein, which control both physi-
ological and pathological processes. Approximately 1,000
miRNAs have been predicted, and bioinformatic studies
have estimated that miRNAs may regulate up to a half of
all human genes and that each miRNA may control hun-
dreds of target genes (Berezikov et al. 2005).

Plenty of evidence suggests that miRNAs are aberrantly
expressed in many types of human cancers (Zaman et al.
2010; Chiyomaru et al. 2010; Noh et al. 2013), and they play
pivotal roles in tumor initiation, development and metasta-
sis. Some highly expressed miRNAs function as oncogenes,
whereas lowly level miRNAs could act as tumor suppres-
sors by negatively regulating oncogenes. Among them, miR-
145 is one of the most frequently studied miRNAs in can-
cer biology. Downregulation of miR-145 had been reported
extensively in human cancers, suggesting that miR-145 may
function as a suppressor in a variety of tumors. Our previous
studies successfully identified numerous aberrant expres-
sions of miRNAs in RCC by massively parallel sequencing
technology and discovered that miR-145 was significantly
downregulated in RCC, which was consistent with other
human cancers (Zhou et al. 2010). However, the biological
role of miR-145 in RCC is not fully elucidated.

The aim of our study was to analyze the expression pat-
tern of miR-145 in clinical RCC samples and examine the
effects of miR-145 on proliferation, migration, invasion,
apoptosis and cell cycle in two RCC cell lines. To better
understand its regulatory mechanism, we validated two tar-
get genes, angiopoietin-2 (ANGPT2) and neural precursor
cell expressed developmentally downregulated 9 (NEDD?9),
by luciferase reporter assay. In addition, we evaluated the
effect of miR-145 on the expression levels of 84 key genes
that are documented to be altered during epithelial to mes-
enchymal transition (EMT) by human EMT PCR array.

Materials and methods
RCC clinical specimens
Adjacent normal and cancerous renal tissues (36 clear cell
RCC, 5 papillary RCC and 4 chromophobe RCC) were
obtained from a total of 45 patients undergoing nephrec-

tomy for RCC from the Sun Yat-Sen university cancer center
and the first affiliated hospital of Anhui Medical University.
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Table 1 Clinical and pathologic characteristics of all analyzed sam-
ples

Factors Number
Mean age range (year) 53 (21-78)
Gender (male/female) 27/18
Pathology
Clear cell renal cell carcinoma 36
Papillary renal cell carcinoma 5
Chromophobe renal cell carcinoma
Stage
Tla 22
T1b 19
T2 2
T3
T4 1
Fuhrman grade
Gl 4(T1a), 2(T1b)
G2 16(T1a), 11(T1b), 1(T2)
G3 2(T1a), 6(T1b), 1(T2),
1(T3), 1(T4)
G4 0

Histopathological diagnoses were made according to the
WHO classification system, and nuclear grade was scored
according to the Fuhrman classification system (Fuhrman
et al. 1982). The clinicopathological information of the
patients is shown in Table 1. All specimens were obtained on
the basis of their availability for research purpose and under
a protocol approved by the local medical ethics committee.
Written consent was obtained from the patients in the study.

Quantitative RT-PCR

Total RNA was extracted from tissue samples using the
miRNeasy Mini Kit (Qiagen, Valencia, CA, USA). All iso-
lated RNA was quantified by Nano-Drop® spectrophotom-
eter. Only the RNA samples with 260/280 ratios of 1.8-2.0
were used for further investigation. cDNA was generated
from 1 pg total RNA using the miScript II RT Kit (Qia-
gen), and quantitative RT-PCR was performed using the
miScript SYBR® Green PCR Kit (Qiagen) according to the
manufacturer’s instructions on the Roche Lightcycler 480
Real-Time PCR System. To normalize the data for quantifi-
cation of miRNAs, U6 small nuclear RNA was selected as
the endogenous control. The miRNAs expression level was
determined using the delta—delta Ct method.

Cell culture and miRNAs transfection

Human renal carcinoma cell lines ACHN and 786-O cells
were purchased from the American type culture collection
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(ATCC, Manassas, VA, USA). Both of them were main-
tained in DMEM media supplemented with 10 % fetal
bovine serum and 1 % antibiotics (100 w/ml penicillin and
100 mg/ml streptomycin sulfates) and were incubated in
humidified atmosphere (5 % CO2) at 37 °C.

ACHN and 786-O cells were transfected with the indi-
cated amounts of miR-145 mimics or negative control
(RIBOBIO, Guangzhou, China) using Lipofectamine 2,000
(Invitrogen, Carlsbad, CA, USA).

Cell proliferation assay

Cell proliferation was measured by the 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT,
Sigma-Aldrich). Cells (approximately 6 x 10° cells) were
seeded into 96-well culture plate 24 h prior to transfec-
tion with miR-145 mimics or mimics negative control. The
blank control was set up with medium only; 0, 24, 48 or
72 h post-transfection, 20 il of MTT (5 mg/ml) was added
to each well, and plates were incubated for 4 h at 37 °C.
Then, the MTT medium mixtures were discarded, and
150 pnl of dimethyl sulfoxide (DMSO) was added to each
well, shaking for 10 min at room temperature to solubilize
the crystals. Absorbance was measured at a wavelength of
490 nm (with 630 nm as the reference wavelength) using
ELISA microplate reader (Bio-Rad, Hercules, CA, USA).
Assays were repeated at least three times.

Cell migration assay

Cell migration was examined by scratch assay according to
the methods previously described (Liang et al. 2007). One
day before scratch, stable cell lines of ACHN and 786-O
cells were trypsinized and seeded equally into 6-well cul-
ture plates and grew to reach almost total confluence in
24 h. Using Lipofectamine 2,000, cells were transfected
with 50 nM miR-145 mimics or the mimics negative con-
trol. At 6 h after transfection, an artificial homogenous
wound was created onto the monolayer with a sterile 200-
il tip. After scratching, the cells were washed with PBS
medium three times and incubated at 37 °C. Images of cells
migrating into the wound were captured at time points of 0,
6, 12 18 and 24 h by digital camera system. The software
program MIAS-2000 was used to determine the migra-
tion distance. Experiments were run in three independent
repeats in triplicate and analyzed in a double-blind fashion
by at least two observers.

Cell invasion assay
Matrigel (1:4, 60 wl/well, BD Bioscience, San Jose, CA,

USA) was added to Transwell chambers (8.0 wm pore size,
Corning, NY) in a 24-well plate. ACHN and 786-O cells

transfected with miR-145 or negative control were har-
vested 24 h post-transfection and resuspended in serum-free
DMEM medium. Aliquots (2 x 10* cells) of the prepared
cell suspension were added into the upper chamber, and the
lower chamber was filled with 1 ml DMEM supplemented
with 10 % FBS. Cells were allowed to invade for 48 h at
37 °C with 5 % CO,. After incubation, non-invading cells
in the upper chamber were removed with a cotton swab and
washed three times with PBS. Then, the invasive cells were
fixed in 100 % ethanol and stained with 0.1 % crystal violet.
Invading cells were counted by taking photomicrographs in
three fields. Experiments were performed in triplicate.

Cell apoptosis assay

The extent of apoptosis was evaluated by annexin V-fluo-
rescein isothiocyanate (FITC)/propidium iodide (PI) detec-
tion kit (Invitrogen). ACHN and 786-O cells were trans-
fected with miR-145 mimics or negative control. Cells
were collected, washed twice with pre-chilled PBS and re-
suspended in 1 x binding buffer, 48 h after treatment. Ali-
quots were mixed with 5 pl annexin V-FITC and 5 p1 PI at
room temperature for 15 min. The apoptosis assay was per-
formed using a flow cytometry (EPICS, XL-4, Beckman,
CA, USA). Each experiment was done at least three times.

Cell cycle analysis

786-0 cells were transfected with miR-145 mimics or a
negative control. Cells were harvested, washed twice with
PBS and fixed with pre-chilled 70 % ethanol, 48 h after
treatment. After centrifugation, cells were resuspended and
incubated with 100 wl DNA PREP LPR and 500 nl DNA
PREP STAIN for 30 min. Then, cell cycle analysis was per-
formed using flow cytometry. Experiments were performed
in three independent repeats.

Luciferase reporter assay

For production of a reporter construct, the miRNAs target
sequences were inserted between the Xhol-Notl restriction
sites in the 3'UTR of the hRluc gene in the psiCHECKTM-2
luciferase vector (Promega, Madison, WI, USA). Primer
sequences for the 3'UTR of ANGPT2 mRNA (forward
primer 5-CCGCTCGAGAACTTGCATCACTTAACGGA
CCA-3’ and reverse primer 5'-ATTTGCGGCCGCTAGTC
CCGAGTATAAAGCTGT-3’) and NEDD9 mRNA (forward
primer 5'-CCGCTCGAGAAAGAGGAAGGGGACTGCG
TTA-3’ and reverse primer 5-ATTTGCGGCCGCTGAA
ATGTCTCCACTTAGCGTA-3’) were designed. In order to
verify the binding sites of the miR-145, we synthesized two
short fragments of ANGPT2 and NEDD9 3'UTR, which
contains the potential binding sites. Then, we manually
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mutated the potential binding sites by exchanging the G
and T, A and C. The sequences of the short fragments are
shown in Fig. 4c, d. These four short fragments were all
cloned into psiCHECK™-2 luciferase vector, respectively,
and all the constructs were verified by sequencing. Then,
the luciferase reporter constructs, together with miR-145
mimics or a negative control, were transfected into ACHN
cells. Luciferase activity was detected using the dual lucif-
erase assay system (Promega, Madison, WI, USA) accord-
ing to the manufacturer’s instructions at 48 h after trans-
fection. Normalized data were calculated as the quotient of
Renilla/firefly luciferase activities. The experiments were
performed in duplicate and repeated at least three times.

Epithelial to mesenchymal transition (EMT) PCR array

For the identification of the EMT-related genes, a RT? Profiler
PCR array for human EMT (Qiagen/SABiosciences) was
used, which consists of 84 EMT-related genes. Total RNA
isolated from the ACHN cells that transfected with miR-145
mimics or negative control was used for screening by real-
time PCR according to the manufacturer’s instructions.

Statistical analysis

Statistical significance was determined using Student’s ¢
test except that MTT was analyzed using ANOVA. p < 0.05
was considered statistically significant.

Results
miR-145 is downregulated in RCC

Expression of miR-145 has been reported to be suppressed
in multiple cancers (Zaman et al. 2010; Chiyomaru et al.
2010; Noh et al. 2013). To analyze the expression of miR-
145 renal cancer patients, total RNA was extracted from
45 pairs of RCC and their adjacent normal kidney tis-
sues, and quantitative RT-PCR was performed. As shown
in Fig. 1, the expression of miR-145 was decreased in
31 samples (68.9 %), with an overall average of 43.7 %
downregulation (p = 0.008), suggesting that miR-145
may act as tumor suppressor gene in RCC.

Effects of miR-145 on cell proliferation, apoptosis and cell
cycle in RCC cell lines

To investigate the biological role of miR-145, miR-145
mimics or negative control was transfected into ACHN and
786-0O cells. The MTT assay demonstrated that the relative
cell proliferation in miR-145 transfectants was significantly
decreased by 32.8% (24 h), 27.2 % (48 h) and 24.4 % (72 h)

@ Springer

Fig. 2 Effects of the miR-145 on cell proliferation, apoptosis and»
cell cycle in RCC cell lines. a miR-145 inhibited cell proliferation in
ACHN cells (left panel) and 786-O cells (right panel). Cell growth
was measured by MTT assay at different time intervals. ANOVA
was used for the comparison of curves of cell growth. b miR-145
induced cell apoptosis in ACHN cells (upper panel) and 786-O cells
(lower panel). Cell apoptosis is measured by flow cytometry analy-
sis of Annexin V-FITC double-labeled. Representative images of flow
cytometry analysis are shown. ¢ miR-145 induced G2-phase arrest in
786-0 cells. Cell cycle assay was performed by flow cytometry, and
representative flow cytometric histograms are shown. The experiment
was repeated three times. Data were the average of three independent
experiments; bars, SD. *p < 0.05

in ACHN cells (p < 0.001). As for 786-O cells, the inhibi-
tion rates of cellular proliferation were 14.9 % (24 h), 16.9 %
(48 h) and 11.6 % (72 h), respectively (p < 0.001) (Fig. 2a).
To evaluate the effects of miR-145 on cell apoptosis, we
therefore performed apoptosis experiments on ACHN and
786-O by flow cytometry. As shown in Fig. 2b, miR-145
significantly promoted cell apoptosis in ACHN cells (29.3
vs 12 %, p = 0.031) and in 786-O cells (30.4 vs 13 %,

p = 0.018) compared with negative control.

Inhibition of cell growth in cancer cells is usually related
to the cell cycle arrest. Therefore, we analyzed the function
of miR-145 on cell cycle. The result showed an increase in
the percentage of cells in G2 phase from 20.6 to 30.5 % in
786-0 cells (Fig. 2c), indicating that miR-145 may lead to
G2 cell cycle arrest in RCC cells.

Effects of miR-145 on cell migration and invasion in RCC
cell lines

We analyzed the effect of miR-145 on cellular migration by
wound healing assay. As shown in Fig. 3a, b, cell migration
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Fig.1 miR-145 is downregulated in RCC quantitative RT-PCR of
miR-145 expression relative to U6 expression in RCC tumor sam-
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Fig. 3 Effects of the miR-145 a
on cell migration and invasion

in RCC cell lines. a miR-145

inhibited cell migration in

ACHN cells. b miR-145 inhib-

miR
ited cell migration in 786-O
cells. ¢ miR-145 inhibited cell control
invasion in ACHN cells. d :
miR-145 inhibited cell invasion
in 786-0 cells. All experiments
were performed three times,
and a representative picture is
* sk .
shown. p < 0.05. p < 0.01 m'R‘1 45
b
miR
control
miR-145

was significantly inhibited in the groups transfected with
miR-145 compared with those in the negative control. The
inhibition rates of migration were 39.3 % for ACHN cells
(p <0.001) and 30.4 % for 786-0 cells (p < 0.001), indicat-
ing that miR-145 has a negative effect on cellular migration.
Since invasion is a key characteristic of malignant
tumor, we next investigated the effects of miR-145 on
tumor invasion in ACHN and 7i86-O cell lines. Invasion
assay showed that cell invasion was obviously inhibited in
miR-145-transfected cells compared with the negative con-
trol. The number of invading cells was decreased by 62.8 %
(p < 0.001) in ACHN cells and was decreased by 44.3 %
(p <0.001) in 786-O cells, suggesting that miR-145 inhib-
ited the invasive potential of renal cancer cells (Fig. 3c, d).

ANGPT?2 and NEDD9 are two target genes of miR-145

We used three computational algorithms—picTar, Tar-
getScan and miRanda—to predict the targets of miR-145.
Among the potential targets, we focused on two onco-
genes, ANGPT2 and NEDD9Y. As illustrated in the Fig. 4a,
ANGPT?2 and NEDD9Y revealed putative target sites at the
position 316-338 and 32-54 of 3'UTR, respectively, and
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with an exact match in the seed region at position 331-337
and 47-53, respectively. These two sites are located in con-
served regions of the ANGPT2 and NEDD9 3'UTR among
several species (Fig. 4a). The luciferase reporter assay indi-
cated that the activity of the reporter containing the 3'UTR
of ANGPT2 and NEDD9 genes was decreased follow-
ing treatment with miR-145 mimics (Fig. 4b, p = 0.014,
p = 0.006, respectively). To further verify the binding sites,
we generated four luciferase reporter constructs containing
the wild-type or mutated-type target sites of ANGPT2 or
NEDD?9 3'UTR. As shown in Fig. 4c, d the luciferase activ-
ity was significantly inhibited by miR-145 in wild-type
constructs (p = 0.036, p < 0.001, respectively), whereas
it had no effects on the mutated ones. Taken together, our
results demonstrated that ANGPT2 and NEDD9 are two
target genes of miR-145 and identified the sites of interac-
tion in the 3’'UTR of ANGPT2 and NEDD?9.

miR-145 promotes alterations in the expression of the
EMT markers

EMT is the key process that is involved in tumor metas-
tasis. Since miR-145 significantly inhibited the migration



J Cancer Res Clin Oncol (2014) 140:387-397

393

Fig. 3 continued Cc
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and invasion of RCC, we examined whether the restora-
tion of miR-145 affects the expression of genes involved
in EMT on ACHN cells transfected with miR-145 or nega-
tive control by performing an EMT PCR array. Of the 84
genes tested, 29 genes were altered after miR-145 treat-
ment (>twofold), including 25 downregulated genes and 4
up-regulated genes (Fig. 5).

Discussion

Despite the great improvement of cancer therapy, major
limitations were still existed in managing RCC. RCC is
characterized by its resistance to current standard therapies
(Cohen and McGovern 2005). Searching for alternative
treatment strategies is still the top priority.
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It is well known that miRNAs have added a layer of con-
trol to complex gene regulatory network in human (Lagos-
Quintana et al. 2001). More and more evidence proved
that the miRNAs have a versatile role in the regulation
of genes during cancer development (Zhao et al. 2011).
Among them, miR-145 is one of the most frequently stud-
ied miRNAs in human cancers, including liver, prostate
and bladder cancer (Zaman et al. 2010; Chiyomaru et al.
2010; Noh et al. 2013). Downregulation of miR-145 and
its functional analysis in various cancers suggest a tumor-
suppressing role for this miRNA. However, there were few
reports regarding the involvement of miR-145 in RCC. In
our previous study, we noticed that miR-145 was downreg-
ulated in RCC by second-generation sequencing technol-
ogy (Zhou et al. 2010). In the present study, we performed
real-time PCR on 45 pairs of RCC samples to validate the
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Fig. 4 ANGPT2 and NEDD9 are two target genes of miR-145.
a Putative duplex formation between miR-145 and the ANGPT2
3'UTR (left panel), and between miR-145 and the NEDD9 3'UTR
(right panel). These two binding sites are highly conserved among
several mammalian species. The seed-recognizing sites are marked
in bold type and underlined. b The luciferase reporter constructs
that contained 3'UTR of ANGPT2 or NEDDJY, together with miR-
145 mimics or a negative control, were transfected into ACHN
cells. At 48 h after transfection, luciferase activity was detected.
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Normalized data were calculated as the quotient of Renilla/firefly
luciferase activities. ¢, d We synthesized two 23-nucleotide-long
fragments of ANGPT2 and NEDD9 3’UTR, which contained the
wild-type (WT) potential binding sites. And then, the mutated-type
(MU) fragments were generated by exchanging the G and T, A and
C on the putative binding sites. The sequences of these four frag-
ments are shown in the upper panels. Samples were assayed as in
b. The experiments were performed in duplicate and repeated three
times. *p < 0.05 **p < 0.01
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Fig. 5 miR-145 transfection in a miR-145 vs miR control
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sequencing data and found that miR-145 expression level
was significantly lower in RCC compared with matched
normal tissue. On the basis of these results, we assumed
that miR-145 may have an important role as a tumor sup-
pressor in kidney cancer. We therefore investigated its func-
tional significance in RCC and found that miR-145 inhib-
ited cell proliferation, migration and invasion, promoted
cell apoptosis in RCC cells. Collectively, our results clearly
illustrate the anti-cancer effect of miR-145, providing suffi-
cient evidence to support the tumor suppressor role of miR-
145 in RCC.

Although the evidence has highlighted the importance of
miR-145 as a tumor suppressor in RCC, the precise molecu-
lar mechanisms remain largely unknown. To better under-
stand the tumor suppressive effect of miR-145 in renal tumo-
rigenesis, we used three computational algorithms to predict
the targets of miR-145 and found two new target genes,
ANGPT?2 and NEDD9. We subsequently validated these two
target genes as well as the binding sites of miR-145 on the
ANGPT?2 and NEDD9 3'UTR by the luciferase reporter assay.

ANGPT?2 is a member of the angiopoietin family, which
plays a pivotal role in angiogenesis during the development
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and expansion of human cancers. It is generally accepted
that ANGPT? is a natural antagonist of ANGPT1 that com-
petes for binding to the Tie2 receptor and blocks ANGPT1-
induced Tie2 autophosphorylation during angiogenesis (Hu
and Cheng 2009). ANGPT]1 is regarded to promote blood
vessel maturation and stabilization, while ANGPT2 is
thought to suppress Tie2 activity and destabilize blood ves-
sels (Thurston and Daly 2012). ANGPT?2 has been the focus
of studies because of the close relation between ANGPT2
expression and tumor progression, growth and metastasis.
Upregulation of ANGPT2 was reported in various human
cancers, such as lung cancer (Naumnik et al. 2013), gastric
cancer (Etoh et al. 2001) and RCC (Baldewijns et al. 2007,
Bullock et al. 2010). More importantly, inhibiting the func-
tion of ANGPT2 resulted in suppression of cancer growth
and invasion (Oliner et al. 2004), suggesting a potential
inhibitor for antiangiogenesis treatment for cancer patients.

NEDD®9, also known as HEF1 or Cas-L, is a non-catalytic
scaffolding protein, which function as adaptor molecules
that regulate and control cytoskeletal dynamics to promote
multiple cellular processes, including proliferation, migra-
tion and invasion (Honda et al. 1998; Cabodi et al. 2010).
In the previous studies, upregulation of NEDD9 has been
strongly linked to enhanced invasion and metastasis in mel-
anoma and glioblastoma (Natarajan et al. 2005; Kim et al.
2006), suggesting a pro-oncogenic role of NEDD9 in can-
cer development. Moreover, NEDD9 has been proposed as
a candidate biomarker of invasiveness in lung cancer, breast
cancer and melanoma (Chang et al. 2012; Izumchenko
et al. 2009; Kim et al. 2006). Notably, negatively correla-
tion between the expression of NEDD9 and miR-145 was
reported in glioblastoma (Speranza et al. 2012).

In the present study, our data show that miR-145 regu-
lates ANGPT2 and NEDD9 expression through directly
binding to their 3’UTR, suggesting that miR-145 may has
tumor suppressive functions through regulating these two
oncogenic genes in RCC. Loss of miR-145 in RCC may
lead to upregulation of ANGPT2 and NEDD9, which sub-
sequently provide a selective growth and expansion advan-
tage during renal carcinogenesis.

Gene regulation by miRNAs is a complicated process
as they can have both direct and indirect targets. Indirect
impacts of miRNAs can be downstream effectors of miR-
NAs targets. Since miR-145 has a significantly inhibitory
effect on RCC cell migration and invasion, we set out to
search the potential EMT-related pathway that is affected
by miR-145 restoration by performing an EMT PCR array.
The EMT array contains 84 genes including morphogen-
esis, extracellular matrix and cell adhesion, cytoskeletal
genes and transcription factor genes that cause EMT. Our
data indicated that miR-145 plays a critical role in the
expression of a variety of genes involved in EMT, sug-
gesting that the downregulation of miR-145 in RCC may

@ Springer

provide advantages to tumor metastasis by modulating a set
of genes required for EMT.

In summary, we found that miR-145 was frequently
reduced in clinical specimens of RCC. By regulating direct
or indirect target genes, miR-145 has a significant suppres-
sive effect on tumor proliferation, migration and invasion,
suggesting that miR-145 functions as a tumor suppressor in
RCC. This novel molecular network may play a pivotal role
in RCC oncogenesis and contribute to molecular-targeted
therapy based on miRNAs.
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