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Background: MicroRNAs have been related to tumor progression in diverse human cancers including clear-cell
renal cell carcinoma (ccRCCQ). Previous study has suggested the important regulation function of miR-10b in ccRCC.
However, the direct target of miR-10b in ccRCC and the related molecular mechanisms has not yet been revealed.

Methods: miR-10b and HOXA3 was detected by gRT-PCR. MTT, colony formation assay, wound-healing and
transwell assays were performed to detect cell proliferation, colony formation, migration, and invasion abilities in
ccRCC. Western blot analyses were performed to evaluate the protein expression of HOXA3, YAP, FAK and MMP-9.
Dual luciferase reporter assay was employed to measure potential molecular mechanism of miR-10b in ccRCC.

Results: miR-10b was down-regulated in 786-O and A498 cells as compared to renal tubular HK-2 cells. By contrast,
HOXA3 and YAP was up-regulated in ccRCC cells and tissues. Functionally, knockdown of YAP inhibited cell
proliferation, migration and invasion. Knockdown of FAK downregulated YAP, in turn, resulted in a decrease of
HOXA3 expression. Mechanically, miR-10b targets HOXA3 to exert its tumor-suppressive effect on ccRCC in vitro.

Conclusions: These novel data suggest that miR-10b suppresses cell invasion and metastasis through targeting
HOXA3, which partially passed through the FAK/YAP signaling pathway.

Introduction

Clear cell renal cell carcinoma (ccRCC) is the most
common type of RCC, responsible for approximately
75-80% of cases. It is the second leading cause of death
from urologic malignancies, which is characterized by
extraordinarily high rates of local invasion, malignancy,
and mortality, and resistance to chemotherapy and
radiotherapy [1-4]. When diagnosed, around 25-30% of
patients present with metastatic disease [5]. Although
ccRCC treatment has achieved substantial advance in
recent years [6, 7], most treated patients eventually
develop progressive disease owing to acquired resistance
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[8, 9]. Hence, disclosing the molecular mechanisms
underlain will offer promise for ccRCC treatment.

microRNA-10b (miR-10b) has been suggested to be
dys-regulated in a number of cancers and to act as a key
regulator of cell invasion and metastasis [10]. It is
usually viewed as an oncomiR that regulates tumor
suppressors and is up-regulated in breast cancer with
distant metastasis, esophageal, pancreatic, and bladder
cancers [11-14]. By contrast, several studies revealed
that miR-10b is down-regulated in RCC and is inversely
associated with patient survival [15-18]. The mechanism
for down-regulation of miR-10b in ccRCC, however,
remains unknown.

Homeobox (HOX) protein has been recognized as key
determinants of cell identify and potential targets during
tumorigenesis [19]. HOXA3, the HOXA gene near the
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3" end of the cluster was found to induce cell migration
in endothelial and epithelial cells [20] possibly through
cancer-associated  hypermethylation [21]. Previous
studies have suggested that HOXB3 functions as a
tumor suppressor in RCC [22] and that HOXA3 is a
potential target of miR-10b in cell proliferation [23]. The
HOXA3 in the regulation of RCC is thus warrant further
investigation.

Yes-associated protein (YAP), the effector of the
Hippo tumor-suppressor pathway that plays a critical
role in stem cell proliferation and organ size control, has
been identified a potential oncogene in multiple cancers
[24-26]. YAP regulates the expressions of HOXA3 in
oral and dental epithelial tissues and in the epidermis of
skin during embryonic and adult stages [27]. This thus
provides insight into the molecular mechanisms linking
abnormal YAP activities in human ccRCC.

Focal adhesion kinase (FAK) is a key molecule in focal
adhesions and regulates cell growth, survival, and migra-
tion. It is a pivotal mediator of cell signaling, and relays
external mechanical stimuli to other transducers, YAP
being one of the core ones, within the cytoplasm. Down-
stream effects of FAK activation involve cell survival,
proliferation, and motility, and therefore FAK represents
a potential target for cancer therapy [28].

In the current study, we characterized miR-10b and
HOXA3 expression in ¢ccRCC cells and evaluated the
influence of manipulating YAP and FAK expression on
HOXA3 expression in vitro. We demonstrated that
miR-10b, through targeting HOXA3 regulated by FAK/
YAP signaling pathway, suppresses cell invasion and me-
tastasis of ccRCC.

Materials and methods

Human clinical samples

Six paired human ccRCC tissues and corresponding
non-tumor control tissues were obtained from Xiangya
Hospital of Central South University. This study gained
approval from the Ethics Committee of Xiangya Hospital
of Central South University, and consents from patients
who provided the clinical samples. The clinical informa-
tion and pathological characteristics of the 6 patients
with ccRCC are presented in Table 1.

Table 1 Clinical characteristics of 6 patients with ccRCC
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Cell lines and culture conditions

The primary non-metastasis human c¢ccRCC 786-O, and
A498 cells, renal tubular HK-2 cells, and non- von
Hippel-Lindau (VHL) mutated cancer CAKI cells were
purchased from the American Type Culture Collection
(ATCC) (Rockville, MD, USA). Cells were cultured in
DMEM medium supplemented with 10% fetal bovine
serum (FBS) with 1% antibiotics and maintained at 37 °C
supplied with 5% CO, humidified atmosphere.

RNA extraction and quantitative reverse transcription PCR
(qRT-PCR)

Total RNA was isolated with TRIzol Reagent (Invitro-
gen™, China). Complementary DNA was synthesized
with random primers using a reverse transcription kid
PrimeScript RT reagent kit (Takara Biomedical Technol-
ogy, Dalian, China). Quantitative real-time PCR (qPCR)
analysis was performed using the StepOnePlus Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA).
The primer sequences were as follows: miR-10b: 5'-TACC
CTGTAGAACCGAATTTG-3" (forward) and 5'-AACT
GGTGTCGTGGAGTCGGC-3’ (reverse); HOXA3: 5'-A
AGGTCTAGAGGTTG CTGGAATGGCTGTAT-3" (for-
ward) and 5'-AAGGTCTAGAGGTGACTCTCCCCA GT
TCAG-3' (reverse); YAP: 5'-GAACCCCAGATGACTTC
CTG-3’ (forward) and 5'-CTCCTTCCAGTGTTCCAAG
G-3'(reverse); FAK, 5'- GCGGCCCAGGTTTACTGAA-
3" (forward) and 5'- GGCCTGTCTTCTGGACTCCA-
3’ (reverse); MMP-9, 5-CCTGGAGACCTGAGAACCA
ATCT-3’(forward) and 5'-CCACCCGAGTGTAACCATA
GC-3'(reverse); B-actin, 5'-CTACGTCGCCCTGGACTT
CGAGC-3’ (forward) and 5'-GATGGAGCCGCCGATCC
ACACGG-3'(reverse); and RNU44, 5'-CCTGGATGATG
ATAGCAAATGC-3 (forward) and 5'- GAGCTAATTAA
GACCTTCATGTT-3 (reverse). B-actin was used as the
endogenous control, while RNU44 was used as internal
control for miR-10b, and the AACt method for relative
quantification of gene expression was used to determine
mRNA expression levels.

Western blotting analysis

Cultured cells were harvested and lysed in ice-cold radio
immunoprecipitation assay buffer (RIPA, Beyotime,
Beijing, China) supplied with 0.001% protease inhibitor

Patient Gender Age (years) Cancer type Tumor size (cm) Grade Stage

1 Female 50~60 | 5x4x3 Well-differentiated T1uNoMg
2 Male 60~70 1l 4x3x%3 Moderately differentiated T3aNoMo
3 Female 60~70 | 6X4X2 Moderately differentiated T1uNoMg
4 Male 60~70 | 2x1x1 Poorly differentiated T1aNoMo
5 Female 60~70 | 5X5%5 Well-differentiated T1oNoMg
6 Male 50_60 Il 6X6X6 Moderately differentiated To>NoMg
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cocktail (Roche, Pleasanton, CA, USA) and incubated on
ice for 30 min. BCA Protein assay kit (Beyotime) was
then used to detected the concentrations of protein
samples. Equal amounts of protein extracts were run on
a 10% SDS-PAGE gels and transferred eletrophoretically
to polyvinylidene fluoride membranes (Milipore,
Shanghai, China). The membranes were blocked with
5% nonfat milk, followed by incubation with primary
antibodies at 37°C overnight. Primary antibodies used
were antibodies specific against HOXA3 (1:200, Sigma-Al-
drich), YAP (1:500, Sigma-Aldrich), MMP-9 (1:500,
Sigma-Aldrich), MMP-2 (1:500, ab37150, Abcam), FAK
(1:500, Sigma-Aldrich), and Slug-1 (1:500, ab106077,
Abcam). Membranes were the incubated with anti-rabbit
secondary antibody (Sigma-Aldrich) and visualized by
densitometry using Quantity One software (Bio-Rad) with
[B-actin as a control.

MTT assay

Cell viability was measured using the 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
(Sigma Aldrich). In brief, 786-O and A-498 cells (~2 x
10*) were seeded into 96-well plates overnight. After 72 h
of transfection, 20 pl MTT was added into each well, and
cells were incubated for 4h at 37°C. Next, 150 pl
dimethyl sulfoxide (DMSO) was added to solubilize
the precipitate. The optical absorbance of each sample
was measured at 490 nm using PowerWave XS ma-
chine (BioTek, Vermont, USA).

Colony formation assay

Cells were seeded into a six-well culture plate and trans-
fected with miR-10b or NC for 24 h. A total of 1 x 10>
cells were then incubated for at 37°C for 2 weeks. Cell
colonies were washed twice with PBS and subsequently
stained with Giemsa dye. Colonies (> 50 cells as a
colony) were examined using a surgical microscope, with
the efficiency of colony formation expressing as (number
of colonies/number of cells inoculated) x 100%.

Wound healing assay

For wound healing assay, transfected cells were seeded
into six-well plates and cultured overnight. Wounds
were made with a sterile 200 ul plastic pipette tips to
scratch cell layer and washed with culture medium. Cells
were then incubated for 24h in serum-free DMEM-
medium with 1% FBS. Images were obtained under a
microscopy (Olympus, Tokyo, Japan) at different time
points at 100x magnification.

Transwell assay

For transwell invasion assays, cells were placed into
24-well transwell chambers with the upper chambers
coated with 150 pg of Matrigel (BD Bioscience, Bedford,
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MD, USA). The chambers were then incubated for 24 h
in 500 pI DMEM-medium containing 10% FBS before
examination. The cells remaining on the upper mem-
brane surface were removed, whereas the cells adhering
to the lower membrane surface were fixed, stained in a
dye solution with 0.5% crystal violet and counted in five
random fields at 200 x magnification. For transwell
migration assays, cells were placed into 24-well transwell
chambers with the upper chambers coated without
Matrigel.

Lentivirus infection and oligonucleotide transfection

The miR-10b lentivirus was obtained from GeneChem
(Shanghai, China). The constructs contained the pre-
miR10b sequences and 100 bases of upstream and
downstream flanking these sequences and were cloned
into the pGCSIL-GFP vector. The 786-O and A498 cells
(1 x 10°) were infected with 1x 10 lentivirus transdu-
cing units in the presence of 10 pg/ml polybrene, with
the empty lentiviral vector used as negative control. The
miR-10b inhibitor, mimic, negative control for mimic,
negative control for inhibitor, negative control for
shRNA and shRNA of YAP, HOXA3 were designed and
synthesized by RiboBio. Target cells were transfected
using Opti-MEM and Lipofectamine 3000 reagents
(Invitrogen; Therom Fisher Scientific, Inc.).

Luciferase reporter assay

To construct a luciferase reporter vector, the RNA
sequence of wide-type HOXA3 (HOXA3-WT) was PCR-
amplified and inserted into the pGL3 luciferase pro-
moter plasmid (Promega Corporation, Madison, WI,
USA). HOXA3 RNA sequence with mutations in the
putative binding site (HOXA 3'-MUT) was also inserted
into the pGL3 luciferase promoter plasmid and was
chemically synthesized by Shanghai GenePharm Co.,
Ltd. Target cells were seeded in 96-well plates and re-
porter plasmids were co-transfected with either miR-10b
mimics or a negative control using the Lipofectamin
3000 method. After 48 h of transfection, cells were lysed
and the Firefly and Renilla luciferase activities were
examined using the Dual-Luciferase Reporter Assay
System (Promega).

Statistical analysis

Data were expressed as mean + SD. The statistical differ-
ence among different groups was analyzed by Student’s
t-test and one-way ANOVA using SPSS 22.0 software
(SPSS Inc., Chicago, USA). All experiments were per-
formed in triplicate. P < 0.05 was considered statistically
significant.
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Results

miR-10b was down-regulated and HOXA3 and YAP were
up-regulated in ccRCC cells

Given that miR-10b is a negative regulator of ccRCC cell
metastasis, we first detected the miR-10b expression
level in ccRCC cell lines, CAKI cells, as well as HE-2
cells. As presented in Fig. la, the level of miR-10b
mRNA was markedly downregulated in both 786-O and
A-498 cells, and to a lesser degree, in CAKI cells, as
compared to HE-2 cells. We next examined the expres-
sion of HOXA3 and YAP in ¢cRCC. HOXA3 and YAP
mRNA expression was markedly upregulated in ccRCC
cells, and to a lesser extent in CAKI cells, as compared
to HE-2 cells (Fig. 1b and c). Western blot analysis also
demonstrated that the ccRCC cell lines exhibited stron-
ger signals of HOXA3 and YAP than CAKI or HE-2 cells
(Fig. 1d). Moreover, HOXA3 and YAP were significantly
upregulated in 6 fresh human ccRCC tissues, compared
with that in adjacent normal tissue samples (Fig. le).
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These data suggest the involvements of miR-10, HOXA3
and YAP in ccRCC.

Knockdown of YAP inhibits proliferation, migration and
invasion of ccRCC cells

We further examined the function of YAP in prolifera-
tion, migration and invasion of ccRCC cells. qRT-PCR
reveled a marked reduction of YAP level in 786-O and
A498 cells after YAP knockdown (Fig. 2a) and MTT
assay showed clear inhibition of cell viability (Fig. 2b).
Furthermore, YAP knockdown suppressed colony forma-
tion, decelerated the wound closure rate and reduced
migration and invasiveness of ccRCC cells, as detected
by colony formation assay, wound-healing assay and
transwell assay, respectively (Fig. 2c-e). These various
observations suggest that knockdown of YAP could
inhibit proliferation, migration and invasion of ccRCC
cells.
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Fig. 1 Expressions of miR-10a, HOXA3 and YAP in ccRCC cell lines. gRT-PCR was performed to determine the mRNA expression of (a) miR-10b,
(b) HOXA3, and (c) YAP in human ccRCC 786-O, and A498 cells, renal tubular HK-2 cells, and non-VHL mutated cancer CAKI cells. d Western blot
was performed to determine HOXA3 and YAP protein expressions in 786-O, A498, CAKI and HE-2 cells; B-actin was used as a control. @ Western
blot was performed to determine HOXA3 and YAP protein expressions in 6 fresh human ccRCC tissues and the paired adjacent normal tissue
samples. *P < 0.05, **P < 0.01, compared to cells treated with control
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Fig. 2 Effect of YAP knockdown on cell growth, colony formation, migration and invasion of RCC cells. a gRT-PCR showed a marked reduction of
YAP expression in 786-O and A498 cells with YAP knockdown. b MTT assay showed that knockdown of YAP in 786-O and A498 cells significantly
reduced cell viability compared with the parental cells. ¢ Colony formation assay showed that 786-O and A498 cells with YAP knockdown formed
fewer colonies compared with the parental cells. d Wound-healing assay. Cells were quantified by counting three separate fields in different cells.
The migratory ability of 786-O and A498 cells with YAP knockdown were remarkably decreased than those of parental cells. e Transwell assay.
The invasion and migration number of cells in 786-O and A498 cells with YAP knockdown were lower than those in the parental cells. *P < 0.05,
**P < 0.01, compared to cells treated with control
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Knockdown of YAP down-regulates HOXA3 and MMP-9
gene expression in ccRCC cells

Apart from a marked reduction of YAP level in ccRCC
cells with YAP knockdown, expression levels of HOXA3
and the metastasis-associated gene MMP-9 were also
significantly reduced, as detected by qRT-PCR (Fig. 3a).
Western blotting analyses showed similar results (Fig. 3b).
These data suggest a mechanism by which YAP may
potently up-regulate HOXA3 expression and other genes
required for cell metastasis.

Knockdown of FAK down-regulates YAP, HOXA3 and
MMP-9 gene expression in ccRCC cells

To investigate the influence of FAK activity on YAP
activation in ccRCC cell lines, we used shRNA to knock
down the endogenous expression of FAK in 786-O and
A498 cells, and observed a significant decrease in FAK
expression in ccRCC cells with FAK shRNA. Consistent
with this, the mRNA expression of the YAP and its
potential target genes HOXA3 and MMP-9 were also
significantly downregulated (Fig. 4a). This decrease in
expressions was independently confirmed by Western
blot analysis (Fig. 4b). Collectively, our data indicate that
FAK inactivation represses the YAP expression, which
further down-regulates HOXA3 and MMP-9 in ccRCC
cells.

Page 6 of 10

HOXAS3 is a direct target of miR-10b, which suppresses
proliferation and invasion capabilities in ccRCC cells
To further explore the mechanisms underlying the
inhibitory effects of miR-10b on tumor invasion and
metastasis, we performed bioinformatics analysis to
identify the potential of HOXA3 as one target gene of
miR-10b in ccRCC cells. The results revealed that the
HOXA3-encoded mRNA contains a 3'UTR element that
is complementary to miR-10b and has identical sequence
in the human mRNA orthologues (Fig. 5a). Furthermore,
we transfected 786-O and A498 cells with 0, 20, 40, 60
nM miR-10b mimic and inhibitor, and found that a
dose-dependent increase and decrease in miR-10b mRNA
expression, respectively (Fig. 5b). We subsequently chose
40 nm miR-10b mimic or inhibitor for further experi-
ments. We found that the miR-10b overexpression re-
duced 55% luciferase activity in cells transfected with
wide-type HOXA3 3'UTR, while no apparent effect was
observed on the luciferase activity in cells transfected with
mutant HOXA3 3'UTR, as determined by dual luciferase
reporter assay (Fig. 5¢). The data suggest that miR-10b
targets HOXA3 and its function on HOXA3 depends
upon the presence of a single miR-10b cognate binding
site within the 3UTR.

In support of these results, we found an apparent de-
crease in HOXA3 protein expression in cells transfected
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with the miR-10b mimic, to an extent comparable to
that achieved by transfected the cells with stHOXA3. By
contrast, a markedly increase in the level of HOXA3
protein was found in 786-O cells transfected with the
miR-10b inhibitor. Similar results were also found for
known metastasis-associated genes including MMP-2,
MMP-9 and Slug-1(Fig. 5d and e). Collectively, our data
indicate that HOXA3 is a direct and functional target of
miR-10b in ccRCC cells.

We finally investigated the functional roles of miR-10b
and shHOXA3 in ccRCC cells. MTT assays showed that
HOXA3 knockdown and miR-10b enhancement signifi-
cantly repressed cell viability in 796-O and A498 cells,
while inhibition of miR-10b effectively reversed the
shHOXA3-mediated cell activities (Fig. 5f). Furthermore,
HOXA3 knockdown significantly inhibited cell invasion
and promoted cell apoptosis, while concomitant admin-
istration with miR-10b mimic had a pronounced
synergistic effect (Fig. 5g and h). Similarly, miR-10b
depletion counteracted the tumor-suppressive activity of
shHOXA3 (Fig. 5g and h). Taken together, miR-10b,
which targeted HOXA3, could suppress proliferation
and invasion in ccRCC cells.

Discussion

MicroRNAs have been associated with tumor progres-
sion in various cancers including RCC [11-18], which is
one of the most common malignant tumors [15-18].
Previous study has suggested the important regulatory
function of miR-10b in renal cancer [18]. However, the
direct target of miR-10b in renal cancer cell and related
molecular mechanisms has not yet been revealed. In this
study, we confirmed the crucial role of miR-10b in
ccRCC cell proliferation, migration and invasion and
demonstrated that miR-10b suppresses cell invasion and
metastasis through targeting HOXA3 regulated by FAK/
YAP signaling pathway in ccRCC.

Expression of miR-10b in tumor cells implied its
essential role in ccRCC metastasis. In our functional
validation study, miR-10b expressed a relatively low level
in human renal tumor cell lines (Fig. 1). Furthermore,
we demonstrated a correlation between up-regulation of
miR-10b and the suppression of cell proliferation, migra-
tion and invasion in vitro, and a correlation of miR-10b
inhibition with the reverse (Fig. 5). Although the gene
expression profile of miR-10b in ccRCC is opposite to
that found in most other human cancers in which
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Fig. 5 HOXA3 functioned as a target of miR-10b, which suppressed proliferation, invasion and apoptosis of ccRCC cells. a Predicted duplex formation
between human HOXA3 3'UTR and miR-10b. b The relative levels of miR-10 in ccRCC cells transfected with miR-10b mimic and miR-10b inhibitor, as
determined by gRT-PCR. RNU44 was used as endogenous control. ¢ Luciferase activity of wild-type (UTR-wt) or mutant (UTR-mut). HOXA3 3'UTR
reporter gene in 786-O cells infected with the miR-10b mimic or negative control (NC) mimic. d gRT-PCR of HOXA3 in 786-O cells infected with
shHOXA3, miR-10b mimic, miR-10b inhibitor or vector. e Western blot of HOXA3 in 786-O cells infected with shHOXA3, miR-10b mimic, miR-10b
inhibitor or vector. f Cell viability of 786-O and A498 cells transfected with negative control (NC), shHOXA3, shHOXA3 + miR-10b mimic or shHOXA3
+ miR-10b inhibitor for 48 h, as determined by MTT assay. g Invasion of ccRCC cells transfected with negative control (NC), sShHOXA3, shHOXA3+
miR-10b mimic or shHOXA3 + miR-10b inhibitor, as gauged by transwell invasion assay. h Apoptosis of ccRCC cells transfected with negative control
(NQ), shHOXA3, shHOXA3+ miR-10b mimic or shHOXA3 + miR-10b inhibitor. *P < 0.05, **P < 0.01, compared to cells treated with control

miR-10b is generally considered to be a tumor suppressor
[11-14], several previous studies on RCC, including the
TCGA project, have demonstrated the down-regulation of
miR-10b in RCC cells [15-18]. Possibly, the opposite func-
tioning of this miR-10b in ccRCC could be explained by
different cellular context of RCC molecular pathology [29].

The HOX3 gene belongs to HOX gene family that is
important transcript factors regulating cell proliferation.
HOX genes have been demonstrated to impact tumori-
genesis directly via diverse mechanisms in cancer [19],
and HOXB13 has been shown to play a critical regula-
tory role in renal cancer [22]. However, the function of
HOXA3 in renal cancer is unclear. In our study,
HOXA3 was found to be up-regulated in ccRCC cells
(Fig. 1). Bioinformatics study suggested that HOXA3
mRNA is a potential target of miR-10b. To further
confirm the direct targeting of miR-10b on HOXA3, we
analyzed the correlation between miR-10b and HOXA3
through the design of miR-10b mimics and inhibitors to
monitor the expression of miR-10b in renal cancer cell.
Overexpressed miR-10b reduced HOXA3 expression to
levels similar to those in ccRCC cells treated with
shHOXA3, whereas miR-10b depletion dramatically
enhanced HOXA3 expression (Fig. 5d and e). Moreover,
concomitant treatment of sShHOXA3 with miR-10 mimic
exerted an obvious synergetic effect on tumor cell activ-
ity inhibition (Fig. 5f-h). In addition, inhibition of
miR-10 could completely rescue the decreased prolifera-
tion, migration and invasion by HOXA3 knockdown.
The results clearly showed that miR-10b regulates cell
proliferation by targeting HOXA3 in renal cancer.

YAP is an effector of the evolutionarily conserved
Hippo signaling pathway and plays key roles in regulat-
ing cellular proliferation, survival and differentiation
[24—-26]. YAP has been found to regulate the HOXA3
expression in oral and dental epithelial tissues and in the
epidermis of skin during embryonic and adult stages
[27], with FAK possibly controlling its nuclear transloca-
tion and activation [28]. However, whether YAP regu-
lates the expression of HOXA3 in ¢ccRCC and whether
FAK is involved in this process have not been studied. In
the current study, we demonstrated both the roles of
YAP and FAK in the regulation of ccRCC metastasis and
their correlations with HOXAS3. In line with previous

findings [30], knockdown of YAP dramatically inhibited
proliferation, migration and invasion capabilities of
ccRCC cells (Fig. 2). Moreover, YAP depletion resulted
in a marked reduction in HOXA3 expression (Fig. 3),
while FAK knockdown reduced both YAP and HOXA3
expression in ccRCC cells (Fig. 4). Apparently, these
novel data suggest that YAP that is regulated by FAK,
inhibits renal cell proliferation by downstream transcrip-
tion factor HOXA3 in ccRCC. This FAK-YAP-HOXA3
pathway established in this study validates the regulatory
roles of YAP and HOXA3 in renal cancer and how they
were coordinated with the miR-10b to suppress the
tumorigenesis of ccRCC.

In conclusion, our study demonstrated that miR-10b
suppresses cell invasion and metastasis through targeting
HOXA3, which partially passes through the FAK/YAP
signaling pathway. Our findings provide insight into
molecular mechanisms associated with the invasion of
ccRCC cells and supply potential therapeutic targets for
RCC metastasis.
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