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YAP is overexpressed in clear cell renal cell carcinoma
and its knockdown reduces cell proliferation and
induces cell cycle arrest and apoptosis
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Abstract. Yes-associated protein (YAP) has been reported to
be an oncogene in a number of malignancies. It constitutes
an important regulatory mechanism for the Hippo pathway, a
key regulator of cell growth and apoptosis. The present study
aimed to investigate the clinical significance and the role of
YAP in the development of clear cell renal cell carcinoma
(ccRCC). YAP expression levels were compared between
c¢cRCC and adjacent normal renal tissues by RT-PCR and
immunohistochemistry, respectively. YAP expression levels
were then detected in ccRCC cell lines 786-0 and ACHN,
as well as in human embryonic kidney 293 cells (HEK-293)
using western blotting. Three specific YAP-shRNA lentiviral
vectors were constructed and transfected into 786-0 cells, and
then the mRNA and protein levels of YAP and downstream
transcription factor TEADI were detected. Finally, the
effects of YAP silencing on proliferation and the cell cycle
distribution of 786-0 cells were detected by Cell Counting
Kit-8 (CCK-8) and flow cytometry (FCM), respectively. The
apoptosis rate was also analyzed by FCM. It was observed that
the expression levels of YAP mRNA and protein in ccRCC
tissues were higher than these levels in the adjacent normal
renal tissues. The expression of YAP protein in ccRCC tissues
was significantly correlated with clinical stage and differentia-
tion. The YAP protein levels in the two ccRCC cell lines 786-0
and ACHN were significantly higher than that in the HEK-293
cells. Additionally, treatment of 786-0 cells with YAP-shRNA
lentiviral vectors significantly reduced the expression levels
of YAP and TEADI mRNA and protein. Further analyses in
786-0 cells in which YAP was decreased, revealed that cell
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proliferation was inhibited, cell cycle was arrested at the
G1 phase and apoptosis was increased. These results indicate
that YAP is an underlying oncogene in ccRCC and it may be a
promising biomarker and therapeutic target of ccRCC.

Introduction

As one of the most common malignant tumors in the urinary
system, renal cancer accounts for more than 270,000 new
cases worldwide each year (1). Clear cell renal cell carcinoma
(ccRCC) is the most common histological subtype, accounting
for 75-85% of all RCC cases. The incidence of RCC has
steadily increased in many countries (2). However, the treat-
ment options for RCC are limited, and the mechanisms of the
pathogenesis of renal carcinoma are not completely defined.
Therefore, new treatment strategies for patients with RCC are
urgently needed. With continued research on the mechanisms
of tumors, targeted therapy has made remarkable progress (3).
In recent years, novel markers and therapeutic targets of RCC
have continued to emerge. Nevertheless, to date, no biomarkers
have been used in RCC in the routine clinic (4).

The Hippo signaling pathway, initially discovered in
Drosophila, is a potent regulator of cell growth and apop-
tosis (5). A series of biochemical and genetic studies identified
this pathway whose components are highly conserved between
Drosophila and mammals (6,7). In mammals, the components
of the Hippo pathway include MST1/2, Savl, LATS1/2, YAP,
TAZ and TEAD (8,9). MST1/2,Savl and LATS1/2 are regarded
as upstream kinases of the mammalian Hippo pathway. It is
presumed that through phosphorylation of YAP, the upstream
kinases LATS1/2 inhibit YAP transcription activity (10). YAP,
TAZ and TEAD were identified as downstream transcription
factors of this pathway (11).

Yes-associated protein (YAP), the mammalian homolog
of Drosophila Yorkie (Yki), is a 65-kDa protein which was
originally identified due to its interaction with the Src family
tyrosine kinase c-Yes (12). Recent studies have found that the
transcriptional co-activator YAP is a key nuclear effector of
the Hippo pathway which regulates organ size by governing
cell proliferation and apoptosis (13,14). The TEAD family,
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located in the downstream of the Hippo pathway, are major
mediators of YAP transcriptional activity (15,16). The domain
of YAP which interacts with the TEAD family of transcrip-
tion factors is essential for YAP-mediated tumor growth
and metastasis (17). Recently, YAP has been shown to be a
candidate oncogene in recurrent amplification at human chro-
mosome 11g22 (18). Overexpression of YAP protein and its
nuclear localization were observed in colon, lung, pancreatic,
hepatocellular, ovarian and prostate carcinomas (16,19,20).

Despite of the growing evidence of YAP as a crucial
regulator of human types of cancers, its involvement in ccRCC
is still obscure. In the present study, we attempted to identify
the role of YAP in ccRCC. We evaluated the expression levels
and clinical significance of YAP in ccRCC tissues. In addition,
we investigated the effects of YAP silencing via YAP-shRNA
lentiviral vectors transfected into ccRCC cell lines. These
findings suggest that YAP may serve as a potential target in
the treatment of ccRCC.

Materials and methods

Tissue samples and cell culture. Tissue samples from radical
nephrectomy were obtained from the First Affiliated Hospital
of Chongqing Medical University from March 2010 to
November 2011. The tissue samples consisted of 30 cases of
ccRCC tissues and 30 cases of adjacent normal renal tissues
(4 cm or more from the tumor). Samples were confirmed
by a pathologist and stored at -80°C. The present study was
conducted with approval from the Ethics Committee of the
First Affiliated Hospital of Chongqing Medical University.
Informed consent was obtained from all patients. Human
ccRCC cell lines 786-0 and ACHN and the human HEK-293
cell line were purchased from ATCC. ACHN and 786-0
cells were cultured in RPMI-1640 medium, and HEK-293 in
DMEM. All medium contained 10% fetal bovine serum (FBS)
(Gibco-BRL, Carlsbad, CA, USA). All cells were maintained
in an incubator with 5% CO, at 37°C.

Immunohistochemistry. The tissues were fixed with 10%
formaldehyde (ZSGB-Bio, Beijing, China) embedded in
paraffin, sliced into 4-uym sections and used for staining. In
brief, the sections were rehydrated, and antigen retrieval was
performed by a microwave vacuum histoprocessor (RHS-1;
Bergamo, Italy) at 121°C for 15 min. After being blocked with
goat serum (Gibco-BRL), the primary antibody against YAP
(Santa Cruz, Dallas, TX, USA) was diluted (1:200) and incu-
bated with the tissue sections overnight in a humidity chamber
at 4°C. The sections were treated with horseradish peroxidase
(HRP)-labeled secondary antibody (ZSGB-Bio) and DAB, and
the results were observed with a microscope. The tissues were
scored according to the percentage of the positively stained
area and staining intensity. The percentage of the positive
area was graded as 0 (<5%), 1 (6-25%), 2 (26-50%), 3 (=51%),
and the staining intensity was graded as 0-2 (i.e., negative, 0;
weak, 1 and strong, 2). The two grades were multiplied and
tissues were assigned to one of 3 levels: 0, negative; 1-4, weak
positive; and 5-6, strong positive.

Construction of the lentiviral interference vectors and trans-
fection. According to the YAP gene sequence (NM_006106)
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in the GenBank, three sequences of the shRNA targeting YAP
were designed as follows: 5'-GCTCATTCCTCTCCAGCTT-3,
5'-CCTTAACAGTGGCACCTAT-3' and 5-CCGTTTCCCAG
ACTACCTT-3'". Non-silencing shRNA (5'-TTCTCCGAAC
GTGTCACGT-3') was synthesized as the negative control (NC
shRNA). The YAP lentiviral interference vector was designed
and constructed by Shanghai SBO Medical Biotechnology.
Briefly, for generation of shRNA-YAP or control lentiviral
vector, the lentivirus expressing plasmids pLTR-G and pNL-
EGFP/CMV/WPREdU3 which were carrying shRNA, along
with lentivirus packing plasmids pCD/NL-BH'DDD (both
from Addgene, USA) were added into 293T cells for lentiviral
vector packaging. Eventually, the lentivirus was extracted and
lentivirus concentrations were verified. For lentivirus transfec-
tion, 786-0 cells were grown to 30-50% confluency and
transfected with three pairs of YAP-shRNAs and the non-
silencing control shRNA at an optimized multiplicity of
infection (MOI) of 20 with Polybrene at a concentration of
5 ug/ml. The successful transfection of YAP-shRNA lentiviral
vectors was observed by fluorescence microscope 96 h after
transfected. The YAP-shRNA infected cells were detected as
GFP-positive cells under fluorescence microscopy at a magni-
fication of x200 (Olympus, Tokyo, Japan). To detect the
transfection efficiency, the mRNA and protein levels of YAP
were respectively assessed by RT-PCR and western blotting
96 h after transfection.

RT-PCR. The tissues and the cultured cells were collected.
Total RNA were extracted using the TRIzol kit (Takara,
Osaka, Japan). The total RNA quality was detected by a UV
spectrophotometer (Bio-Rad, Hercules, CA, USA), and 1 pug
total RNA was transcribed reversely for the cDNA and PCR
reaction amplification of YAP and TEADI genes, and GAPDH
as an internal reference. Specific primers were designed:
YAP-F, 5-TGAACAAACGTCCAGCAAGATAC-3 and
YAP-R, 5-CAGCCCCCAAAATGAACAGTAG-3; TEADI-F,
5-TGAATCAGTGGACATTCGTCA-3 and TEADI-R, 5-GC
CATTCTCAAACCTTGCATA-3; and GAPDH-F, 5-ACCAC
CATGGAGAAGGCTGG-3 and GAPDH-R, 5-CTCAGTTAG
CCCAGGATGC-3. PCR products were subjected to agarose
gel electrophoresis (SABC, China), UV light observation and
photography. A Bio-Rad gel formatter was used to analyze the
original band.

Western blotting. The YAP antibody was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA) and the
TEADI antibody was purchased from Proteintech Group,
Inc. (Chicago, IL, USA). Total protein was extracted from
the tissue homogenates and the cell lysate by RIPA buffer
(50 mM Tris, pH 7.4, 150 mM NacCl, 1% Triton X-100, 1%
Nonidet-P40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM
EDTA and PMSF) (Beyotime, Shanghai, China). The lysate
containing 50 ug protein quantified by the BCA protein
assay kit for each sample was subjected to SDS-PAGE, and
was then transferred to a 0.45-um polyvinylidene fluoride
(PVDF) membrane (both from Beyotime). The membrane
was blocked in Tris-buffered saline-Tween 0.1% (TBST)
with 5% skimmed milk powder for 2 h at 37°C. The primary
antibodies were diluted (YAP 1:200, TEADI 1:200 and
B-actin 1:1,000). The proper species and diluted HRP-labeled
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Figure 1. Expression of YAP mRNA and GAPDH mRNA by RT-PCR. (Lanes
1-3, ccRCC tissues; lanes 4-6, normal renal tissues). Total RNA from 30 cases
of ccRCC and 30 cases of adjacent normal renal tissues was extracted. cDNA
and specific primers were synthesized. PCR products were electrophoresed
on a 2.5% agarose gel and analyzed by Bio-Rad gel formatter. Expression
of GAPDH is shown for comparison. YAP, Yes-associated protein; ccRCC,
clear cell renal cell carcinoma.

secondary antibodies were added, and Western blot results
were analyzed by Bio-Rad software.

Proliferation assay. The 786-0 cells were seeded in 96-well
plates for 12 h at a concentration of 5x10° cells/well. Cells were
transfected with shYAP-3 or NC shRNA Ientiviral vectors.
After treatment for 48, 96 and 144 h, 10 ul of Cell Counting
Kit-8 (CCK-8) reagent (Sigma, USA) in 90 xl RPMI-1640/well
was added to the cell culture medium and then incubated at
37°C for 1 h. The absorbance was measured with a microplate
reader (Spectramax M2; MD, USA) at 450 nm.

Cell cycle assay by flow cytometry (FCM). The 786-0 cells
were transfected with the shYAP-3 lentiviral vector which was
the most efficient inhibition transfected group or NC shRNA
for 96 h, and then harvested abundantly. The cells were washed
with PBS twice, and fixed with 70% ethanol overnight at 4°C.
Fixed cells were stained with 50 pg/ul propidium iodide (PI)
(Bioscience, Shanghai, China) and 100 ug/ul RNase (Sigma).
Cell cycle distribution of each group was measured with a flow
cytometer (Beckman Coulter, USA).

Apoptosis assay. The 786-0 cells were transfected with
shYAP-3 or the NC shRNA lentiviral vector for 96 h, then tryp-
sinized and washed with PBS, resuspended in 100 pl binding
buffer, and stained with 7-aminoactinomycin D (7-AAD) and
PE-conjugated Annexin V (Bioscience). The apoptosis rate of
each group was measured with a flow cytometer (Beckman
Coulter).

Statistical analysis. Statistical analysis was performed with
SPSS 19.0 software. Data are presented as the means + stan-
dard deviation. The Chi-square trend test was used to assess the
correlation between YAP protein expression and clinicopatho-
logic factors of the renal cancer cases. A Student's two-tailed
t-test was used to compare two groups. One-way ANOVA was
used in comparison of means among multiple groups. p<0.05
was considered to indicate a statistically significant result.

Results

Expression of YAP in ccRCC tissues and correlation with
clinicopathological factors. As determined by RT-PCR, the
expression level of YAP mRNA in the ccRCC tissues was
0.569+0.066, while that in adjacent normal renal tissues was
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Figure 2. Expression of YAP protein as detected by immunohistochemistry
(magnification, x400). (A) Low expression of YAP protein in adjacent normal
renal tissues; (B) high expression of YAP protein in ccRCC tissues. YAP,
Yes-associated protein; ccRCC, clear cell renal cell carcinoma.

Table I. Association of YAP protein expression with clinico-
pathological factors of the ccRCC cases (y*-test).

YAP
expression
—— YAP-positive
Factors Patients (+) (-) rate (%) P-value
Gender 0.705
Male 15 10 5 66.7
Female 15 9 6 60.0
Age (years) 0.757
<60 18 11 7 61.1
>60 12 8 4 66.7
Renal vein 0.265
metastasis
Present 2 2 0 100.0
None 28 17 11 60.7
Tumor size (cm) 0.424
>5 8 6 2 75.0
<5 22 13 9 59.1
Differentiation 0.018
Well 8 3 5 333
Moderate 13 8 5 61.5
Poor 9 8 1 88.9
Clinical stage 0.034
I-1I 17 8 9 47.1
1II-1v 13 11 2 84.6

YAP, Yes-associated protein; ccRCC, clear cell renal cell carcinoma.

0.515+0.068. The expression level of YAP mRNA in ccRCC
tissues was significantly higher than that in adjacent normal
renal tissues (p<0.05) (Fig. 1).

The expression of YAP protein in 30 cases of ccRCC tissues
and 30 cases of adjacent normal renal tissues was detected by
immunohistochemistry. In the ccRCC tissues, 63.3% (19/30) of
the samples exhibited positive expression, and the positive areas
were primarily located in the nucleus and cytoplasm (Fig. 2A).
In contrast, the positive rate of YAP protein expression in the
normal tissues was 33.3% (10/30); most cases showed weak
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Figure 3. YAP-shRNA lentiviral vector was transfected into 786-0 cells and suppressed the expression levels of YAP mRNA and protein. (A) The YAP
protein levels in two ccRCC cell lines and HEK-293 cells. (B) GFP expression in 786-0 cells at 96 h after transfection with the YAP-shRNA lentiviral vector
as shown by fluorescence microscopy (magnification, x200). a, c and e images, respectively, represent shYAP-1, the shYAP-2 and shYAP-3 transfected group
cells under light microscopy; b, d and f images, respectively, represent shYAP-1, shYAP-2 and shYAP-3 transfected group cells under fluorescence microscopy.
(C) The 786-0 cells were transfected with shYAP-1, shYAP-2, shYAP-3 and NC lentiviral vector, and the BC group was used as a blank control. YAP mRNA
expression was assessed by RT-PCR. Expression of GAPDH is shown for comparison. (D) Expression of YAP protein in the different groups was confirmed
by western blotting. Expression of 3-actin is shown for comparison. BC, blank control group, cells only; NC, negative control group, negative control vector;
YAP, Yes-associated protein; ccRCC, clear cell renal cell carcinoma.

A g NC shYAP-3 B BC NC shYAP-3

B-actin

Figure 4. The suppressive effect of TEAD1 mRNA and protein in 786-0 cells after shYAP-3 lentiviral vector transfection. (A) The expression of TEADI
mRNA in different groups by RT-PCR. (B) The expression of TEADI protein in the different groups by western blotting. The shYAP-3-transfected group
showed reduced TEAD]1 mRNA and protein expression (p<0.05), while the TEAD]I mRNA and protein were not significantly different between the blank

control and the negative control group (p=0.864). BC, blank control group, cells only; NC, negative control group, negative control vector.

positive expression and the YAP protein was confined to the
renal collecting duct system (Fig. 2B). The positive rate of
YAP protein in the ccRCC tissues was obviously higher than
that in the adjacent normal renal tissues (p<0.05).

We further analyzed the correlation of YAP protein
expression with clinicopathological factors of ccRCC. As
shown in Table I, there was no obvious relationship between
YAP protein expression and gender, age, renal vein metastasis
or tumor size. However, the positive rate of YAP protein
expression was 33.3% (3/8) in well differentiated, 61.5% (8/13)
in moderately differentiated and 88.9% (8/9) in low differenti-
ated tumors (p=0.018). In addition, the positive rate of YAP
protein expression was 47.1% (8/17) in stage I-II and 84.6%

(11/13) in stage III-IV cases (p=0.034). These results showed
that the expression level of YAP protein was closely correlated
to clinical stage and differentiation in the ccRCC tissues.

Expression of YAP in 786-0 cells is suppressed by shRNA
lentiviral vectors. We examined the expression level of YAP
protein in ccRCC cell lines 786-0 and ACHN and in the human
embryonic kidney HEK-293 cells using western blotting. As
shown in Fig. 3A, the YAP protein levels in the two ccRCC cell
lines 786-0 and ACHN were significantly higher than that in
the HEK-293 cells (p<0.05).

To determine whether YAP plays a role in tumorigenesis
of renal cancer, three specific YAP-shRNA lentiviral vectors,



1598

L4y

L2

1+ —e—shYAP-3
—a—NC group
0.8

—&—BC group
0.6

0.4F

Absorbance (A450 nm)

0.2

0 48 h 96 h
time Chours)

144 h

Figure 5. Effect of YAP silencing on the proliferation of 786-0 cells. The
absorbance values in the shYAP-3-transfected group, the blank control group
and negative control group cells were measured at 48, 96 and 144 h, respec-
tively. The absorbance values represent the mean from three independent
experiments. YAP, Yes-associated protein.

shYAP-1, shYAP-2 and shYAP-3, were successfully constructed
and transfected into 786-0 cells. After 96 h of transfection, as
shown in Fig. 3B, 786-0 cells were successfully transfected
with the YAP-shRNA lentiviral vectors. Three YAP interfer-
ence groups, as well as a blank control group (BC group, cells
only) and negative control group (NC group) were established
from the 786-0 cells. Furthermore, the efficient knockdown of
YAP expression was detected by RT-PCR and Western blot
analysis. RT-PCR analysis showed that the relative mRNA
expression level of YAP in the YAP-shRNA transfection cells
was markedly lower than levels in the BC and NC groups
(p<0.05) (Fig. 3C). Similarly, the expression of YAP protein
was also significantly inhibited as confirmed by western blot-
ting (p<0.05) (Fig. 3D). The lowest level of YAP expression was
observed in the cells transfected with the shYAP-3 lentiviral
vectors. These results indicated that the shYAP-3 lentiviral
vector had the highest inhibition rate of the three specific
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YAP-shRNA lentiviral vectors. Therefore, the shYAP-3 lenti-
viral vector was chosen for subsequent experiments.

Knockdown of YAP inhibits expression of TEADI. RT-PCR
analysis showed that the relative mRNA expression level of
TEADI in the shYAP-3-transfected cells was markedly lower
than levels in the BC and NC group cells (p<0.05) (Fig. 4A). As
shown in the western blot analysis (Fig. 4B), we also observed
that the protein expression level of TEADI was significantly
decreased compared with the levels in the BC and NC groups
(p<0.05), indicating that silencing of YAP inhibited the
expression level of TEADI1, which is a downstream gene in the
Hippo pathway.

YAP knockdown suppresses cell proliferation. To determine
whether the YAP-shRNA lentiviral vector actually affects the
proliferation of 786-0 cells, we examined the proliferation of
the three 786-0 cell groups including the shYAP-3-transfected
group, the blank group and negative control group. As shown
in Fig. 5, after silencing of YAP in the 786-0 cells for 144 h, we
found that there was a significant reduction in cell prolifera-
tion (p<0.05). In addition, the NC group presented a minimal
effect on the proliferation of 786-0 cells compared with the
blank control group (p>0.05). The results demonstrated that
YAP plays an important role in cell survival, and the knock-
down of the YAP gene leads to suppression of renal cancer cell
proliferation.

YAP knockdown arrests the cell cycle and induces cell
apoptosis. Ninety-six hours after shYAP-3 lentiviral vector
transfection, the effect of YAP on the cell cycle progression
was analyzed by FCM. In the shYAP-3-transfected group, we
found that 61.4% of cells were in the G1 phase and 29.4% were
in the S phase, compared with 51.4% of cells in the G1 phase
and 39.4% in the S phase in the blank control group and 51.0%
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Figure 6. Effect of YAP silencing on cell cycle progression and the apoptosis rate in 786-0 cells. (A) Flow cytometric analysis of the cell cycle of 786-0
cells transfected with shYAP-3 lentiviral vectors or the control group after 96 h. The cell cycle of the shYAP-3 transfected group was compared with the
control group and the proportion of cells in the G1 phase was significantly increased, while the proportion of cells in the S phase was significantly reduced
(p<0.05). (B) The apoptosis rate of the shYAP-3-transfected group cells was significantly higher than the rates in the BC and NC group cells (p<0.05). YAP,
Yes-associated protein; BC, blank control group; NC, negative control group; shYAP-3, shYAP-3-transfected group.
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of cells in G1 phase and 39.8% in S phase in the NC group
(p<0.05) (Fig. 6A). No significant difference was observed in
cell cycle progression between the blank control and the NC
group (p>0.05). Furthermore, the apoptosis rate of cells with
YAP knockdown was analyzed by FACS. The results showed
that the apoptosis rate in the 786-0 cells with YAP knockdown
was significantly increased as compared with the rates in the
control groups (p<0.05) (Fig. 6B). The difference between
the blank control group and the NC group was not obvious
(p=0.582). This finding suggests that knockdown of YAP
induced 786-0 cell apoptosis and G1 phase arrest.

Discussion

The Hippo pathway has been recognized as an important
regulator of both organ size control and tumorigenesis (6). In
mammals, the Hippo pathway negatively regulates cell growth
through a kinase cascade and results in the inactivation of YAP.
Hippo core components form protein kinase complexes acting
in a cascade to phosphorylate YAP and induce its cytoplasmic
translocation (21). YAP expression has been significantly asso-
ciated with tumor metastasis, grade and stage (22). A study
in lung cancer showed that YAP expression was significantly
correlated with TNM stage (23).

In the present study, YAP mRNA and protein expression
levels in 30 cases of ccRCC tissues and 30 cases of adjacent
normal renal tissues were first detected. The results indicated
that expression levels of YAP mRNA and protein in ccRCC
tissues were significantly higher than those in adjacent
normal renal tissues. ccRCC tissues had a high frequency of
YAP-positive cells, whereas the adjacent normal tissues had
a lower frequency (63.3% vs. 33.3%). Although a significant
percentage of adjacent normal cases stained positive for
YAP, the overall expression level was significantly higher in
the tumor tissues. We then found that the expression level of
YAP protein in ccRCC tissues was significantly correlated
with differentiation and clinical stage. In our immunohisto-
chemistry study, the staining intensity of YAP was tightly
linked with progression from well-differentiated to poorly
differentiated tumors. Furthermore, YAP protein expression
was correlated with clinical stage which may serve as an
independent predictor for renal cancer. In the lower stages
of ccRCC, there were low levels of expression of YAP, and
higher expression of YAP was accompanied by higher stages
of malignancy. In previous studies, YAP was found to play an
important role in tumorigenesis and to be as an independent
prognostic marker in HCC and ESCC (24,25). Consistent with
these research findings, the present study showed that the YAP
gene is a tumor-specific gene, which is involved in the progres-
sion of ccRCC.

In previous studies, overexpression of YAP has been found
in several human cancer cell types, and the oncogenic activity
of YAP has been clearly demonstrated (16,25,26). However,
another study also reported that YAP may act as a tumor
suppressor in certain breast carcinomas (27). The expres-
sion and activity of YAP in renal cancer cells are currently
unknown. The present report showed that there was a signifi-
cantly higher expression of YAP protein in ccRCC cell lines,
786-0 and ACHN, when compared with that in the HEK-293
cells. Specific shRNA lentiviral vectors targeting YAP were
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successfully constructed and transfected into 786-0 cells. We
found that YAP mRNA and protein were effectively inhibited
in the 786-0 cells. Furthermore, functional experiments were
performed. The results indicated that silencing of YAP in
786-0 cells significantly inhibited cell proliferation, induced
G1 phase cell cycle arrest and induced 786-0 cell apoptosis.
Therefore, it is evident from the results that YAP plays an
important role in the development of ccRCC.

In our initial experiment, we synthesized an siRNA
targeting YAP and transfected it into 786-0 cells using
Lipofectamine 2000, but it did not achieve the expected
results; the effect of the suppression of the expression of the
YAP gene was poor. Then, lentiviral vectors were engineered
to knock down the YAP gene in 786-0 cells. All of the three
YAP-shRNA interference groups were able to suppress the
mRNA and protein expression levels of YAP. Further statistical
analysis found that the lowest level of YAP mRNA expression
in the 786-0 cells was in the shYAP-3 interference group, and
the expression level of YAP protein in the shYAP-3 interfer-
ence group cells was in accordance with the expression level of
YAP mRNA. We chose lentiviral vectors for gene silencing due
to their attractive properties, including high efficiency, persis-
tent gene silencing and safety for humans (28,29). Lentiviral
vectors are a powerful tool for gene transfer into a broad range
of cell types (30). Lentiviral vectors producing shRNAs have
widespread use in the knockdown of gene expression both
in vitro and in vivo.

Acting as downstream gene of the Hippo pathway, YAP
is a transcription co-activator which interacts with the PPXY-
motif-containing transcription factors, including TEAD,
ErbB4, P73 and Runx2 (31,32). It has been reported that YAP
and TEADI genetically interact to promote tissue growth (33).
TEAD as a new component in the Hippo pathway plays an
essential role in mediating the biological functions of YAP.
In humans, there are four TEAD family members. YAP and
TEADI bind to a common set of promoters in MCF10A
cells (33). Furthermore, TEADI1 has been shown to be linked
to the regulation of YAP in Drosophila and mammalian
epithelial cell lines (34). A recent study has provided proof
of principle that inhibiting TEAD-YAP interactions is a
pharmacologically viable strategy against the YAP oncopro-
tein (35). TEAD has been demonstrated to be important for
the growth-promoting function of YAP (36). The present study
showed that silencing of YAP led to the decreased expression
of TEADI and resulted in the growth inhibition of 786-0 cells.
Thus, we speculated that the relevant mechanism involved the
suppression of TEADI expression by the knockdown of YAP
which consequently affects the expression of downstream cell
growth factors and thus plays functional roles in the regula-
tion of 786-0 cell proliferation. Yet this may not be the sole
mechanism, and further research on the molecular functions
of the YAP gene in renal cancer is warranted.

In conclusion, these findings demonstrated that YAP is an
oncogene overexpressed in ccRCC, and the expression level
of YAP protein is closely correlated with clinical stage and
differentiation of ccRCC tissues. Moreover, suppression of
YAP expression by YAP-shRNA lentiviral vectors reduced
786-0 cell growth and arrested the cell cycle at the G1 phase
and also led to induced apoptosis. Therefore, YAP could be a
potential novel therapeutic target for the treatment of ccRCC.
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