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Notch 1 is a valuable therapeutic target against cell survival
and proliferation in clear cell renal cell carcinoma
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Abstract. Notch 1 is a key component of the Notch pathway,
which performs a crucial role in clear cell renal cell carcinoma
(CCRCC) development. The present study aimed to investigate
whether Notch 1 could serve as a potential target for CCRCC
treatment. Firstly, an association analysis was performed using
52 CCRCC cases and 30 normal controls. The results indicated
that Notch 1 protein expression in renal tissues was closely
associated with the incidence of CCRCC. In addition, higher
Notch 1 expression in CCRCC tissues was positively associ-
ated with higher tumor-node-metastasis stage and Fuhrman
grade, in addition to larger tumor size. Subsequently, an
in vitro study was conducted to examine the biological func-
tions of Notch 1 in CCRCC 786-0 cells through inhibiting
the Notch 1 expression with Notch 1-specific small interfering
RNA (siRNA). As a result, the inhibition of Notch 1 expres-
sion by increasing concentrations of Notch 1-specific siRNA
dose-dependently decreased cell proliferation and increased
cell apoptosis in 786-0 cells. Furthermore, B-cell lymphoma-2
and procaspase-3 expression exhibited a dose-dependent
decrease accompanied with a dose-dependent inactivation of
the Akt/mammalian target of rapamycin (mTOR) signaling
pathway in Notch 1 siRNA-treated 786-O cells. These find-
ings demonstrated that Notch 1 was associated with CCRCC
carcinogenesis and progression, the underlying mechanism of
which was that Notch 1 acted as an activator for cell prolifera-
tion and a suppressor for cell apoptosis through the Akt/mTOR
signaling-dependent pathway in CCRCC. In conclusion, the
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present study confirmed that Notch 1 is a valuable target
against cell survival and proliferation in CCRCC treatment.

Introduction

Renal cell carcinoma (RCC), which originates from the epithe-
lium of renal parenchyma uriniferous tubule, is one of the most
commonly occurring types of cancer in the world (1,2). Each
year, >240,000 new cases are diagnosed and >100,000 RCC-
associated mortalities occur (2). The majority of cases of RCC
(~75%) are clear cell RCC (CCRCC) (3). Currently, nephrec-
tomy remains the mainstay of CCRCC therapy, but ~20% of
patients treated with nephrectomy are subject to recurrence
and metastasis (4). Patients with metastatic CCRCC usually
have a poor prognosis and obtain little benefit from conven-
tional chemoradiotherapy.

In previous years, targeted therapy has been developed
as a promising approach against metastatic advanced-stage
CCRCC (5-7). The key to targeted therapy is to identify
the crucial molecular targets that usually mediate aberrant
signaling pathways in carcinogenesis and tumor progression.
The Notch signaling pathway performs a pivotal role in the
regulation of cell proliferation, differentiation and apoptosis (3).
The four mammalian Notch receptors, termed Notch 1-4, are
the key components of the Notch pathway (3). Notch receptors
receive signals from cell surface-tethered ligands (including
Delta-like 1, 3 and 4, and Jagged 1 and 2) on neighboring
cells through specific binding (3), and then induce a two-step
proteolytic cleavage by which the Notch intracellular domain
is released to activate the transcription of downstream target
genes in the nucleus (8). Dysregulation of the Notch signaling
pathway has been demonstrated to be associated with multiple
types of human cancer, including CCRCC (9). One of the most
frequently detected members of the Notch receptor family in
tumor tissues is Notch 1, and its overexpression can promote
cancer genesis through multiple processes such as cell growth
and apoptosis (10-12). Therefore, Notch 1 may be a potential
target for CCRCC therapy.

On this basis, in the present study, an association analysis
based on 52 CCRCC cases and 30 normal controls was
performed to investigate the association between Notch 1
protein expression and CCRCC development. The important
role Notch 1 performs in CCRCC cell proliferation and apop-
tosis was then confirmed through silencing Notch 1 expression
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in human CCRCC 786-0 cells with Notch 1-specific small
interfering RNA (siRNA), and the underlying mechanisms
were elucidated in vitro.

Materials and methods

Subject recruitment and sample collection. Patients who
received curative surgical resection for primary renal
tumors at the Department of Surgery of Zhangzhou Affili-
ated Hospital of Fujian Medical University (Fujian, China)
between October 2005 and April 2012 were recruited. Patients
were eligible for the present study if they were diagnosed as
CCRCC by the postoperative pathological analysis and had
not received chemotherapy, radiotherapy and immunotherapy
prior to surgery. Finally, a total of 52 CCRCC cases (age,
24-81; 34 male and 18 female) were included in the present
study. Pathological stage of each case was evaluated according
to the tumor-node-metastasis (TNM) classification (13) and
Fuhrman grade (14). Detailed clinical data of the cases are
presented in Table I. Renal tumor and pericarcinoma tissue
samples were obtained from surgically removed tissues of the
52 patients. A total of 30 normal renal tissue samples were
collected as control samples from other patients who under-
went surgical resection for trauma. Informed consent was
obtained from all individual patients included in the present
study. The present study was reviewed and approved by the
Ethics Committee of Zhangzhou Affiliated Hospital of Fujian
Medical University (Fujian, China).

Tissue microarray and immunohistochemistry (IHC) assays.
The tissue microarray was constructed according to our
previous description (15). Briefly, target tissue cores were
obtained from donor paraffin blocks and then arranged in
a new recipient paraffin block (tissue array block), which
was subsequently sectioned into numerous thin slices with
a thickness of 4 ym for each section. Tissue sections were
randomly selected and attached to the L-lysine-treated glass
slides for THC assays, which were processed by utilizing
the UltraSensitive™ S-P kit (Maixin-Bio Co., Ltd., Fuzhou,
China) according to the manufacturer's protocol. These
sections were blocked with normal goat serum (Maixin-Bio
Co., Ltd.) for 20 min at room temperature. IHC staining of
sections was performed with the primary antibody rabbit
anti-human polyclonal antibody to Notch 1 (cat. no. N4788;
dilution, 1:200; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany). Sections treated with PBS instead of the primary
antibody were used as the negative controls, and purchased
positive tissue sections (Maixin-Bio Co., Ltd.) were used as
the positive controls. In this process, 3,3-diaminobenzidene
(DAB) was employed as the stain to treat sections for 3-15 min
at room temperature. Brown yellow staining indicated the
positive Notch 1 expression. Cells with light or brown yellow
staining particles in the cytomembrane or cytoplasm were the
positive cells. A semi-quantitative scoring system (Olympus
BX41, magnification, x200; Olympus Co., Tokyo, Japan) was
employed to evaluate the IHC results. Scoring for color density
and percentage of stained cells constituted the basis of the
evaluation system. Color density was scored as follows: No
staining, 0; slight staining, 1; moderate staining, 2; and strong
staining, 3. With regard to scoring for percentage of stained
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Table I. Characteristics of patients with clear cell renal cell
carcinoma included in the present study.

Characteristics Patients, n (%)
Sex

Male 34 (65.4)

Female 18 (34.6)
Age, range (mean + standard deviation) 24-81(55.5+£13.9)

<60 years 32 (61.5)

>60 years 20 (38.5)
Tumor-node-metastasis stage

I+11 33 (63.5)

MI+1V 19 (36.5)
Fuhrman grade

142 35 (67.3)

3+4 17 (32.7)
Tumor size

<50cm 16 (30.8)

>5.0cm 36 (69.2)

cells, 0, <50, 50-75 and >75% cells staining were scored as
0, 1, 2 and 3, respectively. The sum value of the two scores
0, 1-2, 3-4 or 5-6 were further scored as -, +, ++ and +++,
respectively. The symbol - was considered as negative; + and
++ indicated low expression of Notch 1 protein, while +++
indicated high expression.

Cells and cell culture. The CCRCC 786-0 cell line was
purchased from the Shanghai Cell Bank of Chinese Academy
of Sciences (Shanghai, China) and maintained in RPMI-1640
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) containing 15% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.), 100 U/ml penicillin and 100 pg/ml
streptomycin in an atmosphere with saturation humidity and
5% CO,at 37°C. Cells grew as a monolayer and adhered to
the wall, being regularly passaged every 2-3 days. Cells in the
logarithmic phase were used in subsequent experiments.

RNA interference. RNA interference was employed to silence
the expression of Notch 1 in 786-0 cells. The siRNA targeted
to human Notch 1 gene was designed referring to the principles
described in previous studies (16-19). The Notch 1-specific
siRNA sequences were 5'-GCAGCUGCACUUCAUGUA
CGU-3' (sense) and 5'-CGUCGACGUGAAGUACAUGCA-3'
(antisense). A nonspecific control siRNA whose sequences
were 5'-UUCUCCGAACGUGUCACGUTT-3' (sense) and
5'-ACGUGACACGUUCGGAGAATT-3' (antisense) was also
designed. The siRNAs were synthesized by Shanghai Gene
Pharma Co., Ltd. (Shanghai, China). Transfection assays were
performed utilizing Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) following the manufacturer's protocol.
The prepared 786-O cells (1x10°/well) were seeded on 24-well
plates and transfected with the non-specific control siRNA and
the Notch 1-specific siRNA (40, 80 and 120 nmol/l). Transfec-
tion efficiency was measured using the parallel transfection
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of a random sequence marked with green fluorescence; the
transfection efficiency was calculated after 6 h of transfection
by the formula: Transfection efficiency = the count of cells
with fluorescence (positive)/the count of total cells.

Reverse transcription-polymerase chain reaction (RT-PCR)
assays. At 24 h post-transfection, 786-0 cells in each group
were harvested and washed with 0.02 M PBS (pH 7.4). Total
RNA of these cells was extracted using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The acquired RNA precipitate was
redissolved by 20-24 ul sterile deionized water and its concen-
tration was determined using a UV2100 spectrophotometer
(Shanghai Puxi Instrument Co., Ltd., Shanghai, China). The
complementary DNA (cDNA) was synthesized in a 25 ul
mixture containing 0.4 pg total RNA, 1.0 pl oligo (dT) primer,
5.0 ul 5X reaction buffer, 2.0 ul ANTP mix (10 mM), 1.0 ul
RNasin, 1.0 pl avian myeloblastosis virus (AMV) reverse tran-
scriptase (20 U/ul) and diethyl pyrocarbonate-treated water,
at 42°C for 30 min. At the end of synthesis, the mixture was
incubated at 99°C for 5 min to inactivate the AMV reverse
transcriptase. Subsequently, the synthesized cDNA was used
as the template to amplify Notch 1, and B-actin was used
as the internal control. Primers of Notchl and 3-actin were
designed utilizing Primer 5.0 (Premier Biosoft International,
Palo Alto, CA, USA). The primer sequences were as follows:
Notch 1 forward, 5'-CCGTCATCTCCGACTTCATC-3' and
reverse, 5'-GGACTTGCCCAGGTCATCTAC-3'; p-actin
forward, 5'-CTCGTCATACTCCTGCTTGCT-3' and reverse,
5'-CGGGACCTGACTGACTACCTC-3'. The PCR amplifica-
tion system contained 5.0 yl 10X PCR buffer, 4.0 ul ANTP
Mix (10 mM), 2.0 ul of each primer, 1.0 ul cDNA, 1.0 ul Taq
DNA polymerase (Invitrogen; Thermo Fisher Scientific, Inc.)
and 31.0 xl ddH,0. PCR thermocycling conditions were as
follows: 5 min pre-degeneration at 95°C, 45 min thermal-cycle
program, including 30 cycles of 95°C for 30 sec, 58°C for
30 sec and 72°C for 30 sec, and 10 min extension at 72°C. PCR
products were separated by 1.5% agarose gel electrophoresis
supplemented with ethidium bromide (cat. no. sc-286960;
Santa Cruz Biotechnology, Inc.) for visualization, and
semi-quantified using the GelDocEZ system (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA).

Western blot analysis. At 24 h post-transfection, 786-O cells
were harvested. Subsequent to washing twice with cooled
TBS solution, 1x10° cells were mixed with 100 gl lysis buffer
(included in MicroRoto for cell lysis and protein extraction
kit; Bio-Rad Laboratories, Inc.) and 1 ul enzyme inhibitor,
and incubated at 4°C for 30 min to obtain lysate. Following
centrifugation at 12,000 x g for 10 min at 10°C, the super-
natant of the lysate in the middle layer was collected and
total protein content of each collected lysate sample was
determined by Bradford method. Subsequently, proteins were
separated on a 12% SDS-PAGE gel and blotted to nitrocellu-
lose (NC) membranes. The NC membranes were blocked with
the 0.02 M TBS buffer (pH 7.4) containing 5% skimmed milk
for 60 min at 37°C, and then probed with specific primary anti-
bodies, including mouse anti-human monoclonal antibodies
of Notch 1 (cat. no. sc-71719; dilution, 1:400; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), B-cell lymphoma-2
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(Bcl-2; cat. no. sc-23960; dilution, 1:500; Santa Cruz Biotech-
nology, Inc.) and procaspase-3 (cat. no. sc-271028; dilution,
1:500; Santa Cruz Biotechnology, Inc.), and rabbit anti-human
polyclonal antibodies of RAC-alpha serine/threonine-protein
kinase (Akt; cat. no. 14702; dilution, 1:500; Cell Signaling
Technology, Inc., Danvers, MA, USA), phosphorylated (p)-Akt
(cat. no. 13461; dilution, 1:250; Cell Signaling Technology,
Inc.), p-mammalian target of rapamycin (mTOR) (cat. no. 5536;
dilution, 1:400; Cell Signaling Technology, Inc.), p-P70S6K
(cat. no. 9862; dilution, 1:500; Cell Signaling Technology, Inc.)
and B-actin (cat. no. sc-81760; dilution, 1:2,500; Santa Cruz
Biotechnology, Inc.) following the manufacturer's protocol.
All the incubations with primary antibodies were maintained
at 37°C for 60 min. Subsequent to washing with TBST, the
membranes were incubated with corresponding secondary
antibodies, including goat anti-mouse (cat. no. sc-362267; dilu-
tion, 1:5,000-7,500; Santa Cruz Biotechnology, Inc.) and goat
anti-rabbit antibodies (cat. no. sc-2040; dilution, 1:5,000-7,500;
Santa Cruz Biotechnology, Inc.) for 60 min at 37 °C, followed
by incubation with enhanced chemiluminescence reagent
(Santa Cruz Biotechnology, Inc.). Finally, target protein
content was determined by assessing chemiluminescence with
AlphaDigiDoc imaging analysis system (version 7.1; Alpha
Innotec, Kasendorf, Germany). Each experiment was repeated
three times.

Cell proliferation analysis. 786-O cells were seeded on
96-well plates (1x10° cells/well) and then transfected with
negative control siRNA and Notch 1 siRNA (40, 60, 80, 100
and 120 nmol/l). Cell proliferation was detected by MTT
assays. Briefly, at 24 h post-transfection, 786-0O cells in each
well were treated with 10 yl MTT (5 mg/ml; Sigma-Aldrich;
Merck KGaA) and incubated for an additional 4 h at 37°C.
At the end of incubation, the plates were centrifuged at
800 x g for 5 min at room temperature and the supernatant
was removed. Following the addition of 100 ul dimethyl
sulfoxide (Sigma-Aldrich; Merck KGaA) in each well, cells
were detected on a microplate reader Stat Fax-2100 (Aware-
ness Technologies, Westport, CT, USA) at a dual-wavelength
of 492 and 630 nm, and cell proliferation rate was calculated
according to the formula: Cell proliferation rate (%) = (A.peri-
ment = Apiank)/(Acontrol = ablank)- EAch sample in these assays was
performed in triplicate.

Apoptosis assays. Cell apoptosis was investigated by terminal
deoxynucleotidyl-transferase-mediated dUTP nick end
labeling (TUNEL) assays using an in situ cell death detection
kit (Promega Corporation, Madison, WI, USA) according to
the manufacturer's protocol. In brief, following treatment with
control siRNA and Notch 1 siRNA (40, 80 and 120 nmol/l),
786-0 cells were washed and dried in air. Cells (5x10%) were
then fixed with 4% paraformaldehyde supplemented in PBS
at room temperature for 25 min. Subsequent to washing twice
with PBS, cells were incubated with 0.2% Triton X-100 PBS
for 5 min at room temperature, followed by 5-10 min incu-
bation with equilibration buffer (Invitrogen; Thermo Fisher
Scientific, Inc.) at room temperature. Subsequently, TUNEL
reaction solution was added to each sample and incubated
at 37°C for 60 min. When reaction was terminated, samples
were immersed in 0.3% H,O, for 3-5 min and then rinsed
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with PBS. Following the addition of horseradish peroxi-
dase diluted with PBS, the samples were incubated at room
temperature for 30 min. Finally, samples were incubated with
3,3'-diaminobenzidine mixture till light brown appeared in
the background. Subsequent to rinsing with deionized water,
samples were observed under a microscope (Olympus BX41;
magnification, x200). Three fields of view were selected for
each sample. Apoptotic rate was calculated as follows: Apop-
totic rate (%) = number of apoptotic cells/number of total cells.
Experiments were repeated in triplicate.

Statistical analysis. Statistical analyses were performed using
SPSS version 11.5 software (SPSS, Inc., Chicago, IL, USA).
Association analysis between Notch 1 protein expression and
CCRCC was performed with ¥ test. For other analysis, compar-
ison among three or more groups was performed by one-way
analysis of variance, followed by Student-Newman-Keuls
post-hoc test for comparison between two groups. Measurement
data are presented as the mean + standard deviation. P<0.05
was considered to indicate a statistically significant difference.

Results

Notch 1 protein expression is positively associated with
CCRCC carcinogenesis and progression. Tissue samples
obtained from 52 cases were eligible for the present study
and tissue microarrays were successfully constructed with
the exception of 5 pericarcinoma tissue samples. IHC and
association analyses suggested that Notch 1 protein expres-
sion was positive in 82.7% of CCRCC tumor tissues, and the
positive incidence was significantly higher compared with that
in pericarcinoma (42.6%; P<0.01) and normal (16.7%; P<0.01)
renal tissues (Table II). Additional analysis indicated that high
expression of Notch 1 protein was associated with TNM stage
(%*=6.267; P<0.05), Fuhrman grade (%*=7.90; P<0.01) and
tumor size (y*=4.160; P<0.05), but not associated with sex
(%*=0.036; P>0.05) and age (%*=0.054; P>0.05) (Table III).
Representative IHC results are presented in Fig. 1. There-
fore, Notch 1 protein expression was closely associated with
CCRCC carcinogenesis and progression.

SIRNA against Notch 1 interferes with Notch 1 expression in
CCRCC 786-0 cells. The effectiveness of the transfections was
evaluated by transfection efficiency, which was determined by
the rate of positive cells to total cells in the parallel transfec-
tion group. Positive cells with green fluorescence and total
cells at the same visual field (Fig. 2A) were counted under an
inverted fluorescence microscope after 6 h of transfection. The
transfection efficiency was 32.6+4.8%, indicating the success
of the interference assays. At 24 h post-transfection, nRNA
and protein expression of Notch 1 in 786-0 cells was detected
by RT-PCR and western blot analysis, respectively, to confirm
the interfering effect of siRNAs against Notch 1. As a result,
mRNA and protein expression of Notch 1 was significantly
inhibited by the treatment of Notch 1-specific siRNA compared
with the control, and the inhibition was dose-dependent. Notch
1 mRNA expression exhibited a 38.0% (P<0.05), 53.8%
(P<0.01) and 70.4% (P<0.01) decrease in 786-0 cells treated
with 40, 80 and 120 nmol/l Notch 1-specific siRNA compared
with in those treated with negative control siRNA, respectively
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Table II. Notch 1 protein expression was associated with the
occurrence of CCRCC.

Notch 1 protein
expression, n (%)

Patients,
Group n Positive Negative >  P-value®
CCRCC 52 43(82.7) 9(17.3)
Pericarcinoma 47 20 (42.6) 27 (574) 17.188 <0.01
Normal 30 5(16.7) 25(83.3) 34.170 <0.01

*Compared with the CCRCC group. CCRCC, clear cell renal cell
carcinoma.

Table III. Clinical significance of Notch 1 protein expression
in clear cell renal cell carcinoma cases (n=43).

Notch 1 protein
expression, n (%)

Group Low High e P-value
Sex 0.036 >0.05
Male 8(18.6) 21 (48.9)
Female 5(11.6) 9(20.9)
Age 0.054 >0.05
<60 years 9(2209) 18419
=60 years 4(9.3) 12 (27.9)
Tumor-node- 6.267 <0.05
metastasis stage
I+1I 11 (25.6) 13(30.2)
I+1v 247 17 (39.5)
Fuhrman grade 7.900 <0.01
142 12(279) 14 (32.6)
3+4 1(23) 16 (37.2)
Tumor size 4.160 <0.05
<50cm 7(17.1) 7(17.1)

(Fig. 2B). Notch 1 protein expression exhibited a reduc-
tion of 37.4% (P<0.05), 65.7% (P<0.01) and 87.9% (P<0.01),
respectively, in the three Notch 1 siRNA-treated 786-0O cells
compared with the control (Fig. 2C). Therefore, the Notch
1-specific siRNA was successfully transfected into 786-O cells
and dose-dependently inhibited the expression of Notch 1.

Inhibition of Notch 1 expression inhibits cell proliferation
and induces cell apoptosis accompanied with decreased
Bcl-2 and procaspase-3 expression in CCRCC 786-0 cells.
The effect of Notch 1 siRNA on the proliferation of CCRCC
786-0 cells was evaluated by MTT assays. For 786-0 cells
treated with 40, 60, 80, 100 and 120 nmol/l Notch 1 siRNA,
the cell proliferation rate was 84.7+5.5, 66.6+3.2, 52.4+4.5,
31.2+2.4 and 20.5£2.9%, respectively, suggesting a 15.2%
(P>0.05), 33.3% (P<0.05), 47.6% (P<0.01), 68.8% (P<0.01)
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Figure 1. Notch 1 expression was positively associated with CCRCC carci-
nogenesis and progression. Notch 1 expression in renal tissues was detected
with tissue microarray-based immunohistochemistry assays (magnifica-
tion, x200). Stain used in this process was 3,3-diaminobenzidene (DAB).
(A) Representative results of Notch 1 expression in normal, pericarcinoma
and CCRCC renal tissues. (B) Representative results of Notch 1 expression
in CCRCC tissues with different TNM stages. (C) Representative results

of Notch 1 expression in CCRCC tissues with different Fuhrman grades.
CCRCC, clear cell renal cell carcinoma; TNM, tumor-node-metastasis.

and 79.4% (P<0.01) decrease compared with that of control
siRNA-treated 786-0O cells (99.8+3.47%) (Fig. 3A). This indi-
cated that Notch 1 siRNA dose-dependently suppressed the
proliferation of 786-O cells. However, in the TUNEL assays,
786-0 cells treated with 40, 80 and 120 nmol/l Notch 1 siRNA
exhibited a marked dose-dependent increase in cell apoptotic
rate, which was 21.5+4.8, 32.3+3.5 and 46.3+4.7%, respec-
tively, and was 2.8-(P<0.01), 4.2-(P<0.01) and 6.1-(P<0.01)
fold higher compared with the control siRNA-treated 786-O
cells (Fig. 3B). Representative results are presented in Fig. 3C.
This demonstrated that Notch 1 siRNA dose-dependently
induced apoptosis in 786-O cells. Together, these find-
ings indicated that inhibition of Notch 1 expression could
inhibit cell proliferation and induce cell apoptosis in 786-O
cells. To identify the underlying molecular mechanisms, the
alterations of two important apoptosis-associated molecules,
Bcl-2 and procaspase-3, were investigated by western blot
analysis. Bcl-2 is an anti-apoptotic protein and procaspase-3
is an anti-apoptotic effector (8). In the present study, Bcl-2
expression exhibited 25.0% (P<0.05), 47.5% (P<0.01) and
77.5% (P<0.01) reduction in the Notchl siRNA-treated (40,
80 and 120 nmol/l) 786-0O cells compared with the control
siRNA-treated 786-0 cells, respectively (Fig. 3D and E). In
addition, procaspase-3 expression significantly decreased by
29.3% (P<0.05), 56.0% (P<0.01) and 81.3% (P<0.01) in the
three Notchl siRNA-treated 786-O cells compared with the
control, respectively (Fig. 3D and E). The aforementioned
findings indicated that Notch 1 was involved in the regulation
of cell proliferation and apoptosis in 786-0 cells.
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Figure 2. siRNA against Notch 1 was successfully transfected into clear
cell renal cell carcinoma 786-0 cells and inhibited the mRNA and protein
expression of Notch 1. (A) A random sequence marked with fluorescence
was transfected into 786-0O cells as the parallel. Positive cells were detected
under an inverted fluorescence microscope and total 786-O cells were
observed at the same visual field of the microscope (magnification, x200).
At 24 h post-transfection with Notch 1-specific siRNA and negative control
siRNA, (B) mRNA and (C) protein expression of Notch 1 in 786-O cells
was detected by reverse transcription-polymerase chain reaction and western
blot analysis, respectively. The mRNA and protein expression of Notch 1 in
786-0 cells was dose-dependently inhibited by increasing concentrations of
Notch 1-specific-siRNA (40, 80 and 120 nmol/l) compared with the control.
“P<0.05, “P<0.01 vs. control. siRNA, small interfering RNA.

Inhibition of Notch 1 expression inactivates Akt/mTOR
signaling in CCRCC 786-0 cells. To elucidate the molecular
mechanism underlying Notch 1-mediated cell survival and
proliferation in 786-0O cells, alterations of the Akt/mTOR
pathway were monitored. Akt, p-Akt, p-mTOR and p-P70
ribosomal S6-kinase (P70S6K) are the important components
of the Akt/mTOR pathway (20) and their protein expression
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Figure 3. Inhibition of Notch 1 expression with Notch 1-specific-siRNA inhibited cell proliferation and induced cell apoptosis in clear cell renal cell carcinoma
786-0 cells compared with decreased Bcl-2 and procaspase-3 expression. (A) Cell proliferation of 786-0O cells exhibited a dose-dependent decrease following
treatment with the increasing concentrations of Notch 1-specific-siRNA. (B) Cell apoptosis of 786-0O cells suggested a dose-dependent increase following
treatment with increasing concentrations of Notch 1-specific-siRNA. (C) Representative results of TUNEL assays on cell apoptosis under the microscope
(magnification, x200). (D) Bcl-2 and procaspase-3 expression was dose-dependently reduced by increasing concentrations of Notch 1-specific-siRNA in 786-O
cells. (E) Quantitative determination of Bcl-2 and procaspase-3 expression following normalization by -actin. Data are presented as the mean + standard
deviation of three independent western blot analyses and presented as a column diagram. "P<0.05, “P<0.01 vs. control. siRNA, small interfering RNA; Bcl-2,

B-cell lymphoma-2.

was investigated in 786-0 cells following treatment with
Notch 1 siRNA (at the concentrations of 40, 80 and 120 nmol/I)
and control siRNA. No significant differences were identified
between the Akt levels in Notch 1 siRNA-treated 786-0 cells
compared with control siRNA-treated 786-O cells, whereas
p-Akt, p-mTOR and p-P70S6K expression exhibited a
dose-dependent decrease in Notch 1 siRNA-treated 786-0 cells
compared with the control. The decrease was 65.8% (P<0.01),
76.3% (P<0.01) and 89.5% (P<0.01) for p-Akt, 18.4% (P>0.05),
46.9% (P<0.01) and 75.5% (P<0.01) for p-mTOR, and 40.0%
(P<0.05), 71.4% (P<0.01) and 88.6% (P<0.01) for p-P70S6K at
40, 80 and 120 nmol/l Notch 1 siRNA, respectively (Fig. 4).
These findings demonstrated that inhibition of Notch 1 expres-
sion could suppress the activity of the Akt/mTOR signaling
pathway in 786-0 cells.

Discussion

At present, the global incidence of RCC is increasing year by
year, and no therapeutic strategies can completely cure the
disease, particularly advanced RCC (2,5). Targeted therapy
has been proposed to overcome the difficulty due to the

gradually revealed molecular mechanisms underlying RCC
development (5). Several molecules have been identified as
the potential therapeutic targets of RCC, including VEGF and
mTOR (21). The present study investigated the potential of
Notch 1 as a target of CCRCC treatment. The results demon-
strated that Notch 1 protein expression was associated with
CCRCC carcinogenesis and progression. Therefore Notch 1
may be a valuable target for CCRCC treatment.

The Notch signaling pathway is a highly-conserved regu-
lator in mediating cell to cell interactions (3). It, together with
numerous other signaling pathways, composes a complicated
signaling network to precisely regulate multiple biological
processes, including cell growth, differentiation and apop-
tosis (22). Notch 1 is an essential component of this pathway
and may perform a vital role in these biological processes (3).
In the present study, Notch 1 protein expression in CCRCC
tumor, pericarcinoma and normal renal tissues was compared
and the results demonstrated that Notch 1 protein expres-
sion was closely associated with CCRCC carcinogenesis. In
addition, patients with higher TNM stage or Fuhrman grade
or larger tumor size exhibited higher Notch 1 protein expres-
sion, indicating that Notch 1 protein was positively correlated
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Figure 4. Inhibition of Notch 1 expression with Notch 1-specific-siRNA
suppressed the activity of the Akt/mTOR signaling pathway in clear cell renal
cell carcinoma 786-0 cells. Expression of key components in the Akt/mTOR
signaling pathway was evaluated by western blot analysis. (A) Inhibition of
Notch 1 expression had no effect on total Akt expression, but inhibited the
expression of p-Akt, p-mTOR and p-P70S6K in a dose-dependent manner.
Quantitative determination of (B) Akt and p-Akt, and (C) p-mTOR and
p-P70S6K expression following normalization by f3-actin. Data are presented
as the mean + standard deviation of three independent western blot assays and
presented as column diagrams. "P<0.05, “P<0.01 vs. control. siRNA, small
interfering RNA; mTOR, mechanistic target of rapamycin; p-, phosphorylated-.

with CCRCC progression. On this basis, it was hypothesized
Notch 1 may be a potential target for CCRCC therapy.

To confirm the aforementioned hypothesis, the effect of
Notch 1 on cell proliferation and apoptosis was examined
by silencing Notch 1 expression in CCRCC 786-0 cells
in vitro. Following the interference of Notch 1 expression with
increasing concentrations of Notch 1-specific siRNA, 786-O
cells exhibited a dose-dependent decrease in proliferation
and a dose-dependent increase in apoptosis accompanied
with a dose-dependent decrease in expression of Bcl-2 and
procaspase-3. These findings demonstrated that Notch 1 was
involved in the regulation of cell survival and proliferation
in CCRCC 786-0 cells, which was consistent with previous
studies on other cancers, including glioma, leukemia and
pancreatic cancers (23-25). Bcl-2 is a key anti-apoptotic protein
and usually acts as the switch of cell apoptosis (26). If Bcl-2

3443

expression is downregulated, cells switch to the apoptotic
process, or else to the anti-apoptotic process. Procaspase-3 is
an anti-apoptotic effector. When cells switch to the apoptotic
process, procaspase-3 will be cleaved into active capspase-3,
which subsequently induces the caspase cascades to facilitate
cell apoptosis. Conversely, when cells switch to the anti-apop-
totic process, procaspase-3 will be accumulated in cells (8). In
the present study, Bcl-2 and procaspase-3 expression exhibited
a marked dose-dependent decrease in 786-0 cells following
treatment with increasing concentrations of Notch 1-specific
siRNA, which indicated that inhibition of Notch 1 by Notch 1
siRNA downregulated the Bcl-2 expression, resulting in the
initiation of apoptotic process and the cleavage of procas-
pase-3, and ultimately leading to apoptosis in 786-0O cells. In
this regard, Notch 1 was a potential target against cell survival
and proliferation for CCRCC 786-0 cells.

To confirm the potential of Notch 1 as the therapeutic target
in CCRCC, the underlying molecular mechanism that Notch 1
may be involved in during CCRCC development was investi-
gated. It has been demonstrated that the Akt/mTOR signaling
pathway performs a central role in mediating cell cycle and
apoptosis signaling and is implicated in Notch 1-mediated cell
survival and proliferation in glioma (27,28). Akt, also termed
protein kinase B, is a serine/threonine protein kinase and
could be phosphorylated by phosphatidylinositol 3-kinase (8).
A previous study demonstrated that p-Akt could upregulate
Bcl-2 through cyclic AMP response element binding protein to
inhibit cell apoptosis (29).In the present study, p-Akt expression
was inhibited in a dose-dependent manner in 786-O cells by
the treatment of increasing concentrations of Notch 1 siRNA,
while the total Akt expression was not affected, suggesting
that Notch 1 siRNA could inhibit Akt phosphorylation, which
thereby reduced the activity of the Akt signaling pathway
and contributed to cell apoptosis. This was consistent with
previous studies (27,30). mTOR is an important downstream
effector of the Akt signaling pathway and also is a crucial
target for RCC therapy (31). It has been indicated that phos-
phorylated mTOR could induce cell cycle transition between
the G, and S phase to facilitate cell proliferation and control
protein synthesis through the regulation of P70S6K (20,32).
In the present study, it was revealed that protein expression of
p-mTOR and p-P70S6K exhibited a marked dose-dependent
decrease along with dose-dependently decreased p-Akt in
the Notch 1-specific siRNA-treated 786-O cells. Together,
the findings from the present study demonstrated that the
inhibition of Notch 1 expression by Notch 1-specific siRNA
inactivated Akt/mTOR signaling, inhibited cell proliferation
and induced cell apoptosis in 786-O cells. This is consistent
with the result in a previous study by Mungamuri et al (33) on
T-cell acute lymphocyte leukemia. Collectively, the present
study confirmed that Notch 1 was involved in the regulation
of cell survival and proliferation in 786-O cells through the
Akt/mTOR signaling-dependent pathway, and Notch 1 was a
valuable target for CCRCC treatment.

In summary, association analysis results from the present
study demonstrated that Notch 1 expression was closely associ-
ated with CCRCC carcinogenesis and progression. In addition,
inhibition of Notch 1 expression inhibited cell proliferation and
induced cell apoptosis in CCRCC 786-0 cells, suggested that
Notch 1 was involved in CCRCC development. Furthermore,
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treatment with Notch 1-specific sSiRNA decreased expres-
sion of Bcl-2 and procaspase-3 in a dose-dependent manner
in CCRCC 786-0O cells, which was accompanied with a
dose-dependent decrease in the expression of p-Akt, p-mTOR
and p-P70S6K. This indicated that Notch 1 was involved
in the regulation of cell survival and proliferation in 786-O
cells through the Akt/mTOR signaling-dependent pathway.
Due to the complexity of cancer-associated cell proliferation
and apoptosis, the underlying molecular mechanisms are not
limited to the aforementioned findings. However, these find-
ings confirmed that Notch 1 is a valuable target against cell
survival and proliferation in CCRCC, and Notch 1-specific
siRNAs may be developed as target agents to be used as single
agents or in combination with other chemotherapeutics in
CCRCC treatment.
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