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An activated Notchl signaling pathway inhibits cell proliferation
and induces apoptosis in human esophageal squamous
cell carcinoma cell line EC9706

ZHAOMING LU, HONGTAO LIU, LEXUN XUE, PEIRONG XU, TIANXIAO GONG and GUIQIN HOU

Laboratory for Cell Biology, The First Affiliated Hospital, Zhengzhou University, Henan 450052, P.R. China

Received September 24, 2007; Accepted November 5, 2007

Abstract. Previous studies have demonstrated that Notchl
signaling pathway plays a major role in maintaining the
balance of cell proliferation, differentiation and apoptosis,
and is closely associated with tumorigenesis. However, roles
of Notchl signaling pathway in esophageal squamous cell
carcinoma (ESCC), which is a common cause of mortality in
China, remain poorly understood. Therefore, a novel strategy
for seeking a rational molecular therapeutic target for ESCC
is urgently needed. The purpose of this study is to examine
the effect of the active Notchl signaling pathway on the
proliferation and apoptosis of ESCC cells and to investigate
the underlying molecular mechanisms in carcinogenesis
of the esophagus. The results revealed that a constitutively
activated Notchl signaling pathway was observed in
ESCC cell line EC9706, through a pcNICD vector mediated
expression system. Clearly, the activated Notchl signaling
pathway gave rise to proliferation suppression of the cells,
accompanied with a cell cycle inhibition at the G/G, phase
and apoptosis. In contrast to the expression of CDK2, cyclin
D1 and cyclin E observed in EC9706 cells untreated and
transfected with pcDNA3.1, there was a markedly decrease
in the cells stably expressing Notchl NICD. Up- and
down-regulations of GSK3 and B-catenin, respectively,
indicated that Notchl inhibited proliferation and induced
apoptosis of EC9706 cells through Wnt-mediated signaling
pathway. These findings suggest that Notchl signaling
pathway may participate in carcinogenesis of the esophagus.

Introduction
Esophageal squamous cell carcinoma (ESCC) is one of the

most frequently diagnosed cancers in developing countries,
especially in China (1). However, the understanding of
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etiology and mode of carcinogenesis of this disease is still
lacking (2). Although therapy strategies have been improved,
the prognosis of patients with ESCC is still poor. Moreover,
cells of ESCC are known to develop resistance to chemo-
therapeutic drugs, thus resulting in a dramatic decrease in
the 5-year survival rate for ESCC (3). Obviously, a better
understanding of the molecular mechanisms in carcino-
genesis and progression of ESCC helps to improve the
prognosis of patients with ESCC.

Notch protein is a transmembrane receptor family that
is structurally and functionally conserved from worms to
human. Notch1 receptor was first identified in Drosophila as
a gene involved in neuronal cell fate decision, and currently
it is known to regulate the fate decisions of developing
cells in various tissues during embryogenesis as well as in
postnatal stages (4). Upon binding to its ligand, Notch1 protein
is proteolytically cleaved, releasing a Notchl intra-cellular
domain (NICD), which then translocates into the nucleus
(5-7). The NICD associates with transcriptional factors known
as Su (H)/CBF1, regulating the expression of target genes
and successively modulating the development of cells (8,9).

Previous studies have revealed that the Notchl signaling
pathway, as one of key signaling pathway regulating cell
differentiation, played a key role in cell proliferation,
differentiation and apoptosis that affect the development and
function of many organs (10,11). At present, insights into
links between Notchl signaling pathway and cancer are
rapidly expanding. The Notchl signaling pathway has been
associated with several human cancers, including cervical
cancer, lung carcinoma and neuroblastoma (12,13). Also,
aberrant Notch signaling pathway plays a role in other types
of leukemia (14) and mucoepidermoid tumors (15,16). In
addition, Notchl can be a dominant oncogene as well as a
tumor suppressor gene, depending on the cellular context
(17). The rapidly increasing knowledge about Notchl
signaling pathway in cancer will hopefully provide a basis
to explore the possibility of using Notch signaling as a
therapeutic target in cancer (13).

Since the Notchl signaling pathway in ECSS has not
been investigated, it prompted the authors to investigate the
role of Notchl signaling pathway in carcinogenesis of the
esophagus. The purpose of this study was to establish
whether a constitutively activated Notchl signaling pathway
exists in ECSS, and to investigate the effects of Notchl on
growth and apoptosis of the EC9706 cells.
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Materials and methods

Cell line and cell culture. A poorly differentiated ESCC cell
line EC9706 was provided by the State Key Laboratory of
Molecular Oncology, Chinese Academy of Medical Sciences
(Beijing, P.R. China). The cells were cultured in RPMI-1640
medium (Bibco-BR2, Rockville, USA) supplemented with
10% fetal bovine serum (FBS) (HyClone Laboratories,
Logan, USA), 100 U/ml penicillin and 100 pg/ml strepto-
mycin at 37°C in the presence of 5% CO,, as described in the
previous studies from our laboratory (18,19).

Immunocytochemical analysis. The immunocytochemical
analysis was performed using the SP kit (Santa Cruz, USA)
according to the manufacturer's instructions. Briefly, EC9706
cells were plated on several sterile glass slides and incubated
at 37°C for 24 h in presence of 5% CO,. The slides were
rinsed three times in phosphate-buffered saline (PBS, pH 7.4)
and fixed with 4% formaldehyde at room temperature (RT)
for 10 min. After rinsing in PBS and treatment with 3% H,0,
for 10 min, the cells were blocked with 5% normal goat
serum for 30 min in a humidified box at RT to eliminate non-
specific binding, and then incubated with Notchl antibody
(1:100) (Santa Cruz), and PBS as a control, respectively, at
4°C overnight. After the slides were rinsed three times in
PBS and incubated with corresponding secondary antibody
for 30 min, they were developed with a 0.03% DAB solution.
Subsequently, photomicrographs (magnification, x400) were
taken immediately.

Construction of expression vector and transfection. Human
Notchl (NICD) gene (corresponding to amino acids 1759-
2444 of GenBank NM_017617) was amplified by PCR using
Notchl1-specific primers, 5'-CGCGGATCCATGCGCAAG
CGCCGGCGGCAGCAT-3' and 5'-ACGTCTAGACACG
TCTGCCTGGCTCGG-3' (underlined showing BamHI and
Xbal, respectively), using human placenta tissue cDNA as a
template, and PCR was performed using LA Taq™ System
(Takara, P.R. China) in 30 cycles of 94°C for 50 sec, 58°C
for 50 sec and 72°C for 90 sec. The PCR product (about
2.0 kb) was inserted into the BamHI/Xbal restriction sites of
the mammalian expression vector pcDNA3.1 (+) (Invitrogen,
USA), resulting in a vector pcDNA3.1/Notchl, named
pcNICD. Meanwhile, the construct was sequenced in both
directions to verify the correctness of the vector.

To obtain stable transfectants, EC9706 cells seeded at
a density of 2x10°¢ cells/ml into a 6-well plate (4 ml/well)
were cultured for 24 h, and then transfected with 2.5 ug
of the pcNICD and 5 pl of Lipofectamine 2000 (Invitrogen)
according to the manufacturer's instructions. After trans-
fection, cells were selected for 2-5 days with G418 at
400 pg/ml. As soon as mortality rate of the cells untreated
was 100%, selection was continued with G418 (200 ug/ml)
for 2-3 more weeks until individual colonies appeared.

Immunofluorescence. Permeabilization and fixation of
cultured cells were carried out with Triton X-100 and
paraformaldehyde, respectively, as described previously (20).
After a rehydration with multiple rinses in PBS, the cells
stably expressing NICD were treated with PBS containing
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4% bovine serum albumin, immunofluorescence staining of
cells was carried out with rabbit anti-Notchl polyclonal
antibody (Santa Cruz) (1:100) as the primary antibody and
FITC-conjugated goat anti-rabbit immunoglobulin G (H+L)
antibody as the secondary antibody, respectively. Immuno-
stained cells were washed thoroughly with PBS and mounted
in a buffer containing 0.1 M PBS, pH 8.0, 2% n-propyl
gallate and 60% glycerol. Photomicrographs (magnification,
x400) were taken using a Nikon microscope equipped with
epifluorescence.

Semi-quantitative RT-PCR. Total RNA was isolated from
untreated and transfected EC9706 cells by TRIzol reagent
(Invitrogen) according to the manufacturer's instructions,
and then subjected to first-strand cDNA synthesis with AMV
first strand DNA synthesis kit (Biotech Co., Shanghai, P.R.
China). Briefly, 1 ug of the isolated RNA was reversely
transcribed to cDNA at 42°C for 1 h in 20 gl of reaction
mixture with 1 u1 AMV reverse transcriptase, 1 ul random
hexamer, 4 ul 5X reaction buffer, 2 x1 dNTP (10 mM) and
1 ul Rnase inhibitor (20 U/ul). The PCR amplification
mixture (25 ul) consisted of 1 ul cDNA mixture, 0.5 U LA
Taq DNA polymerase, 2.5 1 10X LA PCR buffer, 2.5 mM
dNTP mixture and 50 pM sense and antisense primers each
(Table I). Actin was used as an internal control. PCR was
carried out as follows: initial denaturation at 94°C for 2 min,
followed by 30 sec at 94°C, 30 sec at each anneal temperature
for different genes (Table I), and 50 sec at 72°C for a total of
30 cycles and a terminal extension at 72°C for 6 min. After
amplification, 10 u1 of PCR products were resolved on a 1%
agarose gel. DNA bands were visualized by UV light and
documented with a Gene Tools (Model P67UA).

Cell proliferation assay by cell counting kit-8 (CCK-8).
CCK-8 is a sensitive non-radioactive colorimetric assay for
determining the number of viable cells in cell proliferation
and cytotoxicity assays. CCK-8 solution is added directly
to the cells; no pre-mixing of components is required. The
detection sensitivity of cell proliferation assays using CCK-8
is higher than assays using the other tetrazolium salts such as
MTT, XTT, MTS or WST-1. Since the CCK-8 solution is
very stable and it has little cytotoxicity to cells. The growth
rate of EC9706 cells expressing NICD either transiently, or
stably, was measured using the CCK-8 method according to
manufacturer's instructions. Briefly, cells were seeded into
96-well plates at about 5x10* cells per well for EC9706 cells
transiently or stably expressing NICD, respectively. On the
day of measuring the growth rate of EC9706 cells, 100 ul of
spent medium was replaced with an equal volume of fresh
medium containing 10% CCK-8. Cells were incubated at
37°C for 1-4 h, and the absorbance was finally determined at
492 nm using Microplate spectrophotometer.

Western blot analysis. Untreated and transfected EC9706
cells were lysed for 20 min in cold lysis buffer. Cell extracts
were collected and centrifuged at 12,000 rpm for 5 min.
Total proteins (20 pg) from whole cell lysates were boiled
for 5 min in 1X SDS buffer, resolved by 10% SDS-PAGE,
and then electro-transferred to nitrocellulose membranes
(Amersham, Uppsala, Sweden) by a semi-dry transferor.
The membranes were blocked in 5% skimmed-milk in
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Table I. Oligonucleotide primers used for RT-PCR.
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Genes Size  Annealing
(bp) temperature
O

5' primer

3' primer

Notchl 365 60 5'-GGCCACCTGGGCCGGAGCTTC-3'

CDK2 415 58 5'-CCTGGACACTGAGACTGAGGGT-3'

Cycline E 386 58 5'-CTGGCTGAATGTTTATGTCC-3'

Cyclin DI 424 60 5'-TGGAGCCCCTGAAGAAGAG-3'

P53 270 60 5-TTCCTGCAGTCAGGGACAG-3'

Bcl-2 274 63 5'-CGACTTTGCAGAGATGTCCA-3'

P65 150 58 5'-GCGGCCAAGCTTAAGATCTGCCGAGTAAAC-3'
GSK38 316 58 5'-CCAGTGGCGAGAAGAAAGACGAG-3'

B-catenin 429 55 5'-GTTCGTGCACATCAGGATAC-3'

B-actin 457 55 5'-GCATCCTCACCCTGAAGTAC-3'

5-GCGATCTGGGACTGCATGCTG-3'
5'-CTCAGAATCTCCAGGGAACAGG-3'
5-TCTTTGCTTGGGCTTTGTCC-3'
5-AAGTGCGTTGTGCGGTAGC-3'
5'-ATACGGATTTCCTTCCACCC-3'
5'-TAGTTCCACAAAGGCATCCC-3'
5'-CGCTGCTCTAGAGAACACAATGGCCACTTGCCG-3'
5'-CGGTAGTAGCGAGAACAGATGTAGGAG-3'
5-CGATAGCTAGGATCATCCTG-3'
S-TTCTCCTTAATGTCACGCAC-3'

5000bp
2000bp

Figure 1. Construction of eukaryotic expression vector pcNICD. (A) Amplification of Notchl cDNA fragment: lane 1, molecular size marker (Sangon
GeneRuler™ DNA Ladder Mix; Shanghai, P.R. China); lanes 2 and 3, PCR product of human Notchl ¢cDNA fragment. (B) Identification of eukaryotic
expression vector pcNICD: lane 1, molecular size marker (Sangon GeneRuler DNA Ladder Mix); lane 2, pcNICD; lane 3, digested pcNICD with

BamHI/Xbal.

PBS-T containing 0.05% Tween-20 at RT for 2 h, and then
incubated at RT for 2 h with corresponding primary anti-
bodies including Notchl, cyclin D1, cycline E, CDK2, P53,
Bcl-2, P65, GSK38, B-catenin and B-actin (Santa Cruz)
diluted in 1% skimmed-milk in PBS-T, respectively, followed
by incubation with horseradish peroxidase-conjugated
secondary antibodies (anti-goat, anti-rabbit or anti-mouse)
(Santa Cruz). Finally, the bands of specific proteins on the
membranes were developed with DAB solution according to
the manufacturer's instructions. The membranes were rinsed
three times with PBS-T between the incubations described
above (21). Quantification of band intensity was performed
using Gene Tools (UVP, Inc., Upland, USA).

Cell cycle analysis. The cells were synchronized in G, phase
by serum starvation for 24 h in phenol red-free RPMI with
0.1% serum. Subsequently, cells were released into complete
medium containing 10% fetal bovine serum. Briefly, 1x10°
of untreated and transfected EC9706 cells were harvested at
24, 48 and 72 h after treatment and washed in PBS, then
fixed in 70% cold ethanol for 30 min at 4°C. After washing

in cold PBS thrice, cells were resuspended in 1 ml of PBS
solution with 40 pg of propidium iodide and 100 pg of
RNase A for 30 min at 37°C. Samples were then subjected
to analysis of their DNA contents by Becton-Dickinson
FACScan flow cytometer (FACScan, Becton-Dickinson,
Mountain View, USA).

Apoptosis detection by flow cytometer. Untreated and
transfected EC9706 cells were trypsinized at 24, 48 and
72 h, washed with cold PBS and resuspended in PBS.
Annexin V-FITC (BD Biosciences, USA) at final concen-
tration of 1 yg/ml and 250 ng of propidium iodide were
added to a mixture containing 100 ul of cell resuspension
and binding buffer (BD Biosciences) each. After cells were
vortexed and incubated for 15 min at RT in the dark, 400 1
of binding buffer was added to the mixture for flow cyto-
metric analysis.

Statistical analysis. All experiments results were from at
least three independently repeated experiments. The data
were carried out with one-way analysis of variance using
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Figure 2. Expression of Notchl protein in EC9706 cells. (A) Expression of Notchl observed immunocytochemically in EC9706 cells transfected with and
without pcDNA3.1 and pcNICD vector (magnification, x400). (B) Notchl expressed in the cytosol and nuclei, implying an activated status (magnification,
x400) (B1), and high transfection efficiency (about 95%) in EC9706 cells transfected with pcNICD (magnification, x200) (B2). (C) Western blots analysis
was performed with antibodies to Notchl and B-actin (as a control) in EC9706 cells transfected with and without pcDNA3.1 and pcNICD vector. (D) Semi-
quantitive values of three independently repeated Western blots were statistically analyzed by densitometry using Gene Tools software, are expressed as
means = SD. "P<0.05, compared to those of EC9706 untreated and transfected with pcDNA3.1.
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Figure 3. Activated Notchl signaling inhibits the proliferation of human ESCC cells. (A) Growth of EC9706 cells transiently expressing Notchl (NICD) was
detected by CCKS kit. EC9706 cells transfected with pcNICD had a decreased growth rate that was significantly different from the control EC9706 cells and
EC9706 cells transfected with pcDNA3.1 (P<0.01). (B) The growth of EC9706 cells stably expressing Notchl (NICD) was detected by CCKS kit assay.
EC9706 cells had a obvious decreased growth rate compared to the control EC9706 cells and EC9706 cells transfected with pcDNA3.1 (P<0.01). "P<0.05,

compared to those of EC9706 untreated and transfected with pcDNA3.1.

SPSS version 13.0 (SPSS, Chicago, IL, USA), as described
previously (19). In all statistical analyses, a P-value <0.05
was considered statistically significant, and all P-values
were two-sided.

Results

Construction of eukaryotic expression vector pcNICD. Total
RNA isolated was reverse-transcribed to cDNA first-strand,
which served as a template to amplify the target gene, and
a 2,058 bp of specific fragment appeared (Fig. 1A). The
recovered fragments were cloned into eukaryotic expression

vector pcDNA3.1 (+) to create a pcDNA3.1/Notchl that
was named pcNICD. The pcNICD was identified via double
enzyme-cutting method to be the expected size (Fig. 1B)
and the results of DNA sequencing were completely identical
to the Notchl sequences on GenBank.

Notchl signaling pathway activated in EC9706 cells. To
observe whether Notchl signaling pathway exists and its
activation status in EC9706 cells transfected with pcDNA3.1
and pcNICD, and untreated EC9706 cells, Notch1 protein
expression levels were determined, respectively, by
immunocytochemistry, immunofluorecence and Western
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Figure 4. RT-PCR analysis of Notchl signaling pathway-related genes. To verify the specificity of the reactions, EC9706 cells untreated and transfected with
pcDNA3.1 is used as negative controls, respectively. The house-keeping gene B-actin has been used for normalization. (A, C and E) Analysis of mRNA levels
of CDK2, cyclin D1, cyclin E, Bel-2, p53, Notch1, p65, GSK38, B-catenin and B-actin in EC9706 cells. (B, D and F) Semi-quantitated values of mRNA levels of
CDK2, cyclin D1, cyclin E, Bcl-2, p53, Notchl, p65, GSK38, and -catenin to B-actin, respectively. Results from three independently repeated experiments,
which were statistically analyzed by densitometry using Gene Tools software, are expressed as means + SD. "P<0.05, compared to those of EC9706 untreated
and transfected with pcDNA3.1. Here, results of one representative experiment are reported. Levels of B-actin are shown for equal loading conditions.

blots. Expression of Notchl protein was undetectable or
weak by immunocytochemistry method in EC9706 cells
untreated and transfected with pcDNA3.1, compared to cells
transfected with pcNICD (Fig. 2A). Besides, expression of
Notchl protein was found both in the cytosol and nuclei of
the cells transfected with pcNICD using immunofluorecence
method (Fig. 2B1), suggesting that Notchl signaling path-
way is activated. Transfection efficiency was very high
because of expression of Notchl protein in about 95% cells
transfected with pcNICD (Fig. 2B2). Furthermore, the results
of Western blots revealed that expression level of Notchl
protein was significantly higher (P<0.01) in the cells
transfected with pcNICD than in the cells untreated or
transfected with pcDNA3.1 (Fig. 2C and D), but there was
no difference (P>0.05) in the expression level of Notchl
between the cells untreated and transfected with pcDNA3.1
(Fig. 2C and D). Thus, it is likely that Notchl signaling
pathway may be activated by introducing extraneous Notchl
fragment into ESCC cells.

Effect of activated Notchl signaling pathway on proliferation
of ESCC cells. The effect of activated Notchl on proliferation
of EC9706 cells were investigated using CCK-8 kit. As

shown in Fig. 3A, there was no difference (P>0.05) in
cellular proliferation rate between the cells untreated and
transfected with pcDNA3.1. However, proliferation of the
EC9706 cells transiently expressing NICD was inhibited
significantly (P<0.01) compared to that of the cells untreated
and transfected with pcDNA3.1. Also, proliferation of the
cells stably expressing NICD was obviously inhibited
(P<0.01) compared to that of the cells untreated and trans-
fected with pcDNA3.1 (Fig. 3B). These findings suggest
that the constitutively active Notchl signaling pathway,
regardless of transient and stable expressions of Notchl,
is able to inhibit proliferation of ESCC cells.

Identification of Notchl signaling pathway-related genes. To
investigate changes of Notchl signaling pathway-related
genes at mRNA levels, total RNAs of untreated and trans-
fected cells were, respectively, extracted and followed by
analyzing the mRNA levels of the genes using RT-PCR.
The results showed that mRNA expression of the Notchl
gene was significantly increased (P<0.01) in EC9706 cells
transfected with pcNICD, by ~3-fold higher than that of cells
untreated and transfected with pcDNA3.1 (Fig. 4E and F).
Also, the mRNA expressions of the CDK2, cyclin D1 and
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Figure 5. Western blots analysis of Notchl signaling pathway-related genes. To verify the specificity of the reactions, EC9706 cells untreated and transfected
with pcDNA3.1 is used as negative controls, respectively. The house-keeping gene B-actin has been used for normalization. (A, C and E) Analysis of proteins
levels of CDK2, cyclin D1, cyclin E, Bcl-2, p53, Notchl, p65, GSK38, B-catenin and B-actin in EC9706 cells. (B, D and F) Semi-quantitated values of
proteins levels of CDK2, cyclin D1, cyclin E, Bcl-2, p53, Notchl, p65, GSK38, and B-catenin to B-actin, respectively. Results from three independently
repeated experiments, which were statistically analyzed by densitometry using Gene Tools software, are expressed as means = SD. "P<0.05, compared to
those of EC9706 untreated and transfected with pcDNA3.1. Here, results of one representative experiment are reported. Levels of 8-actin are shown for equal

loading conditions.

cyclin E genes were significantly decreased in the EC9706
cells transfected with pcNICD compared to those of the cells
untreated and transfected with pcDNA3.1 (Fig. 4A and B). In
addition, the mRNA expressions of the Bcl-2, p5S3 and p65
genes involved in cell apoptosis were observed. The results
demonstrated that mRNA expressions of the Bcl-2 and
p65 genes were decreased in EC9706 cells transfected with
pcNICD compared to those of the cells untreated and trans-
fected with pcDNA3.1 (P<0.05), whereas mRNA expression
of the p53 gene was increased (P<0.05) (Fig. 4C-F).
Subsequent findings indicated that the mRNA expression
of the GSK38 gene was obviously increased (P<0.01), but
the mRNA expression of the 3-catenin gene was significantly
decreased (P<0.01) in the EC9706 cells transfected with
pcNICD, compared to that of the cells untreated and trans-
fected with pcDNA3.1, suggesting that the inhibitory effect
of active Notchl signaling pathway on proliferation of
EC9706 cells may be directly associated with cell cycle
regulatory proteins and apoptotic proteins.

Expression levels of Notchl signaling pathway-related
proteins in EC9706 cells. According to the results of semi-
quantitative RT-PCR mentioned above, to determine the
mechanism of proliferation reduction, we carried out Western
blots analysis for various cell cycle regulatory proteins and

proteins related to apoptosis and Wnt signaling pathway.
As shown in Fig. 5, in the cells transfected with pcNICD,
proteins levels of p65, Bcl-2, CDK2, cyclin D1 and cyclin E
were obviously reduced in all three separate experiments
(P<0.01), whereas level of p53 protein was significantly
increased (P<0.01) compared to that of the cells untreated
and transfected with pcDNA3.1. In addition, compared to
that of the cells untreated and transfected with pcDNA3.1,
GSK38, protein expression was up-regulated and B-catenin
protein expression was down-regulated in the cells trans-
fected with pcNICD, suggesting that the inhibition of active
Notchl signaling pathway on the proliferation of EC9706
cells may be mediated by Wnt signaling pathway.

Activated Notchl signaling pathway induces cell cycle arrest
and apoptosis. To characterize the mechanisms underlying
the proliferation inhibition by activated Notchl signaling
pathway, we analyzed cell cycle kinetics in EC9706 cells
untreated, transfected with pcDNA3.1 and pcNICD. As
showed in Fig. 6A and C, there were higher proportions of
cells (74.5%) (P<0.05) in EC9706 cells transfected with
pcNICD at G/G, phase than that in cells untreated (59.1%)
and transfected with pcDNA3.1 (59.0%). The proportion of
the cells transfected with pcNICD at S phase was decreased
gradually from 10.3 to 7.1%, indicating that the synthesis
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Figure 6. Activation of Notchl signaling induces cell cycle arrest and apoptosis in EC9706 cells. EC9706 cells untreated and transfected with pcDNA3.1 and
pcNICD were seeded in 6-well plates containing 10% FBS-RPMI-1640 and harvested at 24, 48 and 72 h, respectively, followed by apoptosis assay and cell
cycle analysis using the Annexin V-FITC apoptosis detection kit and propidium iodide staining, respectively. (A) Transient expression of activated Notchl
caused Gy/G, arrest in EC9706 cells. (B) Transient expression of activated Notchl induced cell apoptosis in EC9706 cells. (C and D) Results derived from

three independent experiments are expressed as means + SD. "P<0.05, compared to those of EC9706 untreated and transfected with pcDNA3.1.
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of DNA was gradually prohibited due to active Notchl
signaling pathway. Cell cycle distribution analysis demon-
strated that the cell increase (P<0.05) at G/G, phase in the
cells transiently expressing NICD suggests that active
Notchl signaling pathway induces GO/G1 cell cycle arrest
in EC9706 cells.

Additionally, apoptotic rates of EC9706 cells untreated,
transfected with pcDNA3.1 and pcNICD were analyzed
by flow cytometer. The result revealed that there was no
prominent difference in EC9706 cells untreated and trans-
fected with pcDNA3.1 in the apoptotic rate of EC9706 cells
(P>0.05) (Fig. 6B and D); however, the apoptosis ratio of
EC9706 cells transfected with pcNICD vs. untreated and
transfected with pcDNA3.1 significantly increased (P<0.01).
Meantime, the apoptotic rate of the cells transfected with
pcNICD was higher than that of the cells untreated and
transfected with pcDNA3.1 at all of the time points,
indicating that activated Notchl signaling pathway could
also evoke apoptosis in EC9706 cells.

Discussion

Notchl is a multifunctional transmembrane receptor that
plays an important role in cellular differentiation and
development (22). Several studies have demonstrated that
Notchl signaling pathway is involved in malignant trans-
formation and tumorigenesis (23). However, the role of
Notchl in cancer cells remains controversial. Recent studies
on Notchl signaling pathway in cancer biology help to
understand that Notchl can act either as a tumor suppressor
(17,24) or as an oncogene (25), suggesting that the effects of
Notchl signaling pathway are cell context-specific. Over-
expression of Notchl gene causes growth inhibition of
human papilloma virus-positive cervical cancinoma cells,
prostate cancer and apparent reduction in small lung cancer
cells (26-28). Our results revealed that active Notchl
signaling pathway could inhibit the proliferation of ESCC
cells. Therefore, Notchl may serve as a tumor suppressor in
human ESCC cells, and modulation of Notchl signaling
pathway may provide a valuable tool to manipulate the
transformed state of ESCC cells.

In the present study, we have demonstrated that NICD
accumulated in the cytosol and nuclei of EC9706 cells,
implying that the Notch1 signaling pathway can be activated
in ESCC cells by introducing extraneous Notchl fragment.
In addition, expression level of the Notchl protein was
obviously increased in the EC9706 cells transfected with
pcNICD, compared to that of the cells untreated or trans-
fected with pcDNA3.1, suggesting that Notchl signaling
pathway may be tightly associated with the development
of ESCC. Therefore, it is likely that this activation of the
Notchl signaling pathway plays an important role in the
development of ESCC cells.

Cyclins and CDKs play important roles in controlling
major checkpoints in the cell cycle (29). Protein levels and
kinase activities of cyclins A, D1 and E and CDK4 are
significantly elevated in HCC (30). Recent studies have also
linked cyclin D1 to cell proliferation, the activation of cyclin
D1 at G1 phase are necessary for cell proliferation (31). In
ESCC cells overexpressing active Notchl, we observed
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down-regulation of cyclin D1, cyclin E and CDK?2, which
were considered to be correlated with the altered cell cycle
distribution phenotype and growth suppression, also, cell
numbers at G,/G, phase in EC9706 cells transfected with
pcNICD markedly increased compared to that in EC9706
cells untreated or transfected with pcDNA3.1, suggesting the
proliferation of ESCC cells was suppressed due to the
expression changes of cell cycle protein, cyclin D1, cyclin E
and CDK2. In human ESCC tissues, increased expression level
of cyclin D1 speeded the progress of ESCC and led to poor
prognosis (32). It has been reported that overexpression of
cyclin E was a general phenomenon associated with onco-
genesis of breast cancer (33). Coupled with the above
observations together; our results demonstrate that cyclins
D1 and E may play an important role in development of
ESCC cells.

We forwarded the question regarding how Notchl
signaling pathway induced apoptosis in EC9706 cells by
assessing the effect of active Notchl signaling pathway
on the expression of the apoptosis-related proteins p65, p53
and Bcl-2. In EC9706 cells stably expressing NICD, up-
regulation of p53 expression and down-regulation of p65 and
Bcl-2 expression were observed. Meanwhile, the result of
flow cytometer revealed that the activated Notchl was able
to induce cells apoptosis. Previous studies have demonstrated
that over-expression of mutant or wild-type p5S3 can down-
regulate Bcl-2 expression, resulting in apoptotic cell death
(34). Combined with these observations, our results clearly
demonstrate that active Notchl signaling pathway-induced
apoptosis may be a pS3-dependent and mediated through the
Bcl-2, p65 pathways.

Glycogen synthase kinase 3 (GSK38) and B-catenin,
which is known as a major component of Wnt signaling
pathway. More recently, Notchl has been shown to function
as a tumor suppressor in mouse skin through inhibition
of B-catenin signaling in Notchl-deficient mice. Besides,
B-catenin has been suggested as a functional target gene
for Notchl signaling pathway that mediates the tumor-
suppressive effect in murine skin carcinoma (17,35). On the
other hand, GSK38 inactivates various proteins that are
involved in cell proliferation and survival, such as B-catenin,
cyclin D1, c-jun, c-myc, C/EBP and CREB (36). Over-
expression of catalytically active GSK3 was reported to
induce apoptosis of Rat-1 and PC12 cells, whereas dominant-
negative GSK38 prevented apoptosis (37). The GSK38 levels
were markedly elevated in ~50% of the tumors (38). Such
an increase of GSK36 in ESCC cells, to our knowledge, was
not reported previously. To simply explore the relationship
between Notchl and Wnt signaling pathway, we further
investigated the expression changes of the GSK38 and
B-catenin mRNAs and proteins, and found up-regulation of
GSK36 and down-regulation of B-catenin in EC9706 cells
stably expressing NICD, suggesting active Notchl signaling
pathway may induce cell cycle arrest by Wnt-mediated
signaling pathway. However, further studies are needed to
identify the mechanism that Notch1 signaling suppresses the
proliferation of EC9706 cells and promotes cells apoptosis
mediated by Wnt signaling pathway.

Taken altogether, our findings demonstrate that activation
of Notchl signaling pathway suppresses proliferation and
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induces apoptosis of EC9706 cells, suggesting the Notchl
signaling pathway may be used as a potential target for
therapy of ESCC.
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