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Abstract

mTOR/p70S6K pathway is considered a central regulator in various malignant tumors, but its roles in esophageal
squamous cell carcinoma (ESCC), which is a common cause of mortality in China, remain unknown. Here, we identify
that the mTOR/p70S6K pathway is activated in ESCC; rapamycin and siRNA against mTOR rapidly inhibited expression
of mTOR and the phosphorylation of its major downstream effectors, p70S6K and 4E-BP1, arrested cells in the G0/G1

phase and induced apoptosis of ESCC cells. The findings may lay a foundation for making further investigations on
the mTOR/p70S6K pathway as a potential target for ESCC therapy.
� 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Esophageal squamous cell carcinoma (ESCC) is
one of the most frequently diagnosed cancers in
developing countries, especially in China [1]. How-
ever, the understanding of etiology and mode of car-
cinogenesis 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 chemotherapeutic drugs, thus resulting
in a dramatic decrease in the 5-year survival rate for
ESCC. Obviously, a better understanding of the

molecular mechanisms in carcinogenesis and pro-
gression of ESCC helps to improve the prognosis
of patients with ESCC.

The mammalian target of rapamycin (mTOR)
that is an evolutionarily conserved serine–threonine
kinase of a 289-kDa in length belongs to the PIKK
[phosphoinositide 3-kinase (PI3K)-related kinase]
family [3–5]. mTOR signaling pathway is frequently
activated in human cancers [6–9]. In mammals, the
two best-characterized targets of mTOR are the
ribosomal S6 kinases S6K1 and S6K2, and the
eukaryotic initiation factor (eIF4E)-binding protein
1 (4E-BP1). mTOR activation leads to phosphoryla-
tions of S6K1/2 and 4E-BP1. The latter releases
from the cap-dependent translation initiation factor
eIF4E, ultimately resulting in enhanced translation
from subset of genes required for cell growth
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[10–13]. These two events lead to an increase in
ribosomal biogenesis and the selective translation
of special mRNA populations [14–19].

mTOR has recently been recognized as an impor-
tant and attractive therapeutic target for cancer
therapy [20,21]. The potential applications of
mTOR inhibitors for treating various cancers
including renal, prostate, breast, pancreatic, and
lung cancers, etc., have been actively studied both
preclinically and clinically [22–24]. However, the
mTOR/p70S6K signaling pathway in ESCC has
not been investigated so far, which impel the
authors to investigate the role of mTOR/p70S6K
signaling pathway for finding a novel target for
the anticancer drugs in ESCC. In the present study,
we investigated the activated mTOR and its major
downstream members in ESCC cell lines, as well
as the changes of mRNA and protein expression
levels, cell cycle, and apoptosis in the ESCC cells
treated with rapamycin and small interference
RNA (siRNA) against mTOR. Here, we present
that mTOR/p70S6K signaling pathway is constitu-
tively activated in the ESCC cell lines. Furthermore,
rapamycin can specially block mTOR-mediated sig-
naling pathway, and siRNA targeting mTOR can-
not only inhibit the pathway, arrest cells to G0/G1

phase and induce apoptosis, but also increase the
sensitivity of EC9706 cells to rapamycin.

2. Materials and methods

2.1. Cell lines and cell cultures

A poorly differentiated ESCC cell line EC9706 and a
well differentiated ESCC cell line Eca109 were provided
by the State Key Laboratory of Molecular Oncology, Chi-
nese Academy of Medical Sciences (Beijing, China). Cer-
vical cancer cell line HeLa 229 as control cells was
purchased from Institute of Biochemistry and Cell Biol-
ogy, Chinese Academy of Sciences (Shanghai, China).
Each of the three cell lines was cultured in RPMI 1640
medium(Gibco-BR2, Rockville, USA) supplemented with
10% fetal bovine serum (FBS) (HyClone Laboratories,
Logan, USA ), 100 U/ml penicillin and 100 lg/ml strepto-
mycin at 37 �C in the presence of 5% CO2, as described in
the previous study from our laboratory [25].

2.2. Immunocytochemical analysis

The immunoreactivity was determined using the SP kit
(Santa Cruz, USA) according to the manufacturer’s
instructions. Briefly, the three cell lines were plated on sev-
eral sterile glass slides and incubated at 37 �C for 24 h in
presence of 5% CO2. 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 rinsed in PBS and treated with 3% H2O2 for
10 min, the cells were blocked with 5% normal goat serum
for 30 min in a humidified box at RT to eliminate nonspe-
cific binding, and then incubated with anti-human mTOR
antibodies (1:100), p-p70s6K and p-4E-BP1, as well as
PBS as a control, respectively, at 4 �C overnight. After
the slides were rinsed three times in PBS and incubated
with corresponding secondary antibodies for 30 min, they
were developed with a 0.03% DAB solution. Subse-
quently, photomicrographs (magnification, 400·) were
taken immediately.

2.3. Treatment with rapamycin and siRNA against mTOR

EC9706 cells trypsinized were incubated for 24 h and
continued to incubate for 6 more hour after deprivation
of serum. Subsequently, the serum-starved cells were trea-
ted with rapamycin at different concentrations in the med-
ium containing 10% FBS.

EC9706 cells were treated with siRNA against mTOR
or universal negative (nonsilencing) control siRNAs
(Santa Cruz, USA) according to the manufacturer’s
instructions. Briefly, transfection reagent (Santa Cruz,
USA) was incubated with 0.8 ml of serum-free medium
for 10 min, subsequently a mixture of siRNA was added
to the medium mentioned above. After incubation at
RT for 15 min, the mixture was added to EC9706 cells
(2 · 105 cells/well) grown in six-well plates for 24 h to
60% confluence in medium without antibiotics at siRNA
concentration of 100 nM, and continued to incubate for
6 h. One milliliter of medium containing 20% FBS was
added to each well without removing the transfection mix-
ture. After being cultured for 24 h, new medium was
added to the cells washed with PBS. Subsequently, the
treated cells were collected for further experiments.

2.4. Semi-quantitative RT-PCR

Total RNAwas prepared fromESCC cell lines with Tri-
zol reagent (Invitrogen, Carlsbad, USA) and reversely
transcribed to cDNA using AMV First Strand DNA Syn-
thesis Kit (Biotech Company, Shanghai, China). Briefly, a
1 lg of the isolated RNA was reversely transcribed to
cDNA at 37 �C for 1 h in a 20-ll of reaction mixture con-
taining 1 ll AMV reverse transcriptase, 1 ll random hexa-
mer, 4 ll 5· AMV buffer, 1 ll RNase inhibitor (20 U/ll),
2 ll dNTP (10 mM). The PCR amplification mixture
(25 ll) consisted of 0.5 ll cDNA mixture, 0.5 U Taq

DNApolymerase, 2.5 ll of 10· PCR buffer, 2.5 mMdNTP
mixture, and 50 pM sense and antisense primers each.
Glyceraldehyde-3-3phosphate-dehydrogenase (GAPDH)
was used as an internal control. mTOR, p70S6K, and
4E-BP1 were analyzed by PCR and the used oligonucleo-
tide primers included: for mTOR (193 bp), forward primer
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5 0 CGC TGT CAT CCC TTT ATC G 3 0 and reverse pri-
mer 5 0 ATG CTC AAA CAC CTC CAC C 3 0; for
p70S6K (188 bp), forward primer 5 0 TAC TTC GGG
TAC TTG GTA A 3 0 and reverse primer 5 0 GAT GAA
GGG ATG CTT TAC T 3 0; for 4E-BP1 (153 bp), forward
primer 5 0 ACC GGA AAT TCC TGA TGG AG 3 0 and
reverse primer 5 0 CCC GCT TAT CTT CTG GGC TA
3 0; and for 570 bp of GAPDH, forward primer 5 0 GCA
CCG TCA AGG CTG AGA A 3 0 and reverse primer 5 0

AGG TCC ACC ACT GAC ACG TTG 3 0. The PCR con-
ditions were as follows: for initial denaturing at 95 �C for
3 min, followed by 30 PCR cycles with temperatures below:
95 �C for 30 s, for mTOR 54 �C, for p70S6K 49 �C and for
4E-BP1 56 �C for 30 s each, and then 72 �C for 1 min; a
final extension at 72 �C for 5 min. The amplified products
were subjected to electrophoresis on 1% agarose gels con-
taining 0.2 lg/ll ethidium bromide and visualized under
a UV light [4,25].

2.5. Western blots

EC9706 cells treated with rapamycin at different con-
centration of 0, 20, and 50 nM were harvested and lysed
for 20 min in cold lysis buffer. After centrifugation at
12,000 rpm for 5 min, the supernatant was harvested as
the total cellular protein extracts. The protein concentra-
tions were determined using Bradford method. The total
cellular protein extracts were separated on 15% SDS–
PAGE for 4E-BP1 and P-4E-BP1, on 8% SDS–PAGE
for mTOR, and on 10% SDS–PAGE for p70S6K,
p-p70S6K, Akt1/2, and b-actin. Proteins were electro-
transferred to supported nitrocellulose membranes
(Amersham, Uppsala, Sweden) by a semi-dry transferor.
The membranes were blocked in 5% skimmed milk in
PBS-T containing 0.05% Tween 20 at RT for 2 h, and
then incubated at RT for 2 h with antibodies to mTOR,
p70s6K, p-P70s6K, 4E-BP1, p-4E-BP1, AKT1/2, and b-
actin diluted in 1% skimmed milk in PBS-T, respectively,
followed by incubating with the appropriate HRP-linked
secondary antibodies. Finally, the bands of specific pro-
teins on the membranes were developed with DAB solu-
tion according to manufacturer’s instructions. The
membranes were rinsed three times with PBS-T between
the incubations described above [4,26].

2.6. Cell cycle analysis

Because cell proliferation and growth are controlled by
the progression of cell through the well-defined stages of
cell cycle, the effects of rapamycin and siRNA against
mTOR on the cell cycle progression of EC9706 cells were,
respectively, investigated by use of propidium iodide
staining and flow cytometry. Becton Dickinson FACScan
Flow Cytometer (FACScan, Mountain View, USA) was
used for determining DNA contents. Cells treated, respec-
tively, with rapamycin at different concentrations and siR-

NA against mTOR were fixed in 70% cold ethanol, and
then kept at 4 �C until staining. The fixed cells were incu-
bated with RNase (50 lg/ml) for 30 min at 37 �C, and
then 5 ll propidium iodide (50 lg/ml) was added to cell
suspension and continued to incubate at RT for 30 min
in the dark before analysis [26].

2.7. Apoptosis assay by flow cytometry

EC9706 cells treated, respectively, with rapamycin and
siRNA against mTOR were trypsinized, washed with cold
PBS, and resuspended in PBS. Annexin V-FITC (BD Bio-
sciences, USA) at final concentration of 1 lg/ml and
250 ng of propidium iodide were added to a mixture con-
taining 100 ll of cell resuspension and binding buffer (BD
Biosciences, USA) each. After cells were vortexed and
incubated for 15 min at RT in the dark, 400 ll of binding
buffer was added to the mixture for flow cytometric anal-
ysis using Becton Dickinson FACScan Flow Cytometer
(FACScan, Becton Dickinson, Mountain View, USA).

2.8. Cell proliferation assay

WST-8 is better than MTT for analyzing cell prolifer-
ation, because it can be reduced to soluble formazan by
dehydrogenase in mitochondria and has little toxicity to
cells. Cell proliferation was determined using WST-8
dye (Beyotime Inst Biotech, China) according to manu-
facture’s instructions. Briefly, 5 · 103 cells/well were
seeded in a 96-well flat-bottomed plate, grown at 37 �C
for 24 h, and then placed in serum-starved conditions
for a further 6 h. Subsequently, cells were treated with
rapamycin at increasing concentrations in the presence
of 10% FBS for 24 or 48 h. After 10 ll WST-8 dye was
add to each well, cells were incubated at 37 �C for 2 h
and the absorbance was finally determined at 450 nm
using a microplate reader.

2.9. Statistical analysis

All experiments results were from at least three separate
experiments. The data were performed by one-way analy-
sis of variance using SPSS version13.0 (SPSS, Chicago,
USA). Summary statistics were expressed as means ±
standard deviations, except as otherwise stated. In all sta-
tistical analyses, a P value < 0.05 was considered statisti-
cally significant, and all P values were two-sided.

3. Results

3.1. mTOR and its downstream targets in the ESCC cell

lines

To investigate whether mTOR/p70S6K signaling
pathway is activated in the two ESCC cell lines,
mRNA and protein expression levels were examined
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by immunocytochemistry, Western blots and RT-PCR,
respectively. As shown in Fig. 1a, both the ESCC cell
lines and HeLa 229 cells have intense immunoreactiv-
ity to mTOR and its downstream target p-p70S6K.
The results of Western blots showed that there were
high expression levels of mTOR and p-p70S6K pro-
teins while the expression of p70S6K protein was
weak in the two ESCC cell lines (Fig. 1b and c).
There were statistically different levels of proteins of
mTOR and p70S6K in the two cell lines, i.e., the pro-
tein levels of mTOR (P < 0.05) and p-p70S6K
(P < 0.01) were higher in the poorly differentiated cell
line EC9706 than in the well differentiated cell line
Eca109 (Fig. 1d). Besides, the results of RT-PCR
showed that mTOR signaling pathway was activated
in the two ESCC cell lines (Fig. 2a–c). The mRNA
levels of mTOR was higher, but the mRNA levels
of p70S6K and 4E-BP1 were lower (P < 0.01) in the
poorly differentiated cell line EC9706 than in the
well-differentiated cell line Eca109 (Fig. 2d). Thus, it
is likely that the expression levels of mTOR mRNA
and protein are used to identify the differentiation
degree of ESCC.

3.2. Expression changes of mRNAs and proteins in EC9706

cells treated with rapamycin

After cells were treated with rapamycin at different
concentrations, the expressions of mRNAs and proteins
of mTOR, p70S6K, and 4E-BP1 were measured by RT-
PCR and Western blots, respectively. Rapamycin signifi-
cantly decreased mRNA expression of mTOR (P < 0.01)
while mRNA expressions of p70S6K and 4E-BP1 were
increased (P < 0.01) in rapamycin-treated cells in a dose-
dependent manner (Fig. 3). The results suggest rapamycin
potently inhibits the mRNA level of mTOR and increases
the unphosphorylated levels of the two downstream effec-
tors, p70S6K and 4E-BP1.

The results of Western blots revealed that rapamycin
inhibited the protein expression of mTOR in a dose-
dependent manner (P < 0.01) (Fig. 4a and c). Rapamycin
significantly blocked the phosphorylation and promoted
the unphosphorylation of p70S6K at 6 h after exposure
to 20 nM of rapamycin (P < 0.01) (Fig. 4b and d). Simi-
larly, the effect of rapamycin on phosphorylation state
of 4E-BP1 was detected with antibodies to 4E-BP1 and
p-4E-BP1. As shown in Fig. 4, the increase in the intensity

Fig. 1. Expressions of mTOR and p-p70S6K proteins in different cell lines. (a) Expressions and localizations of mTOR and p-p70S6K
were investigated immunocytochemically in the nuclei and cytoplasm of both ESCC cell lines ( EC9706 and Eca109) and positive control
cell line HeLa 229. (b and c) Western blot analysis was carried out with antibodies to mTOR, p70S6K, p-p70S6K, and b-actin (loading
control) in the two ESCC cell lines, respectively. (d) Semi-quantitated values of three independently repeated Western blot experiments
were statistically analyzed by densitometry using TotalLab 2.0 software, are expressed as means ± SD. *P < 0.05, compared to those of
Eca109 cells.
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of the bands c and a was due to lower phosphorylated
form of 4E-BP1, indicating that rapamycin inhibits the
phosphorylation of 4E-BP1 in EC9706 cells (P < 0.01).
However, rapamycin did not have any effect on Akt
(P > 0.05), an upstream factor of mTOR (Fig. 4b and g).

3.3. Effects of siRNA against mTOR on mTOR/p70S6K

pathway in EC9706 cells

To investigate the best interference effect of siRNA
against mTOR, total RNAs of the cells transfected with
4 ll siRNA (10 lM) for different durations (0, 24, 48,
72, and 96 h) were, respectively, extracted, followed by
analyzing the mRNA levels using RT-PCR. As shown
in Fig. 5a and c, the mRNA level of mTOR was signifi-
cantly decreased in the cells transfected with siRNA
against mTOR compared to that of the cells untransfected
and transfected with control siRNA. The mRNA expres-
sion of mTOR was the lowest (P < 0.01) at 72 h after
transfection, by about 20-fold lower than that of untrans-

fected cells, and began to increase at 96 h, indicating that
siRNA against mTOR has the biggest inhibitory effect at
72 h after transfection. Also, the mRNA level of p70S6K
was increased at 24 h, reaching to the highest expression
at 72 h after transfection (P < 0.01) (Fig. 5b and d).

According to the results of RT-PCR mentioned above,
the total proteins were obtained from EC9706 cells trans-
fected with siRNA against mTOR for 72 h. The changes
of the proteins in the mTOR/p70S6K signaling pathway
were analyzed using Western blots. Cells untransfected
and transfected with control siRNA are as controls. As
shown in Fig. 6, in EC9706 cells transfected with siRNA
against mTOR, protein level of mTOR was reduced about
3.5-fold at 72 h after transfection in all three separate
experiments (P < 0.01) (Fig. 6a and c), protein levels of
p70S6K and 4E-BP1 were significantly increased but pro-
tein levels of p-p70S6K and p-4E-BP1 were significantly
decreased (P < 0.01) compared to untransfected cells,
indicating that siRNA against mTOR inhibits mTOR,
p-p70S6K, and p-4E-BP1 but promotes unphosphoryla-

Fig. 2. Determination of mRNA levels of mTOR, p70S6K, and 4EBP1. (a–c) Analysis of mRNA levels of mTOR, p70S6K and 4EBP1 in
the two ESCC cell lines by RT-PCR. (d) Semi-quantitated values of mRNA levels of mTOR, p70S6K, and 4EBP1 to GAPDH,
respectively. Results from three independently repeated experiments, which were statistically analyzed by densitometry using BandScan 5.0
software, are expressed as means ± SD. *P < 0.05, compared to those of Eca109 cells.
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tion of p70S6K and 4E-BP1 (Fig. 6b, d, f, and g). How-
ever, siRNA against mTOR had no effect on the total pro-
tein level of Akt (P > 0.05) (Fig. 6b and e).

3.4. Cell cycle analysis

After cells were treated with rapamycin, the proportion
of cells at G0/G1 phase significantly increased compared
to untreated cells (P < 0.01). When cells were treated with
20 and 50 nM of rapamycin for 24 h, the proportion of
cells at the G0/G1 phase increased from 63.23% to
72.81% (P < 0.05) and to 78.38% (P < 0.05), respectively,
and there was a significant difference (P < 0.01) between
low and high concentrations of rapamycin as well, indi-
cating that rapamycin effectively arrests EC9706 cells in
the G0/G1 phage of cell cycle. On the other hand, the pro-
portion of cells at the S phase was decreased (P < 0.01),
compared to untreated cells (Fig. 7a and c).

To examine if siRNA against mTOR has an impact on
cell cycle of ESCC cells, EC9706 cells were transfected
with it for 48 h, and untransfected cells and cells transfec-
ted with control siRNA were served as controls. To deter-
mine if combination of siRNA against mTOR with
rapamycin has a collaborative effect, the cells transfected
with siRNA against mTOR for 24 h were exposured to
20 nM of rapamycin for a further 24 h. The results of flow
cytometry analysis showed that siRNA against mTOR
inhibited the cell cycle progression, leading to that the
proportion of cells at the G0/G1 phage was significantly
increased from 63.90% to 75.45% (P < 0.01). Control siR-
NA had no effect on cell cycle of EC9706 cells. Besides,
cells treated with combination of siRNA against mTOR
with rapamycin had higher proportion (79.05%) of cells
at the G0/G1 phase than those only treated with siRNA
against mTOR (75.45%) (Fig. 7b and d), and there was
a statistically significant difference (P < 0.05). The find-

Fig. 3. mRNA levels of mTOR and its downstream effectors in EC9706 cells. (a–c) Analysis of mRNAs of mTOR and its two downstream
effectors, p70S6K and 4EBP1, by RT-PCR in cells treated with rapamycin at different concentrations. (d) Semi-quantitative value of
mRNA levels of mTOR, p70S6K, and 4EBP1 to GAPDH, respectively. Results from three independently repeated experiments, which
were statistically analyzed by densitometry using BandScan 5.0 software, are expressed as means ± SD. *P < 0.05, compared to those of
EC9706 cells treated without rapamycin.
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ings suggest that the combination of siRNA against
mTOR with rapamycin has a collaborative effect on cell
cycle phase.

3.5. Apoptosis assay

To examine whether rapamycin is able to affect apop-
tosis of ESCC cells, EC9706 cells were, respectively, trea-
ted with 20 and 50 nM of rapamycin for 4 h, followed by
assessing apoptosis by means of flow cytometric analysis.
Cells treated with apoptotic reagent and untreated cells
were, respectively, served as positive and negative con-
trols. The result showed that rapamycin markedly induced
EC9706 cell apoptosis (P < 0.01) in a dose-dependent
manner (Fig. 8a). After exposure to rapamycin at different
concentrations of 20 and 50 nM for 4 h, the proportion of

positive cells for Annexin V and propidium iodide (region
II) (20 nM, 19.11%; 50 nM, 43.54%) was significantly
increased (P < 0.01), compared to untreated cells (nega-
tive control: 4.62%) (Fig. 8c).

Finally, apoptosis was observed in EC9706 cells trans-
fected with siRNA against mTOR for 48 h, and siRNA
against mTOR for 44 h combined with 20 nM of rapamy-
cin for a further 4 h. The results revealed that siRNA
against mTOR induced apoptosis of EC9706 cells
(Fig. 8b). The proportion of cells positive for annexin V
and propidium iodide (region II) was markedly increased
from 6.11% (control) to 30.4% (P < 0.01). The apoptotic
proportion of EC9706 cells treated with siRNA against
mTOR combined with rapamycin (57.38%) was signifi-
cantly higher (P < 0.01) than that of EC9706 cells treated
with siRNA against mTOR alone (30.40%) (Fig. 8d), sug-
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Fig. 4. Effects of rapamycin on mTOR as well as phosphorylation of p70S6K , 4EBP1, and Akt. After serum-starved EC9706 cells were
treated with rapamycin at deferent concentrations for 6 h, the cell extracts were subjected to Western blots with the following antibodies.
(a) Antibodies to mTOR and b-actin (loading control). (b) Antibodies to p70S6K, p-p70S6K, 4EBP1, p-4EBP1, b-actin, and Akt1/2,
respectively. (c–g) Semi-quantitative values of three independently repeated experiments, which were statistically analyzed by densitometry
using TotalLab 2.0 software, are expressed as means ± SD. *P < 0.05, compared to those of EC9706 cells treated without rapamycin.
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gesting that the combination of siRNA against mTOR
with rapamycin has a collaborative effect on apoptosis
of EC9706 cells as well.

3.6. Effects of rapamycin on ESCC cell proliferation

To determine effects of rapamycin on proliferation of
ESCC cells, EC9706 cells were treated with rapamycin
at different concentrations (20, 50, 100, 150, and
200 nM) for 24 and 48 h, respectively. As shown in
Fig. 9, proliferation of EC9706 cells exposuring to rapa-
mycin became slower compared to that of untreated cells
(P < 0.01), and inhibitory effects of rapamycin on prolifer-
ation of EC9706 cells were in a dose- and time-dependent
manner.

4. Discussion

Aberrant activation of mTOR has been shown in
many cancers including human ovarian, breast and
hepatocellular carcinomas, as well as squamous cell

carcinomas of the head and neck [6–9]. However,
study on mTOR in ESCC has not been reported
so far. In the present study, we found that the over-
expression of mTOR in the two ESCC cell lines and
the expression level of mTOR was higher in poorly
differentiated EC9706 cells than in well-differenti-
ated Eca109 cells (P < 0.05). On the other hand,
high expressions of phosphorylated p70S6K (p-
p70S6K) and 4E-BP1 (p-4E-BP1) were detected in
the two cell lines. Thus, mTOR/p70S6K signaling
pathway is activated in the two ESCC cell lines.

In mammals, mTOR is regulated by a kinase cas-
cade consisting of pI3K, pI3K-dependent kinase l,
and Akt [27–29]. The downstream effectors of
mTOR include p70S6K and 4E-BP1, which are
related to translation, and p-p70S6K has higher
activity to promote translation than p70S6K.
mTOR can promote the phosphorylation of
p70S6K and 4E-BP1, thus stimulating the transla-
tion of proteins required for the cell cycle progres-

Fig. 5. Determination of mRNAs of mTOR and p70S6K in EC9706 cells interfered with siRNA against mTOR. (a and b) Analysis of
mTOR and p70S6K mRNA levels by RT-PCR in cells interfered with siRNA against mTOR. (c and d) Semi-quantitative values of
mRNA levels of mTOR and p70S6K to GAPDH, respectively. Results from three independently repeated experiments, which were
statistically analyzed by densitometry using BandScan 5.0 software, are expressed as means ± SD. *P < 0.05, compared to those of
untreated EC9706 cells.
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sion from the G1 to S phase [29–31]. Previous
reports have identified that rapamycin can inhibit
mTOR and the phosphorylation of p70S6K and
4E-BP1 in many cancers [32–34], but not in ESCC.
The results of the present study showed that 20 nM
of rapamycin significantly inhibited the phosphory-
lation of p70S6K and 4E-BP1. Rapamycin mark-
edly arrested ESCC cells to the G0/G1 phase of
cell cycle, resulting in the significantly increased pro-
portion of cells at the G0/G1 phase. Besides, 50 nM
of rapamycin significantly increased the proportion
of the ESCC cells positive for annexin V and propi-

dium iodide, resulting in the 10-fold higher apopto-
sis ratio in rapamycin-treated cells than in untreated
cells. However, the expression of Akt was not
affected by rapamycin, suggesting that Akt is an
upstream factor of mTOR and rapamycin is a spe-
cial inhibitor of mTOR.

mTOR is a central signal integrator that receives
signals arising from growth factors, nutrients, etc.,
and a central controller of eukaryotic cell growth
and proliferation [3,34,35]. It has been demonstrated
that the activated mTOR has many functions not
only for growth but also for invasion and metastasis

Fig. 6. siRNA against mTOR inhibits protein expressions of mTOR and phosphorylation of p70S6K and 4EBP1 but not Akt. The cell
extracts from EC9706 cells interfered with siRNA against mTOR and control siRNA for 72 h were subjected to Western blots with (a).
Antibodies to mTOR and b-actin (loading control). (b) Antibodies to Akt1/2, p70S6K, p-p70S6K, 4EBP1, p-4EBP1, and b-actin (loading
control), respectively. (c–g) Semi-quantitative values of three independently repeated experiments, which were statistically analyzed by
densitometry using TotalLab 2.0 software, are expressed as means ± SD. *P < 0.05, compared to those of untreated EC9706 cells.
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of tumors [36–38]. RNA interfering has become a
powerful strategy to understand functions of the
genes [39]. In the present study, a chemically synthe-
sized siRNA against mTOR was used to reduce

mTOR protein expression in ESCC cells. It was
shown that the expression of mTOR was specifically
inhibited in EC9706 cells treated with siRNA against
mTOR, reaching the lowest value at 72 h. Further-

Fig. 7. Rapamycin and siRNA against mTOR arrest EC9706 cells in G0/G1 phase of the cell cycle. EC9706 cells were seeded in six-well
plate containing 10% FBS-RPMI 1640 and grown overnight. (a and c) The cells treated with rapamycin at different concentrations for
24 h. (b and d) The cells transfected with siRNA against mTOR for 48 h and then continuously incubated with or without rapamycin for a
further 24 h. Cell cycle was analyzed using the Cellular DNA Flow Cytometry. Untreated cells and cells transfected with control siRNA
were respectively served as controls. Results pooled from three independently repeated experiments are expressed as means ± SD.
*P < 0.05, compared to untreated cells.
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more, the effect of siRNA against mTOR was similar
to rapamycin, i.e., it was able to inhibit phosphoryla-
tion of p70S6K and 4E-BP1 and to increase their

unphosphorylated form, to arrest EC9706 cells to
theG0/G1 phase of cell cycle, and to induce apoptosis
of EC9706 cells. In EC9706 cells treated with siRNA

Fig. 8. Induction of apoptosis in EC9706 cells by rapamycin and siRNA against mTOR. EC9706 cells were seeded in six-well plate
containing 10% FBS-RPMI 1640 and grown overnight. (a and c) Cells treated with rapamycin at different concentrations or apoptosis
reagents for 4 h. (b and d) Cells transfected with siRNA against mTOR for 44 h and then with or without rapamycin for a further 4 h,
followed by apoptosis assay using the Annexin V-FITC Apoptosis Detection Kit, as indicated in Section 2. Cells transfected with control
siRNA and untreated cells were served as controls. Results pooled from three independent experiments are expressed as means ± SD.
*P < 0.05, compared to untreated cells.
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against mTOR combined with rapamycin, the pro-
portions of cells at G0/G1 phase and of apoptotic
cells were higher than those of cells treated with siR-
NA against mTOR alone, indicating that the combi-
nation of siRNA against mTOR with rapamycin has
a synergistic effect on cell cycle and apoptosis of
EC9706 cells. Besides, the inhibitory effect of rapa-
mycin on the proliferation of EC9706 cells was dem-
onstrated using WST-8 dye.

In the present study, we identify that the mTOR/
p70S6K signaling pathway is activated in ESCC,
which might be an important mechanism responsi-
ble for the survival and proliferation of ESCC cells.
Further studies are underway to investigate the
potential use of the mTOR/p70S6K pathway as a
specific target for therapy in ESCC and the sensitiv-
ity of mTOR inhibitors to ESCC in vivo.
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