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Abstract
AIM: To investigate the association between endogenous
gene expression and growth regulation including proliferation
and apoptosis induced by transforming growth factor-1
(TGF-1) in human gastric cancer (GC) cells.

METHODS: Reverse transcription polymerase chain reaction
(RT-PCR) was performed to detect the main components
of the TGF-1/Smads signal pathway in human poorly
differentiated GC cell line BGC-823. Localization of Smad
proteins was also determined using immunofluorescence.
Then, the BGC-823 cells were cultured in the presence or
absence of TGF-1 (10 ng/mL) for 24 and 48 h, and the
effects of TGF-1 on proliferation and apoptosis were
measured by cell growth curve and flow cytometry (FCM)
analysis. The ultrastructural features of BGC-823 cells with
or without TGF-1 treatment were observed under
transmission electron microscope. The apoptotic cells were
visualized by means of the terminal deoxynucleotidyl
transferase (TdT)-mediated dTUP in situ nick end-labeling
(TUNEL) method. Meanwhile, the expression levels of
endogenous p15, p21 and Smad7 mRNA and the
corresponding proteins in the cells were detected at 1, 2
and 3 h after culture in the presence or absence of TGF-1
(10 ng/mL) by semi-quantitative RT-PCR and Western blot,
respectively.

RESULTS: The TGF-1/Smad signaling was found to be
intact and functional in BGC-823 cells. The growth curve
revealed the most evident inhibition of cell proliferation
by TGF-1 at 48 h, and FCM assay showed G1 arrest
accompanied with apoptosis induced by TGF-1. The typical
morphological changes of apoptosis were observed in cells
exposed to TGF-1. The apoptosis index (AI) in TGF-1-
treated cells was significantly higher than that in the
untreated controls (10.7±1.3% vs 0.32±0.06%, P<0.01).
The levels of p15, p21 and Smad7 mRNA and corresponding
proteins in cells were significantly up-regulated at 1 h, but
gradually returned to basal levels at 3 h following TGF-1
(10 ng/mL) treatment.

CONCLUSION: TGF-1 affects both proliferation and
apoptosis of GC cells through the regulation of p15 and p21,
and induces transient expression of Smad 7 as a negative
feedback modulation of TGF-1 signal. Our results suggest
a novel functional role of p21 as an accelerant of TGF-1-
mediated apoptosis in GC cells.
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INTRODUCTION

Gastric cancer is one of the most common malignant tumors in
the world[1]. Gastric carcinogenesis refers to accumulation of
genetic alterations of multiple genes such as oncogenes, tumor
suppressor genes and mismatch repair genes. However, the
exact molecular mechanism remains to be fully elucidated.
      Numerous data have shown that TGF-1, as a protypic
member of TGF- superfamily of signaling molecules, has a
diverse range of functions, including cell growth control (both
negative and positive), differentiation, apoptosis (inducement or
inhibition) and synthesis of extracellular matrix proteins[2]. The
TGF-1 signal is transduced across the membrane by the type
I and II receptors (TRI and II), which contain intrinsic serine/
threonine kinase activities. Identification and isolation of the
Smads as TGF-1’s intracellular signaling mediators have
enabled the TGF-1 pathway to be traced from the cell surface
to the nuclei[3]. Smad proteins can be classified into three
categories[4]; receptor-specific Smads (R-Smads: Smad2 and
Smad3) that interact with and are directly phosphorylated by a
particular TRI; common partner Smad (Co-Smad: Smad4) that
acts as a common mediator of TGF-1 signaling by interacting
with all R-Smads; inhibitory Smad (I-Smad: Smad7) that
competitively inhibits R-Smads’ association with activated
TRI and thereby prevents ongoing signaling[5]. TGF-1 signal
transduction relies upon the rapid TRI-mediated phosphorylation
of R-Smads followed by R-Smad/Co-Smad dimerization and
translocation to the nuclei, where the dimmer can directly or
indirectly regulate specific gene transcription, through
interactions with other transcription factors. I-Smad functions
to antagonize this signal by a negative feedback loop in
response to the same stimulus of TGF-1. The TGF-1/Smad
signal pathway can widely inhibit proliferation of various cell
types of epithelial origin, and modulate cell apoptosis and
differentiation[3]. It has been noted that TGF-1 shows biphasic
effects on contributing to tumorigenesis[6]. In the initial stage
of tumorigenesis, TGF-1 may play a negative or tumor suppression
role in tumor development by inhibiting cell growth. However,



a requirement for TGF-1 in progression of late stage tumor,
which allows the tumor to invade and metastasize through its
effects on angiogenesis, immunosuppression and synthesis
of extracellular matrix proteins, suggests a second role of TGF-1
in cancer[7-9].
     Previous studies have suggested that TGF-1 not only
inhibits cell proliferation[10], but also induces cell apoptosis[11]

by regulating the activities of cyclin, cyclin-dependent kinases
(CDKs) and CDK inhibitors (CDKIs), which lead to the arrest
of the cell cycle at G1 phase. Nevertheless, the possible role of
TGF-1 signal in the simultaneous modulation of GC cells’
proliferation and apoptosis remains unclear. Therefore,
elucidation of the mechanism by which TGF-1 inhibits cell
growth in GC cells not only provides insights into the molecular
events involved in tumor progression, but also allows us to
better understand how cells regulate those events contributing
to tumor progression through the cell cycle. In this study, we
investigated the effects of TGF-1 on cell kinetics and the
expression of p15, p21 and Smad7 genes and the potential
role of these genes in regulation of cell kinetics in human GC
cells, in order to reveal the role of this signaling in gastric
carcinogenesis.

MATERIALS AND METHODS

Cell culture
Human poorly-differentiated gastric adenocarcinoma cell line,
BGC-823, was obtained from Shanghai Institute of Cell Biology,
Chinese Academy of Sciences. Cells were grown in RPMI-
1640 medium supplemented with 10% fetal bovine serum
(FBS), L-glutamine and penicillin/streptomycin (100 U/mL),
and maintained at 37 ℃ in an atmosphere containing 50 mL/L
CO2 and 95% air.

Reverse transcription polymerase chain reaction (RT-PCR)
Total RNA was extracted from BGC-823 cells by TRIzol RNA
isolation (GIBCO-BRL, USA) and purified with DNase I
(Invitrogen, USA). The integrity of RNA was determined by
electrophoresis on 1% agarose gel containing ethidium bromide
(EB). The yield of RNA was quantified using DNA/RNA
calculator (Pharmacia, England). RNA (1 g) was reverse-
transcribed to the first strand of cDNA using superscript reverse
transcriptase system (Invitrogen, USA) according to the

manufacturer’s instructions. cDNA amplification was used to
detect expression of the main components of TGF-1/Smad
signaling, including TGF-1, TRI, TRII, Smads 2, 3, 4 and 7.
PCR was performed under the following conditions: first at 95
℃ for 3 min, 30 cycles at 95 ℃ for 30 s, at different annealing
temperatures for 30 s, at 72 ℃ for 30 s, and finally at 72 ℃ for
10 min (Table 1). PCR products were detected by electrophoresis
on 1.5% agarose gel containing EB.

Immunofluorescence assays
BGC-823 cells were seeded coverslips, and allowed to grow at
20-30% confluence. After washing with cold 1×PBS, cells were
fixed in 4% paraformaldehyde for 15 min, and then treated with
0.1% Triton X-100 for 15 min. Subsequently, cells were incubated
with Smads 2, -3, -4 or -7 primary antibodies (Santa Cruz, USA)
overnight at 4 ℃. Primary antibodies were diluted at 1:25 with
PBS containing 1% BSA. After washing with cold PBS, cells
were incubated with Fluorescein (FITC)-conjugated affinipure
anti-goat IgG secondary antibodies (1:50 with 1% BSA in
PBS, Zhongshan, Beijing) for 2 h at room temperature. After
washed with cold PBS, slides were immersed for 30 s in 10 ng/
mL Hoechst dye 33258 to stain cellular nuclei, and then
subjected to an additional wash in cold PBS. All slides were
observed under a microscope equipped with epifluorescence
optics (Zeiss Axioskop, Germany).

Cell growth curve
Cells were seeded in 24-well plates at a concentration of 5×104 /well,
and allowed to attach overnight, followed by a 24-h serum
starvation to synchronize and subsequently treated with 1640
culture containing 1% FBS in the presence or absence of TGF-
1 (10 ng/mL, R&D systems, USA). Duplicate wells were
trypsinized, stained with trypan blue and counted manually per
12 h for 3 d. The cell growth curve was produced from the mean
data of three independent experiments using Microsoft Excel 2000.

Flow cytometry (FCM) analysis
Cells were plated in 25 cm2 culture flasks at a density of 5×105

cells, followed by synchronization, and then incubated in 1640
medium containing 1% FBS in the presence or absence of
TGF-1 (10 ng/mL) for 24 and 48 h. All floated and adherent
cells were harvested, centrifuged at 1 000 r/min for 10 min. Cell
pellet was washed with 1×PBS, centrifuged at 1 000 r/min for

Table 1  Oligonucleotide primers for RT-PCR (Sangon, Shanghai, China)

Gene cDNA primer sequence Annealing temperature (℃)       Product size (bp)

TGF-1 Forward: 5’-GCGACTCGCCAGAGTGTTAT-3’

Reverse: 5’-ATAGTTGGTGTCCAGGGCTCG-3’         61      284

TRI Forward: 5’-ACGGCGTTACAGTGTTCTG-3’

Reverse: 5’-CCACACCGTCTATATCTGG-3’         57      358

TRII Forward: 5’-AGCAACTGCAGCATCACCTC-3’

Reverse: 5’-ACTACAGACTCTTCTACAGG-3’         57      688

Smad2 Forward: 5’-ATCCTAACAGAACTTCCGCC-3’

Reverse: 5’-GAGTCGTTTTTGAAGGGGTG-3’                      57      489

Smad3 Forward: 5’-GGAGGGCAGGCTTGGGGAAAATG-3’

Reverse: 5’-CCCCTCCCCCGGCCACCACATTAT-3’         57      284

Smad4 Forward: 5’-AAGGTGAAGGTGATGTTTG-3’

Reverse: 5’-CTCGATAAGGTGGATGACTA-3’         56      264

Smad7 Forward: 5’-GTGGGGAGGCTCTACTGTGTC-3’

Reverse: 5’-CAGCTTTCGGAACTACCTCTTTGG-3’         57      294

p15 Forward: 5’-TTCTTTAAATGGCTCCACCTGCCT-3’

Reverse: 5’-AACCGTCGGAAGTAGCTTAATCCA-3’         60      436

p21 Forward: 5’-AGTGGACAGCGAGCAGCTGA-3’

Reverse: 5’-ATCTTTAGACAGTACGACCAGAC-3’         58      380
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10 min, fixed with 70% ethanol, made into a single cell suspension
and stored at 4 ℃ overnight. Then the cells were stained with
propidium iodid (PI) solution (with the final concentration of
100 g/mL) on ice for 30 min and assayed using a FCM (Bio-
Rad, USA).

Transmission electron microscopy (TEM)
Cells were plated in 25 cm2 culture flasks at a density of 5×105

cells, and then incubated in 1640 medium containing 1% FBS in
the presence or absence of TGF-1 (10 ng/mL) for 48 h. All floated
and adherent cells were collected, centrifuged at 1 000 r/min for
15 min, fixed in 2.5% cold glutaraldehyde and stored at 4 ℃
overnight. Then the cells were dehydrated, embedded, cut into
ultrathin sections and stained routinely. The ultrastructural
features of cells were observed under JEM-1220 transmission
electron microsope (JEOL, Japan).

Apoptosis assay
BGC-823 cells were seeded on coverslips, and then incubated
in 1640 medium containing 1% FBS in the presence or absence
of TGF-1 (10 ng/mL) for 48 h. Terminal deoxynucleotidyl
transferase (TdT)-mediated dTUP in situ nick end-labeling
(TUNEL) assay was performed using an in situ Apoptosis
Detection kit (Boehringer Mannheim, Germany) according to
the manufacturer’s instructions. After washing with cold 1×PBS,
the cells were fixed in 4% paraformaldehyde for 30 min, then
immersed for 30 min in 0.3% H2O2 to block endogenous
peroxidase at room temperature. Subsequently, cells were
treated with 0.1% TritonX-100 (containing 0.1% sodium citrate)
on ice for 2 min to increase the penetration of cell membrane.
After washing with cold PBS, cells were incubated with 50 L
TUNEL reaction solution (5 L TdT +45 L dUTP solution) in a
humidified box for 1 h at 37 ℃. After washed with cold PBS,
cells were combined with POD-horseradish peroxidase in a
humidified box for 30 min at 37 ℃, and then subjected to an
additional wash in cold PBS. Cells were colorized with
diaminobenzidine tetrahydrochloride (DAB, Zhongshan,
Beijing), and the reaction was terminated with a wash in cold
PBS after the appearance of positive cells with brown nuclei
under a light microscope. Slides were restained with hematoxylin
slightly and sealed up with neutral resin. Five high power
microscopic views (×200) were selected on each slide, and 1 000
cells were counted. The apoptotic index (AI) was calculated as
follows: AI = (number of apoptotic cells/total number counted)
× 100%. The cells with addition of 50 L dUTP solution were
used as negative controls, and cells treated with DNase I for
20 min were used as positive controls. The experiments were
repeated three times independently. All data were summarized
as mean±SD and analyzed using 2 test. P<0.01 was considered
statistically significant.

Semi-quantitative RT-PCR
Cells were plated in 25 cm2 culture flasks at a density of 106

cells, followed by synchronization and then incubated in 1640
medium containing 1% FBS in the presence or absence of TGF-
1 (10 ng/mL) for 1, 2 and 3 h. Total RNA was extracted and
reverse-transcribed to the first strand of cDNA. p15, p21 and
Smad7 cDNA were amplified by PCR under the conditions in
Table 1. -actin cDNA fragment was used as an internal control
to eliminate the systematic and quantitative errors. The
experiments were repeated three times independently.

Western blot analysis
Cells were plated in 25 cm2 culture flasks at a density of 106

cells, followed by synchronization. After incubated in 1640
medium containing 1% FBS in the presence or absence of TGF-
1 (10 ng/mL) for 1, 2 and 3 h. Total proteins were extracted[12]

and quantified using DU 640 protein analyzer (BECKMAN,
USA). A prestained low-molecular-weight rainbow marker
(Invitrogen, USA) and the protein sample (50 g) were separated
on 12% or 15% SDS gels by SDS-PAGE. Separated proteins
were transferred onto a 0.45 mol/L polyvinylidene difluoride
membrane (Millipore, USA) that was blocked at room
temperature for 2 h in Tris-buffered saline with 0.1% Tween-20
(TBS-T) containing 5% skim milk and probed with primary
antibodies. The primary antibodies against P15, P21 (Zhongshan,
Beijing) and Smad7 (Santa Cruz, USA) were diluted at 1:200 in
TBS-T, and the -actin primary antibody (Santa Cruz, USA)
was diluted at 1:500 in TBS-T. Secondary antibodies included
horseradish peroxidase (HRP)-labeled anti-rabbit IgG against
P15, anti-mouse IgG against P21 and anti-goat IgG against Smad
7 and -actin. All secondary antibodies were diluted at 1:1 000
with TBS-T. Protein bands were visualized by ECL (Amersham,
UK) according to the manufacturer’s instructions and developed
on a film (Kodak, USA). Western blot of -actin was performed
for an internal control.

RESULTS

Localization and expression of main TGF-1/Smad signal
pathway components
The results of RT-PCR demonstrated that the BGC-823 cell line
expressed all main TGF-1/Smad signaling pathway components,
including TGF-1, TRI, TRII, Smads 2, -3, -4, and -7 (Figure 1).
In addition, all Smad proteins were located in the cytoplasm as
demonstrated by immunofluorescence (Figure 2).

Figure 1  RT-PCR data from BGC-823 cell line demonstrate
complete expression of all main components of TGF-1/Smad
signal pathway, including TGF-1 (284 bp), TRI (358 bp), TRII
(688 bp), Smad2 (489 bp), Smad3 (284 bp), Smad4 (264 bp) and
Smad7 (294 bp). Products were electrophoresed on 1.5% agar-
ose gel containing ethidium bromide.

Table 2  Cell cycle alterations of BGC-823 cells treated with
TGF-1

Time of TGF-1  Cell cycle (%)
  treatment (h)

  G0-G1 S    G2-M Apoptosis

0    52.72          32.39    14.89     0.34

      24    57.07          33.82      9.11     6.61

      48    60.20          29.54    10.26     9.86

Effect of TGF-1 on proliferation and apoptosis of BGC-823 cells
BGC-823 cell growth was inhibited by TGF-1 treatment, and
the phase of significant inhibition was at 48 h. Thenceforth,
this inhibitory effect attenuated gradually, and cells resumed
normal growth speed (Figure 3). FCM analysis showed that cells
at G1 phase increased while cells at S phase decreased, and the
hypodiploid peak, called apoptotic peak indicating reduced DNA
content in apoptotic cells, appeared before the G1 phase after
exposure to TGF-1 (Figure 4). Table 2 shows that TGF-1
treatment induced G1 arrest and apoptosis of tumor cells in a
time-dependent manner and apoptotic rate reached 6.61% and
9.86%, respectively, at 24 h and 48 h after TGF-1 stimulation.
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Figure 3  Effect of TGF-1 on proliferation of BGC-823 cells.

Figure 2  Localization and expression of Smads in BGC-823 cells by immunofluorescence.

Figure 4  FCM analysis of BGC-823 cells treated with TGF-1. A: Controls; B: Treated with TGF-1 for 24 h; C: Treated with TGF-1
for 48 h.
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A B

Figure 5  TGF-1-induced ultrastructural changes in BGC-823
cells under TEM. A: Controls, ×5 000; B: Treated with TGF-1
for 48 h, ×8 000.
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       Under transmission electron microscope, control cells were
big and round, with normal organelles, intact nuclear membrane,
obvious nucleoli and low density in nuclear chromatin (Figure
5A). However, the cells treated with TGF-1 exhibited typical
characteristics of apoptosis including cell membrane shrinkage,
vacuole formation and mitochondria swelling in cytoplasm,
morphologic alteration of nuclei, condensation and fragmentation
of nuclear chromatin adjacent to nuclear membrane, although
the cell membrane and a few organelles were relatively intact.
Cells in late phase of apoptosis with pyknotic nuclei were
occasionally observed (Figure 5B). The  TUNEL assay revealed
that TGF-1 induced evident apoptosis of BGC-823 cells,  and
AI (10.7±1.3%) at 48 h after TGF-1 treatment was significantly
higher than that of control group (0.32±0.06%, P<0.01) (Figure 6).

Up-regulation of endogenous genes, p15, p21 and Smad 7 by
TGF-1 treatment
Transcript levels of p15, p21 and Smad7 in BGC-823 cells were

significantly elevated, and gradually recovered after 1 to 3 h
following TGF-1 (10 ng/mL) treatment using semi-quantitative
RT-PCR (Figure 7). Subsequently, the accordant changes of
p15, p21 and Smad7 proteins were confirmed by Western blot
analysis. Although the basal levels of those proteins were
relatively low or almost undetectable, they were rapidly increased
in response to TGF-1 treatment (Figure 8). Up-regulation of
p15 protein peaked at 1 h after TGF-1 stimulation, whereas the
induction of p21 and Smad7 proteins was most significant at
2 h. The alteration of p15 was ahead of p21 appreciably.
Thereafter those protein levels decreased but were still
paranormal 3 h after TGF-1 administration. These observations
suggested that p15, p21 and Smad7 gene were rapidly but
transiently induced by TGF-1 treatment.

DISCUSSION
The dynamic balance between cell proliferation and apoptosis
is very important to maintain the homeostasis in human body,
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Figure 8  Increase of p15, p21 and Smad7 proteins confirmed by Western blot analysis. N: basal level; lanes 1, 2 and 3: 1-, 2- and 3-
exposure to TGF-1, respectively.

Figure 7  Up-regulation of endogenous genes in BGC-823 cells treated with TGF-1. RT-PCR products were electrophoresed on
1.5% agarose gel containing ethidium bromide. The level of -actin was used as an internal control. M: DL2000 marker; N: the
basal level; lanes 1, 2 and 3: 1-, 2- and 3-h exposure to TGF-1, respectively.

Figure 6  Apoptotic cells induced by TGF-1 in BGC-823 cells with TUNEL assay (×200). A: Normal BGC-823 cells; B: Negative
controls; C: Positive controls; D and E: Treated with TGF-1 for 48 h. The arrows in picture D and E are pointed to positive cells.
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and gastric carcinogenesis is related to this imbalance[13]. Many
cancers develop resistance to the growth-inhibitory effects of
TGF-1, and mutations in signaling pathway components may
underlie tumor progression. Several researches on human GC
cell lines have revealed that transcriptional repression of the
TRI gene by 5’CpG island hypermethylation and decreased or
truncated expression of TRII gene result in the development
of resistance to antiproliferation of TGF-1[14,15]. Apoptosis of
GC cells induced by TGF-1 is also mediated by functional
TR[16]. Both the TRI expression and AI show negative
correlations with the degree of gastric mucosal lesions such as
chronic superficial gastritis, intestinal metaphases, atypical
hyperplasia to gastric adenocarcinoma. The loss of TRI
expression may play an important role in the inhibition of
apoptosis and is involved in the development of GC[17]. No
mutation of Smad2 gene is detected in human sporadic gastric
carcinomas[18]. In digestive tumors, mutations of Smad4 gene
are mainly found in terminal cancer and correlate with
tumorigenesis and metastasis[19,20]. In this study, BGC-823 cells
expressed all main components of TGF-1/Smad signal pathway,
including TGF-1, TRI, TRII, Smads 2, -3, -4 and -7, and Smads
were located in the cytoplasm. However, it has been shown
that the subcellular localization of Smad7 has specificity in
various cell types[12].
       TGF-1 either simultaneously regulates cell proliferation
and apoptosis or just inhibits proliferation without induction
of apoptosis[21,22]. In this study, growth of BGC-823 cells was
inhibited in response to TGF-1 treatment, and the phase with
significant inhibition was at 48 h after exposure to TGF-1.
Thenceforth, this effect attenuated gradually, and cells
resumed normal growth speed. FCM analysis revealed the
existence of G1 arrest and apoptosis in tumor cells treated
with TGF-1, and the decreased proportion of cells at S phase.
TEM and TUNEL also indicated that TGF-1 induced
apoptosis in BGC-823 cells. Our results suggest an intact and
functional TGF-1/Smad signal pathway in this cell line, which
supports the responsiveness of this cell line to TGF-1. The
negative growth regulation includes both proliferation inhibition
and apoptosis enhancement.
       In diverse cell types, the mechanism of TGF-1 in modulating
the activity of CDKIs and consequent antiproliferation involve
the direct induction of p15 and p21 gene transcription[23-25]

and the regulation of p27 binding shift from CDK4 to cyclinE-
CDK2[26]. p15 and p21 are known to regulate the activity of
cyclin-CDK complexes which is essential to the evolvement
from G1 to S phase, the key process of cell cycle[27,28]. Thus, the
transcriptional induction of p15 and p21 genes has been
postulated at least as partially responsible for the anti-
proliferative action of TGF-1[29]. TGF-1 has been shown to
regulate p15 gene expression at two levels, i.e., mRNA
accumulation and protein stability[26]. Furthermore, Smads 2, -3
and -4 cooperate with Sp1 to induce p15 transcription in
response to TGF-1[30]. The increased transcripts of p15 gene
result in combination of p15 protein with cyclinD-CDK6/CDK4
in G1 phase and subsequent repression of kinase activity,
suggesting that the role of p15 is to prevent the phosphorylation
of intracellular targets including retinoblastoma protein (Rb)
by cyclin-CDK complexes during TGF-1-mediated arrest. On
the other hand, accumulation and overexpression of p21
mRNA inhibits the activities of multiple cyclins-CDKs such
cyclinE-CDK2 and cyclinD-CDK4, and prevents cells from
entering into S phase.
       The mechanism of cell apoptosis stimulated by TGF-1 has
not been fully elucidated. TGF-1 may induce apoptosis of multiple
tumor cells and consequent inhibition of carcinogenesis[31,32]

by down-regulating the expression of Bcl-2 and Bcl-xl and

promoting the transcription of the death-associated protein
kinase and activating caspases[33-38]. It has been found that
TGF-1 induces apoptosis in some GC cell lines in vitro, which
is related to the activation of caspase-3[16,36,39].
    Recently, the effect of CDKIs, especially p21, on cell
apoptosis has attracted more and more attentions[40]. Patients
with multiple myeloma have a delayed cell apoptosis if p15
gene is methylated[41]. A number of studies have shown that
endogenous or exogenous p21 may assume both pro-[42-45] or
anti-apoptotic[46-48] functions in response to different anti-tumor
agents depending on cell type and cellular context[49]. The
uncertain function of p21 in the apoptosis of GC cells is
bewildering[47,50]. The precise mechanism of p21 in regulating
apoptosis is still poorly understood, but some researchers believe
that p21 activates some pro- or anti-apoptotic signal pathways.
There is a possible relation between the enhancement of
apoptosis by p21 and activation of caspase-3 and caspase-9[44,51].
p21 promotes apoptosis by increasing the expression of Bax,
thus modulating the molecular ratio of Bcl-2: Bax in human
hepatocarcinoma cells[45]. On the other hand, p21 inhibits
apoptosis by down-regulating the Bax/Bcl-2 ratio in human
colon cancer cells[52], suggesting that the role of p21 in apoptosis
remains uncertain[45] and the association between p21 and cell
apoptosis induced by TGF-1 is still unclear. TGF-1 induces
apoptosis of cultured bronchiolar epithelial cells and GC cell line
SNU-16 via caspase-3 activation and p21 repression[36,53]. However,
TGF-1-induced apoptosis of head and neck squamous cell
carcinoma cells and hepatoma cells is associated with increased
expression of p21 and p15 and reduced ratio of phosphorylated
Rb (pRb), implicating that TGF-1-induced apoptosis occurrs
downstream of the pRb/E2F pathway[54,55].
      In our experiments, the expression levels of p15, p21 and
Smad7 mRNA were rapidly and significantly up-regulated after
exposure to TGF-1, which is in agreement with previous
findings[56,57]. The accordant changes in p15, p21 and Smad7
proteins were confirmed by Western blot analysis. Cells showed
modest reduction at S phase, and the obvious cell apoptosis
may be associated with the up-regulation of p21 by TGF-1
and consequent activation of some pro-apoptotic pathways.
Based on our data, we believe that p15 and p21 synergistically
inhibit the cellular transition from G1 to S phase[10] in response
to TGF-1 by acting on different cyclin-CDK complexes in BGC-
823 cells. The net effects of this responsiveness are to repress
the proliferation and enhance the apoptosis, in which p21 may
serve as a critical regulator. Therefore, our results suggest a
novel functional role of p21 as an accelerant of TGF-1-mediated
apoptosis in GC cells.
    The idea that Smad7 antagonizes TGF-1-mediated
antiproliferation has been widely accepted. The rapid and
transient induction of Smad7 gene in this study suggests that
Smad7, as an antagonist of TGF-1 antiproliferation, is also a
TGF-1-inducible early target gene, and functions as a negative
feedback loop in GC cells[5]. Recent studies have shown that
Smad7 may modulate the apoptosis induced by TGF-1 as either
an accelerant[58-64] or a depressor[59,65] depending on various
cell type and cellular context. The molecular mechanism of
apoptosis regulated by Smad7 is largely undefined, and may
be related to inhibition of the activity of NFB and activation
of p38 and caspases[59,60,62,65]. It is postulated that Smad7
modulates TGF-1-mediated apoptosis independent of its
role in antagonizing the antiproliferative function of TGF-1.
Further studies should focus on the exact mechanisms of how
endogenous p21 and Smad7 regulate apoptosis induced by
TGF-1 and their interactions with known apoptosis-associated
proteins.
      It is noticed that a rapidly growing list of physiological and

66                ISSN 1007-9327    CN 14-1219/ R       World J Gastroenterol    January 7, 2005   Volume 11   Number 1



pathological factors such as other members of the TGF-
superfamily, tumor suppressor genes, other growth factors,
cytokines, and hormones may enhance or antagonize the
function of p15, p21 and Smad7 genes, and regulate their
expression by known or unknown mechanisms. The full scope
of the interplay of those ligands and TGF-1 is unclear, and
requires further studies[66-68].
      In conclusion, all observations in this study provide strong
evidence that the TGF-1/Smad signal pathway is intact and
capable of regulating expression of endogenous genes,
consequently inhibiting cell growth in BGC-823 cells. Thus
manipulation of p15, p21 and Smad7 may provide a novel
strategy to cancer therapy.
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