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• GASTRIC CANCER •
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Abstract
AIM: To study the effect of staurosporine (ST) on the cell
cycle of human gastric cancer cell lines MGC803 and
SGC7901.

METHODS: Cell proliferation was evaluated by trypan blue
dye exclusion method. Apoptotic morphology was observed
under a transmission electron microscope. Changes of cell
cycle and apoptotic peaks of cells were determined by flow
cytometry. Expression of p21WAF1 gene was examined using
immunohistochemistry and RT-PCR.

RESULTS: The growth of MGC803 and SGC7901 cells was
inhibited by ST. The inhibitory concentrations against 50%
cells (IC50) at 24 h and 48 h were 54 ng/ml and 23 ng/ml for
MGC803, and 61 ng/ml and 37 ng/ml for SGC7901. Typical
apoptotic bodies and apoptotic peaks were observed 24 h
after cells were treated wth ST at a concentration of 200
ng/ml. The percentage of cells at G0/G1 phase was decreased
and that of cells at G2/M was increased significantly in the
group treated wth ST at the concentrations of 40 ng/ml,
60 ng/ml, 100 ng/ml for 24 h, compared with the control
group (P<0.01). The expression levels of p21WAF1 gene in
both MGC803 and SGC7901 cells were markedly up-regulated
after treatment with ST.

CONCLUSION: ST can cause arrest of gastric cancer cells
at G2/M phase, which may be one of the mechanisms that
inhibit cell proliferation and cause apoptosis in these cells.
Effect of ST on cells at G2/M phase may be attributed to the
up-regulattion of p21WAF1 gene.
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INTRODUCTION
Protein kinase C (PKC) isoforms are serine/threonine kinases
involved in signal transduction pathways that govern a wide
range of physiological processes including differentiation,
proliferation, gene expression, membrane transport and

organization of cytoskeletal and extracellular matrix proteins[1].
PKC isoforms are often overexpressed in disease states such
as cancer. The important role they play in the processes relevant
to neoplastic transformation, carcinogenesis and tumor cell
invasion renders PKC a potentially suitable target for anticancer
therapy[2].
      Staurosporine (ST), a microbial alkaloid (indolocarbazole
produced by Streptomyces sp.), has been shown to be a potent
inhibitor of a wide range of protein kinases, including different
serine/threonine and tyrosine protein kinases, which acts by
competing with the ATP-binding region of the kinase catalytic
domain[3]. Staurosporine has been reported to exert various
pharmacological actions involving protein kinase C both in vivo
and in vitro, such as diminishing thrombin enhanced procoagulant
activity, reducing carbachol-induced insulin secretion[4-7]. PKC
function is altered in some neoplasias, and this dysfunction
has been related to uncontrolled proliferation[8,9].
      Completion of the cell cycle requires the coordination of
a variety of macromolecular syntheses, assemblies, and
movements[10]. Coordination of the timing and order of these
processes are achieved by a regulatory system that responds
to checkpoints at major transitions in the cycle. Two key
checkpoints are at the G1/S and G2/M phase transitions. G1 and
G2 cyclins, the cyclin-dependent kinases and cycle kinase
inhibitors (CKI) are responsible for controlling the transitions.
Here, we investigated the effect of the potent phospholipid/
Ca2+-dependent kinase (PKC) inhibitor, ST, on cell cycle of
human gastric cancer cell lines, MGC803 and SGC7901.

MATERIALS AND METHODS

Cell lines and cell culture
Human gastric mucinous adenocarcinoma cell line, MGC803,
was obtained from Department of Immunity, China Medical
University and human gastric carcinoma metastatic lymph node
cell line, SGC7901, was obtained from Laboratory of
Oncology, the First Affiliated Hospital of China Medical
University. The derived cell lines were grown in RPMI 1640
medium supplemented with 10% heat-inactivated fetal calf
serum, 50 U/ml penicillin and 50 µg/ml streptomycin. The
cells were maintained at 37  in a humidified atmosphere
containing 5% CO2. Viability of the cells used in these
experiments was consistently more than 95% when evaluated
by the trypan blue exclusion method. Staurosporine was
purchased from Sigma Company (St. Louis, USA).

Analysis of cell viability
Effect of ST on cell growth and viability was measured by
directly counting the number of cells by means of trypan blue
dye exclusion. Cells at a density of 2.5×105/ml were seeded
onto 24-well plates, and then treated with ST at different
concentrations for 24 and 48 h. Control cells were also cultured
at the same time. Cell proliferation and inhibition curves were
drawn, and the inhibitory concentration against 50% cells (IC50)
was determined.

Cell morphological analysis with transmission electron
microscope
Transmission electronic microscope was employed to observe
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the effect of ST on cell apoptosis. Cells (1×106 ) were collected
after being treated with ST at 200 ng/ml for 24 h, washed twice
with PBS solution, centrifuged for 5 min at 1 500 rpm, then
fixed in 2% glutaraldehyde at 4  for 72 h, then placed in 1%
phosphotungstic acid. The cells were desiccated with gradients,
and embedded with EPON-812. Ultrathin sections were
prepared and observed after double staining with uranium and
plumbum under a transmission electron microscope. Each
experiment was repeated four times. At the same time, the
cells without treatment with ST were used as a control group.

Cell cycle analysis
Flow cytometry was employed to determine the DNA content
and the apoptotic peaks of the cells. The cells were seeded on
100 mm-dishes and grown in RPMI-1640 supplemented with
10% FCS. After treated with ST at the concentrations of
40 ng/ml, 60 ng/ml, 100 ng/ml, 200 ng/ml, 500 ng/ml for 24 h
respectively, the cells were harvested, trypsinized, washed
with D-PBS, fixed by adding slowly 2 ml of cold 70% ethanol
into the tube and then stored at 4 . After fixation, the cells
were washed, centrifuged, and resuspended in 0.05 mg/ml
propidium iodide (Fluka Co, MILWAUKEE, USA), 100 units/ml
RNase (Fluka Co, MILWAUKEE, USA) in PBS. The sample
was incubated at room temperature for 30 min, and analyzed
on a FACSCalibur (BD PharMingen, FRANKLIN Lakes,
USA). Cell cycle data originally obtained with Cell Quest
software (BD PharMingen, FRANKLIN Lakes, USA) were
re-analyzed using MODFIT software (Verity Software House,
Topsham, USA). At the same time negative controls were
constructed.

Immunohistochemistry
p21 protein was detected by immunohistochemistry using
specific monoclonal antibody (Maxin Co, Fuzhou, China).
After treated with ST at the concentrations 40 ng/ml, 60 ng/ml,
100 ng/ml for 24 h, respectively, the cells were harvested. At
the same time the negative controls were constructed. The cells
were smeared on a slide with cell smear centrifugal apparatus,
and stained using conventional S-P immunohistochemical
method. Color was developed with DAB reagent and
counterstained with hematoxylin. The cells were observed
under a light microscope. The cells clearly showing brown
color in their nuclei and plasma were considered to be positive
for p21 protein.

Semiquantitative reverse transcription-PCR
The expression of p21 mRNA was determined by RT-PCR.
After treated with ST at the concentration of 60 ng/ml, the
cells were harvested. At the same time the negative controls
were constructed. The cells were washed, and total RNA was
extracted with the Qiagen RNA isolation kit (GIBCO Co., New
York, USA). Aliquots containing 5 µg/ml of RNA from each
treatment were used for the first-strand cDNA synthesis
(TaKaRa Co., Dalian, China). In each reaction, 100 µl solution
containing 3 µM of random hexamers, 25 mM Tris-HCl,
37 mM KCl, 1.5 mM MgCl2, 10 mM DTT, 0.25 mM dNTP,
40 units of RNAsin,an RNase inhibitor, 50 U/ml Super Taq
DNA polymerase, and 200 units of reverse transcriptase was
used. The annealing mixture was incubated at room temperature
for 15 min, and then incubated in a water bath at 41  for
60 min. The reverse transcriptase enzyme was inactivated by
heating the solution to 95  for 5 min. PCR was then carried
out using the Perkin-Elmer PCR reaction kit and primers. The
PCR was performed using a thermocycler for 30 cycles
consisting of denaturation at 94  for 1 min, annealing at 57 
for 1 min, and extension at 72  for 2 min. The PCR products
were separated on 2% agarose gel. The primers used for PCR

were as follow: p21 sense (5’-GGG GAC AGC AGA GGA
AGA C-3’), p21 antisense (5’-CGG CGT TTG GAG TGG
TAG A-3’); β-actin sense (5’-GAT TGC CTC AGG ACA TTT
CTG- 3’), β-actin antisense (5’-GAT TGC TCA GGA CAT
TTC TG-3’). Gene primers were synthesized by Beijing Oake
Company (Beijing, China).

Statistical analysis
Student’s t-test was used to compare the difference between
control and ST treated groups. Data of cell growth were
presented as x±s. A P value less than 0.05 was considered
statistically significant.

RESULTS

ST inhibited proliferation of MGC803 and SGC7901 cells in a
time-dependent and concentration-dependent manner
In this study, the exponentially grown MGC803 and SGC7901
cells were treated with 40 ng/ml, 60 ng/ml, 100 ng/ml ST,
respectively, and the cell proliferation was measured 24 and
48 h after ST addition. Figures 1 and 2 show the cell proliferation
curves at various ST concentrations. The inhibition of proliferation
of MGC803 and SGC7901 cells by ST was clearly observed
in a time-dependent and concentration-dependent manner. The
IC50 was 54 ng/ml and 23 ng/ml for MGC803 and 61 ng/ml
and 37 ng/ml for SGC7901 at 24 and 48 h.

Figure 1  Inhibition of staurosporine on MGC-803 cell
proliferation.

Figure 2  Inhibition of staurosporine on SGC-7901 cell
proliferation.

Morphological observation of ST treatment effects
Cell morphological changes were observed under a transmission
electron microscope after treatment with ST at the concentration
of 200 ng/ml for 24 h. The ultrastructural appearances showed
the typical changes in the cell morphology, including blebbing
of the plasma membrane, chromatin condensation and formation
of apoptotic bodies. Figure 3 shows the morphological changes
of MGC803 and SGC7901 cells under a electron microscope
after treatment with ST.

Su
rv

iv
al

 c
el

l r
at

es

0       20      40      60       80     100

1.0

0.8

0.6

0.4

0.2

0.0

24 h

48 h

Su
rv

iv
al

 c
el

l r
at

es

0      20       40      60      80     100

1.0

0.8

0.6

0.4

0.2

0.0

24 h

48 h

Concentration of staurosporine (ng/ml)

Concentration of staurosporine (ng/ml)



Figure 3  Morphological changes in MGC803 and SGC7901 cells under electron microscope after treatment with ST (200 ng/ml),
×5000. A: MGC803 control cells, B: 200 ng/ml ST-induced MGC803 cells, C: SGC7901 control cells, D: 200 ng/ml ST-induced
SGC7901 cells. Note: chromatin condensation and formation of apoptotic bodies.

Figure 4  Effect of ST on cell cycle of human gastric cancer cells. A: Changes of cell cycle in MGC803 cells after ST-treatment for
24h, B: Changes of cell cycle in SGC7901 cells after ST-treatment for 24 h, C: ST-induced apoptosis in MGC-803 cells, D: ST-induced
apoptosis in SGC-7901 cells.
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ST induced MGC803 and SGC7901 cells G2/M phase arrest
The effects of ST on cell cycle progression, population distribution
and apoptotic incidence in` MGC803 and SGC7901 cells were
determined using flow cytometry. ST-induced effects were
detected by comparing the cell cycle profiles between ST
treated and untreated cells. Notably, the cells demonstrated
significant G2/M arrest 24 h after ST treatment (P<0.01), in
comparison to untreated cells. Interestingly, the S phase
population was also increased, but to a lesser extent as compared
with untreated cells. The percentage of cells in the S, G1, and
G2/M phases are shown in Table 1. Apoptotic peaks were
observed and cell apoptotic incidence was determined 24 h
after treatment with ST at the concentrations of 200 ng/ml and
500 ng/ml. The apoptotic incidence increased to 50.2% and
89.6% in MGC803 cells, and 34.6% and 80.7% in SGC7901
cells after ST treatment. Figure 4 shows ST-induced apoptosis
in MGC803 and SGC7901 cells.

ST resulted in an increase of p21 expression
The effect of ST on p21 protein levels was determined by
immunohistochemistry analysis. Normally, p21 was not
expressed in MGC803 and SGC7901 cells. However, p21 was
significantly expressed, the positive rates were 19.3%, 26.6%,
31.8% in MGC803 cells, and 20.5%, 24.2%, 30.3% in
SGC7901 cells after treatment with ST at the concentration
40 ng/ml, 60 ng/ml, 100 ng/ml for 24 h. Figure 5 shows the

levels of p21 expression in MGC803 and SGC7901 cells by
immunohistochemistry.

Figure 6  Effect of ST treatment on p21WAF1 mRNA expression
in MGC803 cells. M: DNA Marks, 1: control cells, 2: cells treated
with 60 ng/ml ST.

ST upregulated p21WAF1 expression
Normally, p21WAF1 mRNA was almost not expressed in
MGC803 and SGC7901 cells when detected by RT-PCR.
However, treatment with ST at the concentration of 60 ng /ml
induced the upregulation of p21WAF1 mRNA in MGC803 and
SGC7901 cells. Figures 6 and 7 show that p21WAF1 mRNA
expression was upregulated in MGC803 and SGC7901 cells
after treatment with ST.

Table 1  Effect of ST on cell cycle of MGC803 and SGC7901 cells (x±s)

           MGC803             SGC7901

G0/G1(%)    S(%) G2/M(%)    AI G0/G1(%)     S(%) G2/M(%)     AI

Control  54.3±3.1 15.2±0.6  13.5±0.2 3.1±0.2  52.5±4.4 10.1±0.6  13.5±2.2 2.8±0.2

40 ng/ml  23.6±1.8a 13.9±1.1  22.6±4.0a 3.8±0.9  27.1±1.4a 12.4±0.1  21.9±2.6a 3.3±0.3

60 ng/ml  11.6±0.7a 12.6±2.8  35.5±0.4a 4.0±0.3  17.0±3.4a 13.4±2.0  39.5±4.9a 3.7±0.6

100 ng/ml    3.3±0.2a 10.9±1.7  36.8±5.5a 5.2±0.4  13.7±0.7a 12.7±0.9  38.4±3.1a 4.4±1.1

AI, apoptotic incidence; aP<0.01 vs Control.

Figure 5  Expression of p21 protein in MGC803 and SGC7901 cells after ST-treatment as determined by immunohistochemistry
(SP×400). A: MGC803 control cells, B: MGC803 cells treated with 60 ng/ml ST, C: SGC7901 control cells, D: SGC7901 cells treated
with 60 ng/ml ST.
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Figure 7  Effect of ST treatment on p21WAF1 mRNA expression
in SGC7901 cells. M: DNA Marks, 1: control cells, 2: cells treated
with 60 ng/ml ST.

DISCUSSION
Cancer cells have been found to be different from normal cells
in many important characteristics, including loss of differentiation
and decrease of apoptosis[11,12]. These differences did not arise
simply from uncontrolled cellular growth but rather from a
process of cellular evolution[13-15]. Cell cycle plays an important
role in the modulation of tumor cell growth, and attention has
been paid to preventing unlimited proliferation of tumor cells
by cell cycle control[16].
     Twenty years ago, staurosporine (ST) was isolated from
bacteria and identified as a potent inhibitor of PKC activity[17-19].
In this study, the proliferation of human gastric cell lines,
MGC803 and SGC7901, was significantly inhibited in a time-
and concentration-dependent manner and classical apoptosis
(sub-diploid peak on flow cytometry, and typical morphological
changes) was observed after treated with ST. ST also blocked
the G2/M phase of the cell cycle. In order to examine the
distribution of DNA content, the cells treated with ST were
detected using flow cytometry. The first peak (2C C=haploid
DNA content) was produced by the cell population in G1 phase,
the second (4C) was produced by the cells in G2/M phase with
or without cells in G1 phase at a higher DNA ploidy (tetraploidy,
G1t), and the third (8C) was produced by cells in G2 phase at a
higher DNA ploidy (tetraploidy, G2t). The results presented in
this study indicated that the cells were blocked in G2/M phase.
These results lead to the suggestion that, ST can make damaged
cells stagnate at G2/M phase of cell cycle, and inhibit proliferation
of cells, allowing them to repair the damage. If this happens,
cells will reenter the cycle, otherwise, they will undergo
apoptosis or death. More importantly, ST affects the selectively
on G2/M phase of these cells and participates in the regulation
of the cell cycle, and thus the blocking effect of ST on cells in
G2/M phase might be the mechanism of its antitumor effect.
These observations may provide some useful information that
ST can be used as an antitumor agent.
    The present study was undertaken to delineate the
mechanism of ST effect on the G2/M phase arrest of cells, and
techniques including inmmunohistochemistry and RT-PCR
were used to detect the expression of p21WAF1 protein and gene.
Our results revealed that p21WAF1 expression was low in
MGC803 and SGC7901 cells. However, ST significantly
increased the expression of p21 in MGC803 and SGC7901
cells. Cell cycle events, including microtubule dynamics,
membrane organization and DNA synthesis, were tightly
controlled, and specific changes were induced at particular
points in the eukaryotic cell cycle during cell proliferation[20,21].
Negative controls on cell cycle progression were exerted during
development, differentiation, senescence, and cell death. These
negative controls might play an important role in preventing
tumorigenesis. p21WAF1, the pioneer member of p21 family of
cyclin-CDK inhibitor class of proteins, has been implicated as
a growth arrest mediator in cell terminal differentiation and

apoptosis[22]. Regulation of cell cycle progression is orchestrated
by a family of CDKs, which can be negatively regulated by
CDK inhibitors, such as p21WAF1. p21WAF1 is a downstream
effector of p53 that mediates both G1 and G2/M phase arrest.
Mechanistically, the p21WAF1-mediated arrest of the G2/M cell
cycle transition has been suggested to include a p21WAF1-CDK2
and p21WAF1-PCNA protein interaction[23,24]. p21 is the strongest
kinase inhibitor, and has been found to inhibit the CDK4/6-
cyclinD complex when overexpressed, leading to growth arrest
and, under some conditions, to apoptosis[25-27]. Although our
knowledge on cell cycle checkpoints is still limited, it is clear
that many such control points existed within the cell cycle and
that they played a major role in maintaining the integrity of
the genome[28,29]. At least two checkpoints could detect DNA
damage, one at the G1-S transition and another at the G2-M
transition[30-32]. ST up-regulates p21WAF1, which then affects cell
growth by repressing G2/M phase, probably through interaction
with cyclin-CDK complex. However, this hypothesis needs to
be further investigated.
     In conclusion, the present study demonstrates that ST can
effectively inhibit the proliferation of human gastric cancer
MGC803 and SGC7901 cells, induces apoptosis, blocks these
cells in G2/M phase, and up-regulates the p21WAF1  expression.
This study provides some experimental data for the use of ST
in the treatment of gastric carcinoma.
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