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Abstract

AIM: To study the blocking effects of genistein on cell
proliferation cycle in human gastric carcinoma cells (SGC­
7901) and the possible mechanism.

METHODS: MTT assay was applied in the detection of the
inhibitory effects of genistein on cell proliferation. Flow
cytometry was used to analyze the cell cycle distribution.
Immunocytochemical technique and Western blotting were
performed to detect the protein expression of cyclin D1,
cyclin B1 and p21waf1/cip1.

RESULTS: Genistein significantly inhibited the growth and
proliferation of human gastric carcinoma cells (SGC­7901).
Seven days after treatment with different concentrations
of genistein (2.5, 5.0, 10.0, 20.0 µg/mL), the growth
inhibitory rates were 11.2%, 28.8%, 55.3%, 84.7%
respectively and cell cycles were arrested at the G(2)/ M
phase. Genistein decreased cyclin D1 protein expression
and enhanced cyclin B1 and p21waf/cip1 protein expression in
a concentration­dependent manner.

CONCLUSION: The growth and proliferation of SGC­7901
cells can be inhibited by genistein via blocking the cell cycle,
with reduced expression of cyclin D1 and enhanced expression
of cyclin B1 and p21waf/cip1 protein in the concentration range
of 0­20 µg/mL.
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INTRODUCTION
Genistein is a natural ingredient in soybean. Recently, it has
attracted more and more attention in the field of cancer

prevention[1­3]. A number of epidemiological and laboratory
studies have shown that genistein is a potential cancer
chemopreventive agent for sex hormone­dependent cancers,
such as breast cancer and prostate cancer[4­9]. However, there
are few reports about the effect of genistein on non­sex
hormone­dependent cancers, such as gastric cancer[10­12].
Gastric cancer is common in China and supposed to be caused
by environmental factors, in which diet is an important
modifying agent[13,14].
      In this study, human gastric carcinoma cells (SGC­7901)
were used as the model in vitro to investigate the effect of
genistein on cell proliferation and its possible mechanism.

MATERIALS AND METHODS

Reagents and cell lines
Genistein (purity >98%) and trypsin were purchased from Sigma.
3H­TdR was purchased from China Atomic Energy Research
Academy. SP­9000 kit was the product of Zyme. Monoclonal
antibodies to cyclin D1, cyclin B1 and P21WAF1/CIP1 were the
products of Santa Cruz and purchased from Zhongshan Co., China.
      Human gastric carcinoma cells (SGC­7901),  provided by
the Cancer Research Institute of Beijing, were cultured in
RPMI1640 (Gibco) medium supplemented with 10% fetal calf
serum, penicillin (100×103 U/L) and streptomycin (100 mg/L) at
37 ℃ in a 50 mL/L CO2 atmosphere. Genistein was dissolved in
DMSO at the concentration of 20 mg/mL and then diluted to
the required concentration with culture medium.

Assessment of cell proliferation
MTT assay was conducted to detect the cell proliferation.
SGC­7901 cells were seeded in 96­ well plates, each well containing
5×103 cells. After 24 h, the culture medium was replaced by
media in which genistein concentrations were 0, 2.5, 5.0, 10.0
and 20.0 µg/mL respectively. There were four wells for each
concentration. From 1 to 7 d, one of the plates was taken out
and 20 µL fresh 3­[4,5­dimethhylthiaoly]­2,5­diphenyl­
tetrazolium bromide (MTT, 5g/L PBS) was added to each well.
After 4 h incubation, the culture media were discarded, 150 µL
of DMSO was added to each well and vibrated to dissolve
the depositor. The optical density (A value) was measured at
570 nm with a microplate reader. The inhibitory rate (IR) of
genistein on SGC­7901 cells on the 7th d was calculated as
follows: IR (%) = (1­ treated group A/control group A)×100%.

Flow cytometric analysis
After an exponential growth phase, SGC­7901 cells were treated
with different concentrations of genistein (0, 5.0, 10.0 and
20.0 µg/mL) for 24 or 48 h. The cells were collected and stained
with propidium iodide (PI), then the DNA content of cells was
measured using flow cytometry to monitor the cell cycle
changes.

Immunocytochemistry
Cultured cells treated with genistein for 24 or 48 h were harvested
and fixed in 4% citromint solution, and then embedded in



paraffin. Four micrometer­thick sections were cut and
deparaffinized in xylene and dehydrated with graded alcohol.
Sections were treated with microwave to retrieve antigens, then
incubated overnight at 4 ℃ with cyclin B1 and cyclin D1

antibodies (1:50 dilution) respectively. Other steps were
according to the description of SP kit. Chromogenic reaction
was developed with diaminobenzidine (DAB), and restained
with methylgreen. All sections were observed under microscope
and the number of positive cells per 1 000 cells was counted.

Western blot analysis
Cultured cells treated with genistein for 48 h were harvested
and washed with PBS. The cells were lysed in protein extract
solution. Protein concentration was determined by Coomassie
light blue methods. One hundred micrograms of cell protein
was degenerated by heat, separated on 10% polyacrylamide
gel electrophoresis and transferred to nitrocellulose filter
membrane at 30 V. The membranes were incubated with
blocking solution (containing antibodies against p21WAF1/CIP1) for
2 h at 37 ℃ and  washed twice with PBS, then incubated with
horseradish peroxidase­conjugated secondary antibodies for
1 h. Chromogenic reaction was developed with DAB and the
bands were recorded and the peak areas of protein were scanned
by the digital image instrument (ChemiImager 4000).

Statistical analysis
Data analysis was performed using Student’s t test. P<0.05
was considered statistically significant.

RESULTS

Inhibitory effect of genistein on SGC-7901 cell growth
MTT assay was conducted to detect the inhibitory effect of
genistein on SGC­7901 cells. As shown in Figure 1, cell proliferation
slowed down with the increase of genistein concentration and
elongation of action time in a dose­ and time­dependent manner.
On d 7, the inhibitory rates of genistein on SGC­7901 cell growth
at concentrations of 2.5, 5.0, 10.0 and 20.0 µg/mL were 11.2%,
28.8%, 55.3% and 84.7%, respectively.

Figure 1  Inhibitory effect of genistein on growth of SGC-7901
cells. The cells were treated with various concentrations of
genistein for 1-7 d, the antiproloferative effect was measured
by MTT assay. Results were expressed as mean±SD from 4 wells.

Changes of cell cycle detected by flow cytometric analysis
As shown in Table 1, the cell cycle of SGC­7901 cells was
changed obviously. The number of cells in G0/G1 phase of cell
cycle was decreased gradually. The progression of cell cycle
was partly arrested at G2/M phase, but the change of S phase
was insignificant.

Expression of cyclin B1 and cyclin D1

After  SGC­7901 cells were incubated with different
concentrations of genistein for 24 and 48 h, the expression of
cyclin B1 was significantly increased while that of cyclin D1

was significantly decreased. There were significant differences
between each dosage group and control group. The results are

shown in Table 2.

Table 1  Effect of genistein on cell cycle progression of SGC-7901
cells (%)

Genistein 24 h      48 h
(g/mL)

        G0/G1   S         G2/M   G0/G1         S          G2/M

    0.0         57.90       32.52   9.57   64.13      29.75       6.12

    5.0         50.64b        30.05 19.31b   56.16b         29.41     14.43b

  10.0         43.01b,d      30.18a 27.80b,d   49.85b,d      30.01     20.14b,d

  20.0         36.96b,d,f   30.66a 32.38b,d,f  39.26b,d,f    36.88b,d,f 23.86b,d,f

bP<0.01, vs genistein 0.0 g/mL, dP<0.01, vs genistein 10.0 g/mL,
fP<0.01, vs genistein 5.0 g/mL, aP<0.05, vs genistein 0.0 g/mL.

Table 2  Expression of cyclin B1 and cyclin D1 in SGC-7901 cells
treated with genistein

Genistein    Positive rate (%, 24 h)              Positive rate (%, 48 h)
(g/mL)

      cyclin B1       cylinD1       cyclin B1     cyclinD1

    0.0         36.8         91.9         48.2       88.1

    5.0         46.5b         70.5b         54.8b       54.3b

  10.0         53.4b,d         49.3b,d         62.8b,d       43.9b,d

  20.0         72.3b,d,f         25.4b,d,f         85.2b,d,f       22.1b,d,f

bP<0.01, vs genistein 0.0 g/mL, dP<0.01, vs genistein 5.0 g/mL,
fP<0.01, vs genistein 10.0 g/mL.

Expression of p21WAF1/CIP1 protein by Western blotting
The expression of p21WAF1/CIP1 protein is shown in Figure 2 and
the peak areas of bands were analyzed with gel digit image
instrument (Figure 3). Genistein at concentrations of 2.5, 5.0,
10.0 and 20.0 g/mL increased the expression of p21WAF1/CIP1 in
a concentration­dependent manner.

Figure 2  Expression of p21WAF1/CIP1 protein after treated with
different genistein concentrations for 48 h.

Figure 3  Calculation of areas of p21WAF1/CIP1 protein by
ChemiImager 4 000.

DISCUSSION

MTT chromatometry is a common method to detect cell stock
and growth. Ectogenesis of MTT can be reduced by succinic
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acid dehydrogenase existing in mitochondria of live cells and
forms indissoluble blue­purple crystal mass (formazan) and
deposits in cells. The crystal mass is dissolved by DMSO. By
detecting the A value with a microplate reader, the quantity of
live cells can be gained indirectly. The findings from our research
group suggest that genistein could significantly inhibit the
proliferation of SGC­7901 cells in a dose­ and time­dependent
manner. As shown in Figure 1, the inhibitory rates of different
genistein concentrations (2.5, 5.0, 10.0 and 20.0 g/mL) on d 7 are
11.2%, 28.8%, 55.3% and 84.7%, respectively. Genistein is a
growth inhibitor of gastric carcinoma cells, the mechanism is
unknown. However, we discovered that supplemented with
genistein, the number of SGC­7901 cells after incubation in
culture media was decreased and the cell cycle was arrested at
G2/M phase.
      Cyclins are a group of proteins with cell cycle specificity. Up
to the present, cyclins A, B (B1­2), C, D (D1­3), E, F, G and H have
been found. Cyclin D1 is synthesized in pre­DNA­synthetic
gap (early G1 phase), and plays an important role in G1 to S
phase and induces cells into S phase. In general, cyclin D1 is
the key regulator of cell cycle progression and the key protein
of the signal transduction in G1 phase cell proliferation. If cyclin
D1 is over­expressed, the checkpoint of G1/S will be out of control
and lose its role in the signaling of proliferation. This further
promotes cell cycle progression and cell proliferation, and
causes carcinomatous change of cells. Thus cyclin D1 is called
the shirking protein of G1/S checkpoint. It has been proved that
cyclin D1 is overexpressed in several neoplasms, such as
esophageal carcinoma, mammary cancer, pulmonary and gastric
carcinoma[15]. Suppressed expression of cyclin D1 in cancer
cells would help recover normal cell cycle and control
proliferation speed of tumor cells. In this study, we found that
genistein showed significant inhibition on the expression of
cyclin D1 in SGC­7901 cells, suggesting that genistein might
inhibit cell proliferation of gastric carcinoma by decreasing the
over­expression of cyclin D1.
      Cyclin B1 and cyclin­dependent kinase 1 (CDK1) are two
proteins required for cells to traverse from G(2) into M. G(2)
arrest occurs in response to DNA damage caused by a variety
of agents and treatments. Cyclin B1 is synthesized in late S and
G2 phase. It binds to CDK1 and is activated to form maturation
promoting factor (MPF). Cyclin B1 is degraded in M phase. We
investigated the expression of cyclin B1 in SGC­7901 cells treated
with various concentrations of genistein for 24 and 48 h. The
results showed that the expression of cyclin B1 did not decrease
with increased concentrations of genistein as cyclin D1, instead
it increased. Some researches indicate that sustained increase
of cyclin B1 causes cell cycle blockage in cell cleavage phase.
However, other results show that when cell cycle blockage
occurs in G2/M phase, cyclin B1 is not degraded, but
accumulated in cells[16­19]. Cappelletti et al[16] demonstrated that
genistein could block mammary cancer cells in G2/M phase, but
the expression of cyclin B increased 2.8, 8, and 103 times
respectively in BT20, MDA­MB­231 and ZR75.1 cells. It is
stated that G2/M blockage does not always follow the decrease
of cyclin B1 expression. In this experiment, genistein blocked
SGC­7901 cell proliferation and increased the number of cells in
G2/M phase more than three times, as well as the expression of
cyclin B1. The increased cyclin B1 expression did not make
cancer cells escape the regulation of checkpoint from G2 to M
phase. Maybe it is because cyclin B1 protein accumulates during
interphase, while cell cycle progression is arrested at G2/M phase.
The molecular mechanism underlying G2/M phase blockage
requires clarification in further studies.
       To find out the effect of genistein on cell proliferation cycle,
we detected the expression of CKI­p21waf1/cip1 protein by Western

blotting. Researchers previously believed that p21waf1/cip1 protein
was a regulatory factor of cell cycle in G1 phase. But now, more
and more evidence indicates the expression of p21waf/cip1 protein
relates with G2/M phase arrest[6,20­23]. While p21waf1/cip1 binds to
a variety of CDKs and cyclins, and exerts inhibitory activity on
cyclin/CDK complexes, including cyclinA­CDK1 and cyclinB1­
CDK1. Therefore p21waf/cip1 protein has an intimate relationship
with G2 and M phases of cell cycle. When SGC­7901 cells are
incubated with genistein for 48 h, the expression of p21waf1/cip1

is reduced in a dose­ dependent manner. All these demonstrate
that the inhibitory effect of genistein on human gastric
carcinoma cells relates with genistein­induced expression of
p21waf/cip1 and genistein arrests tumor cells in G2/M phase.
     Cell cycle regulation involves many factors and is very
complicated[23]. The data from our studies indicate that genistein
could arrest cell cycle progression of SGC­7901 cells at G2/M
phase. The possible mechanism is that genistein promotes the
expression of p21waf1/cip1 and reduces the degradation of cyclin B1

protein in tumor cells. Therefore tumor cells are unable to pass
the checkpoint pathway of G2/M and can not proceed to mitosis.
Genistein could also inhibit the expression of cyclin D1 in tumor
cells. In a word, neoplasm is a disease of cell over­proliferation
and correlates with cell cycle regulation disorder. Genistein
inhibits tumor cell growth and proliferation by increasing the
expression of cyclin B1 and p21waf/cip1 and decreasing the
expression of cyclin D1 in SGC­7901 cells. This result suggests
that the inhibitory effect of genistein on SGC­7901 cell proliferation
relates to cell cycle.
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