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Abstract
AIM: To investigate whether Epigallocatechin-3-gallate 
(EGCG) can induce apoptosis of the gastric cancer cell 
line MKN45 and its apoptotic pathway.

METHODS: To determine this, apoptotic rates of MKN45 
cells after EGCG treatment with or without caspase-3 
inhibitor were evaluated by Annexin V-FITC + PI staining 
The influence of EGCG on the activity of caspase-3 
in the MKN45 cells was determined by ELISA. By 
Rhodamine123 staining, the membrane potential change 
of the mitochondrion was also investigated, and mRNAs 
and protein expression of the bcl-2 family were analyzed 
by RT-PCR and Western blot.

RESULTS: EGCG can induce apoptosis of MKN45 cells 
in time- and dose-dependent manner. Eight hours 
after EGCG treatment, the activity of caspase-3 in the 
MKN45 increased, especially 12 h after treatment. The 
mitochondrial membrane potential was significantly 
weakened 4 h after EGCG insult. The mRNA and protein 
expression levels of pro-apoptotic members, such as Bax, 
Bid and Bad, were upregulated gradually as treated time 
increased. Moreover, the mRNA and protein expression 
levels of anti-apoptotic members, such as Bcl-xL and 
Bcl-2, were inhibited.

CONCLUSION: These data support that EGCG can 
induce apoptosis of the human gastric cancer cell line 
MKN45, and the effect is in a time- and dose-dependent 
manner. The apoptotic pathway triggered by EGCG in 
MKN45 is mitochondrial-dependent.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Epigallocatechin-3-gallate is the main monomer in green 
tea polyphenol; the others are Epigallocatechin (EGC), 
Epicatechin-3-gallate (ECG) and Epicatechin (EC). Many 
studies have shown green tea polyphenolic compounds 
could inhibit tumor growth and metastasis both in vivo 
and in vitro[1,2]. It has a wide range of  target organs, such as 
skin, lung, esophagus, stomach, duodenum and colon, liv-
er, pancreas, bladder and prostate without serious adverse 
effects to rodents and humans[3].

Recent studies have indicated that EGCG inhibits 
proliferation and induces apoptosis of  several tumor cell 
lines in vitro and decreases the size of  tumors in mice and 
rats[4,5]. However, the cell death mechanism of  EGCG 
on gastric cancer cells is presently unknown. The pres-
ent study will focus on the apoptosis inducing effect of  
EGCG on the human gastric cancer cells and its apoptotic 
pathway.

MATERIALS AND METHODS
Cell culture and reagents
The human gastric cancer cell line MKN45 was kept at 
our institute. Cells were maintained in RPMI 1640 medium 
(Gibco BRL, USA) supplemented with 10% heat-inactivat-
ed fetal bovine serum (Gibco BRL, USA), penicillin (100 
µg/mL) and streptomycin (100 U/mL) in a 5% CO2 atmo-
sphere at 37℃. EGCG monomer (purity > 99%) was pur-
chased from the Tea Research Institute, Chinese Academy 
of  Agriculture. Annexin V-FITC + PI apoptosis detec-
tion kit was purchased from Biosea Corporation (Beijing, 
China). Caspase-3 cellular activity assay kit and caspase-3 
inhibitor (caspase-3 inhibitor Ⅱ) were purchased from 
Calbiochem (Germany). Rhodamine 123 fluorochrome was 
purchased from Molecular Probes (Germany). A rabbit mono-
clonal antibody to Bcl-xL, mouse monoclonal antibodies to 
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bcl-2 and Bad, and rabbit polyclonal antibodies to Bax and 
Bid were purchased from Santa Cruz Biotech (USA).

Detection of the killing effects of EGCG on MKN45 cells by 
Methyl thiazolyl tetrazolium analysis
Exponentially growing MKN45 cells were trypsinized and 
harvested in suspension, then cells were seeded onto 96 
well plates at a density of  5 × 103 cells per well. Twenty-
four hours later, fresh RPMI-1640 medium containing dif-
ferent concentrations of  EGCG (40, 60, 80 µmol/L) was 
added at 100 µL per well and six replicate wells for each 
treatment. In EGCG treated groups (40 and 80 µmol/L), 
caspase-3 inhibitor Ⅱ was added at a final concentration 
of  2 µmol/L. In the control group, equal volumes of  
RPMI-1640 medium were added. After being incubated for 
12, 18, 24 and 48 h respectively, 20 µg MTT (5 mg/mL) 
was added to each well of  one 96 well plate. Cells were fur-
ther incubated for 4 h. Then, after discarding the medium, 
100 µL DMSO was added and gently mixed for 20 min. 
Finally, the OD values were measured by an ELISA reader 
(Microplate Reader, Model 550, Bio Rad). Cell survival was 
calculated as OD value of  EGCG exerted cells/OD value 
of  mock treated cells × 100%.

Detection of the apoptosis inducing effect of EGCG on 
MKN45 cells by Annexin V-FITC + PI dual staining
According to the manufacturer’s instructions, exponen-
tially growing MKN45 cells were trypsinized and harvested 
in suspension. Then, cells were seeded into 25 cm2 flasks 
at a density of  2 × 105 cells, 5 mL per flask. Twenty-four 
hours later, EGCG was added at final concentrations of  
40, 60 and 80 μmol/L respectively. Caspase-3 inhibitor Ⅱ 
was added in 40 μmol/L and 80 μmol/L EGCG treated 
groups, with a final concentration of  2 μmol/L. In the 
control group, equal volume of  RPMI-1640 medium was 
added. After being incubated for 12, 18 and 24 h, cells 
were harvested by trypsinization and rinsed with cold PBS 
twice. After centrifugation (4℃, 1000 × g) for 10 min, cells 
were suspended by 200 μL binding buffer and then treated 
with 10 μL Annexin V-FITC and 5 μL propidium iodide 
(PI) for 15 min at room temperature. Flow cytometric 
analysis of  cells was performed with an EpicsXL Coulter 
flow cytometer. Both the MTT test and cytometric analysis 
were repeated three times.

Measurement of the influence of EGCG on Caspase-3 
activity in MKN45 cells by the ELISA method
Exponentially growing MKN45 cells were seeded into 75 
cm2 flasks at a density of  6 × 105 cells, 10 mL per flask. 
Twenty-four hours later, EGCG was added at different 
final concentrations of  40, 60 and 80 μmol/L respectively. 
Caspase-3 inhibitor Ⅱ was added with a final concentra-
tion of  2 μmol/L in the 80 μmol/L EGCG treated group. 
In mock-treated cells, equal volumes of  RPMI-1640 me-
dium were added. After being incubated for 8, 12, 18 and 
24 h, cells were harvested and rinsed with cold PBS twice. 
After centrifugation (4℃, 1000 × g) for 10 min, according 
to the manufacturer’s instructions, cells were suspended by 
20 μL of  cell lysis buffer and incubated on ice for 15-20 
min. Then, cells were transferred into a sterile eppendorf  
tube and centrifuged at 10 000 × g for 10 min at 4℃. Ten 

microlitres of  supernatant were collected and added to 96 
well plates, then treated with 10 μL caspase-3 substrate 
AC-DEVD-ρNA, the reaction system was adjusted to 100 
μL and measured by an ELISA reader (Microplate Reader, 
Model 550, Bio Rad) at 405 nm with a reference wave-
length of  630 nm. Data were recorded at 10 min intervals 
for 60 to 120 min. Data presented as A405 versus time for 
each sample were plotted. Then, the activity of  caspase-3 
was calculated based upon the obtained slope of  the line.

Activity (pmol/min) = slope (∆A/min) × assay vol (μL) 
×50 μmol/L /average A405 This experiment was repeated 
three times.

Investigation on the influence of EGCG on the change 
of mitochondrial membrane potential by Rhodamine 123 
staining
Exponentially growing MKN45 cells were seeded into 
25 cm2 flasks at a density of  2 × 105 cells, 5 mL per flask. 
Twenty-four hours later, EGCG was added at different 
final concentrations of  40, 60, 80 μmol/L, respectively. In 
mock-treated cells, equal volumes of  RPMI-1640 medium 
were added. After incubating 4, 8 and 12 h, 5 μmol/L 
Rhodamine 123 were added into the flasks, incubated at 
37℃ for 30 min, and cells were harvested by trypsinization 
and rinsed with cold PBS twice. After centrifugation (4°C 
1000 × g) for 10 min, the cells were suspended in 200 μL 
binding buffer and then analyzed by flow cytometry (Ep-
icsXL Coulter) with an excitation wavelength of  505 nm 
and emission wavelength of  534 nm. The experiment was 
repeated three times and the average values were used.

Reverse transcription-polymerase chain reaction (RT-PCR) 
analysis
Total RNA was extracted from cells that had been treated 
with EGCG (80 μmol/L) for 0, 12, 24 and 36 h and 
subjected to RT-PCR. The primer sequences and ampli-
fication sizes were as follows: bax forward: 5'-TCTGAC-
GGCAACTTCAACTG-3', bax reverse: 5'-CACTGT-
GACCTGCTCCAGAA-3' (299 bp product), bid forward: 
5'-ACAGCATGGACCGTAGCATC-3', bid reverse: 
5'-GTCCATCCCATTTCTGGCTA-3' (302 bp product), 
bad forward: 5'-CCCAGAGTTTGAGCCGAGTG-3', 
bad reverse: 5 '-GCTGTGCTGCCCAGAGGTT-3' 
(314 bp product), bcl-2 forward: 5'-GGAGGATTGT-
GGCCTTCTTT-3', bcl-2 reverse: 5'-TCACTTGTG-
GCTCAGATAGGC-3' (287 bp product), bcl-xl forward: 
5'-GAGGCAGGCGACGAGTTT-3', bcl-xl reverse: 
5'-GACGGAGGATGTGGTGGA-3' (491 bp product), 
ß-actin forward: 5'-GGACTTCGAGCAAGAGATGG-3', 
β-actin reverse: 5'-ACATCTGCTGGAAGGTGGAC-3' 
(404 bp product). The PCR protocol for bcl-2 consisted of  
denaturation at 94℃ for 5 min, 33 cycles of  denaturation 
at 94℃ for 30 s, annealing at 55.8℃ for 1 min and exten-
sion at 72℃ for 1 min, final extension at 72℃ for 10 min. 
The protocols for ß-actin, bax, bid, bcl-xl and bad were 
the same except for annealing at 60℃, 62℃, 56.3℃, 56℃ 
and 57℃ for 1 min and amplification for 30, 35, 30, 32, 
and 32 cycles respectively. Amplification was exponential 
throughout all cycles. The PCR products were electropho-
resed in a 2% agarose gel and stained with goldviewTM.
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Immunoblot analysis
Cells were treated with 80 μmol/L EGCG for 0, 12, 24 
and 36 h. At appropriate time, cells were lysed with lysis 
buffer (1% Triton X-100, 1 mmoi/L sodium ortho-van-
adate, 4.9 mmol/L MgCl2, 1 mmol/L PMSF, 21 μg/mL 
aprotinin, and 0.5 μg/mL leupeptin). An equal amount 
of  protein was resolved in SDS-polyacrylamide gel elec-
trophoresis. The proteins were transferred to a PVDF 
membrane (Immobilon-P, Millipore, USA), incubated with 
primary antibody and then with horse-radish peroxidase 
conjugated secondary antibody. The primary antibodies 
were anti-Bcl-2, Bcl-xL, Bad, Bid and Bax (Santa Cruz 
Biotech, USA). The signals were visualized using the ECL 
enhanced chemiluminescence kits.

Statistical analysis
All data were expressed as mean ± SD. Statistical analysis 
was performed by using SAS 6.12, t-test, or correlation 
analysis where appropriate. A level of  P < 0.05 was con-
sidered significant in all statistical tests.

RESULTS
The apoptosis inducing effect of EGCG on MKN45 cells
In the present study EGCG exhibited time-and dose-de-
pendent apoptosis inducing effects on MKN45 cells. The 
ratio of  apoptotic cells was (9.97 ± 1.16)% 12 h after 80 
μmol/L EGCG treatment, which was significantly higher 
than that of  mock-treated [(1.18 ± 0.27)%, P < 0.01]. After 
18 h treatment, the apoptotic cells were markedly increased 
in all three concentrations of  EGCG treated groups 
compared to that in mock-treated ones (P < 0.05). The 
result showed that terminal stage apoptotic cells increased 
obviously than early stage cells after 24 h treatment, and 
the cells were mainly in the terminal apoptotic stage and 
necrotic stage after being treated for 48 h (Table 1). How-
ever, the inhibitory effect of  EGCG on MKN45 cells was 
significantly weakened after treatment of  caspase-3 inhibi-
tor (P < 0.05) (Figure 1). Meanwhile, the result of  MTT 
was consistent with Annexin V-FITC + PI.

The effect of EGCG on the activity of caspase-3 in the 
MKN45 cells
Eight hours after EGCG treatment, the activity of  cap-
sases-3 in MKN45 cells was increased, but only 80 μmol/L 

EGCG treated group was significantly increased (P < 0.05). 
It was gradually and obviously increased 12 h after EGCG 
insult in all three different concentrations (P < 0.01). After 
a 24 h treatment of  80 μmol/L EGCG, the activity of  cas-
pase-3 was 8.58 folds higher than that the of  mock-treated. 
The influence of  EGCG on the activity of  caspase-3 in 
the MKN45 cells was in a time- and dose-dependent man-
ner (Figure 2). However, after being treated with caspase-3 
inhibitor, the caspase-3 activity was dramatically decreased. 
Moreover, after the treatment of  caspase-3 inhibitor, the 
inhibitory effect of  EGCG on MKN45 cells was signifi-
cantly weakened, and the cell apoptotic rates were also dra-
matically decreased.

The influence of EGCG on the change of mitochondrial 
membrane potential in MKN45 cells
The mitochondrial membrane potential began to decline 4 
h after EGCG treatment, which was positively correlated 
with time and dose. The mitochondrial potential was (89.50 
± 0.86)% 4 h after 40 μmol/L EGCG treatment, which 
was significantly lower than that of  the mock-treated (P 
< 0.01). The absorptivity of  Rhodamine 123 reached the 
lowest level [(1.36 ± 0.66)%] 12 h after 80 μmol/L EGCG 
treatment (Figure 3).

The influence of EGCG on the expression of the bcl-2 
family in MKN 45 cells
After 80 μmol/L EGCG treatment, a significant decrease 
of  anti-apoptotic bcl-2 family of  mRNAs and proteins, 
such as bcl-2 and Bcl-xL, were detected (P < 0.05). How-
ever, there was a significant increase of  pro-apoptotic bcl-2 
family of  mRNAs and proteins, such as Bad, Bid and Bax 
(P < 0.05). The changes of  these genes were time course-
dependent, as show in Figure 4.

DISCUSSION
EGCG is the most abundant catechin in the green tea ex-
tract and has significant effects against tumorigenesis and 
tumor growth[6-8]. The biological activities of  EGCG in-
clude antioxidative activities, inhibition of  cell growth, and 
antiviral activities[9]. EGCG can also inhibit mutagenesis 
induced by carcinogens, inhibit transformation, tumour 
invasion and angiogenesis, induce cell growth arrest in G1 
phase and cell apoptosis[10,11].

Table 1  Apoptotic percentage of MKN45 cells after EGCG 
insult (mean ± SD, %)

Cell
death

Dose
(μmol/L)

                   Time after treatment
   12 h     18 h     24 h     48 h

Early Control 0.86 ± 0.19   0.70 ± 0.25   0.91 ± 0.18   0.96 ± 0.12
stage    40 1.04 ± 0.51   2.54 ± 1.79a   1.72 ± 1.30   1.57 ± 0.63
apoptotic    60 1.91 ± 1.30   5.73 ± 0.81a   5.69 ± 2.55a 14.45 ± 3.38a

cells    80 6.30 ± 0.16a 14.93 ± 0.09a 13.05 ± 0.21b   4.09 ± 1.49a

Terminal Control 0.32 ± 0.25   0.10 ± 0.10   0.30 ± 0.16   0.55 ± 0.05
stage    40 0.65 ± 0.44   0.40 ± 0.26a   0.50 ± 0.17a   5.28 ± 2.29a

apoptotic    60 2.00 ± 0.84   1.06 ± 0.10a   2.49 ± 0.52b 26.45 ± 2.32a

cells    80 3.67 ± 1.36a   8.48 ± 0.14b 19.05 ± 1.06b 62.90 ± 4.70b

aP < 0.05, bP < 0.01 vs control group.
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Figure 1  The change of apoptotic cells ratio of MKN45 cells after being treated 
with caspase-3 inhibitor detected by Annexin V-FITC + PI dual staining.
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In our previous study, we have demonstrated that 
EGCG can inhibit the growth of  different digestive tumor 
cells, and MKN45 was the most sensitive one among the 
gastric cancer cell lines tested[12]. EGCG can induce can-
cer cell apoptosis by various pathways. On the one hand, 
EGCG can directly bind to the Fas death receptor to initi-
ate the caspase-8 activation and apoptosis[13]. On the other 
hand, EGCG can also induce apoptosis by the mitochon-
drion pathway. The apoptosis inducing effect of  EGCG 
on human colon adenocarcinoma cells HT-29 depends on 
the mitochondrion to activate caspase-9 and caspase-3[14].

The present study has classified and counted apoptotic 
cells in the early stage, terminal stage and necrotic stage 
respectively by flow cytometry, in order to investigate the 
apoptosis inducing effect of  EGCG on the human gastric 
cancer cell line MKN45. The result showed that apoptotic 
cells appeared 12 h after being treated by EGCG, and the 
apoptotic rates were in a time- and dose-dependent man-
ner. The apoptotic cells were mainly in early stage after be-
ing insulted by EGCG from 12 to 24 h, and terminal stage 
apoptotic cells were increased gradually from 24 to 48 h 
after EGCG treatment. The terminal stage apoptotic cells 
and necrotic cells were predominant 48 h later, which was 
more significant in the 80 µmol/L EGCG treated group. 
The ratio of  apoptotic cells in 80 µmol/L EGCG treated 
group was significantly higher than that of  mock-treated 
12 h after treatment. However, 18 h after treatment, the 
apoptotic cells were markedly increased in all three doses 
of  EGCG treated groups compared to that in mock- treat-

ed ones (P < 0.05). So, it can be concluded that EGCG 
could induce apoptosis of  MKN45 cells, and the apoptotic 
rates were in a time- and dose-dependent manner. Howev-
er, after the treatment of  caspase-3 inhibitor, the cell apop-
totic rates were dramatically decreased. The survival rates 
of  MKN45 cells after EGCG treatment detected by MTT 
simultaneously was consistent with a normal cell percent-
age detected by Annexin V-FITC + PI. Hence, it indicated 
that the inhibitory effect of  EGCG on MKN45 cells was 
mediated by the apoptosis pathway and this apoptotic pro-
cedure was associated with the activation of  caspase-3.

Caspases play a pivotal role in the initiation and ex-
ecution of  apoptosis induced by various stimuli. Among 
them, caspase-3 is a key caspase involved in apoptosis, 
which is a joint effector of  the endogenous and exogenous 
pathways[15]. Activated caspase-3 can hydrolyze PARP in 
the nucleus, resulting in DNA repair block and apopto-
sis[16]. We use specific caspase-3 substrate to interact with 
caspase-3 which was activated in the apoptotic pathway, 
and to detect caspase-3 activity at different time and dose 
of  EGCG treatment by the ELISA method. In order to 
investigate the upstream events of  caspase-3 activation in 
this apoptotic pathway, we measured the change of  mito-
chondrial membrane potential. The change of  mitochon-
drial permeability is considered the earliest event in the cell 
apoptosis cascade. The mitochondrial membrane potential 
change results in the cytochrome C release to initiate cas-
pase-9 and -3 activation and subsequent apoptosis[14,17]. 
By Rhodamine 123 staining, the change of  mitochondrial 
membrane potential was investigated. In normal cells, mi-
tochondria can absorb Rhodamine 123, and its absorptivity 
will decline while the membrane potential decreases. The 
present result showed that the mitochondrial membrane 
potential began to decline 4 h after EGCG treatment, and 
the absorptivity of  Rhodamine 123 reached the lowest 
level 12 h after EGCG treatment. Whilst, the activity of  
caspase-3 in MKN45 cells was increased 8 h after EGCG 
insult, and was apparently increased 12 h after EGCG in-
sult. When the caspase-3 inhibitor was added, however, the 
caspase-3 activity was dramatically decreased. The change 
of  mitochondrial membrane potential was earlier than the 
increase of  caspase-3 activity, therefore, it is speculated that 
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Figure 2  Caspase-3 activity and its relationship with the time and dose of EGCG 
treatment.
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Figure 3  The relationship between the absorbance of Rhodamine123 and 
time and dose of EGCG treatment. The mitochondrial membrane potential was 
measured by the absorbance of Rhodamine 123.

Figure 4  RT-PCR and western blot analysis of apoptosis-related genes. The 
mRNAs and proteins expression of Bcl-2 family was detected by RT-PCR and 
western blot at indicated time in presence of 80 µmol/L EGCG insult. β-actin 
served as the internal control.
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the apoptotic pathway triggered by EGCG in MKN45 cells 
was dependent on the mitochondrion to activate caspase-3.

The Bcl-2 family of  proteins, including Bad, Bax, Bid, 
Bcl-2, and Bcl-xL, are key regulators of  mitochondria-
mediated apoptosis[18,19]. Pro-apoptotic Bad and Bax induce 
apoptotic cell death by promoting mitochondrial release of  
cytochrome-c and Smac[20], Anti-apoptotic Bcl-2 and Bcl-
xL inhibit mitochondria-mediated apoptosis and promote 
cell survival by preventing cytochrome-c or Smac release 
from the mitochondria. A shift in the balance between 
anti- and pro-apoptotic bcl-2 family proteins towards the 
expression and activation of  Bad and Bax proteins could 
lead to mitochondria-dependent caspase activation and 
apoptotic cell death. Thus, it is possible that EGCG in-
duces mitochondrial release of  cytochrome-C and Smac 
by affecting the expression of  the bcl-2 family of  proteins. 
Our study demonstrated that anti-apoptotic genes were 
down-regulated and pro-apoptotic genes were up-regulated 
by EGCG treatment in the MKN45, the level of  transcrip-
tion conforms to the protein level. The ratio of  Bcl/Bax 
gradually decreased as the treated time increased.

In conclusion, the present study demonstrated that 
EGCG could induce apoptosis of  the human gastric can-
cer cell line MKN45, and the effect was in a time- and 
dose-dependent manner. The apoptotic pathway triggered 
by EGCG in MKN45 cells was dependent on mitochon-
drial and caspase-3 pathways, also controlled by the ratio 
of  Bcl-2/Bax. This investigation provides further evidence 
for its clinical application in the therapy of  gastric cancer.
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