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Background and Aims: Epigallocatechin-3-gallate (EGCG) is a polyphenolic
compound from green tea, which its anticancer effects on many types of cancers
have been confirmed, but the molecular mechanism by which EGCG induces
apoptosis remains unknown. The aim of the present study was to investigate
anti-proliferative properties and apoptotic signaling pathway of EGCG on PC3
human prostate cancer cells.
Materials and Methods: Cytotoxic effect of EGCG on prostate cancer cell line
(PC3) was evaluated by MTT assay. DAPI staining was carried out to
determine the morphological appearance of cells. Finally, the expression of
Bax and Bcl-2 (apoptosis-regulating genes) were evaluated by quantitative
Real-time polymerase chain reaction (PCR).
Results: Cytotoxicity evaluations demonstrated that EGCG prevented prostate
cancer cells growth in a time and dose depended manner, but the effect of
treatment duration is more significant than effect of concentration. Cell growth
inhibition was found to be accompanied by nucleus condensation or chromatin
fragmentations which are signs of apoptosis, as assessed by DAPI staining.
Quantitative Real-time PCR results demonstrated that EGCG causes upregulation of Bax as a pro-apoptotic protein, and down-regulation of Bcl-2 as an
anti-apoptotic protein, thus shifting the Bax/Bcl-2 ratio in favor of apoptosis.
Conclusions: It is tempting to suggest that consumption of EGCG could be an
effective strategy to inhibit prostate cancer. Our results demonstrated that
increase in the ratio of Bax/Bcl-2, is the probable molecular mechanisms
through which EGCG induces apoptosis in PC3 cells.
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Introduction
Prostate cancer is the second most commonly

many types of cancer have been well studied,

recognized cancer and the sixth leading cause

but the molecular mechanism whereby EGCG

of cancer death in males, accounting for 14%

caused apoptosis, in general remain unknown.

of the total new cancer cases and 6% of the

The aim of the present study was to investigate

total cancer deaths [1]. Reportedly prostate

anti-proliferative and apoptotic properties of

cancer is accounted for 7.75% of new cancer

EGCG

cases and it is the seventh most diagnosed cause

prostate cancer cells (PC3), which is resistant

of cancer death in Iran [2]. Due to unpleasant

to androgen-ablative therapies. Furthermore,

effects of prostatectomy or radiotherapy,

the probable signaling pathway of EGCG in

developing novel protective approaches to

apoptosis induction and impact on gene

control this disease is necessity. Consuming of

expression of Bax and Bcl-2 was investigated.

natural dietary substances which could inhibit
cancer extension is one of such approaches [3].

on

human

androgen

independent

Materials and methods

Epidemiological studies have shown that

Cell culture and cell viability assay

consumption of green tea decreases risk of

Human prostate cancer PC3 cells (obtained from

many cancers, including stomach, lung, colon,

national cell bank of Pasteur Institute, Iran) were

rectum, liver, breast and pancreas [4]. Green

grown in Roswell Park Memorial Institute-1640

tea, is a significant source of a type of

(obtained from the Sigma Aldrich Company)

flavonoids

gallate

supplemented with 10% fetal bovine serum

antioxidant

(FBS), 1% penicillin-streptomycin at 37°C in a

(EGCG)

called
[5].

Epigallocatechin

EGCG

is

an

compound and it is proposed that this

humidified atmosphere with 5% CO2.

flavonoid

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl

suppresses

the

inflammatory

processes that lead to transformation, hyper-

tetrazolium bromide (MTT) assay was applied

proliferation, and beginning of carcinogenesis

to evaluate anti proliferative effects of EGCG

[6]. In a wide range of in vitro and preclinical

(purchased from the Sigma Aldrich company)

studies EGCGs anti-proliferative [7], anti-

on PC3 cells. In brief, 104 cells/well were

angiogenic [8] and apoptotic properties on

seeded in a 96 well plate, followed by 24

cancer cells have been confirmed [9]. EGCG

hours’ incubation to cells attach to the surface

can increase gap junctional communication

of the wells. Then, supernatants from the wells

between cells and thus protect cells from

were removed and the cells were treated with

tumor development. The experimental studies

serial of different concentrations of EGCG

propose an effect of this polyphenol, which

(0.1–100 µM). After incubation for 24, 48, and

may block the promotion of tumor growth by

72 h, 50 μl of 5 mg/ml MTT dissolved in

sealing receptors in the affected cells [10].

phosphate buffered saline (PBS) and 150 μl of

However, the anticancer effects of EGCG on

fresh medium was added to each wells and
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incubated for 4 hours at 37°C. Then, the blue

for 48 and 72 h. For extraction of RNA, RNX-

formazan crystals were dissolved in 200 µl of

plus solution (Sinaclon, Iran) was used

Dimethyl

density

according to the manufacturer’s protocol. RNA

values were measured at 570 nm using a

pellet was dissolved in DEPC-treated water,

spectrophotometric

800

quantified by optical density measurement

(Biotek, CA, USA) with a background correction

(A260/A280 ratio) with NanoDrop 1000

at 630 nm, and the cell viability was calculated

Spectrophotometer (Wilmington, DE, USA).

from the following equation:

Then, 1μg of total RNA was used as substrate

sulfoxide.

The

plate

Cell viability(%) 

optical

reader,

ELx

for

OD sample
100
OD control

4'-6-diamidino-2-phenylindole

(DAPI)

reverse

Scientific
staining

transcription

cDNA

using

synthesis

Thermo

kit (Thermo

Scientific, Schwerte, Germany), according to

assay

the manufacturer’s protocols. Real time PCR

Nucleus morphology is a simple factor for

method based on the SYBR Green chemistry

determination

and

was performed to analyze the expression levels

necrotic cells. DAPI staining was performed to

of Bax and Bcl-2 relative to the housekeeping

evaluate morphological alterations of the cells

genes, B-actin. Sequences of primers are shown

during apoptosis, such as nuclear segmentation

in table 1. In brief, about 1 μl of each specific

and chromatin condensation. In brief, PC3 cells

primers and 1μl of each cDNA sample was

were harvested in six-well plates containing 12

added to PCR tubes containing SYBR-Green

mm cover-slips and consequently treated with

Master Mix (7.5 μl), and sterile water (5.5 μl).

EGCG for 48 hours. Then, cells were fixed with

The sample tubes were placed into the real time

4% paraformaldehyde and washed three times

rotary analyzer (Rotor-Gene 6000, Corbet Life

with PBS, permeabilized with 0.1% (w/v)

Science, Australia) with the following settings:

Triton X-100 for 5 min, washed again with PBS

45 cycles of 4-step PCR (95 °C-5min, 95°C-

and stained by incubation with 400 ng/mL

15s, 59°C-35s, 72°C-15s) for both Bax and B-

DAPI for 20 min and cells were evaluated

actin and 45 cycles of 4-step PCR (95°C-10

under a fluorescence microscope (Olympus

min, 95°C-15s, 63 °C-35s, 72°C-15s) for Bcl-2.

microscope Bh2-RFCA, Japan). Triplicate

The experiments were done in triplicate manner

samples were prepared for each treatment and

for each sample. The Ethics Committee of

at least 300 cells were counted in random

Tabriz university of medical sciences, Tabriz,

fields for each sample and apoptotic nuclei

Iran approved the study.

were identified.

Statistical analysis

Analysis of Bax and Bcl-2 Gene Expression by

The alteration of Bax and Bcl-2 gene

Real-time polymerase chain reaction (PCR)

expression was analyzed by ΔΔCt method and

The

Microsoft® Excel 2013 (T-test with p<0.05)

cells

of

were

healthy,

seeded

apoptotic

in

flasks

with

6

concentration of 1×10 cells/flask. Then, flasks

was used for statistical analysis.

were treated with IC50 of 48 and 72 h exposure
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Table 1. Primers sequences
Gene
Bax
Bcl-2
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B-actin

Primers Sequence
Forward 5-TTGCTTCAGGGTTTCATCCA-3
Reverse 5-GACACTCGCTCAGCTTCTTG-3
Forward 5-GTCATGTGTGTGGAGAGCG-3
Reverse 5-ACAGTTCCACAAAGGCATCC-3
Forward 5-TCCCTGGAGAAGAGCTACG-3
Reverse 5-GTAGTTTCGTGGATGCCACA-3

Products size
112 bp
131 bp
131 bp

cells after 48 h of EGCG treatment is also

Results

shown in Fig 1. In this study, after 24 h

Effects of EGCG on PC3 cell proliferation

treatment, EGCG did not show a considerable

EGCG can impose cytotoxicity effect on PC3

cytotoxic effect on PC3 cell line. These results

cells. After treatment of PC3 cell line with

showed that EGCG at the longer treatment

different concentrations of EGCG for 24, 48

duration has a stronger cytotoxic effect on PC3

and 72 h, EGCG IC50 was calculated as 67.5

cell line, so it can be declared that EGCG dose

μM for 48 h treatment and 44.6 μM for 72 h

and time dependently decreased the growth of

treatment (Fig. 1). Microscopic image of PC3

PC3 cells.

Fig. 1. Cytotoxic effects of epigallocatechin-3-gallate in (a) 48 h and (b)
72 h on PC3 cells. 67.5 μM and 44.6 μM EGCG induces cell death in
half of cellular population in 48 and 72 h respectively. Data is presented
as mean ± standard deviation (n=3). Figure also illustrate the
morphological alteration of PC3 cells following a 48 h exposure by (c)
untreated, (d) 40 µM and (e) 80 µM epigallocatechin-3-gallate.
DAPI Staining

Induction of apoptosis was investigated by

that 44 and 67 µM EGCG after 48 h

DAPI staining using fluorescent microscopy in

treatments, induced apoptosis in PC3 cell line

48 h. Images of DAPI stained cells showed

about 27.9% and 54.4%, respectively (Fig. 2).

265

International Journal of Medical Laboratory 2016;3(4):262-269.

Downloaded from ijml.ssu.ac.ir at 13:55 IRDT on Friday May 14th 2021

EPIGALLOCATECHIN-3-GALLATE INDUCES APOPTOSIS IN PC3

Fig. 2. Fluorescent images of DAPI stained PC3 cells following a 48 h
exposure by (a) untreated, (b) 44 μM and (c) 67 µM epigallocatechin-3gallate.

Results for quantitative real-time PCR

with different concentrations of EGCG has

The expression levels of Bax and Bcl-2 after

shown in table 2. The real time quantitative

48 and 72h EGCG treatment were analyzed

PCR data demonstrated that treatment of PC3

using real time quantitative realtime-PCR. The

cells with EGCG causes up-regulation of

24h time exposure was not included in the

Bax mRNA level and down-regulation of

experiments, because EGCG treatments in 24h

Bcl-2 mRNA levels

exposure did not display significant cytotoxic

dependent manner, but treatment in longer

effects on PC3 cell line. The level of Bax and

duration is more effective (Fig. 3). In other

Bcl-2 mRNA were normalized to mRNA level

words, it seems that the effect of treatment

of the regularly expressed housekeeping gene,

duration was more significant than the effect

B-actin, within each sample. The relative

of concentration in up-regulation of Bax and

mRNA level of Bax and Bcl-2 after treatment

down-regulation of Bcl-2.

in time and dose

Table 2. The effect of EGCG on Bax and Bcl-2 gene expression in PC3 cells.
Samples

Control

EGCG

Bax gene expression

Bcl-2 gene expression

Cocentration (µM)

(fold change)

(fold change)

0

1

1

44

2.23

0.87

67

3.24

0.61

44

3.57

0.64

67

5.52

0.39

48 h

72 h
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Fig. 3. Effects of epigallocatechin-3-gallate (EGCG) on Bax and Bcl-2
mRNA expression levels in PC3 cells after 48 and 72h. As this figure
shows, in higher EGCG concentrations and treatment durations, the
expression of BAX increases and expression of Bcl-2 decreases.
Bax/Bcl-2 ratio is more dependent on treatment duration than EGCG
concentration (C1=44 μM and C2=67 μM). *Alteration in gene
expression is significant in comparison to the control group. (p<0.05)

condensation and fragmentation, trailed by the

Discussion

formation of
EGCG is the most abundant and active catechin
which has been extensively studied for its cancer
chemopreventive activity [11]. It also verified
that EGCG induced apoptosis in oral squamous
carcinoma cells, while has no effect on normal
human epidermal keratinocytes [12]. Several
investigations

have

formerly

established

that EGCG inhibits PC-3 cell proliferation via
cell cycle arrest [13]. Our results indeed
verified that treatment of PC3 cells with
EGCG resulted in a dose- and time-dependent
inhibition

of

cell

proliferation

and

a

simultaneous decrease in cell viability. These
results suggest that EGCG induced cell death
of PC3 cells. Consequently, morphological
alterations recognized to be associated with
apoptosis were investigated. The advent of an
apoptotic process is confirmed by chromatin
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apoptotic

bodies.

Although

EGCG seems to have a wide range of possible
targets, the specific cellular mechanisms
responsible for apoptosis induction are not well
understood [11]. Inhibition of receptor tyrosine
kinase activity [14, 15], down-regulation of
cyclo-oxygenase 2 [16], motivation of p53 tumor
suppressor [17], and repression of telomerase
activity [18] have been offered as molecular
mechanisms for EGCG effects. In the present
study, an apparent increase in Bax and
decrease in Bcl-2 mRNA expression levels
were observed when the PC3 cells were
treated with EGCG. Bax and Bcl-2 are proapoptotic and anti-apoptotic members of Bcl-2
family, respectively. As the BCL-2 family
members exist in upstream of irreversible
cellular damage and focus much of their
efforts at the level of mitochondria, they play a

International Journal of Medical Laboratory 2016;3(4):262-269.
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fundamental role in deciding whether a cell

Conclusions

will live or die [19]. In reaction to apoptotic
stimuli, Bax translocates to the mitochondria
and places in mitochondrial outer membrane,
resulting in the disruption of mitochondrial
Downloaded from ijml.ssu.ac.ir at 13:55 IRDT on Friday May 14th 2021

membrane potential and release of cytochrome
C from the mitochondria, which finally leads
to apoptosis. In contrast, Bcl-2 supports cell
survival by inhibiting factors which activate
caspases [20, 21]. Bcl-2 has been shown to
form a heterodimer complex with the Bax,
thereby counteracting its pro-apoptotic effects.
Therefore, the ratio of Bax /Bcl-2 is important
in susceptibility to apoptosis [22]. Considering

In conclusion, this study demonstrated that
EGCG treatment inhibits cell proliferation in
prostate carcinoma cells. Increasing the ratio
of Bax/Bcl-2 level is the probable mechanism
by which EGCG stimulates apoptosis in PC3
cancer cell line. Based on the present findings,
it is tempting to propose that EGCG could be
developed as a potential anticancer agent
against human prostate cancer cells, but more
investigations are required to study anti-cancer
efficacy of EGCG on cancer animal models,
before using it in the clinical trial studies.

the results of the present study, the ratio of
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