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Abstract The objective of this study is to evaluate the
efficacy of epigallocatechin gallate against ATL cells. The
anti-proliferative and pro-apoptotic effects of EGCG were
evaluated in HTLV-1-positive and -negative cells. EGCG
exhibited a marked decrease in proliferation of ATL cells
at 96 h of treatment. The results indicated that TGF-a was
down-regulated whereas levels of TGF-f2 increased. Cell
cycle distribution analysis revealed an increase in cells in
the pre-G; phase which was confirmed by ELISA. The
results on proteins showed an up-regulation of p53, Bax
and p2l protein levels while the levels of Bcl-2o were
down-regulated.

Keywords Apoptosis - Human T-cell Lymphotrophic
Virus-1 (HTLV-1) - Epigallocatechin-3-gallate (EGCG) -
p53 - p21 - Transforming Growth Factor (TGF)

Introduction

Green tea extract has tremendous potential in the treatment
of cancer [1]. Catechins, the active component of green tea,
are a special group of polyphenols with antioxidant prop-
erties [2]. The most important and most abundant catechins
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found in green tea is (—)-epigallocatechin-3-gallate
(EGCQG), an antioxidant with several physiologic modula-
tive properties and free radical scavenging activities [3].

EGCG has a chemopreventive, anti-mutagenic, and anti-
inflammatory activities attributed mainly to its pro-apoptotic
effects on leukemic cells [4, 5]. EGCG was also found to
induce cell cycle arrest at the Go/G; phase in prostate
carcinoma cells [6] and G,/M phase in lung cancer cells [7].
EGCG’s apoptotic potential involves binding to the
Fas-receptor and thus inducing the cleavage and activation of
caspase 8 in human monocytic leukemia [4]. The down-
regulation of oncogenes Ras and Jun was also a notable effect
of EGCG in transformed fibroblasts [8]. Furthermore, Li
et al. [9] found that EGCG inhibited the proliferation of
acute myeloblastic leukemia cells. Recently, Roy et al. [10]
showed that the inhibitory concentrations tested on leukemic
cells exhibited no growth inhibitory effects on normal lym-
phocytes. Previous studies, using EGCG as a nutrient
synergy component, indicated a high anti-cancer potential of
this natural compound through its effect on several cellular
mechanisms critical in malignancy in various models such as
breast cancer and pancreatic cancer [11-13].

Acute T-cell leukemia (ATL) is caused by the Human
T-cell Lymphotrophic Virus type I (HTLV-1), the first
human retrovirus to be isolated [14]. ATL is manifested by
aggressive lymphoid proliferation of mature activated
CD4" cells. The virus can be transmitted by sexual contact,
through blood transfusions, from mother to child trans-
placentally, or by breast feeding [15, 16]. Only 5% of
people with HTLV-I go on to have ATL after a long period
of latency, usually 30—40 years [17]. Although there are
treatments available against ATL, these therapies are not
very effective. Therefore, the need arises for new more
effective therapies. The virus has been proven to be
resistant to chemotherapy and treatments using zidovudine
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(AZT) and interferon-a (IFN-o) have been effective yet not
completely. Macchi et al. [18] demonstrated that AZT
exerted a protective effect on mononuclear cells in vitro
but was ineffective 2 weeks after infection. Zhang et al.
[19] concluded that AZT concentrations from 32 to 0.5 pM
inhibited the transmission of the virus and that doses as low
as 0.03 uM had a protective effect. Therefore all the above
methods have limitations and ATL remains without a cure
[20]. This compels a thorough evaluation of the current
approaches and development of new strategies in the
treatment of cancer aimed at increasing efficacy of treat-
ments as well as reducing drug toxicity.

This study was undertaken to investigate the effects of
EGCG on apoptosis and proliferation in cells infected with
the HTLV-1 virus and malignant cells not infected with the
virus in vitro.

Materials and methods
Cell lines

Two HTLV-I-positive ATL cell lines were used: HuT-102
and C91-PL which are two ATL-derived HTLV-I-infected
CD4™ that upon replication constitutively express the ret-
rovirus and two HTLV-I-negative cell lines: CEM and
Jurkat. All four-cell lines were kindly obtained as a gift
from A. Gessain (Institut Pasteur, Paris, France). CEM
cells are human T-cells uninfected with the HTLV-I virus
obtained from patients with ATL whereas Jurkat were
primarily established from the peripheral blood of a patient
with acute lymphoblastic leukemia (ALL). The cells were
grown on RPMI 1640 media with 25 mM of Hepes, 10%
heat-inactivated Fetal Bovine Serum (Gibco-BRL, Paisley,
Scotland) with 100 pg/ml of Streptomycin and 100 U/ml
of Penicillin in a humidified incubator at 37°C and 5%
CO,. Human mononuclear lymphocytes were obtained
from healthy donors and were isolated on a Ficoll-Isopaque
gradient (1.077) and used directly. Those cells were grown
in RPMI 1640 supplemented with 10% fetal bovine serum,
2 mM L-glutamine, 100 U/ml penicillin, 100 pg/ml strep-
tomycin, 5 x 10> f§ phytohemagglutinin (PHA) (5 pg/ml,
total protein concentration) were added on the first day.

EGCG

EGCG was obtained from Sigma, St. Louis, MO. Stock
solutions were prepared by dissolving 50 mg of EGCG in
5 ml of RPMI 1640 media at a pH of 7.0 and stored at
—20°C. On the day of the experiment, working stock
solutions were used immediately. Controls received RPMI
1640 media alone.

Cytotoxicity and proliferation

Cytotoxicity of EGCG was assayed using CytoTox 96
Non-radioactive Cytotoxicity Assay (Promega, Corp.,
Madison, WI), a method that measures the amount of
lactate dehydrogenase (LDH) released from the dead cells.
Proliferation was measured using Cell Titer96™ Non-
radioactive Cell Proliferation kit (Promega Corp., Madison,
WI) according to the instructions of the manufacturer. This
method is an MTT-based method that measures the ability
of metabolically active cells to convert tetrazolium salt into
a colored formazan product, which is measured colori-
metrically at 570 nm.

Flow cytometry

Cells treated with EGCG for 48 h and 96 h were harvested,
washed with 1x phosphate buffered saline (PBS) (Gibco-
BRL, Paisley, Scotland) and suspended in 70% ethanol in
—20°C. The cells were later collected by centrifugation,
treated with RNase and the DNA stained with propidium
iodide (PI) (Molecular Probes, Eugene, Oregon). The cells
were later read using a FACScan (Becton-Dickinson, San
Jose, CA), which distributed the cells into their respective
cell cycle phases according to their DNA content. Go/G,
cells were 2n, S-phase were >2n but <4n while G,/M were
4n. DNA content was determined by CellQuest software
and an increase in cells in the pre-G, indicated an increase
in apoptosis.

Analysis of TGF mRNA using RT-PCR

RT-PCR was used to test the expression of transforming
growth factors (TGF) alpha, beta 1 and beta 2. The RNA
was extracted from frozen cells kept at —70°C using an
RNA extraction kit, SV Total RNA Isolation Kit (Promega,
Madison, WI), according to the manufacturer’s instruc-
tions. The RNA of TGF-o, TGF-f1 and TGF-$2 was
amplified by reverse transcriptase polymerase chain reac-
tion (RT-PCR) after converting RNA into its cDNA using
10 U of avian myeloblastosis reverse transcriptase, an
oligo(dT) primer (50 pM), 0.2 mM each of dATP, dTTP,
dCTP and dGTP, a reaction buffer consisting of 50 mM
Tris—HCI of pH 8.3, 50 mM KCl, 10 mM MgCl,, 0.5 mM
spermidine and 10 mM dithiothreitol. These were added in
a total volume of 50 pl for 60 min at 42°C. PCR was
conducted using oligonucleotides primers designed to
detect the cDNA (see Table 1) under the following con-
ditions: cDNA was added in 100 pl of 75 mM Tris—HCI at
pH 9, 20 mM (NH4),SO, with 0.01% Tween 20, 1 mM
MgCl,, 0.2 mM of each dNTP, 0.5 U of DNA polymerase
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and 50 pM of each primer. The PCR program was as fol-
lows: denaturation for 45 s at 94°C, annealing at 50°C for
45 s and elongation for 45 s at 72°C and finally a final step
at 72°C for 5 min. PCR products were run on 2% agarose
gel stained with ethidium bromide and the resulting bands
were photographed after exposing the gel to UV light.

Apoptosis determination by cell death ELISA

Apoptosis levels were determined using a Cell Death
ELISA kit obtained from Roche, Mannheim, Germany.
Supernatant was obtained from lysed cells after centrifu-
gation and used as a source of the antigen. A primary anti-
histone monoclonal antibody was used to coat the wells. A
secondary antibody conjugated to a peroxidase enzyme
was added and then peroxidase activity was measured
photometrically at 405 nm with 2,2'-azino-di (3-ethyl-
benzthiazolin-sulfonate) (ABTS) as a substrate.

Protein extraction and Western blotting for protein
profiling

Proteins were extracted from cells treated with various
concentrations of EGCG and kept at —70°C. The method of
extraction was as follows: 100 pl of lysis buffer (5 ml Tris—
HCI pH 6.8, 20% glycerol, 0.4 g SDS adjusted to 10 ml by
adding double distilled water and 0.002% bromophenol
blue) was added to cells and then were put in boiling water
for 5 min. The protein concentrations were determined and
a total of 30 pg of proteins were run on 12% acrylamide gel
and then blotted onto a polyvinyl difluoride (PVDF)
membrane electrically overnight. The membrane was pro-
bed with primary antibodies for p21, p53, Bax, and Bcl-2a.
A secondary antibody linked to horseradish peroxidase
specific to the primary was then used and the reaction was
initiated using a chemiluminescence system. Bands were
visualized on an X-ray film developed using a Xomat.
p-actin was used to ensure equal loading.

Statistical analyses

Data were analyzed by one-way analysis of variance
(ANOVA). The differences between the means of treated
and control groups were tested for significance using
Fisher’s least significant differences at p < 0.05 (Fisher
PLSD). An effect was considered significant when the
value (+ or —) of mean difference between groups excee-
ded Fisher PLSD in the one-factor ANOVA test.

Results
Effect of EGCG on cytotoxicity

Ranges of concentrations of EGCG from 0 to 400 uM were
selected to evaluate its cytotoxicity. Using a cytotoxicity
assay as mentioned above, the concentrations at which 50%
of cells are viable (ICsy) of EGCG was determined at 48
and 96 h incubation with these cell lines (Fig. 1a).

As expected, the ICsps at 96 h were lower than those for
the same cells at 48 h. At 48 h cytotoxicity was observed at
ranges between 310 pM for C91-PL and 350 uM for HuT-
102. CEM cells showed the most sensitivity to EGCG at
48 h at 272 pM whereas Jurkat at around 378 pM. At 96 h
of treatment with EGCG, cytotoxicity concentrations ran-
ged from as low as 86 pM for C91-PL to as high as
378 uM for Jurkat. In activated T-lymphocytic cells, those
concentrations did not have an effect on proliferation
(averaging above 87%) (Data not shown). The increase in
cytotoxicity compared to controls was statistically signifi-
cant (p < 0.05). The highest tested concentration was non-
cytotoxic to these cells at 24 h.

Effect of EGCG on cell proliferation
At the ICsy, EGCG showed a substantial inhibition of

proliferation (>50%) for all cell lines except for C91-PL.
Jurkat was most susceptible to EGCG showing an inhibition

Table 1 Synthetic oligonucleotides and experimental conditions used for RT-PCR analysis

Gene Position Size Sequence # of cycles T° hybridization
Ribosomal 344-363 486 5'-GTTCACCAAGGAGGACCTCA-3' 28 50
phosphoprotein 850-830 3-AGACACCTCTGCCTAATGTG-5'
TGF-fi1 731-752 661 5'-GAAGTCACCCGCGTGCTAATGG-3’ 32 50
1415-1392 3’-GGATGTAAACCTCGGACCTGTGTG-5'
TGF-$2 1-22 192 5'-TTCGCAGGTATCGATGGCACCT-3’ 37-40 50
214-192 3’-CGTCGTATTAACGACGGAAGCGG-5'
TGF-a 3538-3557 373 5'-ATGTTGTTCCCTGCAAGTCC-3' 30 50

3930-3911

3-ACTATGGAGAGGGGTCGCTT-5
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Fig. 1 (a, b) The cytotoxicity
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of 72.7% at 48 h and 90.4% at 96 h. C91-PL cell line was
most resistant to EGCG showing a reduction in proliferation
of 41.6% at 48 h and 39.2% at 96 h (Fig. 1b). For all the
consequent experiments, only non-cytotoxic concentrations
of EGCG were used to obtain maximum effect with mini-
mum side effects. There was a statistically significant
decrease in proliferation in the treated versus the control at
95% confidence limits (p < 0.05).

Effect of EGCG on TGF mRNA levels

The expression of the transforming growth factors
(TGF)-a, -f31, and -2 at the transcriptional levels were
tested using RT-PCR. A general trend of a decrease in
the levels of TGF-o (a cytokine with proliferative
activities) and an increase in the levels of TGF-f2 (a
cytokine with apoptotic and anti-proliferative effects)
was observed in all cell lines indicating a pro-apoptotic
effect of EGCG on both ATL and HTLV-I. C91-PL
showed the greatest response to EGCG in changing the

levels of TGF-o (x~90%) and TGF-$2 (~91%) while
Jurkat exhibited the least change in TGF-o (~69%) and
TGF-$2 (75%). The levels of TGF-f1 remained
unchanged (Fig. 2a, b).

Induction of apoptosis
Flow cytometry

To corroborate the results obtained using Cell Death
ELISA, the flow cytometry assay was performed on the
cells. As noted above, a very high increase in cells in the
pre-G; phase was noted in CEM line up to a 97% increase
in apoptotic cells at 48 h at EGCG concentration of
300 pM. Jurkat cells were similarly affected by EGCG at
48 h and 96 h (55% and 54%, respectively) at concentra-
tions of 100 pM (Data not shown for negative cell lines).
HuT-102 showed 62% apoptotic increase in apoptotic cells
at 96 h at EGCG concentration of 325 uM. C91-PL was
sensitive to lower concentrations of the compound and
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exhibited a maximum of 34% increase at 25 pM at 96 h
and 33% at 48 h at 300 uM (Fig. 3a, b).

Cell death ELISA assay

Cell Death ELISA measures cell apoptosis by colorimet-
rically measuring increase in DNA histone fragments. In all
four-cell lines, a significant increase in cytosolic DNA
fragments was observed (p < 0.05). HuT-102 and CEM
showed the highest increase in apoptosis followed by Jur-
kat and C91-PL showed the least sensitivity to treatment
with EGCG (Fig. 4).

Proteins expression levels of cell cycle and apoptosis
modulators

We tested the expression of four important regulators of
the cell cycle and apoptosis in all cell lines. p21, an
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used as an internal control. EF dose-dependently reduced the level of
TGF-oo mRNA expression and caused the up-regulation of the levels
of TGFf2 mRNA expression. However, TGF1 mRNA expression
levels remained unchanged in HTLV-1 negative and positive
leukemia cells

important cyclin dependent kinase inhibitor (CDKI) and
pS53, a pro-apoptotic protein, were up-regulated in all
four cell lines. Bax, another mediator of apoptosis
through damage to the mitochondria was also up-regu-
lated. Bcl-20, an anti-apoptotic member of the Bcl-2
family was down regulated in all cell lines (Fig. 5a—d).
Densitometric analysis was done on the levels of Bcl-2
and Bax in all cell lines. The results indicate an
overall increase in the Bax/Bcl-2 ratio as indicated in
Fig. Se.

Discussion

The results obtained in this study indicate that EGCG
exhibits an anti-proliferative and pro-apoptotic effect in
malignant T-lymphocytes infected with the HTLV-1 virus
and those not infected with the virus. It is a potent
antioxidant with free radical scavenging potential activi-
ties, which has been proven to be more effective than
such antioxidants as vitamin C and/or vitamin E alone
[21, 22].
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The concentrations used in this study were similar to those
used by Hayakawa et al. [4] and Yang et al. [23] who
showed that EGCG concentrations of 400 pM and 100 uM,
respectively induced apoptosis in cancerous cells. EGCG
was non-cytotoxic at the concentrations used in this study at
24 h. At the IC50 concentration, EGCG significantly inhib-
ited the proliferation of both HTLV-1-positive and -negative
cells. This is in accordance to what has been observed by
using human and mouse leukemic cells at concentrations of
around 100 pM. It was reported by that at 100 pM of EGCG,

DNA synthesis was completely inhibited. Furthermore, at
concentrations as low as 20 uM, EGCG completely inhibited
the growth of mouse cells NFS60 cells [24].

Analysis of the cell cycle distribution at which the
inhibition was taking place revealed that the cell cycle
inhibition occurred at the Go/G; phase and a subsequent
increase in cells in the S and G,/M stages was observed.
Such results are in concordance with the work of Gupta
et al. [25] on human prostate carcinoma cells. This Gy/G,
arrest may also indicate that EGCG induces apoptosis in
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apoptotic effect of EGCG was further confirmed using Cell
Death ELISA assay.

To further investigate EGCG’s effect on proliferation,
the levels of TGF were analyzed. EGCG caused the down-
regulation of TGF-¢, and the up-regulation of TGF-f2
while it had no effect on the transcriptional levels of TGF-
p1. Transforming growth factors (TGF) is a large family of
cytokines that have various effects on cells. Furthermore,
TGF-o inhibited apoptosis in murine gastric pit cells
through NF-xB pathway, which caused an up-regulation of
Bcl-2 anti-apoptotic proteins [26].

Of the many functions of TGF-f are its involvements in
cellular proliferation, control of mesenchymal—epithelial
interactions during embryogenesis, and mediation of cell
and tissue responses to injury and modulation of immune

TGF-f signaling pathway such as the human papilloma
virus (HPV). The HPV E7 oncoprotein inhibits TGF-f
signaling pathway through inhibiting its ability to activate
transcription of its target genes and thus inhibit cell pro-
liferation [28]. Saeki et al. [29] showed that TGF-f led to
the induction of cell density-dependent apoptosis in human
leukemia HL-60 cells. TGF-f was also shown to determine
Fas-mediated apoptosis in human T-cells [30, 31]. How-
ever, in another study done using B cells TGF-f induced
apoptosis through the NF-xB/Rel survival pathway [32].
This seems to be the mechanism involved in this study
since up-regulation of TGF-f2 was associated with an
increase in apoptosis. Contrary to this results are the find-
ings by Inman and Allday [33] which showed that TGF-f
was associated with cleavage of PARP, a DNA repair
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enzyme but with no change in the levels of Bcl-2, an anti-
apoptotic protein. The inhibition of proliferation is at the
G; phase of the cell cycle through p21, which are in
agreement with the results obtained in this study [34].

In this study, TGF-f1 levels were not altered by the
treatment with EGCG, which may indicate that either
EGCG did not affect the levels of TGF-f1 or that EGCG
affected post-transcriptional modifications to the mRNA of
TGF-f1. It is unique in that it has a dual role in apoptosis;
it has a pro-apoptotic role in prostate epithelium and
prostate cancer, ovarian carcinoma, cervical carcinoma and
B- and T-lymphocytes. Importantly, TGF-f1 is known to
inhibit the pro-apoptotic action of antioxidants [35]. ATL
cell lines are known to produce high levels of TGF-f1 as a
result of the activation of AP-1 sites on the promoter of
TGF-f1 [36]. The role TGF-f1 plays in these cells is
reported to be as a negative regulator of T-cell proliferation
and activity [37]. Based on the above, EGCG exhibited its
anti-proliferative effect through the down-regulation of
TGF-o and the up-regulation of TGF-f2.

The effects of EGCG on important proteins involved in
apoptosis and the cell cycle were determined. EGCG
caused an up-regulation in the levels of Bax, p53, and p21
in all the tested cell lines. p21 is an important mediator of
growth arrest and a regulator of CDK activity [38]. p21
inhibited cell entry into G; phase in response to DNA
damage and blocked the re-entry of G, cells into S phase
by blocking Cyclin E-CDK?2 mediated phosphorylation of
Rb. There are several factors that affect the expression of
p21 some of which are TGF-f and p53 [39, 40]. The p21
protein is not only a mediator of cell cycle arrest, but can
also protect cells against apoptosis [40]. p21 modulation by
EGCG observed in this study may have been a result of an
increase in TGF-f levels or through the increase in p53
levels or both.

pS53, known as a gate keeper protein or the guardian of
the genome, showed a steady increase in cells treated with
EGCG. p53 can transactivate and transrepress many target
genes; over 100 target genes have been identified [41]. pS3
is one of the TGF-f target promoters. p53 is able to
associate with Smad2 and Smad3 in a TGF-f-dependent
manner. For TGF-f to function properly, expression of p53
is crucial. On the other hand, p21 over-expression
increased sensitivity of T-cells to TGF-f [34]. Lack of
proper levels of p53 involves a defective cytostatic
response to TGF-f and the incapability to switch on the
expression of the CDK inhibitor, p21 [42]. pS3 can pro-
mote growth arrest in the G; phase through the induction of
the CDK inhibitor p21WAF1 [43].

Bcl-2 and Bax are two other proteins that are regulated
by p53 levels in the cell [44]. The Bcl-2-like proteins have
been proposed to be involved in the development of
hematopoietic and non-hematopoietic malignancies. Also,

the over-expression of Bcl-2 in lymphocytes is reported to
cause lymphomagenesis in mice [45]. Bax is a pro-apop-
totic protein, which is reported to produce pores in the
mitochondrial membrane to mediate the release of cyto-
chrome c¢. The homozygous deletion of Bax results in viable
animals that develop lymphoid hyperplasia with increased
numbers of thymocytes [46]. Kuo and Lin [47] noted an
increase in the levels of Bax following treatment with
EGCG. Nihal et al. [48] reported an up-regulation of Bax
and a down-regulation of Bcl-2 levels in melanoma cells.

This study shows the beneficial effects of EGCG in vitro
both in malignant cells infected with the HTLV-1 virus and
those not infected with the virus. However, the question of
how this translates in vivo remains to be tackled. Previous
studies argued that general antioxidative functions of tea
catechins in the plasma and other tissues following inges-
tion are actually not strong and sometimes are not
significant. There is also the matter of the low bioavail-
ability of EGCG because it is methylated, glucuronidated,
sulfated and effluxed out of the cells. Furthermore, many of
the effects attributed to EGCG belong actually to oxidative
and pro-oxidative reactions in the cells. H;O, produced by
EGCG can be a major factor and its elimination by the
body may undermine EGCG’s effect in vivo. The auto-
oxidation of EGCG may cause the formation of radicals
and quinones, which may dimerize or form thiols and this
may not occur in vivo [49]. Furthermore, studies have
shown that EGCG did not exhibit any antioxidant effect in
lymphocytes but even caused DNA damage at concentra-
tions ranging from 0 to 100 uM [50]. Based on the above
data, EGCG should be evaluated further in clinical trials in
patients with adult T-cell leukemia.

Acknowledgements Our thanks to the Science Core Laboratory at
the American University of Beirut and to Mrs Rania El-osta and Mr. Joe
El Khoury for help with the typing and figure editing of this manuscript.

References

1. Hare Y. Green tea: health benefits and applications. New York:
Marcel Dekker, Basel; 2001.

2. Erba D, Riso P, Colombo A, Testolin G. Supplementation of
Jurkat T cells with green tea extract decreases oxidative damage
due to iron treatment. J Nutr 1999;129:2130-4.

3. Kawai K, et al. Epigallocatechin gallate, the main component of
tea polyphenol, binds to CD4 and interferes with gp 120 binding.
J Allergy Clin Immunol 2003;112:951-7.

4. Hayakawa S, et al. Apoptosis induction by epigallocatechin
gallate involves its binding to Fas. Biochem Biophys Res Com-
mun 2001;285:1102-6.

5. Ahmad N, Gupta S, Mukhtar H. Green tea polyphenol epigallocate-
chin-3-gallate differentially modulates nuclear factor kB in cancer
cells versus normal cells. Arch Biochem Biophys 2000;376:338—46.

6. Gupta S, Ahmad N, Nieminen AL, Mukhtar H. Growth inhibition,
cell-cycle dysregulation, and induction of apoptosis by green tea
constituent (-)-epigallocatechin-3-gallate in androgen-sensitive



38

Med Oncol (2008) 25:30-39

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

and androgen-insensitive human prostate carcinoma cells. Toxicol
Appl Pharmacol 2000;164:82-90.

. Fujiki HJ, et al. Cancer inhibition by green tea. Mutation Res

1998;402:307-10.

. Wang YC, Bachrach U. The specific anti-cancer activity of green tea

(-)-epigallocatechin-3-gallate (EGCG). Amino Acids 2002;22:
131-43.

. Li H, et al. Green tea polyphenols induce apoptosis in vitro in

peripheral blood T lymphocytes of adult T-cell leukemia patients.
Jpn J Cancer Res 2000;91:34-40.

. Roy M, Chakrabarty S, Sinha D, Bhattacharya R, Siddiqi M.

Anticlastogenic, antigenotoxic and apoptotic activity of epigal-
locatechin gallate: a green tea polyphenol. Mutation Res
2003;523-524:33-41.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A, Rath M.
Antitumor effect of nutrient synergy on human osteosarcoma
cells U-20S, MNNG-HOS and Ewing’s Sarcoma SK-ES.I.
Oncol Rep 2005;13:253-7.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A, Rath M. In
vivo antitumor effect of ascorbic acid, lysine, proline and green
tea extract on human prostate cancer PC-3 xenografts in nude
mice: evaluation of tumor growth and immunohistochemistry.
In Vivo 2005;19:179-83.

Roomi MW, Ivanov V, Kalinovsky T, Niedzwiecki A, Rath M.
In vitro and in vivo antitumorigenic activity of a mixture
of lysine, proline, acorbic acid, and green tea extract on human
breast cancer lines MDA-MB-231 and MCF-7. Med Oncol
2005;22:129-38.

Hinuma Y, et al. Transforming genes in human leukemia cells.
PNAS 1985;66:1371-8.

Kaplan J, Khabbaz R. The epidemiology of human T-lympho-
tropic virus type I and 1. Med Virol 1993;3:137-48.

Gessain A. Epidemiology of HTLV-1 and associated diseases. In:
Hollsberg P, Hafler DA, editors. Human T-cell lymphotropic
virus type 1. John Willey & Sons Ltd.; 1996. p. 33-64.
Hermine O, et al. Brief report: treatment of adult T-cell leukemia-
lymphoma with zidovudine and interferon alpha. N Engl J Med
1995;332:1749-51.

Macchi B, Faraoni I, Zhang J, Grelli S, Favalli C, Mastino A,
et al. AZT inhibits the transmission of human T cell leukemia/
lymphoma virus type I to adult peripheral blood mononuclear
cells in vitro. J Gen Virol 1997;78:1007-16.

Zhang J, Balestrieri E, Grelli S, Matteucci C, Pagnini V,
D’ Agostini C, et al. Efficacy of 3'-azido 3'deoxythymidine (AZT)
in preventing HTLV-1 transmission to human cord blood
mononuclear cells. Virus Res 2001;78:67-78.

Bazarbachi A, Hermine O. Treatment with a combination of
zidovudine and alpha-interferon in naive and pretreated adult
T-cell leukemia/lymphoma patients. J Acq Immun Defic Synd
Hum 1996;R13(Suppl. 1):5186-90.

Hsu TC, et al. Comparative efficacy as antioxidants between
ascorbic acid and epigallocatechin gallate on cells of two
human lymphoblastoid lines. Cancer Genet Cytogenet
2001;124:169-71.

Mitscher LA, et al. Chemoprotection: a review of the potential
therapeutic antioxidant properties of green tea (Camellia sinensis)
and certain of its constituents. Med Res Rev 1997;17:327-65.
Yang CS, Yang GY, Landau JM, Kim S, Liao J. Exp Lung Res
1998;24:629.

Otsuka T, et al. Growth inhibition of leukemic cells by (-)-epigal-
locatechin gallate: the main constituent of green tea. Life Sci
1998;63:1397-403.

Gupta S, Hussain T, Mukhtar H. Molecular pathway for (-)-epig-
allocatechin-3-gallate induced cell cycle arrest and apoptosis of
human prostate carcinoma cells. Arch Biochem Biophys
2003;410:177-85.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Kanai M, et al. TGF-o inhibits apoptosis of murine gastric pit
cells through an NF-xB-dependent pathway. Gastroenterology
2001;121:56-67.

Javelaud D, Mauviel A. Mammalian transforming growth factors-
fs: Smad signaling and physio-pathalogical roles. Int J Biochem
Cell Biol 2004;36:1161-5.

Lee DK, et al. The human papilloma virus E7 oncoprotein
inhibits transforming growth factor-f# signaling by blocking
binding of the Smad complex to its target sequence. J Biol Chem
2002;277:38557-64.

Saeki K, et al. Cell density-dependent apoptosis in HL-60 cells,
which is mediated by an unknown soluble factor, is inhibited by
transforming growth factor beta 1 and overexpression of Bcl-2.
J Biol Chem 2000;272:3-10.

Cerwenka A, Kovar H, Majdic O, Holter W. Fas- and activation-
induced apoptosis are reduced in human T cells preactivated in
the presence of TGF-beta 1. J Immunol 1996;156:459-64.

Chen W, Jin W, Wahl SM. Engagement of cytotoxic T lym-
phocyte-associated antigen 4 (CTLA-4) induces transforming
growth factor B (TGF-B) production by murine CD4" T cells.
J Exp Med 1998;188:1849-57.

Patil S, et al. Smad7 is induced by CD40 and protects WEHI
231 B-lymphocytes from transforming growth factor-f-induced
growth inhibition and apoptosis. J Biol Chem 2000;275:
38363-70.

Inmann GJ, Allday MJ. Apoptosis induced by TGF-f1 in Bur-
kitt’s Lymphoma cells is caspase 8 dependent but is death
receptor independent. J Immunol 2000;165:2500-10.

Wolfraim LA, Walz TM, James Z, Fernandez T, Letterio JJ.
p21Cipl and p27Kipl act in synergy of naive T cells to TGF-
beta-mediated G1 arrest through modulation of IL-2 respon-
siveness. J Immunol 2004;173:3093-102.

Séanchez-Capelo A. Dual role for TGF-f1 in apoptosis. Cytokine
Growth Factor Rev 2005;16:15-34.

Arnulf B, et al. Human T-cell lymphotropic virus oncoprotein tax
represses TGF-f1 signaling in human T cells Via c-Jun activa-
tion: a potential mechanism of HTLV-I leukemogenesis. Blood
2002;100:4129-37.

Letterio JJ, Roberts AB. Regulation of immune responses by
TGF-beta. Annu Rev Immunol 1998;16:137-61.

Dotto GP. p21WAFVCPl: more than a break to the cell cycle?
Biochem Biophys Acta 2000;1471:M43-56.

Pavletich NP. Mechanisms of cyclin-dependent kinase regulation:
structures of Cdks, their cyclin activators, and Cip and INK4
inhibitors. J Mol Biol 1999;287:821-8.

Meek DW. The p53 response to DNA damage. DNA Repair
2004;3:1049-56.

Lu X. p53: a heavily dictated dictator of life and death. Curr Opin
Genet Dev 2005;15:27-33.

Dupont S, et al. Convergence of p53 and TGF-beta signaling
networks. Cancer Lett 2004;213:129-38.

Haupt S, Haupt Y. Manipulation of the tumor suppressor p53
for potentiating cancer therapy. Semin Cancer Biol 2004;14:
244-52.

May P, May E. Twenty years of p53 research: structural and
functional aspects of the p53 protein. Oncogene 1999;18:
7621-36.

Heiser D, Labi V, Erlacher M, Villunger A. The Bcl-2 protein
family and its role in the development of neoplastic disease. Exp
Gerontol 2004;39:1125-35.

Lozano G, Zambetti GP. What have animal models taught us
about the p53 pathway? J Pathol 2005;205:206-20.

Kuo P, Lin CC. Green tea constituent (-)-epigallocatechin-3-
gallate inhibits Hep G2 cell proliferation and induces apoptosis
through p53-dependent and Fas-mediated pathways. J Biomed
Sci 2003;10:219-27.



Med Oncol (2008) 25:30-39 39

48. Nihal M, Ahmad N, Mukhtar H, Wood GS. Anti-proliferative and 49. Yang CS, Hong J, Hou Z, Sang S. Green tea polyphenols:
proapoptotic effects of (-)-epigallocatechin-3-gallate on human antioxidative and prooxidative effects. J Nutr 2004;134:3181S.
melanoma: possible implications for the chemoprevention of 50. Szeto YT, Benzie IFF. Effects of dietary antioxidants on human
melanoma. Int J Cancer 2005;114:513-21. DNA ex vivo. Free Radic Res 2002;36:113-8.



	Epigallocatechin-3-gallate induces apoptosis and cell cycle arrest in HTLV-1-positive and -negative leukemia cells
	Abstract
	Introduction
	Materials and methods
	Cell lines
	EGCG
	Cytotoxicity and proliferation
	Flow cytometry
	Analysis of TGF mRNA using RT-PCR
	Apoptosis determination by cell death ELISA
	Protein extraction and Western blotting for protein profiling
	Statistical analyses

	Results
	Effect of EGCG on cytotoxicity
	Effect of EGCG on cell proliferation
	Effect of EGCG on TGF mRNA levels
	Induction of apoptosis
	Flow cytometry
	Cell death ELISA assay

	Proteins expression levels of cell cycle and apoptosis modulators

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


