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Effect of Epigallocatechin Gallate on Apoptosis in
MDA-MB-231 Human Breast Cancer Cells
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Abstract

Among the numerous polyphenols isolated from green tea, epigallocatechin gallate (EGCGQ) is a predominate
and is considered to be a major therapeutic agent. To elucidate the mechanical insights of anti-tumor effect,
EGCG was applied to human breast cancer MDA-MB-231 cells. We investigated the effect of EGCG on protein
and mRNA expression of proteins related to cell apoptosis in MDA-MB-231 human breast cancer cell lines.
We also identified caspase-3 activity. We cultured MDA-MB-231 cells in the presence of 0, 5, 10, and 20
uM of EGCG. Protein and mRNA expression of bcl-2 were decreased dose-dependently in cells treated with
EGCG. However, protein and mRNA expression of bax were increased (p<0.05). Caspase-3 activities were
increased dose-dependently in cells treated with EGCG. These results suggest that EGCG induces cell
apoptosis by increase of caspase activity through decreasing of protein and mRNA expression of bcl-2 and

increasing of protein and mRNA expression of bax.
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B Aol ARE3 A ek Al 259 MDA-MB-231
2 American Type Culture Collection(ATCC, Rockville,
MD, USA)oA A3}t v kA& Dulbecco modified
Eagle’s medium/ Nutrient Mixture Ham's F12(DMEM/
F12 Gibco/BRL, USA)e| 10% fetal bovine serum(FBS,
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(PBS, PH 74)2.2 A2 W& Aod F 0.25% tryp-
sin-2.65 mM EDTA(Gibco /BRL)Z ¥ 2)ate] At) ] s}
A v Fd e 2~3gmit; wEs] FUoh
EI_I-I:IHXEI l:ll-gl_;i
of Td el HHAS Golr 7] 3
western blot& A A18t%th. MDA-MB-231 M| ZZ 1x10'
cells/dish =& #F3}a] 4847t vk o, FBSS A7}
3FA] ¢FLS serum free media(SFM)E n A3l 24A]17F 52t
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Table 1. Sequence and RT-PCR program of protein

o] GRS Al o 4~20% gradient sodium dodecyl
sulfate polyacrylamide gel electrophoresis(SDS-PAGE)ell
A g AL B)d 3 immobilon P membrane(Milipore,
Bedford, MA, USA)©. 2 4°Col A transferstth. Membrane
2 5% milk/TBST(20 mM Tris-HCL, 137 mM NaCl, 0.1%
Tween 20, pH 7.4)2 AL A 1A1ZF w3t & bel-29+
baxantibody(Santacruz, USA)E 3] X3} 5% milk/TBSTZ
3~5A1ZF Tk A2 oA vl Al Anti-mouse Ig horse-
radish peroxidase/TBST(Amersham Buckinghamshire,
England) 2 1A17F v & Supersignal® West Dura ex—
tended Duration Substrate(Pierce, IL, USA)E A}-&-3} gt
A AA X-Omat filme. & HA3FA T vl =+ imaging pro—
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7 2 2HoZ MDA-MB-231 AXE w3t RT-
PCRE& AAIsIATE AMEd A RNAE 83871 HAsiA Tri
reagent® o] €3l o 28 RNAYO] 3 pgo] FJ =&
tube®l] #1138} oligo DT(0.5 pg/ul, invitrogen) 1 pL=
Z3ste] FFol 12 pL H=F EdFE H7kskAn ol A
S 70°Coll A 10% &<t v Fslar & 719 reaction buffer(5X
first standard buffer 4 pL, 0.1 M DTT 2 uL, 10 mM dNTP
mix 1 pL) 7 uLE 78l 42°Coll A 583t v kS sl
superscript II reverse transcriptase(Invitrogen) 0.5 uLE
H7bsked 42°Col A 1AIZE 4534, T0°Col A 15%-7F vl & &
Aot RNase(Invitrogen) 0.5 pLE A 7}slar 37°Coll A 1A%
w3kl DEPC waterE 3718t cDNAE wHE3Ath
cDNA9]| 25 A mix buffer(10X PCR buffer, 50 mM MgCls,
10 mM dNTP mix, autoclaved water)$} sense, antisense
primer, tag polymerase® &%3}o] Table 14 ¥ cycles
A 83slE PCR 88 Fol, ethidium bromide® @23+ 1%

Protein Primer Sequence Cycle
conse 5'-GTTTGAGACC
TTCAACACCCC-3' 94°C 1 min
B-Actin y 5'-GTGGCCATCT 60°C 1 min 35
antisense CCTGCTCGAAGTC-3' 72°C 1 min
conse 5'-CGACTTCGCCGA
GATGTCCAGCCAG-3' 95°C 1 min
Bel-2 . 5'- ACTTGTGGCCCAG 65°C 1 min H
antisense ATAGGCACCCAG-3' 72°C 1 min
5'-CTGACATGTTTT
sense ,
CTGACGGC-3 94°C 1 min
Bax _ 5 -CTGACATGTTTT 55°C 1 min 32
antisense

TTCTTCCAGA-3’ 72°C 1 min
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Fig. 1. Effect of EGCG on bcl-2 protein and mRNA expression in MDA-MB-231 cells. A: bcl-2 protein levels; (a) photograph
of bcl-2 protein bands, (b) quantitative analysis of the bands. B: bcl-2 mRNA levels; (a) photograph of the bcl-2 mRNA bands,
(b) quantitative analysis of the bands. Each bar represents the mean+SD (n=3) calculated from three independent experiments.
Comparisons among different concentrations of EGCG that yielded significant difference (p<0.05) are indicated by different letters

above each bar.
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Fig. 2. Effect of EGCG on bax protein and mRNA expression in MDA-MB-231 cells. A: bax protein levels; (a) photograph
of bax protein bands, (b) quantitative analysis of the bands. B: bax mRNA levels; (a) photograph of the bax mRNA bands, (b)
quantitative analysis of the bands. Each bar represents the mean+SD (n=3) calculated from three independent experiments. Comparisons
among different concentrations of EGCG that yielded significant difference (p<0.05) are indicated by different letters above each bar.
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Fig. 3. Effect of EGCG on bcl-2/bax ratio in MDA-MB-231
cells. Each bar represents the mean+SD (n=3) calculated from
three independent experiments. Different alphabet represents the
significant differences among groups at p<0.05 by Duncan’s mul-
tiple range test.
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Fig. 4. Effect of EGCG on caspase-3 activities in MDA-
MB-231 cells. Each bar represent the mean+SD (n=3) from
three independent experiments. Different alphabet represents the
significant difference among groups at p<0.05 by Duncan’s mul-
tiple range test.

FEE AT Bastnt 2e]al A4kao] 27 oA HepG2
cell linel EGCGE 25 uM, 100 pMS 2] 319S o, cas-
pase-39] activity7} 78S RAFHA AitaFe] 9t
A ZEAE T3 A A ZIT T B e 0H25). Roy 5(20)S
MDA-MB-231 cell line¥} Y3}A estrogen receptor
negative?l < Al MDA-MB-468 cell lined] EGCGZ
A 23RS o, DNA7F - = o] AEAPEC] fE5e A&
31013} o caspase-3 & A T3 U1t Bl

s,

o ok
I =

ECCGE =z} 71719 Fo ARo =2 gasgzagog

7l et bel-2/bax ] HIgo] Fo)H oz A AL &
St M EZALE 9] wER g GAIQ] caspase-32] 42 EGCG
FE7F F71EFE FoFor AT B AT AnEs
Tal B HojAe] A3 A et Al MDA-MB-
2319014 EGCGe FAIEAA bel-29] @S A A7)
bax2] ¥&-e Z7MA171M, caspase-32] A4S Z7HAA Al
EAE S FEIE AoFE A3

o] A& 20063 A% TS A Tule] Ao

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A0
ror

. Fujiki H. 2005. Green tea: health benefits as cancer pre—

ventive for humans. Chem Rec 5 119-132.

. Darmon A]J, Nicholson DW, Bleackley RC. 1995. Activation

of the apoptotic protease CPP32 by cytototic T-cell-derived
granzyme B. Nature 377: 466-448.

. Salah N, Miller NJ, Paganga G, Tijburg L, Bolwell GP,

Rice-Evans C. 1995. Polyphenolic flavanols as scavengers
of aqueous. Arch Biochem Biophys 322: 339-334.

. Raff MC, Bares BA, Burne JF, Coles HS, Ishizaki Y,

Jacobson MD. 1993. Programmed cell death and the control
of cell survival. Science 262: 695-700.

. Adams JM, Cory S. 1998. The bcl-2 protein family: arbiters

of cell survival. Science 281: 1322-1326.

. Montell DJ. 2006. A kinase gets caspases into shape. Cell

126: 583-596.

. Marshman E, Ottewell PD, Potten CS. 2001. Caspase acti—

vation during spontaneous and radiation-induced apoptosis
in the murine intestine. J Patho 195: 285-292.

. Nagata S. 1997. Apoptosis by death factor. Cell 83: 355-365.
. Shi YA. 2001. Structural mithocondrial-mediated apoptosis.

Nat Struct Biol 8 394-401.

Zhang HG, Wang J, Yang X, Hsu HC, Mountz JD. 2004.
Regulation of apoptosis proteins in cancer cells by ubiquitin.
Oncogene Rev 23: 2009-2015.

Nishikawa T, Nakajima T, Moriguchi M, Jo M, Sekoguchi
S, Ishii M, Takashima H, Katagishi T, Kimura H, Minami
M, Itoh Y, Kagawa K, Okanoue T. 2006. A green tea poly—
phenol, epigalocatechin-3-gallate, induces apoptosis of hu-
man hepatocellular carcinoma, possibly through inhibition
of Bel-2 family proteins. J Hepatol 44: 1074-1082.
Baliga MS, Meleth S, Katiyar SK. 2005. Growth inhibitory
and antimetastatic effect of green tea polyphenols on meta-
stasis—specific mouse mammary carcinoma 47T1 cells in vi—
tro and in vivo systems. Clin Cancer Res 11: 1918-1927.
Hsuuw YD, Chan WH. 2007. Epigallocatechin gallate dose-
dependently induces apoptosis or necrosis in human MCF-7
cells. Ann N'Y Acad Sci 1095: 428-440.

Nomuara M, Shimizu S, Ito T, Narita M, Matsuda H,
Tsujimoto Y. 1999. Apoptotic cytosol facilities Bax trans—
location to mitochondria that involves cytosolic factors
regulated by Bcl-2. Cancer Res 59: 5542-5548.
Rice-Evance C. 1999. Implications of the mechanisms of
action of tea polyphenols as antioxidants in vitro for che—
moprevention in humans. Proc Soc Exp Biol Med 220:
262-266.

Chen PC, Wheeler DS, Malhotra V, Odoms K, Denenberg
AG, Wong HRA. 2002. Green tea—derived polyphenol, epi—
gallocatechin-3-gallate, inhibits IkappaB kinase activation
and IL-8 gene expression in respiratory epithelium.
Inflammation 26: 233-241.

Tamatani M, Che YH, Che H. 1999. Tumor necrosis factor
induces Bcl-2 and Bel-x expression through NF-kB acti-
vation in primary hoppocampal neurons. J Biol Chem 274:
8531-8538.

Baeuerie PA, Baltomore D. 1996. NF-kB: ten years. Cell
87: 13-20.

Gupta S, Hastak K, Afaq F, Ahmad N, Mukhtar H. 2004.
Essential role of caspases in epigallocatechin—3-gallate-
mediated inhibition of nuclear factor kappa B and induction
of apoptosis. Oncogene 23: 2507-2522.



20.

21.

22.

Epigallocatechin Gallate”7} 1A <k AlE2 MDA-MB-2319] Al EAMEO] v X G

Roy AM, Baliga MS, Katiyar SK. 2005. Epigallocatechin—
3-gallate induces apoptosis in estrogen receptor-negative
human breast carcinoma cells via modulation in protein ex—
pression of p53 and Bax and caspase-3 activation. Mol
Cancer Ther 1: 81-90.

Kuo PL, Lin CC. 2003. Green tea constituent (-)-epigallo-
catechin—3-gallate inhibits Hep G2 cell proliferation and in—
duces apoptosis through p53-dependent and Fas-mediated
pathways. J Biomed Sci 10: 219-227.

Chang HY, Yang X. 2000. Protease for cell suicide: func-
tions and regulations of caspases. Microbiol Rev 88: 333—
347.

23.

24.

25.

1119

Kennedy DO, Kojima A, Yano Y, Hasuma T, Otani S,
Matsui-Yuasa 1. 2001. Growth inhibitory effect of green tea
extract in Ehrlich ascites tumor cells involves cytochrome
¢ release and caspase activation. Cancer Lett 166: 9-15.
Zhao X, Tian H, Ma X, Li L. 2006. Epigallocatechin gallate,
the main ingredient of green tea induces apoptosis in breast
cancer cells. Front Biol Sci 1: 2428-2433.

Park HJ, Shin DH, Chung W], Leem K, Yoon SH, Hong
MS, Chung JH, Bas JH. 2006. Epigallocathechin galllate re-
duces hypoxia-induced apoptosis in human hepatoma cells.
Life Sci 78: 2826-2832.

(2008 8€¥ 4¥ A5 20089 9¢ 29 A=)



