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Inhibitory Effects of the Green Tea Polyphenol
Epigallocatechin-3-Gallate on Phorbol Ester-Induced COX-2
Expression in Human Breast Epithelial Cells

Hye-Kyung Na and Young-Joon Surh

Research Institute of Pharmaceutical Sciences, College of Pharmacy,
Seoul National University, Seoul 151-742, Korea

There are multiple lines of compelling evidence from epidemiologic and laboratory
studies supporting that frequent consumption of green tea is inversely associated with
the risk of several types of human cancer and other chronic diseases. The chemo-
preventive and chemoprotective effects of green tea have been attributed to its
polyphenols, and (-)epigallocatechin-3-gallate (EGCG) has been recognized as a major
active constituent of green tea. Abnormal upregulation of cyclooxygenase-2 (COX-2) is
implicated in the pathogenesis of several types of malignancies. In the present study, we
have examined the effects of EGCG on 12-O-tetradecanoylphorbol-13-acetate (TPA)-
induced COX-2 expression in human breast epithelial (MCF-10A) cells. EGCG inhibited
TPA-induced COX-2 expression in a concentration dependent manner. EGCG inhibited
activation of COX-2 promoter by TPA as determined by using pCOX-2-Luc containing
the entire COX-2 promoter region. To elucidate the underlying mechanism of COX-2
down-regulation by EGCG, we examined its effects on the activation of transcriptional
factors known to regulate expression of Cox-2. EGCG attenuated the DNA binding and
transcriptional activities of nuclear factor- xB (NF- ¢B), which is one of the major
transcription factors known to regulate COX-2 gene expression. EGCG blocked the
TPA-induced phosphorylation of I #B- ¢ which is an inhibitory subunit of the NF- B
complex sequestered in the cytoplasm. EGCG also inhibited the DNA binding activity
and transcriptional activity of activator protein-1 (AP-1), another transcription factor
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in the MCF-10A cells.

known to regulate COX-2 expression. Likewise, DNA binding activity of C/EBP was
suppressed by EGCG. Therefore, inhibition of TPA-induced COX-2 expression by EGCG
is likely to be mediated by blockade of DNA binding activity of NF- £B, AP-1 and C/EBP

Key Words: (-)Epigallocatechin-3-gallate (EGCG), Cyclooxygenase-2, TPA, Transcrip-
tion factor, Human breast epithelial cells
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Fig. 1. The chemical structure of (-)epigallocatechin-3-
gallate (EGCG).
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EGCG+ Wako Pure Chemical Industries (Japan)
oA Felslel o, TPAE Alexis Chemical Indus-
tries (San Diego, C.A, USA)oll 4] Fg]sle] AL-&3)
3}, Dulbecco’s modified Eagle’s medium/F-12 nu-
trient (DMEM/F12), L-glutamine, horse serum, peni-
cillin/streptomycin/fungizone mixture:= Gibco BRL
(Grand Island, NY. USA)oll 4], COX-2 &4+ San-
ta Cruz Biotechnology, Inc. (Santa Cruz, C.A. USA)
oJ|4], ECL chemilunescent detection reagent®} [y -
*P] ATP:= Amersham Corp. (Arlington Heights, IL)
oll4) 747t Feshol A-gstglrt. TPASE EGCG &
o 2 A}$-3l dimethyl sulfoxide L8] 3L actin 3}
T Sigmacll 4] 483l pGL2 718 el <l
A COX-2 Z&RE|Y luciferase -§-A =7} o174 =
pCOX-2-Luce- Dr. H. Inoue (National Cardiovas-
cular Center Research, Japan)ZY-E], NF- B2}
AP-1 binding elementol] luciferase -5 247} 72 Hgk
pPNF- ¢B-Luc®} pAP-1-LucS 77} 71odu] Fp(&
Ardietar ejstoiehel Helqt aa(Ag ot
shjshzae] Baugtet

2) Mz B

O A -1k =] A Z(MCF-10A)+= DMEM/F-12, 10
pg/ml insulin (bovine), 100 ng/ml cholera toxin, 0.5
sg/ml hydrocortisone, 20 ng/ml recombinant human
epidermal growth factor (thEGF), 200 4M L-gluta-
mine, 100 1g/ml penicillin/streptomycin/fungizone mix-
ture, 5% horse serume] THF-E wix] Aol Al 37°C,
5% CO, g-&7lolA wiekslict.

3) Western blot analysis

MCE-10A AIZE(2 % 10° cells/mDE 6-well plateol]
2 ml# 7231, 90~100%2] confluency”} & w7} #]
Wik 3 TPA (10 aM)E 5 g thgst =9
EGCGS} $71 4417 Bk Aelelgieh. ol ok
S X8 g MCF-10A A3ZE %718 PBS buffer®
2~3¥ A|H3}gd o, 100 gl lysis buffer (20 mM
Tris, pH 7.5, 150 mM NaCl, 1 mM EDTA, 1 mM
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EGTA, 1% Triton X-100, 2.5 mM sodium pytopho-
sphate, 1 mM [S-glycerophosphate, 1 mM NazVO,,
1 pg/ml leupeptin) @ G-FollA] 2087 lysis A71

&, 12,000 x goll 4] 15587F A4 Eelsle] ghwid
< Bt} sl ek BCA reagent (Pierce,
IL, USAYE AzFslgd o], 30uge] ©lAE 12.5%
SDS-PAGE®]|4] A7]d%E3 Z PVDF membrane
(Gelman Sciences)ol] transfers}$lch. Membrane2- 5%
fat-free dry milk-PBST (PBS, 0.1% Tween-20)&
blocking A7l & 3% fat-free dry milk-PBSTol|
A% COX-2 FAE 247 F<F HbSAIF
Membrane-Z PBST 894 o 2 557} 33] A|X3 &
3% fat-free dry milk-PBSTel] 3]4}3} horseradish
peroxidase conjugated-secondary antibodyZ 1A]7}
&t HEGAIZ ) PBST §H o 2 5171 33] AF
gl & enhanced chemiluminescence detection reagent
(ECL) (Amersham Pharmacia Biotech., Arlington
Heights, IL, USA)E 187} uh-8-3} 5] x-ray 2 2o
wEA A

4) S EIo| Hp)

MCF-10A A 3(5 x 10° cells/ml)E 100 mm plate
ol wljokslo] TPA (10 nM) ¥+& = EGCGS}; 3
A 247 F miekssivh. oF &S X el MCF-
10A A|E+ 271 PBSE 3¥ AL AE3 3 ~
2B G Agstel AT FL F 1ol 5
27 QRelee] Fuelgich futd Aol
200 g1 lysis buffer (10 mM HEPES, pH 7.8, 1.5
mM MgClh, 1 mM DTT, 0.1 mM PMSH& 43l
Agoll 1587 vHE F 12,000x goll A A E-ale}
o] cytosol £-#-g A9t of7]ol|A glo]A pellet
ol 50yl Buffer C (30 mM HEPES, pH 7.8, 1.5
mM MgCl,, 450 mM NaCl, 1 mM DTT, 0.3 mM
EDTA, 0.1 mM PMSF, 10% (v/v) glycerol, 0.1%
Nonidet P-40)& o] pelletZ suspensiondt & 20
B Aol WAk 12,000 < goll A 158-7¢

QQ%el ¥ W @A elo] -70°Co] HEs)
k.

5) Electrophoretic mobility shifty assay (EMSA)

& A (5~10 pg)oll Buffer C (30 mM
HEPES, pH 7.8, 1.5 mM MgCl,, 450 mM NaCl, 1

mM DTT, 0.3 mM EDTA, 0.1 mM PMSF, 10%
(v/v) glycero)E Yol 90 pul7} = A & vh3, 85l
Buffer D (30 mM HEPES, pH 7.8, 1.5 mM MgCl,,
1 mM DTT, 0.3 mM EDTA, 0.1 mM PMSF, 10%
(v/v) glyceroh)} 2 pg/ml poly (dI-dC)E Ho] A&
A4 307 Et WA Et AL probew 5
pmole®] NF- xB, AP-1, C/EBP oligonucleotide (Pro-
mega, Madison, USA)ol] polynucleotide kinase
(Takara, Japan)$} [ 7-"PJATPE o] 37°Ceil4] 40
H7F end-labeled A]Z] v} Nick spin column
(Amersham Pharmacia Biotech. Buckinghamshire,
UK)2 olg&3slo] AAste] A-galaivk AAg
100,000 cpm 4=+2] *P-end labeled-double strand-
oligonucleotides& Hh-&-Hol| Eglalo] 3057+ A&
ol A WFg-AJZ o, 2 41 0.1% bromophenol blueE-
d7}sto] 6% nondenaturing polyacrylamide 4}ol]4]
DNA-protein complexE H-2|3}c) Ha & gel
dryerg o|-g%}o] gele 7AZAZHr}. Competition
assayE £l 10~100¥] Hx ] ©& kel oligo-
nucleotide W&ol w7] Yol w3417 £he
“p-end labeled-double strand-oligonucleotidesS 4!

et

6) Transfectionl} Luciferase assay

7+7bo]l &gl Au|E DNAY Jetstar 2.0 (Genom-
ed, Korea)g ol-g3lo] Alz3]Ae] whyol] wie}
B2skgitt. MCF-10A A2 x10° cells/m)E 6-
well platecl] ®fok3l 3 Z}7ko] DNAE DOTAP
(Roche Molecular Biochemicals, Mannheim, Ger-
many) liposomal transfection kitZ- o] £-&}o] A =3]
Aol ¥keel] uleg} transient transfectionA]Zt}. o]
of] transfection®] ¥-8-8& &7] 93 B-galactosidase
ZelAvlE & transfections} $ v}, Transfection
16A17F o] % aliwd k& 4A7F AR Aesiale
v, 70l reporter lysis buffer (Promega Co., Madi-
son, USA)E AMEE lysis A|Z] ¥ 12,000x g, 4°C,
15870 4R 45N Ae) —T0°Col A
A5t} Luciferase activitys 4 ul A el 20yl
luciferase assay reagent (Promega Co., Madison,
USA)E ALdx] =33 & =4 luminometer
(AutoLumat LB 953, EG & G Berthold, Bad
Widbad, Germany)oll4] 2438}9it}l. Galactosidase
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9] whdlo] FLEglew, EGCG (5~100 M)~}
TPAC 28l F52% COX-29] ¥ & &
o2 AA[E-E& Western blot analysisE E32l <)
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M50 it EGCGYl &1}

FAA e Y zde dubH o A %—X‘ix}
o] promoterel] A A1 2G| Ao
A e 54 329 wE 2 ofe]
AR FA 37 Bof gt TPA7E COX-29]
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Fig. 2. Inhibitory effects of EGCG on TPA-induced
COX-2 expression in MCF-10A cells. MCF-10A cells
were treated with indicated concentrations of EGCG in the
presence or absence of TPA (10 nM) for 4 h.
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transfection®} MCF-10A /H].x_oﬂ TPA =+ TPA%}
EGCGE FAIAest & luciferase E4)-2 &4}
9}t TPAE COX-29] promoter ¥4 32 G- 53]
9o, EGCG7} TPASY o3l #4135 COX-29)
transcriptional activity S < A$H-2 #9139 cH(Fig.

3).

3) Cieret MAIRIXIO| CHEH EGCGL| A&t

COX-2¢] promoterol]+= NF- B, CCAAT/enhancer-
binding protein (C/EBP), cAMP response eclement
binding (CREB)E u|%3F vhofst HAQIA7F 4
e = 9= element7} EA3} =4, ©o|E 349
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NF- B Sholl #A¥ §AA] wag Pl
+ inducible transcription factor ¥-HF olug} COX-
29] W s z=dste HEHQ AARIAE o4
A 9k " A1z}l NF- ¢Bi: Rel protein®)
Z79 Rel A (p65), c-Rel, Rel B, NF-¢B1 (p50/
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Fig. 3. Effects of EGCG on TPA-induced activation of
COX-2 promoter. MCF-10A cells were transfected with a
total 2.5 g of COX-2 promoter construct and pGL2-basic
control vector together with pCMV3.0- 5-galactosidase
vector (0.5 pg). After transfection, the cells were treated
with TPA (10 nM) in the presence or absence of EGCG
(100 #M) for 4 h. The COX-2 promoter activity was
assessed by the luciferase activity and was normalized to
[-galactosidase activity.
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glol H4=olr}. EGCGo 2] NF-xB9] DNA
binding A7} 14B- 2] Q1Aks} A9l A Qe
A g dobEial cytosol F-&oflA] T4B- 9] §14+3};
A5 Western blot analysisE £33l #elslrh
TPA7} 14B- o & A3} 3lgl o, EGCG7} TPA
ol 22 1xB-a2) AWHE A AlehgrhFig. 4C).
919l Azt el EGCGol 23 NF-xB2] DNA
binding 713 1¢B-a®) Q4H} olAE ) ol
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COX-29} Z 2 RE]ol| &x)8}= CRE siteE 783
o] COX-29] WS =43l a9}, MCF-
10A A|Z|A% TPA7} AP-12] DNA binding
activity S 718191 2 (Fig. 5A), %3t pAP-1-Luc
£ transient®}A] transfection 3+ MCF-10A 4] 9]
Al TPAoll 2]3] AP-12] transcriptional activity7} =
7VehE 1Y ¢ ek zEvt EGCG AH#l &
TPAol 2jsl] #A43l¥E AP-19] DNA binding
activity®} transcriptional activity7} ##s] <] A=

A
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Fig. 4. Effects of EGCG on TPA-induced NF- kB acti-
vation. (A) Electrophoretic mobility shifty assay was
performed using the consensus NF- xB oligonucleotide
labeled with [y-32P]ATP with nuclear extracts of MCF-
10A cells treated with TPA in the presence or absence of
EGCG (8, 25, 100 M) for 2 h. (B) Luciferase assay using
pELAM-Luc containing the NF- #B binding site construct
ligated with luciferase gene. After transfection with
plasmid, MCF-10A cells were treated with TPA (10 nM)
in the presence or absence of EGCG (100 ¢#M) for 4 h.
(C) Western blot analysis against phospho- I B- ¢ in the
cytosol fraction of MCF-10A cells treated with TPA (10
nM) in the presence or absence of EGCG (5, 23, 100 ;M)
for 2 h.
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Fig. 5. Effect of EGCG on TPA-induced AP-1 activation.
(A) Electrophoretic mobility shifty assay was performed
using the consensus AP-1 oligonucleotide labeled with [ 7-
32P]ATP with nuclear extracts of MCF-10A cells treated
with 10 nM TPA in the presence or absence of EGCG
(5, 25, 100 uM) for 2 h. (B) Luciferase assay using
pELAM-Luc harbouring AP-1 binding site construct
ligated with luciferase gene. After transfection with plas-
mid, MCF-10A cells were treated with TPA in the
presence or absence of EGCG (100 M) for 4 h.

A rh(Fig. 5B). =3 #}8k2] cold oligonucleotideo]]
ol TPAO 93l A 3=l AP-12] DNA binding
activity7} <} A g8 #Helsl g chFig. 5B).

NK- xB2} AP-1 o] 2]o|%= TPA$} lipopolysaccha-
ride (LPS)ol] 93] S %5 & COX-29] wal z=A
= C/EBP HARIAZ; Hofelz Ao® Hax%
" C/EBPol:= C/EBP «, C/EBPS 18|35l Cf

DApe] g B BGCGE] COX-2 i oA 714
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Fig. 6. Effect of EGCG on TPA-induced C/EBP DNA
binding activity. Electrophoretic mobility shifty assay was
performed using the consensus C/EBP oligonucleotide
labeled with [y—32P]ATP witht nuclear extracts of MCF-
10A cells treated with TPA (10 nM) in the presence or
absence of EGCG (5, 25, 100 4M) for 2 h.

EBP5 5 371 ol4AAL EAlebo] AEe) B
Froll whel COX-28ksl Aol A& vt C/EBPY
QAL Boleh Ao YA Yok B
A& ol 4] TPA #Elel )3l C/EBPS] DNA binding
activity7} 27159l o, o] & EGCG7| vk o9&
Moz olAldte EMSAZ E3l #elshelrhFig
6). Tl #}=ke] cold oligonucleotideol] 2]&] TPA
o 2ols] A3}l C/EBP2] DNA binding activity
7} o A= 9 c(Fig. 6).
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29] Wbsl oA NF- «BE 8] %< AP-13} C/EBP
o] AARIAL #A AATE FAZE & ok
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Increased Functional Properties of Chungkukjang Prepared with Bamboo Salt

Su-Ok Kim, Su-Young Park, Sook-Hee Rhee and Kun-Young Park

Department of Food Science and Nutrition, Pusan National University, Busan 609-735, Korea

In order to investigate the effect of variety of salt on the functional properties of chu-
ngkukjang preparation, we prepared chungkukjangs with various kinds and contents of
salt (purified salt: hanju salt, chunil salt and bamboo salt). The antioxidative effect,
antimutagenicity, cancer cell growth inhibitory effect and fibrinolytic activity of the
chungkukjangs were carried out by DPPH free radical method, Ames test, MTT assay
and fibrin plate method, respectively. Chunkukjang prepared with the different kinds of
salt had high effects on hydrogen-donating activity and on the inhibition of mutagenicity
compared to one prepared without salt. In particular, chungkukjang prepared with 2%
bamboo salt (1 X) had the highest effects. The chungkukjangs prepared with 2% bamboo
salt (1X) inhibited significantly the growth of HT-29 human colon carcinoma cells.
However, the chungkukjang prepared with various kinds of salt and various concen-
trations of bamboo salt (2, 4, 7%) resulted in no differences among samples in AGS
human gastric adenocarcinoma cells. The fibrinolytic activity was higher in bamboo salt
(1x) added chungkukjang than others and the fibrinolytic activity of the bamboo salt
added chungkukjang increased with the increased levels of bamboo salt.

Key Words: Chungkukjang, Bamboo salt, Antioxidation, Antimutagenicity, Fibri-
nolytic activity
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