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Induction of Apoptosis by (-)-epigallocatechin-3-gallate in HL-60 Cells

Lee, Hae Mi - Kim, Yun Jung - Park, Tae Sun’
Department of Food and Nutrition, Yonsei University, Seoul 120-749, Korea

ABSTRACT

(—) —Epigallocatechin-3-gallate (EGCG) is a polyphenolic compound found in green tea leaves, and has been
known to be one of the most potent catechin species which inhibits cell growth most possibly through an apoptotic cell
death. We investigated the apoptotic activity of (—) —EGCG on the human myeloid leukemia cell line, HL.-60. Our
results of MTT test indicated that (—) —EGCG had a significant antiproliferation effect in HL-60 cells with IC* (50%
inhibition concentration) value of 65 x M. Giemsa statining of HL-60 cells treated with (=) —EGCG (100 ¢M) for
6hrs showed a typical apoptosis-specific morphological change including shrinkage of the cytoplasm, membrane
blebbing and compaction of the nuclear chromatin. The DNA fragmentation was observed from the agarose gel
electrophoresis of cells treated with (—) —EGCG for 3hrs or longer, and was progressed to a greater degree as
treatment time increases. Treatment of the cells with (—) —EGCG (100 #M) resulted in a rapid release of mito-
chondrial cytochrome c into the cytosol, and a subsequent cleavage of caspase-3 to an active form in a treatment-time
dependent manner. (—) —EGCG (100 ¢ M) also stimulated proteolytic cleavage of poly- (ADP-ribose) polymerase
(PARP) to an active form in HL-60 cells. Taken together, (—) ~EGCG appears to induce the apoptosis in human
myeloid leukemia cells via a caspase-dependent pathway. These results suggest the possible application of (—)—
EGCG, the major active compound in green tea, as an antiproliferative agent for cancer prevention. (Korean J Nutrition
36(4) : 382 ~388, 2003)
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% (compaction of the nuclear chromatin), DNA #2
(fragmentation), 18|31 MXE FASH= Qx| o
%91 phosphatidylserine®] M ¥4}t ¥ 2 2= HAF
5ol Busw k™ Apoptosis FAE A ATAG
AA, ¢FAAET BEE O XS BAE, AX
F71 AEd 2 B3 FREFE0| Hojsh= Ao o
A o, olA7R] HEg 2 711 wHHRR] g1
Ak 7 de] & apoptosis®] FE7|HOEE ca-
spase—dependent B2E & F Utk A7A 14%F2)
caspase’t ¥FHAL, ©] FolM 8%9] apoptosis 3
o 8% dFE Fshe 2oz e Yo os
apoptosis ## caspase= 7| initiator caspase (cas-
pase —2, —8, —9, —10) &} effector caspase (caspase
-3, —6, - E TEHY, A}t YsEE FAE 2=
Fgog A7t ALsE dAY cascade AAEZ o|F
th? g Eof 9B 3] g wEZ=eo}l 9jute]
FaPde] sk vjgZ=glohY cytochrome ¢7} Al
¥AR WEHO caspase—9F AN, B
caspase—9< TA] caspase—3E XN, TR
poly— (ADP-ribose) polymerase (PARP)E &43}A|
7224 chromosome DNA #3& {xs8ic)!”

Q1) N EFQ HL-60 AEFE= DMSO E= re-
tinoic acid$} 722 B30 &l A4 TFF (neutrophil)
2 E3iun, o)t #3191 FetellE= apoptosis @4
o o3 AxEde] dA=EE Roz LA PP Tk
3 £2=9 apoptosis 5 AHE A= AP
HL-60 AZF7} -85 2dz o837 u} glon] '+
o= (-)-EGCG7F HL-604¥9 DNA £3& &
E355o] #ad vk ok B A3 HL-60 AIZS
o g 53t gte7le] FoA4¥<l (-)-EGCG7} casp-
ase—39} #F apoptosis ZE7) RS 783t apopto-
sisE FE3HE AY RS HYristual A EH

M= X SH

1. NI R A}

Human premyelocytic leukemia cell line (HL—60)-&
ATCC (American Type Culture Collection, Manassas,
VA, USA)) el 18k 09, 10% fetal bovine serum
(FBS), 100 units/ml penicillin® 100 gg/ml streptom-
ycin®e] %8 RPMI 1640 (GIBCO BRL, Gaithersburg,
MD, USA) 8jAE A3l 175 cm® ZekAT o)A ek
Azt AEejeke 95% 0,9 5% CO, 7}27} EAsh=
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(=) —EGCG+ SigmaArl (St. Louis, MO, USA) 25-¥]
ThALeH, 32k FHTFE 014381 5 mg/mlY FEE
ZAEt ARgERItE MTT [3—(4,5—dimethylthiazol -
2—yl) —2,5—diph—enyl tetrazolium bromide] (St. Lou-
is, MO, USA) A)2k& phosphate buffered saline (PBS)
of 5 mg/mi FEE 31 F B AH30] AMEA T,
Giemsa BAIRE dghge] %o 40% TEZ AMEI
o}, Western blotell ARt 2= 13} 34+ Santa Cruz
BiotechnologyA} (San Diego, CA) A, 1813 23} 3
+ Pharmingen*} (San Diego, CA)E %€ 743l A}
£33tk

2. NEZYEE 24

MTT HIAEE Holle AXY mEZ=golo] 34
¥ 49 gFard A (dehydrogenase) ol & MTT7}h
formazan® 2 A@HE & BHIH oz Pk W
Holth® B AToMe (=) —EGCG 23 HL-60 A%
Fo FAA4 ARE FH3) A8 MTT HAEES 4
Alatdek oF 1 X 10° cells/mle] ME7} 59 24 —well
plated] FE& €2l (-)-EGCGE #H7}ska 12417
<t wjokaiich 24 wellel MTT €9 (5 mg/m) <
100 p1¥ H7kska 2417 B4t O wjokslin) A% 24
wellg 1000 X gollx] 3w7F AAEed F AEas AlA
313, A3E A9 formazan 23S 100 x«19) DM-
SO 43A# ). Formazan £38S 24—well plate
ATk ¥, ELISA reader (Perkin ElmerAl, Wallac
1420, Turkin, Finland) & ©]83}] 540 nmelld &34 %
£ S o] W 3% FHEE A ARy
uEZEdo}l gpigio] o8 MTTV} formazanl 2
Agkg & vehie, A2 AX 49l viEg.

olgfje] Fao &3 HL-60 MES] MEES A3l
ou® BE NEES FH S99 33 w2 BF
#o2 AAEHCh

% cell viability =

(=) -EGCG=Z ANg¥ AEY FHE
ALY 3%

x 100

MTT HAE Axz2RE (-)-EGCGY IC, (50% in-
hibition concentration) =5 AFEdA) ICE MTT
HAE Ado) (-)-EGCGE A2g Az 3357}
qzA ] vldte] 50% ZAdhs g gujeiy, (-)-
EGCGY 55 x&Eo®, 181 7 wellold doja &
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FE2RE ANE BEES yFOE 4510 Foj3
Ao 25 AEHT

3. MRS oI

(=)-EGCG (100 ¢M)Z 10A17F Fot A28 HL-
60 A¥E PBSZ MHE ¥, BadE sgfolodebn
ofghEZ TAHAI)L Giemsa A2k 2 FAEATE AL
F9& inverted microscope (Axiovert 135, Carl Zeiss,

Swiss) ol F28 AsFHREE o]8-8to] 3T

4. DNA ladder Ti&d

(-)~EGCGZ #xg]g MEe] DNA ¥3 o9%% ag
arose gel A719FHo 2 FQ5H” (-)-EGCG (0~
100 «M)E 47713 AA=g HL-60 HEE 0.25%
trypsin + EDTA £98& o] &3] #4kAZ]1 ¥ 1000% g
oA 3E ARSI ME JAHES lysis £
[50 mM Tris—HCI (pH 8.0), 10 mM EDTA (pH 8.0),
0.5% sodium N—lauryl sarcosinate, 100 xg/ml prote-
inase K] 1 ml A& 718t 3 50Tl 5AE¢ £
A wloksiict. 539 phenol : chloroform : isoamyl
alcohol (25 :24 :1) €4S 7kspo] 2 41 1700 X gel
A 10%3 AR 84 L 3 o
phenol : chloroform : iso—amyl alcohol (25:24 : 1) &
Ho g RhEAEsl] dNEsth e 7843 Sl
0.5 ml%] 0.3 mM sodium acetate®} 28) 32] 3zt
100% &g 8L Frkste] 2 A2 F, 1700 X gollA
277 ATtk dojRl DNA HAEE ¥7] Fol
AZAPPZ, oA 65T 30 gl TE ¢5€4 [10 mM
Tris—HCI (pH 8), 1 mM EDTA]¢l %< ¥, 1 pg/ml
RNAseE 7tsto] 37TCelA 3x17ka<t ¥RAIRTE 260
nmolX FFEE SHYEEA FE2¢ DNA £A49] 5%
£ AE3 F, ethidium bromide (0.4 pg/mD7t /2
1.8% agarose gel “dollA H7|9FA| A} Agarose gel
Aol B2l DNAE 302 nmellA transilluminator2 7}
A351e, DNA ladder Si¥l& Sisisic)

5. Western blot

(-)~EGCGZ A2J3t HL-60 AEZ Asl] 1000 X
gollA 397t ARSIt AE FHE] lysis £
[10 mM Tris—HCI (pH 7.4), 5 mM EDTA, 150 mM
NaCl, 1% Triton X-100, 0.1% SDS, 1% sodium
deoxycholic acid, 100 #M PMSF, 20 xg/ml leupeptin,
1 pg/ml pepstatin, 1 gzg/ml aprotinin, 100 mM NaF]
300 plE 7¥a, 4°CollA] 3083 WAISH ¥, 12,000 X g

oA 3087 AL FHEE A lysis buffer
o] A7), sodium dodecyl sulfate (SDS) polyacry-
lamide gel ollA H71952 2183 t) Nitrocellulose
membrane (Amersham, Arlington Helights, IL) ol &
A& ©)5A717] 9138 25 mM Tris—HCl (pH 8.9), 192
mM glycine, 20% ™&&°] ¥ transfer buffers}
semidry transfer %X (Trans Blot SD, Bio—Rad, San
Diego, CA)E o] €30 20 voltollA] 50859t blotting S
Algssich MEga| N Guly kL bovine serum
albuming ¥®F &Mooz AMg3slelon Bradford H¥&
283 A8 kit (#500~-0002, Bio—Rad, San Diego,
CAYE AME3ld SAsgith. dfdo] &4 £2 nitroc-
ellulose membrane& blocking buffer [0.05% Tween
200] 49 tris—buffered saline (TBS) + 5% BX1¥-#]
oA 1417} FF 50 & ¥, caspase—3, PARP, cyto-
chrome C %3 Bel—29] Wit rabbit monoclonal anti-
body7} 1 : 10009] ¥]&-2 A7F bufferollA] 1417k ¢
immunoblotting Al Zt}. Membrane2 0.05% Tween 20
7F &-&-% TBS buffer® 584 3 AlEa F 1:10009
H&2 34d 22 &4 (peroxidase—conjugated anti—
rabbit immunoglobulin) 3} 1A17F&-<t ¥HE-A1Z T Mem-
branes Z AFe H dMA bandE BRI Ao
enhanced chemiluminescence system (ECL, Amersham
Arlington Helights, IL)2Z 183t $< wkeAlzl &
Kodak X—Omat filmell &A1 A

Cytochrome co] 3t Western blot2 n|EZ=g]o}e}
Az F8ellA Z17] AAEAS. AEE ice—cold buffer
A [250 mM sucrose, 20 mM HEPES, 10 mM KCl, 1.5
mM MgCl,, 1 mM EDTA, 1 mM EGTA, 1 mM DTT,
17 pg/ml phenylmethylsulfonyl fluoride, 8 xg/ml ap-
rotinin, 2 #g/ml leupeptin (pH 7.4)] & A7 11, 5
A (1 ml; 045 3 mm; 26G X 1/2) & o}8319 10
3] AR = 750 X gollA 3w AR ¥
A& 10,000 X gollA 1583 gREsey A9E HA
E£5 buffer AZ BAAA vEET o} HE o7 AMES)
%3, T 100,000 X gollA 1A17bE<E dileelste] g
3 S-S NEA FFog oLk

a9 1%
1. GME FAE

HL~60 AMEFE 0~100 M} (-)-EGCGE A&
% & MTT HAEES ANG A7 (-)-EGCG & 9
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Fig. 1. Antiproliferation effect of (-)-epigallocatechin-3-gallate
(EGCG) in HL-60 cells. HL-60 cells were treated with 0 =100 M
(-)-EGCG as described under Materials and Methods. Values
are mean + SD from three independent experiments performed
in duplicate. Percentage of viable cells observed in cells frea-
ted with (-)-EGCG was normalized to the value for untreated
control cells as a 100%.

THor AE AEFY HZ folFed st Yehyg
(Fig. 1), Bk 7H1212] (=) -EGCG Ad¥-o] dAYAE
o] F2& Ak At ASE & F AT ICE
ME2 43E 50% AATHe B9 FEgHe UehY,
AEel Mg B9 548 Hrishr] s &3] o4
= AEo|t}. & Ao HL-60 AEE (-)-EGCGE
12A17F B3 H2jgt A, (-)-EGCGY) IC,3 65 «M
2 vERgtth

2. Apoptosis 2l

Apoptosis®] Fed EAJE Hrkslr] sted HL-60
AXEFE 100 M (-)—EGCGE 6117 E< Hejsk &
Giemsa A|eFo 2 FAgH Az}, AL A, A9 §
71, @AAK &5 2 ¥ Wiy 58 ¥dsk= d¥AQ
apoptosis 5o} Fe7F & U (Fig. 2).

Apoptosis A&7} AEY ] ADdEd endonuclease?}
A3 =1, 7 27 chromosome DNAZF ¢k 180~200
bpd F7|Z A== @0l Uerdth® garst 5&
(0~100 £M)9 (-)-EGCGZ Aa)$t MEERE chr-
omosome DNAE F&3t & agarose—gel ArollA 7]
dTE& AAE F3, (-)-EGCG =% gEFH o DNA
ANl ARG (Fig. 3A). 39, HL-60 Ao
100 M (-)—EGCGE 1~12A17K5<r Axa)st A3 3
AIRE o] 7€ DNA 2 dNo] #EH T, HHe]r]7to)
ZojA+E DNA 2EAE7} A3k 9] apoptosis7} 23
e 1 5 U3 (Fig. 3B). °)9} 7 Anp= tlek
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Fig. 2. Morphology of HL-60 cells freated with (-) -epigallocate-
chin-3-galiate (EGCG) under a light microscope after Giemsa
staining. Cells (3 % 10") were seeded into a well of 24-well pla-
tes, and exposed to (-)-EGCG (100 xM) for 6 hrs. A : Control
cells. B : (-)-EGCG treated cells.

0 60 80 90 100uM 0 1 3 5
(24 hrs)

7 9 12hrs
(100 #M)

Fig. 3. DNA-fragmentation in HL-60 cells treated with (-) -epiga-
llocatechin-3-gallate (EGCG). A : Cells treated with 0-100 M
(-)-EGCG for 24 hr. B : Cells treated with 100 ¢M (~)-EGCG
for0-12 hrs.

3 gAEFo]| (-=)-EGCGE st A7} 100 «M
XM DNA #30] FEHNS-S #A&% Takeshi 57
9] HE AAsH= Zlolt} dHH, apoptosisE FEsH=
(-)-EGCG &%t AEF w}, zEln Azt
e} Zol7t S & YokF¥

olel ARZHE HA sHEZIY FAEQA (-)-
EGCGE AANEAY AEFo|A uf$ AAHOZ apop-
tosisE AEINSTS T = AN, ol UE FH
9] QA YATFE oz F A AP Hug =
2k 7H71S] AT AXsHs v golgt & = o

3. Apoptosis & SRS WH Bz}

HL—-60 AMEox (—)—EGCGal 2]} apoptosis 84
o] 24711 137 {18l Western blot& HAI3Hch
£ AFelM = apoptosis?t FESHE Oddt AE F ca
spase—dependent AZ] A& WFo], (—)-EGCG7}
mEZEgolol]l ERsH= cytochrome c& MEAZ dH
EA)7)1, FA= caspase—3% PARPE xlelg 8A1s)
A712 2 & B2 apoptopsis AEE HsHA Hck
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Fig. 4. Effect of (-)-epigallocatechin-3-gallate (EGCG) on the
cleavage of caspase-3 protein in HL-60 cells. Exponentially gro-
wing HL-60 cells were freated with 100 #M (=) -EGCG for indi-
cated time periods. Cells were washed with PBS, lysed, and
subjected to Western blot analysis as described in Materials and
Methods. Protein bands were visudlized by the electrochemil-
uminescence detection reagent.

0 1 2 4 6 8hrs

16 kDa
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Fig. 5. Cleavage of poly (ADP-ribose) polymerase (PARP) in cells
undergoing (-)—epigallocatechin-3-galiate (EGCG) - induced
apoptosis. HL-60 cells were treated with 100 #M (-)-EGCG for
indicated time periods, and subjected to Western blot.

= 7} &}oll caspase—3, PARP, cytochrome C %
Bel-2 ©hd ko] W3lE 433t

AN MEJNA caspase—3x 32 kDa9} procaspase
A2 ZR3H}7} apoptosis A1&7F AES 9, 17 kDad
11 kDao 2 ¥a=o] ggss Aoz deA Y™
HL-60 AEFE (-)~EGCG Q00 pgM)ZE 0~8A3t
E< A3 F Western blotS AAISH A3, 2417 o] F
¥ caspase—37} E3ls o] Eggo] BEHAUSD (Fig.
4). PARP 9942 A4 Axuvielr 116 kDa 2719 &
84 ez SAEE 27 Al I8 apoptosis7t
A58 7% 85 kDas} 46 kDaZ #aiso] AJstact™
B Adefr HL-60 AFXFE (-)-EGCG (100 oM E
0~8AIZFEet Azlst A3, 4417k o] FFE PARP7} F74
o] Az FaEE Zo] #AHAY (Fig. 5). Apop-

tosis7} APEH ATy viEZ S0} To] SAFE T,

1 A%} cytochrome C7} vlEZc otz e AEAZ
WE el Ato] LeRdth® B el HL-60 AHlE9
oEZcglole} M¥Az Be| Z47] cytochrome C &
A e 24 A3, (-)-EGCG (100 xM) 2 A=
3k AIZro] 718l wE) N ¥EA R WEEE cytochrome
C &ol Z7Hdol &AAHYU (Fig. 6).

AgtR oz Bel-2 ©lAe FAAIERTH AN
wo] F71sh, R E apoptosis7t XY HE Tt
o] ZhaslE Ao A ok 4, B ATl
HL-60 AZF5 (-)-EGCG (100 «M)=Z Ast 4

0 1 2 4 6 8hrs

et G Blesss | Mitochon-

dria

Cytosol

Fig. 6. Western blot analysis of cytochrome C in (-) -EGCG treo-
ted HL-4Q cells. HL-60 cells were treated with 100 #M (-)-EG-
CG for indicated time periods. Cytochrome ¢ protein level was
detected by Western blot in both mitochondria and cytosol
fractions of HL-60 celis,

4] 1 2 4 8hrs

Fig. 7. Western blot andlysis of Bcl-2 in (-)-EGCG treated HL-60
cells. Cells were treated with 100 M (-)-EGCG for the indica-
ted fime periods, and subjected to Western blot.

7}, Bel-2 2&ol wishyt #2852 gske} (Fig. 7). Bel-
2 el Aol Bel-2, Bel-X., % Bax §°] XgHH,
0)E9] apoptosis B AEL NZE 24 vET Y
t} & Bcl-2 9 Bel-X & cytochrome C9 W& 9o
A)sto] apoptosisE JAAZIE ¥, Bax: cytochrome
Co W&& EMA apoptosisE FEITE® wikr F
£ AFoME Bel-2% o}, Bel-2/Bax 2d Hl&&
A BRstolor & o7 AT Chung 579 4
FANE AA AGHALAEFR DUI4S AT (=)-
EGCGE Aa)§ A7 Bel-2 @ad gsko] wislel 73
3 apoptosis7} FEHASOl By vt 9lo], £ A+
o) Avel AR AL JeERS,

(-=)—EGCG7} apoptosis® ¥o7|= 71 #3}od
Gupta S¥& A4 AYPYHALHE7} G/G7IoIA S=
ARHE & ANEHNSE AN vh 91T, oleldE
(-)-EGCG7} MAP—kinase, AP-1 &= NF—«B %
AgEdzt #Eg iAo A4S AeshEEA P
apoptosis® REdke 3o AHsty ok Apoptosis
el 27) DAdE F2 AT njEEsoltlo] g
Z¥9] cytochrome C7F A48 W&E 1, o}td cas
pase §452 A WHsPr viehul= 9, apoptosis7h
A 1PE Aol e AERS] ¥, DNA £33
A} 8] MaEEdel phosphatidylserine 717F =29
HA A EU redox potential® W3} zHEHE AN 5
o] FHMATE? QA WPHLAEF (DUL45) M =4}




9] F}e7)FE reactive oxygen species®] BAHE &
I, vE2rgobete] &S 2ol Bud vt Y
Tada—Oikawa %7& (-)-EGCG7} 34kt ?‘5_;%— 3}—“:—
FAlel| pro—oxidantE 2-g3to] tiekst GAHEFEA
H0, A& FAEEEA ngZTeopts %—'?‘:—‘V\l?]
1 apoptosis S FEIHSE AASKIT ol &
gef] Bug nlef] 9spA (-)-EGCG7} apoptosisE &
T3 A9 o R AAAAIESY GMEAAN T2A Yebg
£ & 5 Stk Y& B9 Hsu 598 P2UAEF(0S

2)E (-)-EGCGZ A% A}, apoptosis’t FEH A
oo WESH 9, A AAZGAAEF(normal human

keratinocytes) (SCC2) M+ olg} 28 dAilo| Yehd
Al ostet. olgt fABHl () -EGCGE QA et

A3 (human epidermoid carcinoma cells) (A431) ol}A
NF- ¢B9 2&-& A5l apoptosisE G530}
A2 A B9 ZHA M EF (normal human epidermal ke-
ratinocyte) INHEK) o] A& (=) —EGCG® &%t apopto-
sis &/go] ERER] Q234

B A7 E Fak 7HEZ] 48]l (=) -EGCG7 Q1A
HADHEF|A m|EZE o) cytochrome CE XX
AR WEA)7]11, caspase—3E A 382 24 apoptosis

FESRE 23 S-S wEoy, olekd vEZE
ofe] &E= @do] () -EGCGY AEER &3 9

AR, opH M ZuRS 53 AaAGH A T A

A9 ofE go 2 o] AFEojAof & Relct.

rSL' i) m1m

o

HL-60 MEXFE o g =3} 7H719] 34484 (-)
—epigallocatechin—3—gallate (EGCG)7} apoptosisE &
Eake 2871748 Hrist A9, og g 22 AEE 99
o} () —EGCGE A AYAE FTAL AASR= &
A7+ AN eH, (-)-EGCGY ICy #& 65 pMZ e}
ok MEE 100 #M (-) —EGCGEE 6A1ZFE<t A2 $
23} AxA 945, XY §7), G 3% 58 =T

3= 7 33‘75]01 apoptosis o] 7} #2AE k. HL-
60 MEFE (-)-EGCG2E 2447+ 54+ 23t A7}
5 JEZLE DNA £2%4o] #ZE it ok&7] Al
ZE 100 ¢M (-)-EGCGE A7+ galslo] s 4
 3A17F o] HE DNA #2838%40] vehton, xg)A]
o] S7HETE DNA 8 =7t A (5) -
EGCGell 9]t apoptosis =714 F718H7] & We-
stern blot& &3 #HH GRAEe] LHAE Hrek A,

BEAELE 364) - 382~388, 2003 /387

(=)—EGCG Ad] A] n|lgZ=gohfo] A5 cytoch-
rome c7} MEAZ W& 1 B8 e caspase—3
4! poly— (ADP—ribose) polymerase (PARP)7} @413}
H330] #2HU oY Bel-2 ©@A e wyell= W}
A Aoz Uit oo Az wabol o e
(-=)—EGCG 30| caspase—dependent A=Zol & A
A AR EE] apoptosisE AEIRSS AAEHE R

Ma =2

ol antiproliferative agent®A] &z} o]& 7lsAS
A8 = Rl
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