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Induction of Apoptosis Signaling by a Glycoprotein of
Capsosiphon fulvescens in AGS Cell
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Capsosiphon fulvescens is well-known green sea algae that, in recent years, has been proposed as a potential
anticancer drug. In this study, we found that C. fulvescens glycoprotein (Cf-GP) had pro-apoptotic effects
on human gastric carcinoma cells. By SDS-PAGE, we confirmed that C. fulvescens extract contained a
glycoprotein. Using H33342 staining, we found that the Cf~GP caused cell death in a does-dependent manner,
while an MTS assay showed decreased cellular viability due to induction of apoptosis. To determine the
effect of Cf-GP on apoptosis-related cellular events, cells were treated with Cf-GP and the expression
of several apoptosis-related protein was determined by Western blotting. Our results indicate that Cf-GP
activated both a caspase cascade and PARP, which is a substrate of caspase-3, caspase-8 and the Bcl-2
family proteins. In addition, we assessed caspase-3, and -8 activation and annexin V staining. Our results
revealed a cell cycle arrest, itself leading to an increased percentage of sub-G1 cells. Our findings indicate
that Cf-GP may be a source of bio-functional material with therapeutic effects on human gastrointestinal
cancer.
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5 80CellA 343
(Supra-22K, Hamil, Korea)E A}-8-3}
702 d4EE Qi) 4T 38 volivolel o &H&S
A7vske] 4x17F St A Wk A & AR Y ARE
to] FS A AL 393 o Aol ammonium sulfateS 80%
HA7Vshe] 2421 7F W HFEFQI T Ammonium sulfatet= T A &
N Foll 7Moo 2 A La|% Apold whal T F o] A Zo]
H S 3|535te] o] 242 Folal £ 8 (Pormembrane
MW. 3,500/Spectra of spectrum laboratories inc, USA)S- A}-8-3}
o] 4CellA °F 5000 mLe] ol 24413 T4 & F2
% &} 0™ o]l & Capsosiphon fulvescens glycoprotein (Cf-GP)
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15% SDS-PAGE (Laemmli, 1970)% ujAjo] dehul =S 10,
20, 40ug/mL F == 30 mAolA 2A17F A7 F5& & T A
H gauEels brilliant  blue
glycoprotein stainingS €3l 13T 5, FE3 wjAdo]
Gkl A8 SDS-PAGES}FAL staining solution (7% Acetic acid,
40% Methanol, 0.1% coomassie brilliant blue R-250), destaining
solution (7% Acetic acid, 20% Methanol)= A}-8-3}4 band&
2}2135}31 T}, Standard marker+= dual color marker (BIO-RAD,
USA)E AF83}%] 3l bovine serum albumin (BSA)<2 Sigma
Chemical Co. (Logan, UT, USA) A}-8-3}91 © ™ glycoprotein
stainingS Gelcode™ Glycoprotein Staining Kit (Pierce, USA)Z
%3} vhao] Bekade] BARe selssin.

Coomassie staining ¥}

Az B el

kel &4 Ao AFE3 A ¥ = American Type Culture
Collection (ATCC)ZH-E] F-Y gt 919+ AEF AGS gastric
cancer cell (ATCC CRL-1739)& AF&3I 3L, 9 AEZF<]
IEC-6 intestinal epithelial cell (ATCC CRL—1592)% AF-g-31S
o} A3 v eFel]l ARE-3F Fetal bovine serum (FBS)< Gibco
BRL (Life Technologies, Gaitherberg, MD, USA) A|3&S AF&-
3}l o RPMI-1640, 100 U/mL penicillin, 100 mg/mL
streptomyocin (P/S)< Sigma Chemical Co. (Logan, UT, USA)
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oA F-9) &kt

AGS A X+ RPMI-1640 v Xl IEC-6 A X+ Dulbecco's
modified Eagle's medium ®]=]°l 10% FBS, P/SE 3 7}3}
5% CO, incubatorol| A 8] %38} 2w A7} 100 mm diameter
culture dishell 80% 8= 28k -2} Al o] Al o
AP E = trypsing A& vlF BFT

MTS assay

Ao FAES A MTS 28U S EY R 3o
(Gerlier and Thomasset, 1986), C=GP7} AGS Al| 3ol &2 2] A
B2IE 7HAUA TIEC-6 Al FAA 54 frdsh=A] glst
7] 9138 MTS assay= HAISFATE ZF MEZE 96-well plateol]
2x10%cellZ 100pL %¥2] mediumS #F3F ¥ Cf-GPE 0,
1, 2 2 3pug/mL F=E=E A2]skaL MTS/PMS solution
(Promega Co, USA)E 10pg/mL¥ F7}ske] 37°ColA 308
HF-S-A]71 & ELISA plate reader (Benchmaker Plus, BIO-Rad,
USA)Z 490 nm SF=olA FH3 T}

Alazel dle] Hejets Wl A

AGS AlEE 6-well plateol] B] Y33 CLGPE 1, 2, 3ug/mL
FEZ 2417 A8kt a1 9 (formaldehyde:PBS=1:9)
S H7beke] 1043+ 31743k & Phosphate buffered saline (PBS)
Z ImL 538k A3 3, 02% Triton X-100S 2 mL H7}
ko] A4 103F WA S 27 vh 2ug/ml
Hoechst 33342 €4S 7} WS 2hehal e 2 2 Lof A
303 ¥HE-AIZATE PBSE AlA $- 100% ethanolS 2 mL 3 71f
A gleta de] Fejehd #AE-E 213] mounting medium=
A 2ste] &3 u 4 (OLYMPUS IX51, Japan)S =3) 200
gz o] Fejsty wsts Bt

{

=

Western blot analysis

gl ahy 2 B2 AGS Al Eo CEGPE 1, 2, 3ug/mL
TR A sle] 300uLe] %O =2 lysis buffer (50 mM Tris-
HCI, pH 7.4, 150 mM NacCl, 1 mM ethylendiamine tetraacetic
acid (EDTA), 1 mM sodium fluoride (NaF), 1% NP-40, 1 mM
Na3;VO4, 1lug/mL aprotinin, lug/mL leupeptin, 1lug/mL
pepstatin, 1 mM phenylsufonyl fluoride (PMSF), 0.25%
Na-deoxycholate) & % 7}ste] 3ol AH&313ic) Axd 4
nEZglole] 8 %2 Emanuele et al. (2004)2] WH o
= buffer (20 mM HEPES, pH 7.4, 10 mM KCI, 1.5 mM MgCl,,
1 mM EDTA, 1 mM ethylene glycol bis-N,N,N'N'-tetra-acetic
acid (EGTA), 1 mM 1,4-dithiothreitol (DTT), 250 mM Sucrose)
7 3lste] Ao Abgstlon, 3 & FE2 #F9
WH S o] &3 (Park et al., 2005), lysis buffer (10 mM HEPES,
pH 7.9, 10 mM KCl, 1.5 mM MgCl,), nuclear extraction buffer
(10 mM HEPES, pH 7.9, 100 mM NaCl, 1.5 mM MgCl,, 0.1
mM EDTA, 0.1 mM DTT)E 2 &ol A}-&3519ic) dild 5=
& 50pg/mL = T U3l F#5ke] western blottingS 93l 7]
9-53% T3 Polyvinylidene Fluoride (PVDF) membrane
(Millipore, USA)S. 2 &F T}, Membranes 2294 1%
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BSA/TBS-T (Tris-Buffered Saline Tween-20) = blocking A %1
<, rabbit 12+ 3HA1E 7H7F 1% BSA/TBS-T2Ho] HIE-S 1:1,000,
22} AE 1:10,0000.2 3] A 5] HFSA]7]
pico stable peroxide solution@} super signal west pico luminol/

enhancer solution (Rockford, IL, USA)S A}-8-3] KODAK X-ray
filmell Z3A171 & G Wty Ju s =4 Qo)

super signal west

Caspase activity =73
activity Aol Al&H
caspase-8 substrate, caspase-3 Inhibitor+= Calbiochem (San
Diego, CA, USA)S A}-8-3}%] 31 caspase-8 inhibitori= R&D
system (Minneapolis, MN, USA)& A}-8-3}SI T}

AGS A Xl CEGPE A 2|3k 3 & v, caspase-3, -8 /3 €]
S7HE A 171918 10% FBSE 13+ RPMI 1640 vl 4] =
8438 6-welloll =T33tk AE7F 80% A= AeHd SFM
o2 WX g wEste] 447t wgEtal o] F CRGPE 24417t
Atk HF 5591 3ug/mL T2 caspase-3, -8 inhibitor
Q1 (Caspase-3 Inhibitorll (Z-D(OMe)E(Ome)VD(OMe)-FMK)),
(Z-IETD-FMK)E 13 A2 3 & Cf-GPE s =™ = 24
AZF 2128} e}. Lysis buffer (25 mM HEPES, 5 mM EDTA,
2mM DTT, 0.1% CHAPS)E AEZ 3|43l 100ug
protein/100pL 2 96-welloll =3}t 2+ Z+9] substrate
(Caspase-3  Substrate 1, Colorimetric (Ac-DEVD-pNA),
Caspase-8 Substrate I (Ac-IETD-pNA))E 3 7}5}¢] shaking
incubatorol| A 37°C, 4A17F 2 o2 Hk-e-A]71 5 ELISA plate
reader® SH % 405nmo 2 ZA3}A T

Caspase caspase-3  substrate,

Annexin V-FITC #4

AGS A2 Cf-GPE Rﬁﬂli‘}oﬂg ], apoptosis<} L 57}
= #elatr] 98l AGS AlEE 10% FBS7F $+%E RPMI
1640 WX 2 3] A &) 6-welloll ‘r—rol'oﬂr/} A X7} 80% A=

(A)
Coomassie blue staining

(kDa)

25 ==

15 -

10 =

Maker, albumin @ @ @

At SFMO. 2 A& wEato] 4A|7F wigFetal o] %
CEGPE 24217+ A 2l3taL PBSO AIZE F-FAZth 94l
2] (2,500 rpm, 10 min, 4C)3+ ¥ pelletS Annexin V-FITC
apoptosis detection kit (Becton Dickinson San Jose, CA, USA)
& A3} T Pellet= 1X Annexin V binding buffer (10 mM
HEPES/NaOH, pH 7.4, 140 mM NaCl, 2.5 mM CaCl,) 100uL
o 3]4&}5] Annexin V-FITC solutionﬂ]- propidium iodide (PT)
solutionS 3 7}akal oA 1548 WkS- & 1X binding buffer
o] 5]243}o] flow cytometer (FACS Calibur; BD Biosciences)
e

A Al A

B Addglo] )3t 23+= mean+S.D. 2 YEFARI AL, SPSS
ver. 10.0 T2 AlE3 ANOVAZE HAF3 & p<0.05
4==ol| 4 Duncan's multiple range test2 A 7+o] 24
HIWLE a3l

uli

)
&

nj ol Ry Febid gA, B <l

Aol 2RE 223 Bel a wu sl 2 243
7] 13 coomassie brilliant blue staining¥} FEMd A&
o A Egkg O A FE2E2 TR dEHoR T Y
Tl of gheko] 10kDa o] ske] ARkl A &elo] HSle
o, FEY FOIA clv AR F o3 L AAE
wlolo] Thek gHE B Aol olglo] et vl Aol
ol 10kDa °o|3te] #A S 7HA = g el &1

2 At} (Fig. 1).

CI—=GP7} AGS Ax Aol m A= 9
AT Sk AZFR) AGS®] A2 AFE el CEGP7F WA=

(B)

Glycoprotein staining

(kDa)

25 ==

15 -

10 -

Maker, albbumin @ @ ®

Fig. 1. The glycoprotein extracted Capsosiphon fulvescens and the sample were loaded with SDS-PAGE. Then stained with
Coomassie brilliant blue and Glycoprotein staining. Fig. 1(A, B) @, concentration of Capsosiphon fulvescens's glycoprotein
(Cf-GP) is 10pg/mL; (@, concentration of glycoprotein is 20ug/mL; @), concentration of glycoprotein is 40ug/mL. This

results indicate that in the range Cf-GP 6-10 kDa.
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(Fig. 2). WEkA] IEC-6 9 AZFoAE 548 YA &2
o A AN = AESA AAEIE Hol= 0-3ug/mL
=2 A3s dgssit

Aol FEjshA ws)
ok A MTS Aol A, CRGPE 23S w AGS Al
2lo] Fhasl= ATE BYV] Wi dvd dellx FEst
W7l JEAE AuE gt

1 A3 AGS M) CEGPE M EklS Wl MTS ZAzfe}
T TE oEH R AXE Ut AT (Fig. 3A).
CEGPE APt &2 w3 Hluslgls o $% oEH o=
AEZ7F AAEEES & 5 et 2 AHANA AEE AE 9
7187 1of tigh AlEZEF 8?0 integrin?h o] AEE A3}
2 QI3 focal adhesion complex?] w3 =2 Asle] 34
AEe] oA B He2 HalelHA] whilz Wl o
P 5, ML 5, o] &4 22 o] FH
Az}t el Wals do7It}h (John et al, 1994).
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Fig. 2. Effect of Cf-GP on the cell proliferations. (A) Effect
of Cf-GP treatment on the growth inhibit of AGS gastric
cancer cells. Control or varying concentrations of Cf-GP (0,
1, 2, 3, 4, Sug/mL) for 24 h. (B) Effect of Cf-GP treatment
on the non toxic to IEC-6 intestinal epithelial cells. Values
are the mean+SD; P<0.05 by ANOVA. Values with different
letters are significantly different from one another according
to Duncan’s multiple range test.
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Fig. 3. Morphological changes and Induction of apoptotic
bodies by treatment with Cf-GP in AGS cells.

(A) and H33342 staining (B) of AGS cells were treated with
Cf-GP. Magnification, x200.
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2 Cf-GP A& Al AFEA (apoptotic body)
B3t WskE ##3t7] 98] Hoechst 33342 94&
t}. Hoechst 33342% Ao DNA-binding dyesE £ ]

P, e i AXs AEa Mo DNAS
|

2 dAske 3] Fejshd wstel] o] &5 il 9l
AGS M X Cf-GPE A3 RS W Nz He Ee Ax
Aol o] gk DNA T3} #7321 apoptotic body (Arends et
al, 1990)% F% o&EFHow 78S 2 4 AJY (Fig.
3B).
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Apoptosis =&tk

Apoptosis®l] ¥HE = 2 bel-2 family proteins
g o] Wslel o3 Aol 2HFE Aoz dHA U=
o] 23t caspases’} 43} actin, gelsolin, fodrin, lamin¥}
2o G2 A3} (Takahashi et al., 1996), Poly ADP-ribose
polymerase (PARP)E X3st= 54 7]do] Hdory o
apoptosis©ll &g+ A|3x o] Fe|eA, AEEA Wy}l WA s
o} =3k #4438} % o7 caspasest apoptosisS] U AU 5
9, A|E 2] skeleton, membrane, nucleus®l] <=4 3= ¢z
& wmEA g 34 AYPe caspase-80] 23}
caspase-3°] /= AT WA PARPY} 24 W] &g )
gafo] Bz =], o]+ apoptosis Z A & DNA &4l
°J&l PARP7} 3181/ 2/ 8t o] PARP 7] Sl “SAlel Al
A UA Y4 ATPS} NADHZ} AR5+ AL oalgto 2 A
apoptosis A Tl AMEH = AUAE fFAstE = ol
WHAISEA] FTh (Yutaka et al., 1997). Caspase-8+2 death receptor
£ Edto] EABHER cleaved formo] F7HE SHAl HaL
bel-2 family proteinss 3F4HQ] bidE A wtsto] ThA] &4 sk
caspase-8°] o8] AtE F nEEZ=gols AT O RA

=z 9k
o

o
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caspase-39] &4 T3t F71SAl E T} (Nagata, 1997). FgH
v EFZ=g oo} AEZ A9 cytochrome co] Tl wrg o g
Q135+ caspase-9} Apaf-10] 238 apoptosome 34 0 =
1%t caspase-99] &%= F7tekAl FTH

B Ao A CEGPE 1, 2, 3ug/mL S E& 24A17F A3
S u T & O 7 pro-caspasel] 749} Fas7| LEFLO
v cleaved PARP &S 221313 =], o]+ HelLa Ao
DNA 3|30l #Hojsh= Tl PARP T3S A E Ao
A& Ak A ee B oF ) (Odile and Felix, 2009). 3t
FADD ¥ cleaved caspase-3, -8, -99] W& o] F7}sl= o=z
LFEFLY, Fas signal2 E3) apoptosis”’} doldS &els &=

AAT (Fig. 4).

(kDa)
48 - Fas

FADD
procaspase-3
procaspase-8
procaspase-9
Cleaved caspase-3
Cleaved caspase-8

Cleaved caspase-9

Cleaved PARR

GAPDA

Cf-GP (ug/mL)

Fig. 4. Effects of Cf~-GP on the expression levels of apoptosis
related proteins in AGS cells.

Bel—2 family @2 dlg A

Bcl-2 family proteins> F]EZ=g|ofe] w F3Ad-S 243}
= QIAEA nEZ=g ool 93t intrinsic apoptosis pathway
of zrg3t+= "M AR vt TRV SAST 1 FFel
w2}A] apoptosisE U2 7] 7] }al anti-apoptosisE 5} %=
=t bad, bax, bidi= apoptosis©l] Tl &t T A AR},
bcl-2, bel-XL-S anti-apoptosis®=4 1 9GS 7FX] L it
(Sudheer et al., 2006).

Pro-apoptosisa-°ll 4] bax sub-family:= bax7} 372l
monomer= A SFAA] bel-20l] 2]8Fe] 1 #-go] A3 §
H T} Apoptosis signal®] 0] 2™ bad”} bel-29}
H 3l bel-225-E oA Y2 bide baxe} A3}
conformational change”} Loy} dimerE FA S} =i v|&E
Z=glo} eute] 2ga FHS vhEe] Ui EAS f &
AlZ1Al "} o] wl U2 += cytochrome c, Apaf-1 G- apoptosis

L

o ZHg3}= S4 ot} 3 BH3 sub-familyt= bel-2, bel-XL
of Ag= o] 1 283 Aste] baxe] A5 243t AT
(Elizabeth et al., 1995). ©] W bid2] - HAAlol= #H&-0]
101} apoptosis A&7} S01 A HH 2 3FH caspase-89]l
ofs) ZHeluriA Hrh

B AElo A CLGPE 1, 2, 3ug/mL T == 24417+ A& s}
Fe W sk gEH o Frlste AEFS dEhdN o
apoptosisE A3 5h= 2 o2 2427l bel-2, bel-XLo| w A

e FEE FE EH0 R A E AIS RAFU
93}, apoptosisol] TS bide] @A WY £ Ay

fr e

Aoz et (Fig. 5).
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Fig. 5. Effects of C{-GP on the expression of Bcl-2 family
proteins in AGS cells.

Caspases w4

%M AolA CE-GPE AGS AlXel Al d& Al AxE
ZFA AA =S 3l 519 a1 western blote] Z 3 E FasE =3}
apoptosise} o] 2 3l &AJ8}¥] = cleaved caspase-3, -89 Hd
< ¢ AUTH

B Ao A= o] 3 caspase-3, -89 A H HE7
ol Hste] o= AL FFEom G4 HEAE
th BE AdoA 7ol ® sYE AR e &
3 2 Ay Fk oFEXOZ caspase-3, -89
5=l ug/mLoll Atz vlal b2t 47%, 65% 7t
& = AL, inhibitors AP 3 A= BT FES

-

AL
ox [0 o &
o f o2 N

il

Annexin V—FITC #24
b Aol A, AGS Aol Cf-GP A 2] A Al ApE o]
FEEo] 1 47F 145 S22 Annexin V-FITC apoptosis
detection kitE AF23 apoptosisI A necrosis1A]  flow
cytometry 2 #2138}t Annexin V-FITCE &3l apoptosis<]
TAE AR ST = vk Aol A apoptosis7F A
A8kl e AA -] Qb Ak
phosphatidylserin (PS)°] Al Z2} 9|%-2 o] 58S 17 ==
o] o Psell A3}3l= Annexin Vo PIO] AlEH} FIlAd S o] &
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2 + o,
181 |0 Caspase-3 d w2 A3} 2ol A= apoptosis cell®] H] S0 3.48%3 2.
16| |@Caspase-8 c c = =
14l . b U Cf-GPE 1, 2, 3ug/mL §EZ 24A17F A 2|3k kel M=
121 b a 10.27%, 12.48%, 17.36% = &% 2]&2 02 apoptosis cell2]
4L aa 2 H]go] F7lete AL Feldt = 9t} (Fig. 7). o]l ¥kt
08 necrosis®] 749 thEwOlA 4.47%R0 Y CF-GP A E] A]
ool 3.84%, 2.47%, 2.72% % 2 2ol 7} 912121 necrosis7h 2
02} FA Ll wrElE A AEE s gshs gl A SEM Aol
! ! ! ! =] 0:]0]:1'?_0 - oI A 7l h=1393
oLl 1 P 19 el s el el el s g
3 Aoz Wl
Cf-GP (ug/mL)
Fig. 6. Activation of caspase-3 and caspase-8 by Cf-GP MAEAI} nEE= oo A2 Cytochrome C T3
treatment in AGS cells. The values were the means+SD; ] A
p.<0..(f)v5 b&/ Ade(%)VAt \f/alues with ditiferent letaqrs aie oA Aol A caspase-3, 99] THASIE 2159t} (Fig.
significantly different from one another according to o1 9o =g WAL o 2 o) =
Duncan’s multiple range test. 4). 9 western blot L& Fal THE & 5 AU bel2
apoptosis7} WAYEIA] &S Al MEZ =l uhs {AAlA
)| early apoptosis (Annexin V-FITC positive/PI negative)<} late A cytochrome ¢ &R 5 ol bad, baxe} 7S Tl 2
apoptosis (Annexin V-FITC positive/PI positive)2] H] &2 < cytochrome ¢ #H|E F3late 2oz d&A U
2 3 2 5
A 1 447% 2.24% ®) ] 3.84% 8.31%
2 2
T 1 ol T ]
1 NO I - ' NO ]
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Fig. 7. Induction of apoptosis in AGS cells after treatment with Cf-GP as determined Bivariate annexin V/PI analysis.

Bivariate annexin V/PI analysis by Cf-GP treatment in AGS cells. Region lower left contains the vital (double negative).
(A) Untreated control cells; (B) Cells treated with 1ug/mL Cf-GP; (C) Cells treated with 2ug/mL Cf-GP; (D) Cells treated

with 3ug/mL C{-GP.
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Western blot A3} AGS A X0l Cf-GP A 2] A] A|EZAFE |
g3t 20 2 bel-2 family proteins7} 2H-8-8H= AS BEU|E
M- 2] cytochrome ¢ & TAIE &<ls] Rt
apoptosis signal®ll 2]3]| bcl-2 family proteins2}o] <80 2 <1
sle] H|EZ=2]o}o| A cytochrome c7F F-EF W A ZZ oA
caspase-9, Apaf-13} 23S 1] apoptosomeS FA A H Tk
O] A2 T}A] caspase-95 L/ A A caspase-30] S 71
Al = o] apoptosisE F =3l FTF (Alan and Reiner, 1999;
Lavrik et al., 2005). Apoptosis &<l F|EZ=g|o}7) =40+
O 2H nEZE o2 HE cytochrome ¢/} A|XEZ 2
t}. Bel-2+ apoptosisE =381 cytochrome ¢7} #| EZ =g
ol RE e #E]l¥E AL T=d 9 bel-2 family proteins 2]

western blot Z23E %3] pro-apoptosis’} A 3}= 1L anti-
apoptosis AlG o] FA4dE AS IS o 2 vEZEY
oke} A2 A9 cytochrome ¢ LS FRlsk T A
RS AL8-51o] (Agarwal et al., 2002), U] EZ = 2] ofof A
1 cytochrome c7} A E-& A CLEGP A2 A F& o]&EF
7Vl AL gRls 5

o}
3}
s}

N e

AN A 79 Apafl

2Tt (Fig. 8).
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Fig. 8. Effects of Cf-GP on the expression levels of
cytochrome C and Apaf-1 proteins in AGS cells.

(<3}

apoptosis % =

299 A5

=210

2 A [RLRaR=y
tl, 2 el mEk A2 o AR 93] E4o] dojdtt
(Berg et al., 2001). Caspase-8-> cell death ligand”} receptorll
ZAzto] FH Aol Uoju} effector caspaseS A3} A|ZITh
(Honglin et al., 1998). T3} apoptosis©ll 2|3l DNAZE/do] A H
A bel-2 family Al B 9] @i ol W37 FiEx o] nE
2o} who] T F7FR Q18| cytochrome ¢7} A/ XA =
W5 A ®o} (Emily et al., 2001). Z% cytochrome ct&
Apaf-13} Ag3te] T ThE caspase”d =2 caspase-92} 2 53l

g o] dojiL}al caspase-9+ SF9] effector caspaseS 24 3}
A 71 A #T} (Lavrik et al., 2005).
B Ao = CLGPE 23 apoptosis Hro Ao wrand

WA 0, 1, 2 & 3ugmL FEZ 24417+ A2 A] Fas, cleaved
PARP, FADD ¥ cleaved caspase-3, -8, -9 ¥ 3}E 2131311
(Fig. 4), bel-2 family AlE @& o] &g /4437 (Fig 5) VE
F=gjo} oA WEH cytochrome c©] A|EA R o5 dX4

= #lEd = AT (Fig. 9).

ek 2 Al CEGPE A 3% W cleaved caspases
o) WAZ/7F Aol JugmLe] CEGP A2 A]
o] B3] 60% S71=N W (Fig. 6), caspase inhibitorS =] 2] 3t

A x2a Fros d4o] A Ho], caspases-33} -89
A& 2 apotpsosis’t oS ERlsgled], dEe FE2E
28] Al cleaved caspases®] W@ o] F7FsIGitHE ATbel FY
st HS HAFATE (Jang et al., 2010).

H Ao 4] Annexin V-FITC ¥4 ZA3}, tiZzdolA=
apoptosis cell2] H]&©] 3.48%% 21 Cf-GPE 1, 2, 3ug/mL
EERE 2417 A7l FREAAE 10.27%, 12.48%, 17.36%=
L 9JEH O 7 apoptosis cell2] H]Eo] F7tel= AS 9l
st = JAT} (Fig. 7). ©] A3+ Annexin V-FITCS T3l &
gLrpo} 3] H 2] M E 2] apoptosis HHAEE FA3
frAbeE A3E HoAFUATt (Shen et al, 2002).

mrebA], 2 A ujdo]| 25 Y FE% G Al CEGP
7F AGS Al Eo A caspase-3, -89 HZE F3l apoptosisE
frste] AE T2 oA 2 ddaRE /IveE AS E9l
stslow, AAE szFe T & &
of QloJA 75 AFReEAY &

A Al8kaL QlT.
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