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Mechanism of Inhibition of HepG2 Cell Proliferation by
a Glycoprotein from Hizikia fusiformis
Jina Ryu, Hye-Jung Hwang, In-Hye Kim and Taek-Jeong Nam*

Department of Food and Life Science, Pukyong National University,
Busan 608-737, Korea

Hizikia fusiformis, a brown alga that is widely consumed in Korea, Japan, and China, possesses a number of poten-
tially beneficial compounds, including antioxidants and anticoagulants. However, the molecular mechanisms of H.
fusiformis in hepatoma cells have not been elucidated. This study investigated the antiproliferative effect and mech-
anism of action of a glycoprotein from H. fusiformis (HFGP) in HepG2 human hepatoma cells. In an MTS assay, 25
pg/mL HFGP inhibited the proliferation of HepG2 cells by 52.36+2.37%. HFGP caused the dose-dependent growth
inhibition of HepG2 cells by inducing apoptosis and a sub-G1 phase arrest. The antiproliferative activity of HFGP
was confirmed based on the expression of several apoptosis-related proteins, which was assessed by Western blot
analysis. The expressions of Fas, Fas-associated death domain protein, Bax, and Bad was significantly up-regulated
in HFGP-treated cells, and HFGP induced the translocation of Bax to mitochondria and the release of cytochrome ¢
into the cytosol. Therefore, HFGP might be useful in the treatment of liver cancer.
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&= 11 ITH(Kim and Lee 2004; Jung et al., 2006).

B Aro)| AME-E E(Hizikia fusiformis)ye 2% A1 55 (Pha-

eophyta) ZAHH(Sargassaceae)ol| &34 =, F=t, Ao
Th sk thd Ay dAR LA EEA WY1} HEo] A
AzxA71%50] e Aoz 1wl QItk(Li et al., 2006). &
o th3t At Gt EIHLim et al., 1995), F-&-112-8(Koo
et al., 2001; Kim et al., 1998), 312 & Z(Jung et al., 2006),
FAESHRyu et al., 1989; Park et al, 2005; Ko et al., 2002) 5
CheFRE ofe]eha] A 5ol HiE|A|aL Qlout W ¢l4t7} o] Fof
Zl uj ot thalut Fof| val £of gFetavlol gt A A<
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Apoptosis (programmed cell death)= 7} 4| 9] ¥4 3} 7]
A 2E Fag TS sk FAE Q) sty dde
B2A, o] Y] Aol of, El3/dAS AIDS 9 A7t ¥
o ko] whAof hofsh apoptosis frieof whE FFE Al
FAPEE QAR QlojA T2 7| e R Bk Qlrt
(Kanno et al., 2004). ©]2]3} apoptosis T4 ol|= chafslt 714
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=0°] #oislH 37 extrinsic death receptor initiated pathway
¢} intrinsic mitochondrial pathway2] & 7}#] pathway7}
ZAgtt}. Extrinsic pathway+= FasL, TNFa2} 22 death-
promoting ligands2} ¥ % death receptor (Fas, TNFR1)2}
9] A Eaf Loy, ligand2}2] 23S death receptors2]
oligomerization2 4= 35}-1l Fas-associated death domain pro-
tein (FADD)&} -2 A EAkeke] Aghs £%1A1XItH(Boldin
et al., 1996). ©] & initiator caspase?] procaspase-8-< death
effector domain¢! FADDE 53] Z3}MH death-inducing
signaling complexE 3|E-A]7 procaspase-82] autocatalytic
cleavages =%15}9] caspase-8E5 &4J3SIA|ZIt}. Intrinsic
pathway+—= 2 n|EZ = 2|otof| A cytochrome ¢2] B-=of 2]
of| I8 apoptosis-activating factor 13} procaspase-9°]
Aslo] A= apoptosome caspase-99] EAIE &2
AlZ1E}, o]+= Bel-2 family 2] pro-apoptic members (e.g., Bax,
Bad)2} anti-apoptotic members (Bcl-2, Bel-xL)oll o8l =4
o] Elo] o|Se] el u]-go] wfe} apoptosis7} G H}. Bax/
Bcel-2 T+ Bad/Bel-2 H]&-9] £71= mitochondria®]| 4] A|3&
A= cytochrome ¢9] W&S A3} initiator caspases?]
caspase-83} caspase-9+= downstream®] caspase S 54 3}5}
o] apoptosisE =514 Hrt.

oepA 2 Ao A= o2 RE X A E(HepG2
cell) 541 A a5 7H gt d-S 55191 apop-
totic pathwayol] 242 o3| 7 28 7143 A 2 112} S

EH
=

Mz 2

0%

2 Ao AMEE B2 Aepd e e F FAlA Y
sho] AMEstR o, 5 JTEl A (H. fusiformis glycoprotein,
HFGP)S 7] 9l8) 8% Wrkgal7l 42he 22712 ol
sto] £ 2T 40 g G 575 1 LE 7ksto] 80T oA 3417t &
oF &319it}. o] & Y42 7](Supra-22K, Hanil, Korea)
£ AHE5to] 4,416 g, 4C, 302 oA EEskal A4S 3
ufj 3] 9] 95% ethyl alcohol & Z7}5te] 4°C, overnight -
whatman filter paper (No.2)& ZAzjyjo] & A A3+ .o
FF5% 80% (W/v)7h B == ammonium sulfateE 34713}
o] 4T of|A] 24A7F50E wrtsto] Gt A S FARA o o
chal A of] &2H% ammonium sulfatet= F4]9H(Spectra/Por
membrane MWCO 3,500, CA, USA)S o]-&5}o] 2| A0
™ 0.1 M NalO,& 25, 4417} 52 A&gk 3 20% ethylene
glycol & A7Hsko] ¥H3-3 HA|A7] ¥, 2eks 57| (EYELA
N-N series, Tokyo rikakikai co., LTD, JAPAN) &} 5Z274%
71(EYELA FDU-2100, Tokyo rikakikai co., LTD, JAPAN)E
ARgsto] B4at 22t ARl A-§ 3 ickFig. 1)

oldell A =32t HFGP | @A o] A& gelstr] ¢fsf

Hizikia fusiformis (Harvey) Okamura

2
Hot water extraction [80°C, 3hr]
Centrifugation [5,000 rpm, 30 min, 4°C]

¥
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Fig. 1. The systematic purification of Hizikia fusiformis glycopro-
tein (HFGP).

silver stainingS A A5} 15% SDS-gelol| A7) %% =
fixing solution (40% methanol, 10% acetic acid)ol] 2023+
IR B S5 58K 23] AZ5IITE ©] & silver staining
solution (1 g/L silver nitrate, 0.15 mL/L 37% formaldehyde)
S 3087 A Elste] FA18kaL develop solution (30 g sodium
carbonate, 20 uL 0.4 M sodium thiosulfate, 1.5 mL/L 37%
formaldehyde)of| A band7} &<21E w7}A] H-S-A|H 2™ stop
solution (40% methanol, 10% acetic acid) 2.2 Q-2 A%
A A & shelstgich. o] standard marker= dual color
marker (BIO-RAD, USA)E AMg-3l%itt. E38F, HFGP W] &
Sheks 3tols}r] 9]5ke] 400 uloll 0.5 mM glucose, 5% phe-
nol, H,SO, 2 mL #7}3}o] 8F-8-A]171 & Ultrospec™2100pro
(amersham pharmacia biotech, Little Chalfont, UK)E AM&-3
] 480 nmoj| 4| SF =5 S5k,

o

M|z H§ S

0

E A% o AFE-3F HepG2 (#HB-8065) Al E+= American
Type Culture Collection (ATCC, Manassas, VA, USA)o]
A L5kt A= 10% fetal bovine serum (FBS; Gibco
BRL, Gaitherberg, MD, USA)¥} 100 units/mL2] penicilin-
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Fig. 2. (A) The glycoprotein extracted Hizikia fusiformis was
loaded with SDS-PAGE and stained with silver staining. 1, pro-
tein marker; 2, H. fusiformis glycoprotein (HFGP) (B) The glyco-
protein extracted H. fusiformis was measured with sulfate-phenol
method. 1. H. fusiformis hot water extract; 2. H. fusiformis glyco-
protein (HFGP).

streptomyocin (Gibco BRL, Grand Island, NY, USA)S &3}
3t minimum essential medium eagle (MEM; Sigma Chemi-
cal Co., St. Louis, MO, USA)U A& AM&-5F92H 37C, 5%
CO, 27194 confluence 80% B Al A E = 22453t

HFGP A 2]¢] w2 HepG2 Al 22| -4 | A= JoFs ¢
o15}7] 918l 96-well plateo]] 2% 10* cells/well2 A|Z S &
=3} 3 HFGPZ 0, 6.25, 12.5, 25 ug/mL S=2 tj7|o] 3]
A5lo] v sttt 24417 vl oFst & MTS/PMS solution
(Promega Co., USA)Z #7519 37T, 5% CO, 714 30
EL7F 9RAEES- A 71 B ELISA reader (Benchmaker, Bio-Rad,
Richmond, CA, USA)E AF&-5}0] 490 nmojlA] SHEE =
skt

MZo| HEfslH s}

HFGP A 2o ut2 Ajazo] Fefets] Wals wastr| ¢4l
HFGP £ 0, 6.25, 12.5, 25 ug/mL & 2447+ 2] 5}5.0., o]
3.o] phosphate buffered saline (PBS)2 4|2 5to] A4k
78(Olympus IX51, Japan)e- ©]-8-5F0] 4008] Hij &= 253
o}

MZz7] 24

HFGP #2]of ¢]5}o] apoptosis?} G2 HepG2A| 3252
A v E 9lsto] =H]H HepG2 Al £E 2]4~51aL PBS®
A &5t 3 CycleTEST Plus DNA Reagent Kit (Becton Dick-
inson, San Jose, CA, USA)S AME-31o] 114 4 propidium

A
;@‘
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Fig. 3. Hizikia fusiformis glycoprotein (HFGP) inhibited HepG2
cells growth in a dose-dependent manner. (A) The cells were
treated with indicated doses of HFGP for 24h, and cell viability
was assayed by the MTS assay. “**Values having different super-
scripts are significantly different at P<0.05. (B) The cells were
visualized with Olympus optic microscope. Magnification, x400.

iodide (PI) 212 AA|513TE G4 3 DNA flow cytometer
(Becton Dickinson, San Jose, CA, USA)o|| Z-8-A|# ModiFit
LT (Becton Dickinson) program=- ©|-&-5}o] & duk-S-of w}2
histogram= 7+ A2 FE 2 2453

S|

M e A

Western blotof 2|gh chH

i e WHoks wEsty] s HFGPE s = A2
St AL RIPA lysis buffer [50 mM Tris-HCI pH 7.4, 150
mM NaCl, 1% NP-40, 1 mM ethylendiamine tetraacetic acid
(EDTA), 1 mM sodium fluoride (NaF), 1 mM Na;VO,, 1 u
g/mL aprotinin, 1 ug/mL leupeptin, 1 ug/mL pepstatin, 1
mM phenylmethylsulfonylfluoride (PMSF), 0.25% sodium
deoxycholate] 5 7}oto] Tl A 3]=3}9it). A2 4 vl
EZC o} & 222 lysis buffer [20 mM HEPES pH 7.4,
10 mM KCl, 1.5 mM MgCl,, 1 mM EDTA, 1 mM ethylene
glycol bis-N,N,NN'-tetra-acetic acid (EGTA), 1 mM 1, 4-di-
thiothreitol (DTT), 250 mM sucrose]S 715} Adlof AL
S5t @A == bovine serum albumin (BSA)S &
FEA & 3l+= BCA protein assay kitS AM8-5F0] 37C, 30&
b ¥E§AI7] 5 ELISA readers ©]-8-51¢] 540 nmo A &3

i

ST 4000 A 3087 HEEAIZ T AFEole B
il = E 5Us Hske] sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)Z 27|45
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Fig. 4. Effect of Hizikia fusiformis glycoprotein (HFGP) on the expression of cell cycle-associated proteins in HepG2 cells. (A) Cell ly-
sates were separated by SDS-PAGE gel, and protein levels were assayed by western blotting using specific antibodies. (B) Densitometric
quantification of the bands of western blot analysis. “**Values having different superscripts are significantly different at P<0.05.

slo] 22]3t & polyvinylidene fluroide (PVDF) membrane
(Milipore, USA)ol| o] A|Zt}. Membrane2 Al- 204 1%
BSAE #7}gt Tris-buffered saline containing Tween 20
[TBS-T; 10 mM Tris-HCI, 150 mM NaCl, 0.1% Tween 20
(pH 75014 blocking T4-3 A7 Fof 1} 37|15 TBS-T
ol 1:1,0008] &2 3 4j5k0] A 2ol 4] 2417k S-S A| ek, 1
3 22} A S TBS-Tol| 1:10,0000.2 3] A43}o] A1 20| A] 24]
7t 59t Bk-S-A1 7 21 super signal west pico stable peroxide
solution¥} super signal west pico luminol/enhancer solution
(Rockford, IL, USAY& ARg-5Fo] KODAK X-ray filmel 713
AlA e e ol 2] SHAJS kel chul el Wiy 4
=2 densitometer (FujiFilm, JAPAN) = LeR Slct.

SAXzE

Ao HE APRA dite Pkl £EHAH(mean +
S.D.)i LER M_Eﬂl, SPSS (Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA)E AM-310] ANOVA
test= HSRE 3, 222l Ato]7} Q= 5ol Histo] P<0.05
“=%29] 4] Duncan's multiple range testol| ]3] Hw-4k 7+ 2}
olo]l tht o4& HSsk3Th

HFGPZ= S CH(Fig. 1). HFGP= silver staining©-2 15
KDae] H712] 1191 bandi2 51151051 Fig. 2A),
Al ol gote] GO UFL ZAT 23} A4rE
E(36.7%)°ll HI5to] 32.3% ARt 4.5%9] o] EA 5kt
(Fig. 2B). whebA] 2 Ao AME-E HFGP= 4.5%2] &= 9
k=15 kDag] & ez oS gelstqirt.

HFGPOl 28t HepG2 M= ZA! Kol &zt

HepG2 A|328] F-4]ofl HFGP7} ofw gt Fak2 mfx|=A] &
ofR 7| 95to] N ZAYEES E4I3 A3}, Fig. 3AlA] e}
i vke} ZHo] HFGP 6.25 pg/mLojlA] 60.47 +3.85%, 12.5 ng/
mLo 4] 59.05+5.17%, 25 ug/mLofA] 52.36+2.37%9] %=
o|F2 F4] A5 k= Z o2 Yelygrtt Fig. 3B HFGP

of o3k Al254] oA FAtol thE AlZ e HkE Hof F
L A, Eo Z7|7F 2AED AEA S 1 By
ol S8l BFAlZ7E S7kshe @Al tlr%—_x}El ek E3H
apoptosis 'IAY A FHEE= A|Z W O] Ao whE mem-
brane shrinking=- SHFF Al ] 7151 P4 22 A2y
o] TSI =, HFGP A 2ol o3 ohA29] F4] of

A 9 FejHsh= HepG2 M|Z2| apoptosis -2kl 2732
g0 3l Qu]sh= Aoz HojZith

HFGPO|| 2lgt sub—G1 arrest

Az 4% 292 517] YaflA Gl AZ327]1E AA S A
272 o|aE|n] tEE 2k Ha} A ZEC Sub-GL/GL A
2Z7)0] WMEe Qlthrb A=t apoptotic cell deathS 2|
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Fig. 5. Changes of apoptosis related protein expressions in HepG2 cells. (A) The protein levels of Fas, FADD and caspase-8 were exam-
ined after treatment with different concentrations of HFGP. (B) HFGP treatment induced activation of the mitochondrial proapoptic path-
way. (C) Effects of HFGP exposure on location of Apaf-1, Smac and cytochrome c. Densitometric quantification of the bands of western

blot analysis. *>*Values having different superscripts are significantly different at P<0.05.



558 2ot e -

Table 1. Effect of Hizikia fusiformis glycoprotein (HFGP) on the
HepG2 cell cycle

HFGP Number of cells (%)
concentration
(ug/mL) sub-G1 G1 S G2/M
0 2.92 65.08 17.78 14.36
6.25 5.61 65.66 15.7 13.29
12.5 7.88 65.38 14.33 12.59
25 10.45 64.5 14.4 10.75

ok AlEE7F &4 Al = Al2EEE 5h7] Holl G A2
7loll W= A] apoptosis 2= 2 AR, T2 442 3 E
3 F A2 3 ANX2 A4k FckKohn, 1999). HFGP
A gl &3t HepG2 A|329] 54 A7} apoptosis f=of| 213t
ZRIAIE Felstr] 918l flow cytometryE ]85k sub-Gl1
of| &31= M| 2| RIEE =73} apoptosis?] HHBE AlA|
sholct. 241 Ay}, Al £ APES ofn|sh= sub-GlH]Eo]
294 2.92%2 YERG e, HFGP 6.25, 12.5. 25 ug/mL
] Al 5.61%, 7.88%, 10.45% 5= oE& 0 H|& Z71E R
S tH(Table 1). w}2bA HFGPO 2J3f Gl arrest”} -2 % HA]
sub-G1 hypodiploid 4|37} Z7}Elths 2 Ak Fig, 39] ¢
M52 Z-4] S| F/do] apoptosis =0l &J3 Lofd& SR
& 4= Yl AR HofXir)
Cycline G1 ¥ G27]ol|A M2EYL
S ATAEE sto] AT E e‘é}
S (Singh et al., 2003), CDK<%} cyclin complex'J ]
FAlolE BAetE o] A2F7|5 PA7| AN 952y ¥
Sh Zb=of o3t Nl &4 Al 54 A7) Ble9] S7t
ol Az S JAlskes Ae= A Utk(Jacks and
Welnberg, 1996). ©o]¢} ¥ 3}o] Biliran et al. (2005)+= cyclin
D] zhtdof o3 G1/S712 Al EF717} w2 A HdYw o] oF
HAS S wdtty B skt AT - 0IRFe] ZH o
=i 418 DNAS] A3k AL o1k ) 4
S fe 4 glon
22 AollM= Gl/S7I§ dol7h= T8 Al257] 4RI
cyclln-\—} cdke] 2 H3tof wkel HFGPo €3 HepG2 AjE
/H;(]—_O_ 7\15“5]___;(] 3}0] »5].0#1;]. 1;]—}:11411 ul—a] g_ El_/jls} 734.
HFGPE 25 pg/mL =2 A 2|A] cyclin D] 7 25.9%,
cyclin E¥= 65.4%, cdkd= 62.2% W& 745 YeRddch
(Fig. 4). =, HFGPo|| &J3t cyclin D, E, cdk 49] & #44E
ol A7) 2ol o] Foj A o] = HepG2 A|2£2] 447
= ARt ATHE Hof Al Stk
S Ao DNA 7o) dojubd ps3 oF oA o o
off p21 Tl o] W o] X w1 cdkE 2A|5ke] Rb ¢14kst
£ AR 2N AL G17] Hl&o] S7FsHA| Hrt wehA
cyclin} cdk THelA W Zhavof| whE G17]9] #32 F7ket o

F71ek
Ao

NFU

A = ps3at p219f WaS eelgt 7&4 FGP A Al
AN o) S

H el peazon 3ige

7] 9] v]&of #ofdl= Rbe] ¢l 2353 Zj]'i;j]—-g- LPE}IH%*
o} |25 oA Tz = o}L}o p279] 7% cdke] FAS
AAAIA G17] HI&-S F7HAI7| AL N ZEES Ahdals 93

& 50} B A3 94 HEGPo] Of3t %z 024 9l %
712 W TKFig. 4). o]4re] A2 HFGPo| 2]t HepG2 Al
29| 437 oA ATR= M 1 pS3 TS S43kA A apop-
tosisS =311, Sub-G17]9] %7} 2 G1719] A2 Bt
A4l DNA TAS olAlste] 8442 AIZ S48 Ahesto]

U Aake Ala g,
HFGPO| 2/3t HepG2 MIZ Ati7|x

Apoptosist= TRAIL H+= FasL} -2 death receptors©l|
o)l A% caspase-82 o] oA Q3 initiator cas-
pase= 283K Galluzzi et al., 2006; Jeong and Seol, 2008).
Tumor necrosis factor (TNF) receptor superfamilyo]] <3}
Faso] F asL7} A3l Fas-associated death domain protein
(FADD) 4 procaspase-8] 2J3l| death-inducing signaling
complex (DISC)E #4517 E™, caspase-82] &/d3}of 9
3} caspases cascade®] 2]3lo] apoptosis7} - H tHJeong
and Seol, 2008). w2}A] HFGP ] 2]of 2]3} apoptosis =01
death receptor pathway©l]| &3h= T d5o] Host=2&
golsly] Yote] Aol ml$ Lo 2 7lx] A S o] vt
& H3]= western blot analysis® 2H135}31 ™, 71 A1} Fas,
FADD, caspase-82] &H4J3p7} G-2]%| 0 &2 Z715|= A& 39|
3191k (Fig, 5A).

T3 Bel-2 familyol] &3t A& n]EZ =0} 75
9] Rz} n|EZ ol 9%t apoptosisE XA d= 5 Q3%

2AAZE 4 A St} (Fernandez-Luna, 2008; Yin, 2006). ©]
S apoptosisE 2 A|5H=
Bel-xL, Bel-w 2 Mcl-13} apoptosisE -3-35]+= pro-apoptot-
ic member¢! Bax, Bad, Bak, Bid ¥ Bcl-Xs&Z A= o] Qlc}
(Labi et al., 2006; Zeitlin et al., 2008). ©]2{3t anti-apoptotic
91 pro-apoptotic membere] 1] %] ufe} MLAE W A|EA}
o] AA =, o]57te] o] oA AA =W nEZEe
ool Al AIEZA R cytochrome ¢7} B<E] o] cysteine-related
proteases?] caspases, S A F7A}2l p53, DNAS] tH#H s}
9} ¢17+4] endonuclease 5] T4 4519 apoptosis7} -5
9he)= 7o g oA Qltk(Bowen et al., 2006; Shroff et al.,
2007; Reed, 2008).

w2bA] Bel-2 familye]] &38h= 42 71| 24 o] HFGP

of oJafi -=]+= apoptosise]l o gt IS vl A|=A] gt
A1}, M| EZAY 0] To]5l= anti-apoptotic memberQ] Bel-2 2
F o] 7ha W A EAFHO| 3o 5}= pro-apoptotic memberS!
Bax¢} Badi= §-9]2 0 2 27}l A1 © & Vel thFig. 5B).

anti-apoptotic member?! Bcl-2,



5 T o] oJjt HepG2 AlEZ54] A7 4 559

]

|2 53 Bel-2 family?] 2H-8-7]4 0] 2] apoptosis7} F=
< gelstict.

AR 7HA] apoptosis ¥ FHA7E go] LA glom, 1
oA T HEe T Faff aa Gk} T
12 Aog A Stk 53] Al2H|QA 9] T Eaff &

9l caspaset= apoptosis 5] a8t 2AJRZA] A&
b o] A S AlazofA St nEFEE o} oube] &
g4 Arefel proenzyme FEj 2 2R3} ItH(Cheng et al.,
2006; Jeong and Seol, 2008). &2 caspase= % caspase-82
2/J3}% death receptore] 2Jsl /3% DISCol| 9fsff 243t
w]o] effector caspase$l caspase-3-2 SAJ3HA 7|, AT
caspase-32 o1 E7F9| caspase?} PARPE AdtslAU 214
Ao g 9] 553} DNA Atho] g3k o] apoptosisE F
3514 Elth(Berg et al., 2001). |5 #£2] hlE 9] 5t
Q1 PARP S22 DNA A1, #44F AL Al2527] 23,
chromatin function, 2| ¢FAA U A ZAPES ZA51=
Aoz el A Qltk(Schreiber et al., 2006). Effector caspase
%l caspase-3 X -70] Z/J3}=H 116 kDad| A 7H
PARP T2 o] Asp214¢} Gly215 Afolof| A Z87} dojutn
85 @ 24 kDa2] tFH o & 2He]A| ¥ 31 (Lazebnik et al., 1994;
Kaufmann et al., 1993) A4 Q1 =4 7]59] Ab4lo] dofit
7 EIth(Nagata, 1997). Caspase-92] &43l= n|EZ o}
o] Al 5215 cytochrome col 2]l 4] /%l apoptosome®] 2]
sho] ke w SAJ51HE caspase-9-S- caspase-3-S B4 slso]
apoptosisE U o7|= 7o g ¥ 1% ¢ ck(Nataga, 1997). wheh
A 2 ¢TLo]| 4] caspase cascade 'WE 2 4] o] 1) 2= HFGP
©] 9 3FS western blot analysisZ 2+¢13+ A3}, HFGP # 2]oj|
9]5}o] intrinsic pathwayo] #ofdl= 21 & el caspase-3
o] AIE Holatgl e, 1 AF9] 7] 2l caspase-9 9 A| cas-
pase-39| W A3} vxrA| 2 /g E Thl o] Whelo] &
7¥shH caspase-3 2/d 3ol olgte] 714 Q1 PARP (116 kDa)<)
a7 9l ehs) d4to] HFGP =94 o= 2= gl
th(Fig. 5B). ©]+ anti-apoptosis T2 <1 Bel-20f| ©]3] 519]
717441 caspase-92} caspase-37} 2 &= o] apoptosis] -F-=
7} olofx]iz 702 HojAict,

Procaspase-92] &/ 3h= H|EZEg|ofol| A A2 Y= +
2okt A4 TSl cytochrome cf &S F8l 0] F014]
™, F2]% cytochrome c+= Apaf-11} 235} caspase-9 U
319 effector caspase®] S-S FE3t} Smace N EZEE
gjo} Yol Azjx]o] gl oLt apoptosisZ} A|ZHE|H AL =
2] =] T1APs (inhibitors of apoptosis)ol] Zglslo] caspase
£ Z4313F0 24 apoptosis7t X HETE 2 ALgAE cy-
tochrome c&] <2 G =5l= Bax®} Bade] whz ¥ o]
278kl cytochrome 2] W& JA|5k= Bel-22] @Hao] 7+
23k 24 (Fig. 5B) cytochrome c2] Al W ®&o] %138
=S g5k th(Fig. 5C). E3t A2 U 9] Apaf-1, Smac T

LBy HN oy oift

O

a2z o] v o] HFGP Ao o = Q&2 o= F7t6l=
oz Ho} o] 5 F3f apoptosis7} Dofit= A2 Hojzltk
(Fig. 5C).

olggt AutE & uf Zo2HE 223 HFGP= HepG2 Al
EZ7] 2 Sub-Gl H] LS 271471 G1/S7]|29] AL =
Hsl= o1&kl cyclin D9} EQ] WaS 9A|A|7] 1L p53, p27,
p21 TS SHY5L ATt SAof pRb 28-S SIA|sko] A
EF71E 2O EN HAE FAS JAIRE A om F4H
t}. E3F HFGPo 2J3F HepG2 A £ 2] apoptosis -2 in-
trinsic & extrinsic pathwayS 53t caspases A 519} 215 o
o] Qa2 &elskeleh

Al AL

o] =82 20109 FHE O] A0 Fa|tTe |4
1F210] 2 98 o} S E 91U T (4 Q1 s elof 4] A
AVl SRR REE A7) A gl A A, olo] 7+

A=y,
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