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Pachymic acid (PA) is a lanostane-type triterpenoid derived from the Poria cocos mushroom. Several
beneficial biological features of PA provide medicine with a wide variety of valuable effects, such as
anticancer and anti-inflammatory activity; it also has antioxidant effects against oxidative stress.
Nonetheless, the biological properties and mechanisms that produce this anti-cancer action of PA re-
main largely undetermined. In this study, we investigated the pro-apoptotic effects of PA in T24 hu-
man bladder cancer cells. It was found that PA could inhibit the cell growth of T24 cells in a dose-de-
pendent manner, which was associated with the induction of apoptotic cell death, as evidenced by
the formation of apoptotic bodies and chromatin condensation and accumulation of cells in the sub-G1
phase. The induction of apoptotic cell death by PA was connected with an up-regulation of pro-apop-
totic Bax and Bad protein expression and down-regulation of anti-apoptotic Bcl-2 and Bcl-xL proteins,
and inhibition of apoptosis family proteins. In addition, apoptosis-inducing concentrations of PA in-
duced the activation of caspase-9, an initiator caspase of the mitochondrial-mediated intrinsic path-
way, and caspase-3, accompanied by proteolytic degradation of poly (ADP-ribose)-polymerase. PA al-
so induced apoptosis via a death receptor-mediated extrinsic pathway by caspase-8 activation, result-
ing in the truncation of Bid and suggesting the existence of cross-talk between the extrinsic and in-
trinsic pathways. Taken together, the present results suggest that PA may be a potential chemo-
therapeutic agent for the control of human bladder cancer cells.
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(death receptor, DR)E "7} st= 9<% 4 Z (extrinsic path-
way)¢t mitochondria® "} 7} 3h= WA 74 Z (intrinsic path-
way)E T ot Extrinsic pathway®] 7%l & A 2t
of €413t DRl 574 ligand7t 23S 24 initiator cas-
pase?! caspase-89] &4 35 FHotn, BAEH caspase-8L
effector caspase$! caspase-35 A2 02 L5 AZOE
A poly (ADP-ribose) polymerase (PARP)# 22 7|4 ¢l
A9 23 E uE DNA 933 55 224 apop-
tosisE FEFTHY, 12]. SHAT of" zhd A= 2A43E
caspase-89] 2|72 0. & caspase-35 T4 3 A7]& Ao] ofY
2t Bcl-2 homology 3 (BH3)-only protein?l Bid¢] ©H3}&
&3l intrinsic pathwayE 73t apoptosisE F&#3t7] =
Steh[15, 18]. ¥ intrinsic pathway+ mitochondrial dys-
function¥} o] 91 o1, o] = caspase-99] L4 9 cas-
pase-39] &4 A =0l tHe, 16]. olHTF F HEY F&
21491 caspase &4 inhibitor of apoptosis proteins
(IAPs) familyol &3t Gl dE79] A4 A AFe 3t
o] 1E9 apoptotic 40 A2 + A7, 22].
E#[{f%5, Poria cocos (Fr.) Wolf]2 Ao} 72 -th 3+
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O FAZE Ao ATt AR 7o &4 219
w3l st Bk 229 #dS& YA =, °] 739
Wi Azke] mel MEH AEFor FFHAT, 13, 17].
EHo] 39 AeEA HE-E pachymic acid2 HE 5 & lan-
ostane type®] triterpeneZ| 3tg=olw, 1 FHAZA tumu-
losic acid, eburicoic acid, dehydropachymic acid, poricoic
acid 5°] Ba5 o] 9IT}[25, 26]. HZ ATl I3t pachy-
mic acid §95 5 443 L35, 28, 29] 4k ok, A
o AR A A, AZF7] A 2 apoptosis &
I 22 FAHE A AR B HojA L T[4,
8, 14]. 3FA 5t pachymic acidell &3l st FEEAH 24
g o g EA=A J)dd el HEe] B A
A7 B
metA £ AFdAe B8 F39 pachymic acid7} 1A
g A 2400 PR = ek a3ke] Astsha 7149 o4
< st T4 Mz F4 el mA= FEFE 2SS, pa-
chymic acid7} fet= 54 A @49] apoptosisel o] g
FEFE PAEAE At FAA AAE A7 o] &

Bashs 1ol

CERE

£ 2499 AHEH pachymic acidi= Nagara Science Co.,
Ltd. (Gifu, Japan)lA T 93t S™ dimethyl sulfoxide
(DMSO, Sigma-Aldrich Co., St. Louis, MO, USA) o 20 mM
FEE o Agsdnt. dAze FHYA A=E 54 3
7] g 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT)¢t Al Z 39 Fej s} A2S 93 4,6-dia-
midino-2-phenylindole (DAPI)2 Sigma-Aldrich Co.olA +
dstich dd 24 S st AHEH actin, Bel-2, BelxL,
Bax, Bad, Bid, XIAP, cIAP-1, cIAP-2, caspase-3, -8, -9 2
PARP &A= Santa Cruz Biotechnology Inc. (Santa Cruz,
CA, USA) Al T513H% 2.1, immunoblottingS 913 22} 3
A& AH4-E horseradish peroxidase (HRP)-conjugated an-
ti-mouse 3 anti-rabbit ¥4 Amersham Life Science Co.
(Arlington Heights, IL, USA)ell A 7931 Th. Caspased] in
vitro &4 78S 3 colorimetric assay kit¥ R&D Sys-
tems (Minneapolis, MN, USA)ol A #4384 th. AxF7] &
A& 915t AHE¥ CycleTEST PLUS DNA REAGENT Kit
T Becton Dickinson (San Jose, CA, USA)l Al T Y3t Th.

MIZ i, MTT assay & trypan blue assay

Aol AH83 T24 Al £+ American Type Culture Collec-
tion (Rockville, MD, USA)ell A & ®ol 10%2] -efotd A
(fetal bovine serum, FBS), 1% 9] penicillin ¥ streptomycin®]

Z3¥ RPMI-1640 1} A (Gibco-BRL, Grand Island, NY, USA)
£ AH&3te 37°C, 5% CO, 27 ol A v &3kl th. Pachymic
acid A gloll W& AlE S4 72l Y& FAe7] st 6-
well plateo] T24 Al ZZ welld 3x10°7] S £F3+2 pachy-
mic acidE A4 == Aglsto] wFsAnt. I F MIT Al
%5 05 mg/ml §57F HA Aefste] 2413 FF v Fata,
AE AAG & DMSOE 2 mly EF3ke welld] A=
formazans =5 5% ¥ ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)Z 540 nmo A §3=5 A3
3 A2 HEES A fsto 99 22 2HoR
AEZE v g F WX E A A3 phosphate-buffered saline
(PBS)E 2t well & 1 ml& H7bstd MEZE FHAZ O
0.5% trypan blue solution (Gibco-BRL)& &F 22 #7}ato
287 Aegstdth. A2 E samples hemocytometerdl] &
& & =9 #r|H(Carl Zeiss, Germany)< ©]§-3Fo] 4Ho}g)
Axe & Wi

¢

rir

DAPI staining®il /8t M= o] SEf &

Apoptosis7t 2 E NS B¢ FolH R YEe 39
'643]2_4, H3lE #2317 9138+ pachymic acid7} A2 E AlE
£ 28 g8 2,000 rpmlo 2 587 94 st A AE
A ABkAL 37% formaldehyde &3} PBSS 1.99] Wl &= 42
fixing solutiong o}zl Mo 500 ul H7bete] 83 4]
3, 4eoM 108 5% A4 H T 2 4H AZE 2,000 rpm
O 2 583 U4l Ee38t9 fixing solutions A A3t PBS 200
ol EH/AZ & AE7E £gEH 9= PBS 80 plE slide
glass $loll o= g 1 1,000 rpmol Al 5&3F cytospindle] Al
X E slide glassol &3ttt ME7 F244 slide glass®
PBSE 2~33] A& A A3} 1 PBS7} mk27] el 02%°] Triton
X-100 (Sigma-Aldrich Co)& A 7}3ke] Ao M 1087+ 14
3 % 25 pg/ml FE9) DAPL £94< Agake] oA 158
H GAEtgiTh @A o]l B ¥ DAPL 945 FEtA A& st
3 mounting solutiong A2 d & &34 &n |74 (Carl Zeiss,
Oberkochen, Germany)< ©| &3¢ 4008 9] Wl & =& 7 ¥ &
of e dAz o Fey WHEE AEsAT

DNA flow cytometry 24

Pachymic acidell 9 8to] #2¥H apoptosis®] AEE B F
Aoz §Ast7] 9Jste] A4 9 pachymic acid7} 24413t &
ot AgH AEZES 2E T 2000 rppm & 583 44 £
sto] FE54E A AT F PBSE o] &3t 2~33] A& A H 3}
Atk #HE A EE CycleTEST PLUS DNA REAGENT KitS

clgstel 24 2 G4 skl 40, BUAA 02 U B

S AAY. BH-5A 7] AEE 35-mm meshE ©] £33t T A
g §g3 ¥ FACSCalibur (Becton Dickinson, San Jose,
CA, USA)E AEANA F3uk-go] mE Cellular DNA con-



tent 3 histograme CellQuest software 3 ModiFit LT
(Becton Dickinson) Z2 1% & o] &3] B35 9t

2y

Western blot analysisOi| 2|8t EHHZE EI5i9)
3719 FLE o Agld Ao A3 lysis buf-
fer [25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM EDTA,
1% NP-40, 1 mM phenymethylsulfonyl fluoride (PMSF) 5
mM dithiothreitol (DTT)]E #7}sted 4Tl A 143t &<
SAIZL &, 14,000 rpm 2.2 3087 YA 25t ”é]'%—@:‘
At total BHMAL By, A=A gud Eg
Bio-Rad T & A Al clF(Blo-Rad, Hercules, CA, USA)%}
2 A wet A @ ts FF9 Laemmli sample
buffer (Bio-Rad)E 41914 samples THEUT 5% sam-
ple= sodium dodecyl sulphate (SDS)-polyacrylamide gel-
o] &3l A7|YFoE EE 3t & nitrocellulose membrane
(Schleicher and Schuell, Keene, NH, USA)S.Z electro-
blotting®] ]38l HolA ATt Feld @@ do] Hold nitro-
cellulose membrane 5% skim milkE 2| 3t4] H Eo]H<l
G A Sl thE blockings AAISHI 12} A& A 2ldho
A 243 o] = 4T A over night AZ Th
PBS-TZ A& (15%3F 19, 587t 5H)3ta A | 12k A o
9= 22k A (PBS-TE 1:1,5008.2 8 A38te] AH8)E AR&3)
of ZeolA 1A A HEEA AT, HHeo] B F A
enhanced chemiluminoesence (ECL) solution (Amersham
Life Science Co.)& A&7 th5 Xeray filmoll ZEAA &
Aoy g By ofe EAsA

r{rér

Mitochondrial membrane potential (MMP, Adym)
3o £H

MMP gte] M3 o1& ZAEH7] 93He] dual-emission
potential-sensitive probecﬂ 5,5,6,6'-tetrachloro-1,1",3,3 -tet-
raethyl- imidacarbocyanine iodide (JC-1, Sigma-Aldrich Co.)
£ AHgetdth A4 ARt pachymic acid7} A2 ® A ZE 22
%, 10 pM 9] JC-1 &4 & o &t A, Fate] A
HAAME AFAT 0% &, JC1 8% AlAS A PBSE FA @
% FACSCaliburg ©]-8-3te] MMP9] %2 ¥istE zAbstit

In vitro caspase activity £&

Apoptosis el oM Fad A&S e AR 4
A caspase®] €4 A =7} pachymic acid A 2] ¢jste] ofw
g WstE fdsteA dotiy] ffsted A4 2 pachymic
acid7} A wlA oA 24417 Wl FE MEE B FH ]9
Z9s yo g oA 22350 AP dHTh 150 ugﬂ
g o] g8 50 e sampleol] 714 100 pMo] 2
reaction buffer [40 mM HEPES (pH 74), 20% glycerol (v/ V),
1 mM EDTA, 02% NP-40 and 10 mM DL-DTT] 50 ul& &%
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kel Z sample B & %Fo] 100 ul7k HA At o} 71l cas-
pase-39] W& 71A 5 uE ks 37C, GAAAM 343 F
QF ¥FE-A|7l & ELISA readerE ©|-8-3t4] 405 nm®| &455
ojgste] HEof AEE FAHsAT. Al AHEHE 712
caspase-39 7 %ol & Asp-Glu-Val-Asp (DEVD)-p-nitroani-
line (pNA)°IS11, caspase-89] 7ol Ile-Glu-Thr-Asp
(IETD)-pNA°] 91 2.1, caspase-92 Leu-Glu-His-Asp (LEHD)-
pNASIH.
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Fig. 1. Inhibition of cell proliferation by pachymic acid in T24
human bladder cancer cells. Cells were seeded in 6 well
plate at 3x10° cells/ml and treated with the indicated
concentrations of pachymic acid for 24 hr. Cell number
(A) and viability (B) were measured by the metabol-
ic-dye-based MTT assay and trypan blue assay, re-
spectively. Each point represents the mean + SD of three
independent experiments. The significance was de-
termined by the Student’s t-test (*p<0.05 vs. untreated
control).
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sayE A AT Fig. 1A B Boll ek wke} 220 pachymic
acide A& 55 EHOE T4 N Z9 A& A g
=4 O*Xﬂ FH4E BAFAT. o} 2] pachymic acid A &
o s $4AA 7} apoptosis &7 2 H AR Ao
NeEAE —ZL 5t7] 915t B4 2 pachymic acidg& A4 FE
2 A WA oA 2443 L il FH T24 A ZAA F
3} 3 sub-G17] M Ee] WIEE 2ASEAT. WA Fig.
2A9] YEHd vhgl o] Sqke] SojH o AGsts FFE
A< DAPL 94 AN A3, A iAol A 2st T24 A2
oMz 8o Fejvt FElsA 43
mic acid’t A2 MES] F5= A =9 7t wet
apoptosis7t ol Al M AYPH o2 AAH= G &
Sl 93 apoptotic body7t #2 = Ath th& 2 & pachymic
acid A 2ol W& apoptosis T FEE FFH O vl £
Aet7] flete] 4719 FYE 2708 WdE T4 AEE
EH"LO Z flow cytometryE ©]-&3t] apoptosis7} &5 1
< AR JRE = subGl7]9 HFse AEE SH3 27
Flg 2B uehd wheh 2ot Aol M & 5 UKol A4 WA
A A GAMEAA Y 24 F apoptosis i WEE
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Fig. 2. Induction of apoptosis by pachymic acid treatment in
T24 human bladder cancer cells. (A) Cells were treated
with the indicated concentrations of pachymic acid for
24 h. The cells were fixed and stained with DAPI
solution. The stained nuclei were observed under a fluo-
rescent microscope (original magnification 400x). (B) To
quantify the degree of apoptosis induced by pachymic
acid, the cells grown under the same conditions as (A)
were evaluated for sub-G1 DNA content, which repre-
sents the fractions undergoing apoptotic DNA degrada-
tion, using a DNA flow cytometer. Results are expressed
as percentage of the vehicle treated control + SD of three
separate experiments. Significance was determined us-
ing a Student’s t-test (* p<0.05 vs. untreated control).

37% wj§- Bk} pachymic acid A& FE7F Z7HEFE
sub-G17] 9] Al29] W=7} F7kste] 20 uM A 2ol A= oF
24.8%° A Fote MEIL sub-Gl7]1 2 BEHT o3| 2
&= pachymic acid A2l & & F24 9 A7} apoptosis 2
I I dHo] dewe He FE Aot

Pachymic acid &z2|0f| [LIZ Bcl-2 family 2IXIS9| &
& i3}

Th&-& apoptosis ' 2ol glojA 7HE hEHQ F4
A2 &7l Bel-2 family 1259 @@ A= pachymic
acid®] @& Western blottings ©] &3] AT 1
A7 Bel-2 familyol &3t AAE F, pro- apoptotlc Az
2l Bax ¥ Bad®] @o| pachymic acid #2] §& &4 02
A F7HE A2 H, anti-apoptotic %@X}"] Bcl-29}
Bol-xLo| &> @A s ZaHUT =3 Al ZZ ) 9l Bid
9] % caspase-89 &4t 93 truncationo] YL} tBid
2 5% mitochondria® ©]%53}Y intrinsic ZE2E ZFZ A7)
= vl AR delx 9l on, pachymic acid A2 Al Bid9] &
Fo] ZHastal tBide] wE o] F7hstAth(Fig. 3A).
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Fig. 3. Effects of pachymic acid on the expression of Bcl-2 and
IAP family proteins in T24 human bladder cancer cells.
Cells were treated with pachymic acid for 24 hr, and ali-
quots containing total proteins were subjected to
SDS-polyacrylamide gels followed by immunoblot anal-
ysis with specific antibodies against Bcl-2 (A) and IAP
(B) family proteins, and an ECL detection system. Actin
was used as an internal control.
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g3}

T2 apoptosis =0 FA A H&S 8= caspase &
Ndse FHE Al IAP fam11y°|] 43k AP,
clAP-2 9 XIAPY| ¥ #3E Western blottings &3l &%
stglom, ZAHE 3744 IAP family IAHE9] &8 0| pachy-
mic acid 2]l osto] A A 7HaH A Th(Fig. 3B). 1]

AE A¥E 9 pachymic acidell 9]3] %5 = apoptosis
HA ol Bel-2 2 IAP family JIAHE<] #d Walrt 83

q2e Ihe AL ¢ 4 AU

MMP &2t0f| D|X|= pachymic acid2| A&

o] o] Ao A pachymic acidol &3t apoptosis®] &
o] & mitochondria®] 7|5 &40l AHHA S 202 FHH
] mitochondria &4 ¢ H7I& o] &5 &= MMPY %< JC-1
Ao Fate] BASIAT Fig 49 AFdA & F A%,
pachymic acid®] & 557} %712 45 mitochondria®l 7]
Tol AHHLE o] FAAIL &S HAFE HYF M
s AEY F7h ZHaE wE, MMPY A4S oH|dhe 53
BAE de AEY 71 S74E A, ol pachymic acid A
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Fig. 4. Effects of pachymic acid on the MMP values in T24 hu-
man bladder cancer cells. (A) Cells were treated with pa-
chymic acid for 24 hr, collected and then incubated with
JC-1 (10 uM) for 20 min at 37°C in the dark. The cells
were then washed once with PBS and analyzed by a flow
cytometer. (B) Results are expressed as percentage of the
vehicle treated control + SD of three separate experi-
ments. Significance was determined using a Student’s
t-test (¥, p<0.05 vs. untreated control).
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g o W& mitochondria 29 I& F57F Z71EUSS By
# Aot

Caspase?| &4 3! 7|2 EHEOl &30yl D|X|= pachymic
acid2| g&

Extrinsic ¥ intrinsic pathway] 2435 5% a poptosis
o= o8 79 caspase’t FAstE A0 YA
7]°ll, pachymic acid A& ol ¢]g apoptosis F&l 9] /‘1
o]g9 Ao Hste A9 ARE 2AEIAT. UA cas-
pase® I AEE AT A Fig. 59 A e upe} 2ol
pachymic acid 2 Al caspase-3, -8 ¥ -9¢] &4% gz 9|
wdo] 2715y BEFAE dilde] o] 7HAEE Ao E
UES T mebA caspase®] &4 o FE AFHCE A2l
3t7] A8t in vitro caspase B4 & 43 23, pachymic
acid A g ol w2} caspase-3, -8 % -99] &4 %

Hlastole o A8 g5 2 oR F94
= ¢ U (Fig. 6).

g A3 caspases Al EZ O FAARA YEol D44
AZ Y F2 E}““’é‘%—% Tl 5 gon, dHsrt Lo
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3, apoptosis % Al caspase-3°] 9J3f #3]7F doJyH
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Fig. 5. Effects of pachymic acid on the expression of capases
and PARP in T24 human bladder cancer cells. Cells were
treated with pachymic acid for 24 hr, and aliquots con-
taining total proteins were subjected to SDS-poly-
acrylamide gels followed by immunoblot analysis with
specific antibodies and an ECL detection system. Actin
was used as an internal control.
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Fig. 6. Activation of caspases by pachymic acid treatment in
T24 human bladder cancer cells. Cells were treated with
the indicated concentrations of pachymic acid for 24 hr.
The cells were lysed, and aliquots (50 pg protein) were
assayed for in vitro caspase-3, -8 and -9 activity using
DEVD-pNA, IETD-pNA and LEHD-pNA as substrates,
respectively, at 37°C for 1 hr. The released fluorescent
products were measured. The data are expressed as the
mean * SD of three independent experiments. The sig-
nificance was determined by the Student’s t-test (*p<0.05
vs. untreated control).
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HZFR T24 A9 AEE 5 54 A4A U]j]
o]¢} AFE apoptosis T o F L #AH QAAE

—75*}5}%‘3} ol & 913t WA pachymic acide] A ]l
gt A3, pachymic acid A& 5%
AR AES Y Z“oﬁﬂ ol L}EP’LO”%(Flg- 1),
achymic acid®] Aol &3 A E HE& 9 F4 94
apoptosis 27 DA ARFo] & ALE 7|UH
Hd SAE AABE7] st GAEe] & F WS
&3t A3}, pachymic acidg A gstA ¥ GA LA
Ho| Pt FelshA Aoz dAo] Aoy pachymic
acid7} A d YA EY 7§, pachymic acid A& & &
Ao AMA 5 o apoptosis7t Fold A ZeA A
A o2 #A ¢ apoptotic body7t 71 He AS 2T
T AATH(Fig. 2A). °| = nucleosome®] linker DNA F-&2
Acto] 93 DNA @3l A#o] 2R pachymic acid®]
gdo 93 GMEe ZA94 2 FeA WFPo] dANTY
apoptosis T3 WA #do] J&E& A F AL

2 A5 oF2d flow cytometry &4 o 93 apoptosis

o rm
of
1z
J

o

o 1
=2

e
nP#

%

i AZZo s Fete sub-Gl7] ol &3tk

9 Al pachymic acid A 2] §% 9J&H 02 F7}5 0] pachy-
mic acid A 2lo T2 FAE] T4 A= apoptosis
ARAQ dHel dwe & AN (Fig. 2B).

Apoptosis & oA T8 HE-E 3= Bel-2 family
+ mitochondria 9] %ol £A3t1 9loH, v 749 Bcl ho-
mology (BH) domains (BH1 - BH4) % &4 & 719 do-
maing X33 91 0™ mitochondria 715 BEF AHd
AAA FaF 9FE 3ttt Bdl-2 familydl &=
Bcl-2 2 Bel-xL 53 Z2 apoptosisE 9 A 3} anti-apop-
totic -4} Bax, Bak, Bad, Bim ¥ Bid ¥ Z-& apoptosis
dx}‘i :fl"éﬂoi M-g-tq, an-

ti-apoptotic ¥ pro-apoptotic frH A& dimer®] e E 2
ol L o] Fu e Aoz dHA 11, 20]. A
gk o] & Afo]el #¥o] 77H°11] Al H¥ mitochondria W25
Bl |22 & cytochrome ¢ 5% #-& apoptosisE st
EAE0] W&o cysteine-related proteases?] caspase %
DNA?9| @339l A3 endonuclease 52 &4o] F715
apoptosis7} frE#® T3, 21]. kA £ Ao A= pachymic
acid A gl ©J3k apoptosis Lol #oAdte FHAS] S S
93k apoptosis®t @#A S 7HA = Bel-2 familyol &3k
Fazte] HdE 2AEH T 1 A pachymic acid A# &
T Y& 0 F Bax, Bad % tBid @AY Hd 79 HEo
Bcl-2 3 BalxL B A9 W@ 7H47h ## o (Fig. 3A), pa-
chymic acidell ©] & T24 Al £ 9] apoptosis &l Bcl-2 family
of &3tz FAAY BHY MEo] F2F 4L ke AL
2 A58 oF2¥ pachymic acid?] A€ w2 MMPY
2412 pachymic acid®ll 2| ¢ mitochondria 2t} wgto] &
HAeS st Ao 2 (Fig 4) 0|23 MMP #9 HE&
Bcl-2 family @2 o] Wd wiste] o3 Aolgt FAHT

g4 apoptosis 2 o]l 1014 caspasest A A 02 AY
dto] A4S dAlstE A2 ¢EA AP familyw HHE

FAHEAN A Tdo] Holglomz & A7 A o=l A
F4< 7 E 9ol He ﬁﬂi A A2l A7A
e g S/ IAP UA=
% degradations %3+ RING finger domain %+ pro-

-”E.‘E_O H T

apoptosis®]l

g faste pro apoptotic fr

2 caspase®| ubiquitination

tein-protein interaction 7]5& 3} caspase-recruitment do-
main (CARD)= 7}AH, & 7l ©]/<] baculovirus IAP repeat
(BIR) domains 7HA& 202 4elA Qlth. 53] o5 F
XIAPE 713 483 IAPRA 2o FAZANN 2 75
o2 EAs e AoE WA QT2 7]. Pachymic acid
Aol gk SHHZ 9 apoptosis 2ol IAP family7} 2o 3t
EAY 9HE 2AG A3, pachymic acid A2 §& &3
O 2 T4 MEA A 3714 9] TAP family @92 & 59|
o] 7459 thFig 3B).

Cystein-containing aspartate-specific protease family<l
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caspase =38 apoptosisdl] 93] FEEHE B2 A
Fej A st JdofA mf LT 9&E &=

7 AT}, Caspaset large subunit?} small subunit® & T4 &
of slow A7t Agdez 44 3 AEL 9 A3 mi-
tochondria®| &|2tell &4 Aej¢l proenzyme FE = ZA)
&tA 5k apoptosisS FEsHE AIZ U/ 9] AZo] o3t &
Ao 24 g d S S T o] 3 caspase
T initiator caspase ¥ effector caspase® T 1A H 573

o
o 1t

b

e
> 1 b
= rr

effector caspase?! caspase-39] 74 5ol & extrinsic pathway©l
oJste] &4 3lH caspase-8 ¥ intrinsic pathwayell 9jste] &
A 3He caspase-99l oJsto] EAsEof o TR 71E T
AEE FaAlFOZH apoptosisE st T2 T4 &
EV% ATt Caspase-3¢] 7] dd#d F 3tuQl PARP @42

< eukaryotic nuclear enzyme family =4 DNA repair, 4
A AL AZF7) 2, GAAH 7], genomic stability 2
AE £ 243, caspase-37F E4 3 H 116 kD2 £
A& 712 PARP B A o) Asp2149} Gly215 Abol o A &3
7b dofubAl 85 9 24 kDa®| @ O & proteolytic cleavage”}
YojuA apoptosis FH& YT 44 G4 S g53t= A
OS2 EHA A28, 27]. wetA £ AFol A= apoptosise]
T8 4TS = A0E ¥ caspase3, 8 X 99
o pachymic acid7} o wdt ¥ &< ]7<]h A& ZAY A3
caspase-3, -8 3 99| &4 % dhld w9 A &4 7}
£ FAst4 o, caspase-3<] ]%‘%H—.@_‘ﬂ PARP7} pachy-
mic acid®] A2l ot dusrt FLHUSES Gt
(Fig. 5 2 6).

o] 9] Ao A pachymic acidE extrinsic ¥ intrinsic
apoptosis pathway 2] 7§ A1l A Al H&-& 3= caspase-8
999 A4 BT FIHAF o, o] uhE caspase-39] &
57l 9J3te] apoptosis7t rEH AT & F AU ol
Y3 F A2 FA A3 o= mitochondriad 7% 443}
Bcl-2 ¥ IAP family] @& W37} #4sta gllon, 53
tBid®] & F7h= pachymic acidll €& intrinsic pathway
s SEAN7E EHE AEAS Aolg FHET. HELY

Az Bt A AT S 2E AL FFe 19
BAR B4 9 AEZFEANMY 7R S B8l 2lo] Fad)
of B A9 AstE ¥ g 27} 4%

% pachymic acid® 43
< A 712AREA 27T g & A oR AREY

ZAl 2

of =R BT ST A%IA S
AT7H L.
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