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Abstract

In the last years, the strategy of selectively killing tumor cell by the induction of
apoptosis has been addressed extensively. In this study, we have addressed the
cytostatic and apoptosis effects of coumarin on human cervical carcinoma cell lines
(HeLa). Treatment of HelLa cells with coumarin resulted in the inhibition of cell
proliferation , arrest of cell cycle in Gg/G] phase and commitment to apoptosis.
Inhibition of cell proliferation was examined by MTT assay and flow cytometry. The
inhibition effect is dose-dependent manner. The effects on cell cycle phases were
determined at 100 ¢ M of coumarin using flow cytometry. The same concentration
were used to study apoptosis, detected by morphological cell changes, sub-G| peak
detection and ladder fragmentation occurrence. Coumarin also induced the levels of
Ca’" concentration and decreased the levels of mitochondria membrane potential in
HelLa cells. Moreover, the redox events associated with this compound and the protein
levels of molecules involving cell cycle regulation and apoptosis have been
investigated .The production of reactive oxygen species was slightly increased only
after 30 min of treatment with 100 ¢ M coumarin, reaching a maximum at 36 hr. The
results also demonstrated that coumarin down-regulate the expression of cell cycle
progress factors cyclin D, Cdc25A and CDK2.The coumarin up-regulate the
expression of cell cycle progress factors cytodhrome c¢,p53 and p21.The active form
of apoptosis key enzyme caspase-3 was increased and the apoptosis inhibitors Bcl-2
and Bcl-xI were down-regulated.The apoptosis inducer Bax were up--regulated.

Overall, the results suggest a pivotal role for oxidative stress in
coumarin-induced apoptosis and, taking into account that tumor cells are deficient in
antioxidants, suggest a plausible utilization of this compound as an anti-proliferative

agent in cancer therapy.
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Bt Mo TGF-B ¢ #ril Cdc2SA chfifdr o 15 1 i %e tb 8 ek Pwhpe v o
% KIP/CIP families » & 451 p21(CIPVWAFISDID | og(KIPD) ) 5 57(KIP2)
wimie T feimie B PRT 0 BT pS3 - BERDES B E- B
A S enri B dr | AR F) 0§ e 4k pS3pF ¢ L IRDNAZE o4 72 i (mitogenic) % T
Tlgem @ e 5o = o 2 b i 5 7 a0 24 39 Fijr% ATM (ataxia telangiectasia
mutated)frATR (ATM-related) 73 | 4z e ATMAE o #p3 Sc s B i F] 3 s i
%4 o ATMAPATRA ] 5 1 #6334 & B:CHK2{rCHK 1 » CHK 1 o m ¥ 1% ¢
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3 % & 244 CDC25BEfL 1+ ¥ 44| CDKs#fit ©* o CHK2frATM 731 &, 55p53
FHFp219PVA Gk . 4 4% &< ¥]5 (Puma, Bax, Noxa) » DNA 4 4 fr§ it
B4 AT o 43 $HDM2 © pS3E- fad b RUESF0 5 FATM AW i 7 5%
i H b 0 @ U % % (ubiquitin)d: £ fFHDM24E & p53 1 fm % $2p535 % A B o ¥
~ BGlehz & 835 i 5 pS34cRb2 A 45 % & % it chRas » MycfrE2Fz 47775 o
s e k9 4 M T3 ¢ 45p15 - pl6~p21 ~p27 ~ p53 ~ CDK2 ~ CDK4 ~ CDKG6
cyclinD ~cyclin E% R 2 Gl > FF L& chd o

Sz & k= (Apoptosis)
sn¥2 k= (apoptosis)&_— fAlmiy p BB 0 U Ir e _?75‘« ¢ oeimie #cp T
R BEmeEtE st o oo delmie Lo ik - X B = £ E(death
receptors) o @ &= X B & WP Plmre b g = G L o T e poA R v
A= ] 0.
fm¥e k= (apoptosis)* FL i et F M- o AR Pilwie ihd £ 8 e
LRV ES RS EE LRI FLy R SLE
b lmrecnd R8¢ 5 fmPe k= (apoptosis) » — A 7 B AF m e e p
ZFE R TR o @ 4 B L"T 2 E e k- B9 ‘m”z?i\a 4 ez BT gk
Flo i mie = RRARPr L H P AL DA FEIFT P g3 e g2
A fe A o n R FHEFA LD FATT A 0@ F e 2 UTH 2 B e
fmP2 &= (apoptosis)E? ‘m ¥z 3 7+ (necrosis) i fr >t apoptosis e77F = F_
Hd 2 DNA B g A FTRIER D )% ] 4 (apoptotic
bodies) » d H %3k & macrophage & " a2 o e k= 3 P E PG 0w
A DRI AL SN E B R Flme T A R AR oA E AP A F N
% o @ necrosis  WAME S > A H - Vg A g s e el R
FUFFE 2 H2 R Bl o FBAR G IR o
M apoptosisi caspaseF (% & & R % > caspase-speciﬁc inhibitors € Fr 1] i1_
i apoptosis= {1 g F|+ > ¢ {¥ Frcaspase frapoptosisy ¥ » L F F (XL & i
¢ o frapoptosisizd iHpF i 5 caspase ¢ /& (b apoptosisiE T 0+ ¢ TR ik R e
el we il A B oenpEF E 3 27 BT Prancaspased & it caspase e m e k= e
%o g A2 DNA R B eniir B 5 R AR 7 —F} F|DNA laddersn 2 4 - @ caspase
3 AR B Y - ¢ FE4Acdnccaspase o caspase-2 0 -8 0 -9 <10 ¥ — R
% 3 %% (effector)cicaspase » 7 caspase-3 » -6 » -7 » % caspase/® i* & » F (T % &
caspaseg Bimie ¥ Fon Bl fRH o Bis WK e = o
w o ‘f__ﬁ%ﬁ BT w chmre k= > B ¢ f dicytochrome ¢ - A% + @
Qmﬁ,@ﬁﬁﬁ»w s Bl R AR enimre B L g % 1t Apaf-1 » i&m %t caspase
9> m Smac/DIABLOg polstEE > 1 rd|IAP ﬁ»a » & caspase-9 1% * @ HiE
apoptosis33 v @ Bel-2 R2E Fu € S imre k= XA AF & A B R AU g
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@ {5 §# 11 Cytochrome cfr i F-v o @ caspase uk # ;8 & RGP EIEZE &
HIUTINFROER Ba £ R Mm% k= > L7 %8 Bid ~ Bel-2 72% » &4 5
mitochondria-mediated apoptosis - Bax % ¥ — #Bcl-2 3#2% > ;ﬁ d gL TS Y M K
4v o @ {4 Jcytochrome cfed # F-v o @ Bcel-2 ~ Bel-x1 § B 2k 343 A5 =0 3 2 g7
fnPe k= o tm¥e k= {1 ]+ (apoptosis inducing factor) £_¥ — A4 Fl+ € §#

Nwmie FrAgdeie k= wie k- (EFF s PR - E2R &5 7 F R
4343536

<

caspase %] £

= Apoptotic Death
£l

Effector Caspase 6
Caspasas Caspase 7 Caspasa 8
Caspase 3 (L
£l

Pro-Caspase 3 _ BID . BaxBAK
IHrOo-Laspase &
+
Caspasae 9
Laspase 9
t mTe
Pro-Caspase 9 Apaf-1 Smac/Diablo
SVt G
Pro-Caspase 9 A paf-1 S
A_TP

Edac

Apaft-1
Benzodiazapine

0 Receptor
Ceramide

oxidants. 3 \
Ca++, ™ \'l

i e S -0 =

Bcl-2

Solubes=
1500 Da

Bl f“‘q‘*‘sﬁl LR fﬁ’%ﬁm’?é A= eI % o 1! f Biocarta
(Dimee = 2 &

‘bt B fd death receptori® m % M b end ;X BE LAzt d 4 2
{5 Bz o § B Frapoptosiseiis P2 {5 € iFitcaspase > A A R F N K @ gt RID

i# & {%P-» 4oCD95 (Fas) ~ TNFRI1 ~ TRAIL ( TNF-related apoptosis inducing

ligand ) # B ¢F &pei > R E ke b iv* ¢ > INFP 23405 Bid4)
AMERREELEFRY  PHAFF-L L & o T Fd ¢ FETNFa -
lymphotoxin-ai\l - ~ Fas ligand (FasL) ~ CD27L ~ CD30L ~ CD40L ~ TALL-1..
% o TNFapf o frflip oo Aty - BE& i d > FT 7 88
Wiz 4F Al P 6 A (T Fagrmre = Yo
(2)im®e = 2. N BRIT

MRS R AR S A e k- > 1 & . d caspase F-v fr Bel-2 R
% J-v %87 o Caspase 712> % % Cystein aspartase > % Cystein /5 i 7% £ e
v f* o Bel-2 family # 4 7 Bcl-2 ~ Bel-XL ~ Bel-Xs ~ Bad ~ Bag ~ Bak ~ Bid - £
4 R E JEFIE 2 L
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%7 & Ei3 i F(Reactive oxygen species)

FMEREFEFE e @2 Fanbl o0 83 AR ABPTE L - A
~ehpl A F T EE Y4 (ROS - reactive oxygen species) » 3% ROS ¢ #§ %
i > i DNA 3 > &7 i g #3531 - ROS 4rdz § 19154+ (superoxide
anion)~ - ¥ i § (nitric oxide ) ¥ & 2 & 3R % § B o &4 NO (nitric oxide ) »
goR e By Mo r‘Cﬁﬁ»'l P Z_ROS #4328 F_ 7 4F » 18 k2 P42t ROS ¥+
AR A A F ReehdF i Bt § YR 4 (oxidative stress) 0 @ JI* B F L B fE
(superoxide dismutase) » {- i it iz (catalase)™ M ¥H4if P R4 M L4 b Fom &
FREFDAFRE I N RFUEL L S P o BRBE Y hF R G
4_ultraviolet light 2 &_reactive oxygen species @ 3 2 tfie $f3tef St dofrm 3 > 33
GRAF e 2B QBT g oA TR w L P ea S RS
A R p66™  FiL iF 5 +ﬂm%m FERPURS B E 2 @ p66™ £
— 8 p52°/pa6™ fp 1 % B (splice variant) » fm i e BB iR S 45 % AT E T
X F 1 Ras chwmse 2 WG ELNBg > § 87 hydrogen peroxide (H,0,) & {*zkfﬁﬁl
ultraviolet light p% » p66°™ z’ﬂserlne Bipa it g+ o A p6e6™c L EL ﬂig‘] i
- AT B E T RS DR SR s b Yo

AEEREHEUAINOTIAIF I RS e N hE E FEer R
FR> 7 &Rk 3 % Ssuperoxide (O )& £33 V4 > izt~ F €382 4P
B WDE g § R R DF P § ) FROSA & F 42 (oxidative
damage) o 3 R iwe k= hg 2 X FF R EEE L H(ROS)EIFEE i = Bt
(1) §ROSE AP Riting Ml 2 g A wie k= hid 2 - (2) we
A< TG PR 63 AN R R L R ] o Q) = § PEiR
¢ §estmre p ROSer 40 o @ + 35 2 > ehdiallyl disulﬁde(DADS)

EHF Wiz k- > T g R Fpre iy BB AR B KPRF VRS > & E
BT A RIS PR R 4 ] o

@ E 1% i 4 (reactive oxygen species) § % & § fAimre chr = o @ B kR 0
BMF i g R TS 1L~ imre WHE - caspasefis & chA L frim e B o
Fyo SRR ALY 8 R Gy [ ORI AR R R T A A
RS X B ﬂf‘f'%'i/( Wi k= IR ko B IER AN V5 € BRI G e T
Fhmiz o AR oo MOER AR V5§ B aSd d TREE oL pr - B4
FlFfos 3¢ AFLBA FF e A= on BHE L3 hwme? B8 dimie k-
TAFA DAY P o eBel 2R A R FIEF P A F e R A R
;f: e s KA o ;"gd Bel2B b 2 F 1 4255 mie = chil 4]0 B A doeh s 3

- H4F3t > @ 148 BBcl-2 down-regulation i E{EE L2 E L Twe » @ ¢
% EABTHEEN R E T k- g o %- BRLEISMEE L5
Bcl-2 down-regulation > & % = &2t 82 ¥ Bime4 14 o
Am B FlE N e A= hd BRI ARSI S W s X BERE LA
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# (drcaspase-8) o & 5§ (4rcaspase-3) v K f#A¥ % - & P RBLIT L & Ldpie s
@*’ 2 e ”"Cytochrome cfei it A4 caspase » 4rcaspase-9 0 KE1S A I F K
(caspase-3) > @ P AELfT A & AR AWM R E AT o ARG ¢ é_&%if_
caspase-84° & A & i ehd-v BID o § 75 i* BID{S > BID ¢ #& 4 I 488 1 1] %
cytochrome cerf# 2 o @ Bel-2 5 - fifuim® k= kv > U AR MM PHFH 2
cytochrome c§#ze1d ¢ ¥ o

Pathways of Apoptosis
Extrinsic Intrinsic

TNE Plasma Membrane
receptor
Adaptor FADD ROS, Ca™,
“Active”

“Inactive” 4
. (8 p22 BID — p15 BID \ toxj. p53 (?)

Bcl2
Pro-capsase-8 = (CED-9)

\ Apaf-
(CED 4

i\o

Cleavage of Caspase -3

Mitochondria

Apaf-1

Pro-Caspase -9

Activated Caspase -9

Activated Caspase -3

!
!

O Pro Caspase -3
!

P

!

Cleavage of Cellular Substrates

},['— X
b y

BT wmPe A= dug R e 1V B Brain Res. Bull. 62, 497-504 (2004)

EHE LS L F B R B2 it P 0 v @5 p d 2 (free radicals) ik H AT F
BFOy )35 pd A(COH) 5 2 (HOy) o v iPechF i FF g F
DNA ~ 36 F ~ Bk 1 & 4oy Bl £ Bk o v 1% JLf Ik R H
A o gd P RAEFEI R CRGT o5 E Y L RGE R
ks E5% A 4§ 4R 4 (oxidative stress) o ¥ R4 & oIS A= B g 4o
AIDS, ;7 # X # k%J (Huntington’s disease) ~ +4 & # X jz (Parkinson’s disease) -
F? % % B g (Alzheimer’s disease)fr— 319 it (44¢ S4B i o VR4 DR RR
REEF PO RASREEY PSR PRSI DFFEL DL T Y
AR s F LN AR R EC R S
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| Death B t | | madiation | " Drugs \ Chemicals \ Discases
(oo, Fos, TNILR1) !

* Jﬁ [ Cell surface
S gw-—--—-Q -

e . T L7 e | Mitochondrion |

Caspase 5

Caspase 3
Caspase &
Caspase 7

l

" Degradation of DNA and
other death substrates

l . Apoﬁtdéis

B i@ Fmesr - SR gz 3o Pathophysiology 7 (27) 153-163
P & oo ey = MBS d ligand-receptor & A Mmoo R BE
caspase-82« §_d 1V F & & ~ I bR E S caspase-9 v oM {S3E AN mPe St = o
B ;gc} = T felmie B P hded R Sd R AR E AT wie k- oA ESR
TR IS 3 & chie A 8470 8 = F]F (Bax)frdi = F]F (Bel-2)#c p vt b o 4
B 7 Lo R Y B $ ~ BRI T > g % (mitochondrial
membrane potential) ~ROSe2 2 ~cytochrome c=73$% ) ~ AIPF-1frcaspases-2 ~ -3 ~
SO > dnre FATAL A e d fA AR & f o NEIS R 1Y T Pefcaspasefrim iy P ph v = X

’E’Eﬂ"ﬁ fE&m H R e 44,

% & J{Jﬁﬂ*" % = (Mitochondrial membrane potential) ~ 4F &+

(Ca™) £ DNA #f % (DNA damage)

BB RS G 0 R d Ahgd fof MG TS ‘@*‘
iy R PE g o @ RTE OB Is R 0 B BRDRIL S R
PR R h® SR T B B A E R ek P e
3t f feend TR RS 2 0 g e Cal B E R - 'Et-élt 22k SEARI AR
AE Ca’ kA A F AR Fd PR B R e £ G folme 2 o
i‘i* %ﬂ@ﬁ‘){r%‘ [ gt Wik St IR Ca’’eh BHw F ML 4 ¢ o A 4
WEWA LR Sd AR Caie A P F e p chCat iR
15‘?*E » ¥ N b Cal EHHEFLRW LR EAT wie I i~ F o € A2 R
RAE R 7% % (Mitochondrial membrane potential) - 4 5 %8 ¢ $# 1! cytochrome
c > L {s 7% 14 caspases ¥kt % i i (fragmentation)fr w2 ¥ = o Bel-2 7%
v AP mRe S PRFEERNES o B Fd £ MM ADFmie p Cat
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Lo F Bax HIRPE LB ELT e k= SURLENEL I (apoptosis signaling pathway)* -

B ORARE S A #24 # (F * (thermogenesis)frd fr it B P B B E £ &
14§ o m B ATR AR FITY foil BT fFE e et R (T {ol T B H G 4
went Yoo Al M 3l R R RE Y - B
mitochondrial permeability transition pore (PT pore) ¢PE < g5 M » ¢ 77 % =
A 1 — B AP AN 5 adenine nucleotide translocator (ANT) 4p i 2. 3-+¢
;5 - B 5 #9356 % (3 porin,voltage-dependent anion channel, VDAC)*> %
A SR8 AL B eh ATP/ADP i 3§ 4 B > %%_E; Ry CEppit A4 ATP - §
ATP/ADP i€ i 7B P » SR N 00 ] & 33 R & ~ RMMAR =7 "F
i ks A8 vt Wik > @ caspase-inducing factors (cytochrome ¢ v AIF) §#73c3|
fmre FR Y g N ek o MM BT R pwe ks ¢ 5 - R4k
O0odm A agE 1 feF b AR 4 AR K § Mo doto & F < (Parkinson’s
disease) ~ I¥ /% & B g (Alzheimer’s disease)fr— & 3i9 it 24 S|4 5 i D flm i
WY FFERDE S T ER AT ot R 7R TR
T

4 B (Ca)Vme G3EFaAERF-FL 44 > @ STALT 77215 e
A= F M e @ A Y ehd i Dially disulfide 2 AU i B e 5 d
caspase-3 & #f | E& /T @ 4% ¥ &= o @ Dially disulfide x pim¥e ¥ ¢ & 2 47
3 frcaspase-3:97E 1t o g i BIAT AT (Ca® )T 10 it — H F 3t fmre b= e o

iz = DNAJF % (DNA damage) = ] @ 45 % b & ~ 35 1 1F 5 (ionizing
radiation) # DNA#F @ #r 4|4 & § 5 fk % (hydroxyurea) ¥ 7 F]4 2 & 4 (genotoxic
stress) © @ § DNAYE § chim?e 5 7 F S5 DNA4E ® 2 'woe o 5 £ iE42 > M p%i%u;g
& DNA B 4 678 17 & 45 fm o2 4F HL e FEfL 0 3 B o dmne oy 1 i) o 2
o B PHRIEA G M2 ATM (ataxia telangiectasia mutated) 3¢ 5 &DNAAR §
Fl® #iftes £ & ahk & o ATRZ ATM £ gk 3 it 5 fi* 7.2% (phospho- inositide
kinase family)sh. Hd % 4p 62 > £7p53 ~ BRCAL % 3 Fermipe it & i B o 4
§ RS M A fePRadl7F5 F L FALATRATMgfespe i 150 4 518 A 713
PR F T e e F 0 g d UL il A gy DNAY § 2250 L ki iz
P ARM M > 2 e ik H) B 0 (cell-cycle arrest) ~ dmPe =~ 4 TR Fl2 s
DNA 2 # % 3 %14 4B 4 F Ji(genotoxic stress responses)£_F b 7> 3 & & -
% £52tis SDNAZE 2 4o @ — § 1 # (nitric oxide) 4 — § i § £ & f#(INOS)
B A EF T A B g AR PR A g S e
REUT enpe s L (1) 5T > (mitochondrial membrane potential)cT FE o (2)
Ed P A 2 cytochrome ¢ ° (3) 7% 1t caspase-9fr-3i¢ # A& 2 Mk & NOifkE
415 2 SSpil Binse < o o § 0§ (NO)E - 3T il S d B o e
Fi7 # X k- (Huntington’s disease) ~ +9 £ # = ji (Parkinson’s disease) ~ 7 j#
21 (Alzheimer’s disease) » w & 18 4 it — #H 4£34> o
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ARSI SN R R AT BB A Y R RS e
RALEE b2 e e DH AT A A ok R i eiof
A+ chg 4 o I F2 N R A HEREERZ e FIRR DR ERH RS W

Al g eniiA) £ i % DNA LA iRl 4 2444 Zi‘?:* 58 % % DNA
BB A 0 2 1541 B e @R T AR BBl hDNA G 0 @ sl B o o
&%(W%Mnmwmy%%ﬂ@w&ﬁﬁ@ﬁgﬁwiwwﬁﬂngmg%,u£
HHHEMHEAFFE f%ﬁf@'vﬁm*’é’%%" S imie b= e & RS T K 3
2w P foin e = GRS 0 B G D AR ETE S o

= & 7RG
%—g,:,\,,], GLES S U ES S A £ ¥ ES Y AR RS &
T AR AT B LS A BB Ml A g
¥ AoBwmie ¥ g d > TV R ek oon gd o P
% x> NP E R E e LB ks il 4 Bk ka PR B
ARG R R bk s R HER M o
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1. fmv%

A RE S+ ¥ F %% (Human cervical cancer carcinoma cell line @ HeLa cell )
PR ABT A L EFEFAY AT o

2. 4 84 (coumarin) e #

AEMHLARY X EHE 2L EPP LA KT F AR L 27 L
Sigma > # B # > ;2 5 72 0.5%DMSO % 2 » ¥ 0 RIF BiRiF 18 0 235 2 4C ki
Er oo

3. B 58 A

(1)MEM Medium (85 GIBCO)

(2)Fetal Bovine serum (pfp GIBCO)

(3)L-glutamine (FEp GIBCO)

(4)Disodium hydrogen phosphate (Na,HPO4 ; P p Merck )

(5)Penicillin-Streptomycin (pp GIBCO )

(6)Sodium bicarbonate ( Fp Merck )

(7)Potassium dihydrogen phosphate (KH,PO4 ; B p Merck )

(8)Potassium chloride (KCI ; ptp Merck )

(9)Trypan Blue (Fp Sigma)

(10)Dimethyl Sulfoxide (DMSO ; B p Sigma )

(11)Propidium iodide (PI ; F£p Sigma )

(12)Triton X-100 (fp Sigma)

(13)RNase A (Ribonuclease A ; £ p Sigma)

(14)Ethanol (pEp Merck )

(15)Formaldehyde (F£p Merck)

(16)Coumarin (pEp Sigma)

(17)Bovine serum albumin (BSA ; F£p Merck)

(18)Trypsin-EDTA ( #£p Hyclone )

(19)Commassie blue (= p Sigma)

(20)Protein assay-Dye reagent concentrate (F£p Bio-Rad)

(21)Glyerol (F-p Scharlau)

(22)SDS (Sodium dodecyl sulfate ; F£p Merck)

(23)MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-terazolium bromide) (B
A Sigma)

(24)APS (Ammonium persulfate ; FEp Merck)

(25)TEMED (N,N,N’,N’-Tetramethyl-cthylenediamine ; F&£p Merck)

!
ETTS
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(26)Tris (Tris(hydroxymethly)-aminomethane ; Fp Merck)
(27)Glycine (B p Merck)
(28)Methanol (P p Merck)
(29)Protein maker (P p Femantas)
(30)Tween 20 (PFEp Sigma)
Bl)ym gk (FBp % fedk)
(32)ECL kit (Enhanced chemiluminescent kit ; P& A PerKlin-Elmer™)
(33)&E# & (Mp Kodak)
(34) = # & (Fp Kodak)
(35)BioMax Flim (P p Kodak)
(36) 39 F % P~ (PRO-PREP protein extraction solution ; BEp iNtRON
Biotechnology)
(37)10X SDS-PAGE running buffer (TG-SDS buffer ;pp Merck)
(38)4X Protein loading dye (F-p Amresco)
(39)Agarose I (R p Amresco)
(40)Sodium chloride (NaCl ; £ p Merck )
(41)Phosphate buffer saline [PBS](¢ NaCLKCI,KH,PO4,Na,HPO,4 « 2H,0 &
= ; B p Merck)
(42)Anti-foam A (pLp Sigma)
(43)5X TBE buffer (£ p Merck)
(44)Acrylamide (F£p Merck)
(45)Bis-Acrylamide (N,N-methylenebiacrylamide ; P& p Merck)
(46)Proteinase K (F£-p Worthington)
(47)X-ray(Hypercassette Amersham)
(48)TE buffer (1 mM EDTA > 10 mM Tris-base ; F£p Merck)
(49)Phenol : Chloroform : isoamyl alcohol(F&p Amresco)
(50)LMA(low melting agarose) (P p Pharmacia Biotech)
(51)NMA (normal melting agarose) (Fp Transgenomic)
(52)— &kl :
i anti-actin (F-p Upstate) * &) : 1 : 1000
il anti-p15 (Fp Upstate) +* ] : 1 : 1000
iii anti-cdk2 (P p Upstate) * &) : 1 : 1000
iv anti-cdk4 (Fp Upstate) +* &) : 1 : 500
v anti-Cyclin D1/2 (B p Upstate) ** &) : 1 : 1000
vi anti-p21VA (BLp Upstate) + & © 1 1 1000
vii anti-cytochrome ¢ (B p Upstate) ** &) : 1 : 500
viii anti-p53P' (B Oncogene) ** & : 1 : 1000
ix anti-caspase 3 (P p Upstate) +“ &) : 1 : 1000
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X anti-caspase 8 (P p Upstate) * &] : 1 : 1000
xi anti-caspase 9 (Pt p Upstate) * &] : 1 : 1000
xii anti-Bcl-2 (FHEp Upstate) +* &) 1 : 1000
xiii anti-Bax (P p Calbiochem) * &] : 1 : 1000
xiv anti-Bcl-xl-xs ( £ p Calbiochem) ** ] : 1 : 1000
xv anti-NF-kB (p50) (B p Ztmed. Laboratories. Inc.) ** &] : 1 : 1000
xvi anti-NF-kB (p65) (B p Ztmed. Laboratories. Inc.) ** &] : 1 : 1000
xvii anti-CDC 25A (P p Calbiochem) *“ &) @ 1 : 1000
xviii anti-iINOS (Fp BD) &) @ 1 : 1000
(54) = BgaAl
(a). goat anti-mouse IgG (HRP) horseradish peroxidase
conjugated antibody (P p Chemicon)
(b). goat anti-rabbit I[gG (HRP) horseradish peroxidase conjugated antibody
(Chemicon)
(55) H,DCFDA -~ Dioc6 ~ Indo/AM1 (pEp Calbiochem )

4. K& FH
(1) imee 3 % %%‘1 (F£p Nuaire)
(2)im¥e 32 % % (Pp FALCON)
B) kit &
(4)m) = ;¢ = £ B icsw (phase-contrast microscope ° FEp Olympus)
(5)mrz 2+ % (Haemocytometer)
(6)3r< % (P p Beckman)
(Mg =T (Mp Mettler Toledo)
(8)RO -k @ % (P p Millipore)
(9)in 5% fmre ik (Flow cytometry ;F£p Becton Dickinson)
(10)DNA T A f (F&p Mupid-2)
(11)pad& BB 23+ (B p Mettler Toledo )
(12)PVDF membrane (F£p Amersham )
(13)SDS-PAGE % A, £ % (s Hofer)
(14)4 & £ & 3+ (ptp Beckman)
(15)ELISA reader (P& p Dynatech Max Reader )
(16) 1478 4 ik 42 B 1 3.« #8(pLp Hitachi ; CFI5R)

Fooa REkRT

-~ me %
#- HeLa !w®¢ 3% %t 7 3 L-glutamin ~ 100U/mL penicillin G ~ 100 g g/mL
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streptomycin~ 1 mM non-essential amino acid ~pyruvate~ 10 %FBS(fetal bovine serum)
¢ MEM(Modified eagle medium)#z % /% ® > %3t 5%CO, ~37CIlERE &4 - §
fwre R AR A K 70%3 80%PF > 11 1xPBS(phosphate buffer saline)if-i% % {5 -
4o x 0.5mL £ 0.5x trypsin >3 & $5 (5% 2 2 48012 S5mL ¥ %% ¢ v trypsin &
EE AN VI o Fir o TR (8 e 3x10° cells/dish » 1F 818 32 % o
Y BB S PR T LI A R A R iEE ¢ o

=~ e g 5 5 OR 2 (MTT assay)

2% v 5x10° & 96 74k 2 % 45 (190 p L) 37°CIiE s 4 4 o hi Bt
®aer 10 pL g 24 EAR L 1-5-10~20~50~ 100 £2 200 M » A 5]
% 24 8048 [ FEE 0 4 r 20 gL e MTT(0.5mg/mL)>s 22 % 45 ¢ 4 /] pF + 40 »
100 L e SDS/HCL » % ** ELISA reader i 2|4 & 570 nm) o

=~ P2 35 % 5P (Flow cytometry analysis)

24w 1x10° /ML 1230 32 & 48 > 2 A24 0 PF > 4o »ER1 551025~
50~ 2100 Mg E4F > & W32 R24 ~ 48472/ FF » 120.5x trypsingT T ¥ o
I 22 1xPBS% » 4e » 400 ¢ L propidium iodide(40 2 g/mL) » £ # T FACS¢ - £
2 A v 2t Btk R o

o~ PR 2 RN i Ap £ R BB % fe #e ] iE (Morphology)
24w 1x10° /ML 123 F R A4 > B £ 24 P> 4o 2R 1541025
50~ #2100 pMehd B4 > AW E6~ 12~ 24 ~ 484072 FF » g2 N A £

Ef 4% (phase microscope) il & im e 4] i o

7 ~ e ¥ 8 p] 2 (Cell cycle analysis)

2% mre 1x10° /MLt 123 k32 & 4% 0 32 A 24P FF > Scr ER T ~51025
50~ 2100 uMeng B4 > A WER6 1224~ 484072/ ¥ » 120.5x trypsingT
T WP o T 1Y IXPBS‘}%"%JE »4e 2~ 70% FpF (in PBS)*x & 20°C 7k 824 BF > 4 ~ 450
1Lz 325 pg/mLs propidium iodide (PI) > £ # 2 FACSE » £ r izt fmbe 3t
Bk e

* ~ &M F Y 4 0p) T (Reactive oxygen species)

£ % e 1x10° /mLAt 1234 F 32 % 48 > & 2B blank (3 4 F{oEa) 0 12 %
241 P > de 2 ERTN51025-50 2100 ¢ Mehg 24 > A 832 %051 >
4~6~10~12~16~18~20~24~36 48 ~60 ~ 72484/ p= » 120.5x trypsini= *
fmre o T 2 1XPBSRE 0 215 121500 rpmaEes SA 48 0 g L IXPBSH RS o Bl
"z pelletz é_;é? ®oo4e 2500 L 200 4 M H2DCFDA*?€$5§ PR >AREER
BAEWIICH AR 3044 LA IFACSE » £ i lmbe 3 ik iR o
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= ~oRA R Pl 2 (Mitochondria membrane potential)

B % e 1x10° /mL3t 1234 ik 32 % 4 > & (2 Bblankie(F e FE{oigal) > 12 %
24/ pF 5 de 2 JER1S5-1052550~ 2100 uMeng E44F » 2 BB £05-6~12~
24 ~ 36 ~ {c48-] pF » 120.5x trypsingT T fm®e » i 02 1xPBSE 0 2 18 141500 rpm
w5448 B 1 IXPBSH %S = #-dw % pellet?c i@ # ¢ o v » 500uL £9100uM
DioC6* 33 ¢ » & 2 AT % > 13 £ 237C % 4 304 40 £ # TFACSH »
PN G e 2 ik 8 R o

A~ 4 A p] 2 (Calcium)

2% o 1x10° /mL *t 1234k 32 & 4 > & 2  blank f (7 4c ZfoipH])
A 24 A2 ERE 1555102550~ 100 uM hd B4 0 A ujr
05-6~12~24+36~ =48 -] p » 12 0.5x trypsin = T fm® > I 12 1xPBS # 7 P

2_{s 12 1500 rpm g 5 4 48 0 £ 2 1xPBS iF Fm— = > 11 1500 rpm 3w 5 A 4E o
2 {8 % 2K 4c » Indol/AM ImL(3 £ g/IlmL)**3# ¢ © > Blank 2 ¥ 4 » 1 mL
9 1xPBS > B3 37C A7 4044 F L0480k THE S LR 4
¢ > 121500 rpm &= 5 A 4875 > 302 1XPBS iFik— = > £ 2 1500 rpm & 5
A 41 0 F 00 IXPBS k- =0 04 1500 rpm dtes 5 A 4815 0 4e x 5004 L o
I1xPBS » # # 1 FACS *g F o e 2 ik R o

1 ~ A & 2% P T DNA 3 % (Comet assay)

24w 1x10°/mL* 6 3V ik £ B (3 mL) 32 % 24 ] P> { HeATHE £ R
bo n R B (5 M~80 u M)ehd & 4 — B34 sc » 1% DMSO 1% 5 1&g 4] de s
- B3tk 4> 3 uM e H)O, 0 #H ‘)ﬁ“f&&;}?’{—’ 4o~ IxPBS {62 #0 £ 4 » 0.1%
trypsin 200 L 1% 3 248> 4 ImLEB &R Y frid > #we RFR=21 1.5mL
oo F o 3w 1000 rpm 5 A 48 0 3 iR {8 AT S (pellet) » 4 ~ 1xPBS i
M- o B fs i RIFR RS A S 300 L - LMA {o NMA 12k Y 4v #03
f&a o B3 S0C-kigsp - £EHPATfERT  HE LB 8yp
L(LMA+NMA)*“§\3;i” FFRFPASREFT :&fvufp o A RTFSERT
P B0yl RiFER4* TSULLIMA» REE 4T % - FBa » FHER
2o AT@EAe ¥ lysisbuffer » #-F b ® £33 ¥ lys1s buffer - & -] pF > & & T A
) & 4c » alkalin buffer» § *trk b o jiegt & {8 B 3% alkalin buffer 20 4 48> 14 25v»
300mA > a7 & 30 & 48 o 1 7 Ko 7 e 0 B3 0.4M Tris-HC1 5 10 4 4572
w 3¢ 4> ¥ 3t methonol P %ok 5 448 0 Fzis 4 PI(2.5 pg/mL)F k4% o 11
¥ R BHCELELE > B 100 3wz 4 i dic o (00 +1 0 425 +3 5 +4)

~ DNA = E’~(DNA fragment analy51s)
Bame g 10 DA R A el 2x10° E B A EY 5 10% %
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10 mLo g fpee4er 100 uMERNE EH - 334 24362 48 | FF o
Jekm®e > 13T e o uv),gﬁ’»ﬁm”e%f,;-,,’% y:)»gp:m? » 121 1xPBS 7 ’F PEIR
= o 12 1000 rpm g 5 A 4B o H#-mie £ 3 A F 0 02 1000 rpm A 5 4 4 o 4
“,%,} ,ﬁ'm » 4¢ ~ 700 A DNA extraction buffer » /2 £33 o 4c 51 RNAase & *
37C -kigt#h 1~2 /] pF o 4c 5 proteinase K(20mg/mL)i® & {5 » +F T dE4 > 2 {8
B 55°C kg 1~2 /] PF o 4r 500 A Phenol/CHCl; » iR & 323 (&> 1 7F e 2 (e
4C» FRGFA D RK) R ER » & votex £ 2 7000 rpm ~ 4CHLs 7 A48 o 1
chloroform jj-i& 1 = (;ﬁ 3 ",T. phenol) - ;& & {5 » 2 votex {& &t~ £ 12 7000 rpm ~
4CH s T A& P KR D ¥ - BaE § o4 2 B4 100%IFF - Mix gently for
precipitation at -80°C » 30 4 4& 12 12000rpm ~ 4C &g 10 4 45 - ",4rf 4 supernant
v lc.c. 70%:FpF © 12000 rpm & > 10 at 4°C - ",%—i B SR A L R TR
» TE buffer(50~100 1 )74 DNA iTiik# » %3+ 4°C o [ p > #-8 22530 -20°C »
25V §a 774 20 ~ 45 o 11 Eagleeye T RRAPEZ o

+ - ~ @& * % 2.2 (Western blotting)

Pd > R BREw > LT E F-9 B > 4 ELISA MR (=i A > I &30
g > LAhriiitrdr it mﬁﬁ B ABITY 0.99 o T AE A A1 b T H
HaRe aF T o3 g2 8n g g s 3 #Fdotfl* SDSPAGE @ v &7
AR BEBIRRAPRHT RAPFERZRY ARIDE c B R b
10 A %4 wmrede s 2x100 & B 4¢3 10%2 %% 10mL> 2% R & o
e x 100 UM ER B EH > 2% 2422 48 | pF o L1 Fov £ R iTHF %‘31 ’
R TREG AT S BB DA PR BET A - (E
GRS S S TN
PRl TAY  FEI0OAE FREFESFE 30 A B ESL T TR
£ bl - R B L9 T F 0 5 A4S spindown 0 1 protein 4v SDS
sample buffer loading % 3t JF + o §& SDS-Polyacrylamide Gel Electrophoresis SDS
(PAGE) : 150mA 30 4 45 90 mA 2 -] B#(1x protein running buffer) » §& = & % gel
%+ # & o PVDF(membrane) ~ 3M paper £ %' 4% » membrane % *x » methanol ~ %
3z > running buffer - 3M paper gel *x > running * % ¥ » ;& -T o Transfer 300 mA
30 & 45 -

3M paper

gel
PVDF
3M paper
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2_t$ wash fr block membrane ~blot/tween buffer » 1st : 15min » 2nd : 20min
(wash 2 ",% SDS» 2 "$ Ag-Ab reaction) hybridization 1°Ab- 12 blotto/tween (B
actin 1 : 1000) > 1 /| PFe B30 4°C > Fete o 2 {612 10 A g Rie 3 =0 &% 50
mL &7 blotto/tween(#* 3 — =X blotto ¥ 14 2 ranse)hybridization 4c » = %448 1 /|
P¥(2° Ab :blotto/tween=1:5000=1 1 : 5mL) r blotto/tween buffer Fi% 34 -
567 & 42 {5 #¥-membrane 14 1X PBS jik > 3w gy % (dark room)f 7 oo (F
12 % 1+ &)

[.%# % II.timer IIl.membrane in 1x PBS IV.film

V.% 7 VILECL reagent black : white =1 : 1

VI.mix container( % = )+chips( % +) VII.3 i# box

IX.X sk % 4w X pipetman +tip X I .5 823+ 2 3 H

X I+ X

ECL reagent black: white=1:1(%¥) 1.8mL+1.8mLmix well) membrane *x » {& k v %3
B N1 AT 1A 104 o 4 F#% > membrane ff jg2ct 4 0 @ HITE F
b oo BRI egr o3t cosstte s FF RS 0 FAH(REERZY LR S E)
25 k> TF DGk A 4) o v A - A(F £4F % * ) - membrane *
% e comassive  blue % ¢ 8 & 45 o 2 {4 destain °

RIS B E

41#* SPSS % % #ic#8 » 3 Unpaired student’s test 4 79 2k 222 44 P8 fe 2 [ e
A3 4 P<O05 A7Am@G LB p<00l 275 eFFEEFLE 5
P<0.001 %77 = 2fF 5 2L =g F LR o
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I 2
%j-$ J?%ﬁ%%
¥

Fo 8 A BH AN T G R Bl B e
2045 3 e )
1% MTT assayi®m w2 355 » BEF R > 2T RERDFEH L > o

“a
o

NG EFEEFEFERDY A A TEAR S P VPRSP RS F

PRRESDE A @B wmre 3B F TR P FRER B L 0 TR T 3 A S

.,».

TE ooo@m BN AU SN de e 2 ik (flow cytometry) i B s e i3m0 BEF IR
hr AR ERDAERK L G EFEFESFERD A T A 4N
1244872 PEOPEFBL > TF R e 3 E X FR R B £ @ G T M
o 2100 pMik B ST m e chiFA, T > e 3 A A 0110 % o @ B4 2
e P ECR IR e a3 5 0 100 pMUk B fcoumarin&dZ6 ~ 12 ~ 24 -
48~ 72 LS 0 AR FRIEF R B L 0 A B MG s ie e chd Koo )

g AR AR R e A {0 b 2 3 RIRR PR B RIZ240] RS

“"d‘

EE UL SRR i Bt STRICE LR S L = T R
IR (4oB L ) @ Bl - F 100 uMik B e d B AR H FoepE P ERS o
FREF S BB TRHE  welpPRE T d L7 o d B AT
FoRpmre ildcmees = B g S AR L RS T R FIRS  Y

5 ope R o B e R T s AR g o
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120 ~

§ 100 o —
<
o
O g0
(@)
°
~ 60 -
=
}3 40 — * ok ok
>
D 20
° [H [H
0
C 20 100 200

Wmmmm 24 hr | Concentration of coumarin ( pM )
3 48 hr

Bl- 1% MTT 2472 %P4 28 & 24 | FFic 48 | R A 553 ¢ 5 R lmPe t&
% 7 % (cell viability)2 B4 « (GER# B 5 1 pM-100 uM) $H8 7] 4 »
0.5% DMSO- 9 2 ‘& % 4Bz #7757 » % ¥ coumarin £ 4 k& 1< 3 H Hela
cell 2 fm¥e 3/ F AR kA% > #icdp % % 2 meantSD i@ % 7+ > n=3 -

(% p<0.05 » ** p< 0.01 » *** p<0.001 )

100 o
. m 24 h
€T *k Kk C—/ 48 h
80 - * % s 72 h
O\O * kK
) 60
o]
E 5 % %
=) *k ok
g L
F.) *ok ok
(&) *kk
(] * kK
'..% 20 - * k% *kk
) *ok ok
()
* B
0 . L L
C 10 20 50 75 100

Concentration of coumarin ( uM )
Bl ~ ’f'] P ﬁm”e“—"ﬁ;:niq i RS s RE A I F?'/%}imé “"'H:/”\g‘ﬁjﬁ W
24 ~ 48 ~ 72 'J‘ Eé': s A ‘Lﬂ—"" ;F{ —}%’,sm}?? ’H’ibl‘l"}’ﬁ '/E J ]% /p—' ]\irl g‘:ibi‘:;

™ meantSD iF % 5 > n=3 o (¥ p<0.05 > ** p<0.01 > *** p<0.001 )
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Relative cell number ( % )

120

-
o
o

o)
o

60
40

20

-20

Bl

g]_l_

* ok Kk

—e— control
—O— 100 uM

0 6 12 24 48 72

Time ( hours )

FI# N e BRI e A o 8 * 100 Mk & ¢0 coumarin fw
T 6~12~2448~T72 [ FFfS s A S F R R BT SN
250 ek 45 % 12 meantSD i 4 7 n=3¢( * p< 0.05** p< 0.01+***p<0.001 )

100 uM

I g2 N AP BB R e A fL o e A RIRAE R B AL
24 ) PERE  FIRGFEFRAR DT A e P § P AT kg ¥

j@%yﬁz%gxwwmﬁﬁﬁ@%iﬁﬂﬁﬁﬁoﬁa%$2mXo
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control

control 12 hr

24 hr
control 100 uM 48 hr
gﬁt RSN
‘\\‘,s— ,1‘ ;;::.:‘: ?_
,i ".ig‘_;.; “\ 1 5 : % {.“
V .'-.;": G
SR (=" L
control 100 uM 72hr (= & & 5 200X)

Bt - 0% 5 N Ap L R AR R e A o 4o~ 100 pM kB hE B oM
27 e cpE FERLS  F IR F e » B PR g A mie B
BT 0w Al R i S e '/éTLIR?»
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ENEt B EH AN IR R e 3 8P (Cell cycle) s

A

¥y
- x
BLis o 4er Pl TEZH wie ¥ i R o FIREF EF 5 R 8 4 > GO/GI
Bz dmre vt b5 AAKAR T AR E > & 48 ) P enpE iz > GO/GL ) shlmie ol ) F A
TO375% od LF A FEHET MR AT T EReE A W) & GO/GI
#p hig )k (GO/GL arrest) » @ 2 g 3ldztmie 3250~ 8% > G F? ¥ L sub-Gl
peak o (4r@+ = ~ -+ =

I RNt R RER S 100 UM B EH IR 24 ) BFR A e pERY

Control 100 pM (6 h)
Y
&)
H
| “© sommlzo 160 200

100 pM (24 h)

Apoptosis : 9.75%

a]
E:
E
5-

Blt=-  A#F P RmeiSd B3 100 pM kR hd B AIZ 6~ 1224 /)
BT LS 3 Y r ’ @*%’fﬂ“ﬁﬁfw“—%ﬁﬂ% > dm e Yy
? 11 GO/G1 #p . mnggt}, &g e b2 s @ e B DI s P &Emﬁgéc °

33



of cell (%)

%7 _e— G0/G1 ( control )

—o— GO0/G1 (100 uM )
100 4/ —— G2/M ( control)

—v— G2/M (100 pM )
—=— S ( control)
(100 pM)

80 4| —=0— S

60

40

20 o

T T T T T 1

0 6 12 24 48 72

Time (hours)

L= A3 FHERmead B3 83 8T 100 pM ik B hg B 4 A B AT 6

122448~ 72 /] pFz_ in N e 2 B R TR R B DS o WEF L B
Bhinit koo e Y 0 GO/GL P dwie g PRE R oo By ke

meantSD & % 7 > n=3 o
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B2 E  RRAEHAAET T H R e L AL AT

i

it ¥ (Reactive oxygen species)

FI# N e Pt R RTG A RER A BRI 0.5 ) PFZ (S 0 A x
HLDCFDA » L 8 & 4 ja 4§ i 3 cnlfa) - 5 G ¥ & /ié)ié’ﬁié{ oo S
B A, 0 2 M Gated #cid s M2 B4 0 AT me G A2 EEE L deh
B350 & 100 uM % 9.340.7 » 7 4v 100 uM ik B AU chim s 5 f ;%;1 °(41r'§]*'-‘1: .
LT L2)

2SI R e P R 100 pM kB 5 B AR R 0.5 1
4~6-8~10~12~16~18~20~24~36~48-60~72 f- 84 -] p¥ » L 4 » H,DCFDA >
FRBHAAZEF CHFPE B FREFEF DL 0 SApHE 5 +H
4% 0 ¥ MI Gated #cie» "E2 4 0 A7z A4 F S L HF D) (4
Bl = ~Lt A~~~ L) T F A ‘&mpngNA,,;;g °

o | =
= | e
|
we w S
E | £
o ! S
|
B2 ( =
10? 5 Tlil" r_l'- . [
Key s Paramster Ciate Paramater Jate
[ Control 7. - Control FL1-H El
1 pM — 5 M
= =2
g (
< = II
g* £* .,
S S [
2 ! 8
|
= ua * >1vl-;' na '”_:'U't’ "“IQ’T-I- rrivig® .g‘i
Ke e Pararmeter Giates Koy Mame. Pararmeter
= \.,l..,u iuU! FLi-H s3] a ontror FL1-H
== 10 uM 5 25 uM
= 1 ! =yControl
= | =
2 { =
|
W& | u®
5 5
—SS ,: S
= - I| 2
e | I
|:J" IL"_'I J" rl:‘u
sy emMNarme 4 Porameter Gate ¥ arneter e
=—Ccuontrot e - ucihtrol FL1-H 1
50 uM — 100 M

Bt fI* RN me P R AT PR BT LA RRRZ R
EH 05 fJ‘EI.f'—’Lr;ga\ ROS 18 48 - %%’;\w&%;}a&w@w B S Bk s
A% > 273 A2 ROS FIL % o
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Control

k-
g_
?-..
T 10‘;;
B < oo e e
e e o5
MLt e RTRAEFI PR RG] B3 LT RERZ
A 0.5 [ FForEd ROS i o S5 B IMAEF R R T 4 > o
Ry LA 275 A2 ROS ham % o
12 -~
10 i * %k %
8 -
n
O
x
6 * * %
4 -
2 T T T T T T T
C 1 5 10 25 50 100
Coumarin (uM )
—e— ROS
Bt AHFPHhoelgd &3 @7 ERZ4HEH & 0.5 i ROS

2 BBl B R FREFRR U4 ROS BB F 2 5 A7 F A4 ROS
eI % o Bedp % 1 meantSD F 4 7 > n=3 o
(*p<0.05 > ** p<0.01 » *** p< 0.001 )
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Key Name ame Farameter Gate
Cohtrol "' FLI-H G
. 1hr ontrol
—— h
=
=) 8
&
- '
£
2o
o8
B-
> Sy ey
10" 10 10° 10
ROS
Koy  Name Paramater
- Control
— Bh = 32N

B-Lt- JIr Nt kIR A S R 5D B 100 uM kB 23
EFAE051-4-6-8-10~12 | pF#rig £ ROS 28 - 5 F R
"EEFRR R L 0 RG LA 277 A2 ROS S % o

-

(]

160

PR SO

Control 6h 16 h

=1 7
e
e ]
=
=3 g
=3
> §
<
=
=]
=
s
10°
Parameter Gate
.00t FL1-H No Gate
3OwmiEn. 001 FL1-H No Gate
1h.001? 11 No Gate
4h. 00" FL1-H No Gate
&h 003 FL1-H No Gate
10h.001 FL1-H No Gate
16h.003 FL1-H1 No Gate
I8h 002 FL1-H No Gate
20h.002 FL1-H No Gate
24h 001 At1-H No Gate

B~ I G e PRI AW R e S B 100 pM B R 2 3
ERHE051-4-6~10~1216~18 2024 ] pr#rig 2 ROS 1§
o BEFRGFEFIIUEL > F NG #0485 273 A4 ROS
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=3 y
—
= -
=
control
=
=
-
-— 2 >
107 10 o< 10~
Key Neawve Parameter Gate
- OO LT NOo Gate
§ BShHh O0T LT - No Gate
A48h OO0 Lo B B o No Gate
SO 001 L1+ No Gate
' F 2t Ot FL1-H No Gate
- San 001 FL1-H No Gate

B4 i intme i R R A ST P EoRmeSd BT 100 pM kA& 2 4
EAF 12453648260~ 72 fr 84 ] pFerig & ROS ch i 8 o B % 3 I
EFT UL > VR B 2753 A2 ROS e % o

— ROS

ROS
|_|

. []
C 0514 6101216 182024 3648607284
Time ( hours )
Bl L &3 7 HERmeicd 83 100 pM JER 2. 4 & # 97id 2 57 ROS 2
B BEFREFFA L > ROSHEKE 2 > 473 A2 ROS e
% o Hefp it % 4 meantSD i % 5% > n=3 o
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Sw i FEH ALK TR R e T = (Mitochondrial

membrane potential) 5175 58
FI* h N e P HRER A R RAR R B AIL 1l P2 {8 > 40 ~ DioC6 -
TR A4 T R FIREFES R e B R L e

# i) > ¥ M2 Gated #icie» SE2- 4 0 & T ,3\37}??4}3 A AT e Ea;

BT ARG R ERAE 2T A & 100 pM 0k R RGP A o (4

Bl-+t-~2-+=

21612100 uM A B M EIL % 3 F PEER {8 0 4c » DioC6 k&R T %6
FFAS 0 A K _05-1-4-6-8-~10~12-~16~18~20~24 364860~ 72
o 84 | R SRR Ktk Rl A 4 R RO BEFREFRFT 0
WE o RAPEE G A AES 0 ¥ M2 Gated #c s 24 (rBlZ L= s

St oA T ) Agmiey AAWR BB F o AUGd R AR R

i R g .

=3 =3
=3 =1
s ws
=" =
= =
38 S=2
* <
= ! P
10° 107 102 10° 107 10° 10! 102 10> 109
FLI-H FLT-H
Key Name Pammeter Gate ey [e—— Gate
- c.001 FL1-H G1 - . 001 LY G
p— 1 FL1-H G1 5 pM L1 a1
= E=3
-~ -
s e
== ns
3 s
S= S=
— s
< P
102 101 102 10 1079 10° 107 102 107 09
FLI-H FL1-H
Key Name Parameter Gate Key Narne Parameles Gate
- c.001 FL1-H G - c. 0073 FLI-H Gy
FL1-H G1 FLY-H G
— 10 M —— 20 M
= g
2 =
=8 ws
s =
Ss S=2
= =
= a0 g o2 &3 a =100 -
10! 10 1 10 10 1 > 5l
FL1-H b e Fﬂ?f—c e e
ey Name Sate Key Name Parameter Cate
- <.00% FLI-H [<h] - < O0F FLT-H G
50 UM o . s s 100 M L .. -
- L vE 4 RS 2L £ A5 e X5 3 T &R IR, tm P 4w W~ 3 N 4
&) = - I N e 2 RITG A I TR FwmrSd B A7 B

Bz et & MMP ch®$ o B 5% 3 A F kA hlif 40 > o &
Py 100 uM sk R G = # Ak 0 A7 5 A2 MMP SR % o
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MMP

70

60

50

40

30

20

* %

C 1 5 10 25 50 100

MMPp |Concentration of coumarin (uM )

AR PR gd B LA RIERZ A EMHYTiE S MMP
REFNg PR BEFRTG LI00uMERT > €7 MMP #iiE
T Ao A2 MMP IR % o #icdp % % )2 meantSD iF £ % o
n=3 o (*p<0.05 > **p<0.01)

K

= ok W

= =
= =
= =
P —1 o —1
E= E=
= =
o ET- 5 2 10~ 107 1 1o’ = 10~ 1™
FL - LY
Sate < b= "r=Tss = "= Gate
ot OO S - PO Geate e OO L N Gate
DOwTWET OO L o B PO e S OO L . R NNO Gate
= =
= =3
=E =5
S= SsS=
= -
10> so’? * w0~ = 0= 107
LT
oo
con T _ OO L B b o ] O Gieabe> PO Chaatees
121 OO o ss o Gate ~o Gate
=
=
.1
==
=
S =
=
10 107 16= 107 0~ o=
L.
Farameter Gate Cate
COoTe s OO LY - ~NOo Gate No Gate
Bt CO2 Lo rNo Gate o Gase
- N . 2 L I sp 20 W 7 2 g 4 2 o= . - Y N
= | # R3S dm ¥ —;g,;i&:sr_—/\ @B o, P T A E R 2
= ? VTS : t et = A = R B SRR g q_‘f; wp 100 HM P z

LA e PR ELATE & MMP ch%H o % P ILNE F P Bhenst £ o
54

B3 AR 253 A4 MMP IR % o
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il

control
12h 30 min
6 h

160
|

120
Lo

g ] ; 36 h

10° 104

Jeys
e
F_k

L7 fe PP BEATiE & MMP cn% s o S % F IR F P Lt £

BloLw % e me s Bkl A BT F R Sd B3 100 uM kB 2
L
WG LA ABE 0 (L 48h 2B R R > A7 F A% MMP I % o

70

60

50

40

* k%

MMP

30

20

10

0 T T T T 1

C 05 6 12 24 36 48
Time ( hours )

— MMP

Bl L7 AH3TFHwssd B3 EE 100 pM 2 4 & # 973 & MMP %8
ZBIVRl BEFREEFREFGE L > MMP #icEr “§2. T "5 > & 48
} B> MMP #icig B > o7 248 /] FFA 4 B 5 ch MMP » #icdp B % 12
meantSD i# % 7 > n=3 o (* p<0.05 > ** p<0.01 > *** p<0.001)
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$I 8 f et p i (Cal)kR 2 BT

Fl* N R RITEGARER DA B AT 1 LS b x
Indo-1AM » F BLEH & 4 4T T hiF2) o FIEF B LR O 40 > FIRI A
F e A chlA5 0 @ M Gated Bclg W2 K e 0 & o dmse N AT AET R B M 4o
LS0UM 4 B RJEATH G R AW A P A o (Wl LA oS 2 b))

2 {83 11 50 M 1 B oM ASE 7 Fe PR 1S DR > e R 4e » Indo-1AM >
BBRAET PER S o 812468121824 +36~48 - 60 -| P
PR EE kR e A 2 AT DT o BRI F B O £ o 0 SAP YR
+ F g% 0 F M1 Gated #cE s M2 B4 > AT 4 B € R wmre p 4TS K
B4 o (eBlz 4 v 2L v=2+- ~ =24

g g &7
g £
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B AR EPEREICF R TR - BMAEDLE S oa FRAMPN
R R e N 7 P e E 2 A 6 T o e IR AR S Rk
(PTP)+7 B & H i imve 5+ = chifin® o @ *hirg @ Wi Ui A TR % B % B 4o
Bax# A MAEWT =T %A @R

Fl* m NPt RTER DR ER L B RIEL ) (S 0 e x
Indo-1AM » # BLZ4T 3 Jk B %65 chiFa) o Indo-1 Am 5 — Facih§ kg4t > *
YU RIATAE T R R B E A e BEFIEFESER R S 0 W BTG LBl
255 * M1 Gated#ic .+ “E2 e » % 7 moe @ 4T T kB H 40 > 250 M
a3 ERBPE o 50 uMERTE EH/EI®]1~2-4-6~8~12~18~24~
36~ 48 ~ 60 PFerpE o kiF it imre ¢ A R R RE D) B AD] Y &R
4 LA R BERLE R0 PR AL A A & AT aT
PR B e finre [ PRMLAATARS JEd ATP iR 24T ALS JTF 6 ST
S SRS B PN IEL A S S R
CoTaT BE P K R FEALS S @R F s > gd E i CaMfrd @
ME R 2D F0 B A Beme o

F)% BB iRskik LR A B HHeLadm s (7% 24.) p5 15 > i3 2 (hDNAJR i§
P FIE FE LR P DNAI G cniEa) L AT - £ 8335 4 A ¥
2% 3% i plin vito UVARB S § fmoe ek 422 8 o2 ¢ 4 > A B4 28 A e
24 % eAFEUDNAY BETH o @ 24 Fweid 3 SDNAJ G RER AL o
w5 00

SO - BT A BN AAKES T ReE A hmre = 1350 0 2.4
* DNAT 79 # % BB DNA ladder 24 112100 uM% & # ASL 4 855 ¥ Flksw
ek PERY 5243648 PF o % I 243648 BF A 4 P &F <1 DNA ladder »
#50-300 bperii= ¥ I ILETH ADNA T X 0 £ 7 3 A 2 DNA fragment » 7= &P 7
e e = Hmie k= 0rid A s @ 2hamre o 010,

PLE G B BRE AT A B AT R RN e AR e e
P hmm Y 6 o hov A RER 40 cdk 4 p2l9epS3 o Fov A RE R
%6973 cyclin D1/2 ~ edk 2 ~ p15 ~ CDC 25A » @ pS3&p21end-v £ ME 250 uM
2100 g Mevk R F b i) R E TR R BF @ i ez e = o @ cyclin
DT % 5 %2 k) GO/GLI i ik chap 92220 @ pS3grp21en b < 4o Bl d gLk s
# 3 me TP GOGIP Bk IR 27 o iz = 2 G 0 i AT H e 3
Bax -~ cytochrome cfrcaspase-3 » v % JLE & > ¢17F Bel-x122Bcl-2 » @ caspase-8
Brcaspase-9 5 AR m T v AR F L ER RS @ 2wt = 0@ Belxl
BBCl-2p b &g = mve - o F] 0 F] ;2 Bel-x122 Bel-2 A anti-apoptotic factor » #z
g€ Frfl 3 hERE > @ Bax s ¥ - #Bcl-2 72% > %}‘?ﬂ T ARG F e S BT

60



=1

Bt dm A 0 @ S f :"Cytochrome cfrd 5 3¢ > $&Bax# cytochrome ¢ #-v %l
2 €3 430 caspase-33§ 4v 7* {_fmir k- - £ & :fp 1% » pro-caspase-3 .5
apoptosome {1 i it caspase-3 > @ 4 # apoptotlc substrate® o 11 F * X gRE A %‘-’r ’
A AR F SR N e 2 £ B AR B e P L
AEM RS SRR A D RA T R 5] Armie s X Ea
B A o R LE RS L BApR hke 0 @ ;}LNF-KB p50 .
NF- 1 B p65 > & % 3 JLNF- £ Bp5022NF- k Bp65:h3-v 2 B * 2 > & 7
ge A ALd M RTE S dwe F S eI foo @ PRk b T A Kd Ak ’9/1 wiE - L
> fFr(INOS) 7% 1+ A 55 A NOS#1ig = ! 5 fm¥e &= % 3 INOS Fov RIRE H A

7 AT %22INOSe £ 0 #dipl 5 d Glial cell3 #iNOS@ & 2 NO » ¥ 5 ‘w72
T

DI F P 415 cyclinfreyclin-dependent kinase (Cdk) » v iF* fkm fz & &y
PERRFEE LS o ,'{gé cyclin Ei¢ Cdk2 ¢ & G1# i 2k 51+ > @ %ﬁé cyclin A
¢ B FG1-SEp 57’7@;#1?] » @ cyclin B ¢ /& i CDC2 G2Mj e 1k 5 223V 9 ¥ 1 A
W CdkAg & e FR e T ¢ € 33 & 4 & B (checkpoints) ° Cyclin D:Cdk4/6
4§ & ¥ % transforming growth factor Bei— B 4 W& 0¥ & 5 w2 i 8 Gl Y i3
Lo dfd 3 #p15™NK®, Cdk4/Cdk6 1§ 2 & ~ CDC25A shdown-regulation ~ Cdk4
thdown-regulation » Hut i F § HRGIH e b o

FRAET S EEZOFHRY R ERADE MR S T DEAIRF T F D
A5 » dreytochrome ¢ ~ p21 ~ p53 ~ Bax ~ caspase 3... & & > i3 & LI % ¥ &L ch R F)
Pl3ER =3 A ERimie = chifa), 7§ 7o 25 B e end I8k
oot A

KGEESL a2 et R VRN é'jgvj e k= AT ek A SRR AES 0
a0 & 45 5 ek F N (cascade) PR i o Bk R chB iR oA 4 B ]
Fomig o fap MB4|i & & J % caspase 712% -0 0w P & $>caspase
FE R R 8- HendE® o B k= R g7 2 454 ¢ F n 4 f2(chromatin
condensation) ¢ § % i* caspases{s * DNA frinternucleosomal linker sites=7180-200
base pairs ¢ & 2 A 2R % o ¥ U é Al “"nu‘ ¥k ihband o ffmiE B BF
DNA fragmentations & 2 5 & B &4 > 7 L » DNA %50-300 kb g A 4 large
fragmentse %] {2 > 518 - ] rﬂohgonucleosomes,?3r Bz’ @ u b oar
#.ificaspasesiicascade sk Jis 2 DNA fragmentationshg 2 > W& A %7 — — 4
MR A BT AT ek I o

FEM P FEES BB ERFET PP A ST F 5K e (Hela) 3 i
F o0 T = e T GO/GLEp chiz ok (cell cycle arrest)% 3% % ‘e /& = (apoptos1s)
IR G oo gt b s g & 4 AR F it Je (reactive oxygen species) 0 i3 dvq‘“ E g
= (mitochondrial membrane potential)™ *% > & # 4F 3+ (Ca™)ean 4 a\DNA
1F % % DNA fragment > & % & = L 823 77 Hiv* 4] 25 F IR v 0
# L& # 4r > 4oBax ~ caspase-3 ~ p53 ~ p21 ¥ cytochrome c-+- % > 2 F-v h& RE

3

61



# " » 4eBel-2 ~ Bel-xl ~ eyclin D ~ CDK 2 ~ p15 ~ NF- £ B pS0£2 NF- 1t B p65 - f¢
AP - EE B fomie B s o

62



I_/—; > 1 2 by ;___%,»
- 7 1 RR
- & Yk

FE AT R EENFELOR G IS HM > AT ?l,?v#ﬁ VA B
(Coumarin) 3 i {¥* » @ 4 & 4 fr 7-hydroxycoumarin # 14 ;}uﬁ sl FE
snte k= foPrg| 2] do e WO %2 (non-small cell lung carcinoma) s 2 o ¥ ¥ #
5 - A BEL TR T o 4 EH{oH A 3h 7-hydroxycoumarin 4 J 4353+
T s P2 th(HepG2) ~ § M i ?e thfr+ %ol bm e th € Prilim?e 38 F ik o @ &
Bl R FEH AR E AT PR R B GO E A S
FHAT G Iedlivr o 2 H0v% chisfd o Af A RIFH A B LT il 7
§ e (HeLa)d 2 ~ 11 4 2 H 2+ ¢ Sl lmie T € 348 i /%f (apopt051s)
IR Y~ ALTE € i e P iR 0 (cell cycle arrest)sIR % ~ BLE € A 4 AR E L
$ (reactive oxygen species) ~ &% F ST i (mltochondrlal membrane
potential) % £ 7 & # 4T agF (Caﬁmiﬁ.%k s I A G EELEE- hAT Y H (e
Wl oS P SR FR A EHRILA S B I K th(Hela) 0 flmie p
¢ A2 ROS> 3% DNA 4§ > i&m F i p53- 2 {57 1 p21» @ p2l § ¢ = CDC
25A T % i@ ] Cyclin D ~ Cdk2 e 38 » @ plS5 7 ¢ #r4] Cyclin D » i ‘w
e ikt 3 GO/GL #p o § p2l1 Bt (s € @ FARMP S Bcl-2 FIEFG B FF
Bel-2 & Bel-xl > # f]gof 5048 Bax 34 > PR Mo £ 4 1 0 sy
§RITHT (Ca™) DE AT =T % > A LMW § B cytochrome ¢ 0 ¥
& 14 T Pehcaspase-3 0 i & DNA fragment » ¥ 354 w92 k= > B3 ig & w5
= oA et 3 E S o (AeBle N 0 B E A S SR D

T* Wiz Bjl); FE M %o I%E\W“ﬁﬂ‘%pi jiE-HentfEs Ak
RPET L A E AR E A T REF R R ATERF LY
higif i o B A UHTR -

s

¥ & iR

Mt A B en@ Bk o ok o VR T 2 g ROS e A 0 dode ~ DMPO o
4 LF% T HrH] ROS endf % 0 2 2 7 T L ROS #7ig 2 B 0T U AT LS b
gl A 0 At > BAPTA > 2 5 0 #rd4F 83 P % > 2 B 7y ZUT4F “rid
Sy SR LR -V B AR R AR Nl - VE = I N A I G Rt
w2 FF o (- HEHL AL mE R Y PFT 8 BT s R
o BEA B AR LT G dedlleie pAaiTr o 2 BTk o] o 4p
EEPTROR B T B A 0 §F AT Lie— A Rl o

7
2

2
&

63



> S #
ROS - Apopto&s
DNA damage DNA fragmentation

|

-l.' MMP | / / ‘ \@ /
Ca” | cytochromec § —

Cell cycle GO/G1 arrest

Bz - ~  Coumarin ¥ HeLa ‘% $A3% % ‘m% /& = (apoptosis)£ i3 = ‘w ¥z iF ) i%

1+ (cell cycle arrest) e, 75

64



References

1. Pecorelli, S., Favalli, G., Zigliani, L. & Odicino, F. Cancer in women. Int. J.
Gynaecol. Obstet. 82, 369-379 (2003).

2. Mann, J. Natural products in cancer chemotherapy: past, present and future.

Nat. Rev. Cancer. 2, 143-148 (2002).

3. Kao, W. F., Hung, D. Z., Tsai, W. J, Lin, K. P. & Deng, J. F. Podophyllotoxin
intoxication: toxic effect of Bajiaolian in herbal therapeutics. Hum. Exp. Toxicol.

11, 480-487 (1992).

4.L1, Y. C, Tyan, Y. S., Kuo, H. M., Chang, W. C. Chang., Hsia, T. C. & Chung, J. G.
Baicalein induced in vitro apoptosis undergo caspases activity in human
promyelocytic leukemia HL-60 cells. Food Chem. Toxicol. 42, 37-43 (2004).

5. Lee, Y. M., Wu, T. H.,, Chen, S. F. & Chung, J. G. Effect of
5-methoxypsoralen (5-MOP) on cell apoptosis and cell cycle in human

hepatocellular carcinoma cell line. Toxicol. In. Vitro. 17, 279-287 (2003).
6. Chung, J. G H.F. Lu, C.C. Yeh, K.C. Cheng, S.S Lin, J.H. Lee. Inhibition of

N-acetyltransferase activity and gene expression in human colon cancer cell lines by
diallyl sulfide. Food Chem. Toxicol. 42, 195-202 (2004).

7. Filomeni, G., Aquilano, K., Rotilio, G. & Ciriolo, M. R. Reactive oxygen
species-dependent c-Jun NH2-terminal kinase/c-Jun signaling cascade mediates
neuroblastoma cell death induced by diallyl disulfide. Cancer Res. 63,

5940-5949 (2003).

8. Lu, H. F,, C.C. Sue , C.S. Yu, S.C. Chen , G.W. Chen , J.G. Chung. Diallyl
disulfide (DADS) induced apoptosis undergo caspase-3 activity in human bladder
cancer T24 cells. Food Chem. Toxicol. 42, 1543-1552 (2004).

9. Chen, H. C., Hsieh, W. T., Chang, W. C. & Chung, J. G. Aloe-emodin induced
in vitro G2/M arrest of cell cycle in human promyelocytic leukemia HL-60 cells.

Food Chem. Toxicol. 42, 1251-1257 (2004).

65



10. Tan, T. W., Tsai, H. Y., Chen, Y. F. & Chung, J. G. Induction of apoptosis in
human promyelocytic leukemia HL-60 cells by Ampelopsis cantoniensis crude

extract. In Vivo 18, 457-462 (2004).

11. Chu, C. Y., Tsai, Y. Y., Wang, C. J., Lin, W. L. & Tseng, T. H. Induction of
apoptosis by esculetin in human leukemia cells. Eur. J. Pharmacol. 416, 25-32

(2001).

12. Finn, G., Creaven, B. & Egan, D. Modulation of mitogen-activated protein
kinases by 6-nitro-7-hydroxycoumarin mediates apoptosis in renal carcinoma

cells. Eur. J. Pharmacol. 481, 159-167 (2003).

13. Kimura, S. et al. Inhibition of leukemic cell growth by a novel anti-cancer
drug (GUT-70) from calophyllum brasiliense that acts by induction of apoptosis.
Int. J. Cancer 113, 158-165 (2005).

14. Lopez-Gonzalez, J. S. et al. Apoptosis and cell cycle disturbances induced by
coumarin and 7-hydroxycoumarin on human lung carcinoma cell lines. Lung

Cancer 43, 275-283 (2004).

15. Okamoto, T., Kobayashi, T. & Yoshida, S. Chemical aspects of coumarin
compounds for the prevention of hepatocellular carcinomas. Curr. Med. Chem.

Anti-Canc Agents S, 47-51 (2005).

16. Lacy, A. & O'Kennedy, R. Studies on coumarins and coumarin-related
compounds to determine their therapeutic role in the treatment of cancer. Curr.

Pharm. Des. 10, 3797-3811 (2004).

17. Chen, S., Cho, M., Karlsberg, K., Zhou, D. & Yuan, Y. C. Biochemical and
biological characterization of a novel anti-aromatase coumarin derivative. J. Biol.

Chem. 279, 48071-48078 (2004).

18. Shah, M. A. & Schwartz, G. K. Cell cycle-mediated drug resistance: an
emerging concept in cancer therapy. Clin. Cancer Res. 7,2168-2181 (2001).

19. Dynlacht, B. D. Regulation of transcription by proteins that control the cell
cycle. Nature 389, 149-152 (1997).

66



20. Viktorsson, K., De Petris, L. & Lewensohn, R. The role of p53 in treatment

responses of lung cancer. Biochem. Biophys. Res. Commun. 331, 868-880
(2005).

21. Smith, M. L. & Fornace, A. J.,Jr. Mammalian DNA damage-inducible genes
associated with growth arrest and apoptosis. Mutat. Res. 340, 109-124 (1996).

22. Dhulipala, V. C., Maddali, K. K., Welshons, W. V. & Reddy, C. S. Secalonic
acid D blocks embryonic palatal mesenchymal cell-cycle by altering the activity
of CDK2 and the expression of p21 and cyclin E. Birth Defects Res. B. Dev.
Reprod. Toxicol. (2005).

23. Dyson, N. The regulation of E2F by pRB-family proteins. Genes Dev. 12,
2245-2262 (1998).

24. Fu, M., Wang, C., Li, Z., Sakamaki, T. & Pestell, R. G. Minireview: Cyclin
D1: normal and abnormal functions. Endocrinology 145, 5439-5447 (2004).

25. Pavletich, N. P. Mechanisms of cyclin-dependent kinase regulation:
structures of Cdks, their cyclin activators, and Cip and INK4 inhibitors. J. Mol.
Biol. 287, 821-828 (1999).

26. Roussel, M. F. The INK4 family of cell cycle inhibitors in cancer. Oncogene
18, 5311-5317 (1999).

27. Sherr, C. J. & Roberts, J. M. CDK inhibitors: positive and negative regulators
of G1-phase progression. Genes Dev. 13, 1501-1512 (1999).

28. Zhou, B. B. & Elledge, S. J. The DNA damage response: putting checkpoints
in perspective. Nature 408, 433-439 (2000).

29. Massague, J. G1 cell-cycle control and cancer. Nature 432, 298-306 (2004).

30. Weil, M. et al. Constitutive expression of the machinery for programmed cell

death. J. Cell Biol. 133, 1053-1059 (1996).

31. Hengartner, M. O. The biochemistry of apoptosis. Nature 407, 770-776
(2000).

67



32. Shi, Y. Mechanisms of caspase activation and inhibition during apoptosis.

Mol. Cell 9, 459-470 (2002).

33. Srinivasula, S. M. ef al. A conserved XIAP-interaction motif in caspase-9
and Smac/DIABLO regulates caspase activity and apoptosis. Nature 410,
112-116 (2001).

34. Joza, N. et al. Essential role of the mitochondrial apoptosis-inducing factor in

programmed cell death. Nature 410, 549-554 (2001).

35. Harris, M. H. & Thompson, C. B. The role of the Bcl-2 family in the
regulation of outer mitochondrial membrane permeability. Cell Death Differ. 7,

1182-1191 (2000).

36. Shi, Y. A structural view of mitochondria-mediated apoptosis. Nat. Struct.
Biol. 8,394-401 (2001).

37. Matsui, H., Hikichi, Y., Tsuji, 1., Yamada, T. & Shintani, Y. LIGHT, a
member of the tumor necrosis factor ligand superfamily, prevents tumor necrosis
factor-alpha-mediated human primary hepatocyte apoptosis, but not

Fas-mediated apoptosis. J. Biol. Chem. 277, 50054-50061 (2002).

38. Melov, S. et al. Extension of life-span with superoxide dismutase/catalase

mimetics. Science 289, 1567-1569 (2000).

39. Orsini, F. ef al. The life span determinant p66Shc localizes to mitochondria
where it associates with mitochondrial heat shock protein 70 and regulates

trans-membrane potential. J. Biol. Chem. 279, 25689-25695 (2004).

40. Jacobson, M. D. Reactive oxygen species and programmed cell death. Trends

Biochem. Sci. 21, 83-86 (1996).

41. Hildeman, D. A. et al. Control of Bcl-2 expression by reactive oxygen

species. Proc. Natl. Acad. Sci. U. S. 4. 100, 15035-15040 (2003).

42. Takahashi, A., Masuda, A., Sun, M., Centonze, V. E. & Herman, B.

Oxidative stress-induced apoptosis is associated with alterations in mitochondrial

68



caspase activity and Bcl-2-dependent alterations in mitochondrial pH (pHm).

Brain Res. Bull. 62,497-504 (2004).

43. Curtin, J. F., Donovan, M. & Cotter, T. G. Regulation and measurement of
oxidative stress in apoptosis. J. Immunol. Methods 265, 49-72 (2002).

44. Immenschuh, S. & Baumgart-Vogt, E. Peroxiredoxins, oxidative stress, and

cell proliferation. Antioxid. Redox Signal. 7, 768-777 (2005).

45. Green, K., Brand, M. D. & Murphy, M. P. Prevention of mitochondrial
oxidative damage as a therapeutic strategy in diabetes. Diabetes 53 Suppl 1,

S110-8 (2004).

46. Smaili, S. S. et al. Mitochondria, calcium and pro-apoptotic proteins as

mediators in cell death signaling. Braz. J. Med. Biol. Res. 36, 183-190 (2003).

47. Zorzano, A., Bach, D., Pich, S. & Palacin, M. Role of novel mitochondrial
proteins in energy balance. Rev. Med. Univ. Navarra 48, 30-35 (2004).

48. Chevrollier, A., Loiseau, D. & Stepien, G. What is the specific role of ANT2
in cancer cells? Med. Sci. (Paris) 21, 156-161 (2005).

49. Green, D. R. & Reed, J. C. Mitochondria and apoptosis. Science 281,
1309-1312 (1998).

50. Tsujimoto, Y. Bcl-2 family of proteins: life-or-death switch in mitochondria.

Biosci. Rep. 22, 47-58 (2002).

51. Hajnoczky, G., Davies, E. & Madesh, M. Calcium signaling and apoptosis.
Biochem. Biophys. Res. Commun. 304, 445-454 (2003).

52. Park, E. K., Kwon, K. B., Park, K. I., Park, B. H. & Jhee, E. C. Role of
Ca(2+) in diallyl disulfide-induced apoptotic cell death of HCT-15 cells. Exp.
Mol. Med. 34,250-257 (2002).

53. Kurz, E. U. & Lees-Miller, S. P. DNA damage-induced activation of ATM
and ATM-dependent signaling pathways. DNA Repair (Amst) 3, 889-900 (2004).

69



54. Bao, S. et al. ATR/ATM-mediated phosphorylation of human Radl7 is
required for genotoxic stress responses. Nature 411, 969-974 (2001).

55. Kaneko, M., Takahashi, T., Niinuma, Y. & Nomura, Y. Manganese
superoxide dismutase is induced by endoplasmic reticulum stress through
IRE1-mediated nuclear factor (NF)-kappaB and AP-1 activation. Biol. Pharm.
Bull. 27, 1202-1206 (2004).

56. Li, T. M. et al. Ellagic acid induced p53/p21 expression, G1 arrest and
apoptosis in human bladder cancer T24 cells. Anticancer Res. 25, 971-979
(2005).

57. Shanker, G., Aschner, J. L., Syversen, T. & Aschner, M. Free radical
formation in cerebral cortical astrocytes in culture induced by methylmercury.

Brain Res. Mol. Brain Res. 128, 48-57 (2004).

58. Le Bras, M., Clement, M. V., Pervaiz, S. & Brenner, C. Reactive oxygen
species and the mitochondrial signaling pathway of cell death. Histol

Histopathol. 20, 205-219 (2005).

59. Regula, K. M. & Kirshenbaum, L. A. Apoptosis of ventricular myocytes: a
means to an end. J. Mol. Cell. Cardiol. 38, 3-13 (2005).

60. Raghuvar Gopal, D. V., Narkar, A. A., Badrinath, Y., Mishra, K. P. & Joshi,
D. S. Betulinic acid induces apoptosis in human chronic myelogenous leukemia
(CML) cell line K-562 without altering the levels of Ber-Abl. Toxicol. Lett. 1585,
343-351 (2005).

61. Saris, N. E. & Carafoli, E. A historical review of cellular calcium handling,

with emphasis on mitochondria. Biochemistry (Mosc) 70, 187-194 (2005).

62. Waring, P. Redox active calcium ion channels and cell death. Arch. Biochem.

Biophys. 434, 33-42 (2005).

63. Gupta, S. & Knowlton, A. A. HSP60, Bax, apoptosis and the heart. J. Cell.
Mol. Med. 9, 51-58 (2005).

70



64. Mokashi, A. et al. Ryanodine receptor-mediated [Ca(2+)](i) release in
glomus cells is independent of natural stimuli and does not participate in the

chemosensory responses of the rat carotid body. Brain Res. 916, 32-40 (2001).

65. Bigelow, D. J. & Squier, T. C. Redox modulation of cellular signaling and
metabolism through reversible oxidation of methionine sensors in calcium

regulatory proteins. Biochim. Biophys. Acta 1703, 121-134 (2005).

66. Agar, N. & Young, A. R. Melanogenesis: a photoprotective response to DNA
damage? Mutat. Res. 571, 121-132 (2005).

67. Nomura, Y. Neuronal apoptosis and protection: effects of nitric oxide and

endoplasmic reticulum-related proteins. Biol. Pharm. Bull. 27, 961-963 (2004).

68. Nagahara, H. et al. Transforming growth factor beta targeted inactivation of
cyclin E:cyclin-dependent kinase 2 (Cdk2) complexes by inhibition of Cdk2
activating kinase activity. Proc. Natl. Acad. Sci. U. S. A. 96, 14961-14966
(1999).

69. Philchenkov, A. Caspases: potential targets for regulating cell death. J. Cell.
Mol. Med. 8, 432-444 (2004).

70. Higuchi, Y. Glutathione depletion-induced chromosomal DNA fragmentation
associated with apoptosis and necrosis. J. Cell. Mol. Med. 8, 455-464 (2004).

71



3 W ad s AW Le gL o Lap 4 Rdd

* HA K FA R TR ARFRfS T HFR
FEAA S B ERIBA P A A AT p R EEER s R R e P T
¥k S fed B TSR R o kA RE MRS ST ERIH
RE PR oo @ - LR o RE RTIRG EtR- Ko A

Rl R RR K F R E > e R %ﬁiﬁﬁi%ﬁ—?ﬁ§rﬁi
R vk RAFFTRE AR B FANAEZIHRfra kLD o

REEAR T A )RV AT TG }&}3””@3\"‘5‘?%&??*“‘?
LER ] DB EABRAF 28, £k WP ZE0Y 3 LERP - A
%ia%m%%ozéﬁ%%ﬂéqﬁﬁﬁﬁ&’#ﬁﬁﬁﬁfiﬁﬁﬁ’ié
NARALT EREUE O TPRFE VLY IABFAEZE ko ARDPEFLLFE
B kb eDRT R e RO RT > B R 4 SRR A e R L 0 ¥ 3
REAR S bR erdt i aRAK F o PR b I oA g ¥
GG T fEIE S R A A Tk B R LT X B enpics
oAl RRA ST E S FRLF R BT R P £ F 0 gAY B

LEfomAR F AR R L F RIS B 53 %ﬁmﬁhé
fﬂifﬁ AR o Iﬂiﬁ*%%é%%%\%%\%% ;t~§
RE S FILERT P L - LA ROEL 2 Eik
AV ﬁp@km"?¢ﬁﬂﬁﬁﬁ@w%%@ ﬁﬂ
AKREY AR E2 8 HRRAY - BRATOE L TG - B A PR
§¥£’65Mﬁ&%$%’ia%—@%ﬁw%’¢%i Z jﬁﬁ%ﬁ%’
CELTEREERATGYA S 2 A RTIEF A R A TR
ep e AT s ka e  EAFP X o

72



