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Apaf-1: apoptosis protease-activating factor-1
Bcl-2: B cell lymphoma protein 2

BSA: bovine serum albumin

CHM-1: 2-(2-fluorophenyl)-6, 7-methylene dioxyquinolin-4-one
DISCs: death-inducing signaling complexes
DMEM: Dulbecco’s Modified Eagle Medium
DR5: death receptor 5

ERK: extracellular regulated kinase

FADD: Fas associating protein with death domain
FBS:fetal bovine serum

I1Cs0: 50 % inhibition concentration

IVIS: in vivo imaging system

JNK: C-Jun N-terminal Kinase

MAPK: mitogen activated protein kinase

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-dipheny tetrazolium bromide
NCI: National Cancer Institute (USA)

PARP: poly(ADP)ribose polymerase

PBS: Phosphate buffer saline

2-PQs: 2-phenylquinolin-4-ones

SAR: structure-activity relationships

SDS: Sodium dodecyl sulphate

TNF: tumor necrosis factor

TRAIL: tumor necrosis factor-related apoptosis-inducing ligand
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CAM: Complementary and Alternative Medicine therapies
CDK: cyclin-dependent kinase

CDKI: cyclin-dependent kinase inhibitor

EGF: epidermal growth factor

EGFR: epidermal growth factor receptor

FBS: fetal bovine serum

MAPK: mitogen-activated protein kinase

MTT: 3-(4, 5-dimethylthiaxol-2-yl)-2, 5-diphenyl tetrazolium bromide
PBS: phosphate buffer saline

Pl: propidium-iodide

PI13K: phosphatidylinositol 3-kinase

Sl: Saussurea involucrata

DMEM: Dulbecco modified eagle medium
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ABSTRACT

Ovarian cancer is the sixth most commonly diagnosed cancer among
women in the world, accounting for nearly 4% of all female cancers. On a
worldwide basis, an estimated 204,000 new cases are diagnosed and 125,000
women die of ovarian cancer annually. Although most ovarian carcinomas
initially respond to first-line therapy, recurrence with drug-resistant disease is
the majority of patients eventually succumb to their diseases, and the overall
5-year relative survival rate is 45%. Treatment for advanced-stage and
recurrent disease remains limited, consequently, an effective drug for ovarian
cancer is urgently needed today. As part of our continuing investigation of
2-phenylquinolin-4-ones derivatives as potential anticancer drug candidates, a
series of 2-(substituted phenyl) 6, 7-methylenedioxyquinolin-4-one
derivatives was evaluated for developing new anti-ovarian cancer drugs.

MTT assay indicated that, 2-(2-fluorophenyl)-6, 7-methylenedioxy
quinolin-4-one (CHM-1), was the most active compound. CHM-1 inhibited
the growth of SKOV3 cells and induced apoptosis in a concentration
-dependent manner, but it was less cytotoxic to human diploid skin fibroblast
Detroit-551 cells. The Western blot experiments showed that CHM-1 caused

the upregulation of death receptor (DR) 5 and tumor necrosis factor-related

4



apoptosis-inducing ligand (TRAIL). Interestingly, CHM-1-mediated cellular
apoptosis was found to be closely involved with the p38-mediated
upregulation of DR5 expression. In SKOV3 subcutaneous xenograft model,
both CHM-1 and its hydrophilic phosphate (CHM-1-P) caused significant
dose- and time-dependent tumor regression. Furthermore, CHM-1 inhibited
tumor growth and prolonged the lifespan in the SKOV3 ipl/luc orthotopic
xenograft model. The average lifespan was prolonged by 137% and 161% in
animals treated with 15 mg/kg or 30 mg/kg (i.px11) of CHM-1, respectively.
Intravenous (i.v) administration of CHM-1-P also significantly prolonged the
survival time in the SKOV3/ICR-Foxnlnu orthotopic xenograft model. The
average lifespan was prolonged by 142% and 150% in mice administered
with 10 mg/kg CHM-1-P (i.vx10) and 20 mg/kg CHM-1-P (i.vx10),
respectively.

Based on the excellent antitumor activity with interesting mechanism of

action, CHM-1 was considered as a new anti-ovarian cancer drug candidate.

KEY WORDS: apoptosis; CHM-1; death receptor 5; ovarian cancer; p38.
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2
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e = AN & 5= 5N ARG s e 15
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F (chemotherapeutic drugs) £« 7* = = %# (death receptors)z_ 1 4, & ¥ -

= ~»= X § (Death receptor) 32%

v X RERSE A MR 3 ¢ T % 48 2% (tumor necrosis factor receptor
super-family)z- = f - 4 T ehimie 485 H PR % B (sensors) i3t fm ke
200 PSR S S RES R £8P 4 2 v b
¥¢ B 7 = % & (death domain)2- ~807% 2 (residues) i 5 % 4 (L B 9A) -

T XA BR R et - ML T R w o AR &
(intrinsic) sk = 541 (2 B 9B) o ¥ it = fAk A R cope 48 (ligand) 8 2
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Figure 9 Schematic representations of (A) death receptor *? and (B)

death receptor signaling *°!.

%% 50 - 447 & 88 (death-inducing signaling complexes; DISCs) =
B3 ey @ogax B d CDI5 4~ 5 = £ #84(DR4; also termed
TRAILR1) 7= < §25 (DRS5; also termed Apo2, TRAIL-R2, TRICK2, or
Killer/DR5) (e = DISCs - DR4* DR5 % 2 ¢53DISCs 7 4p #f 02 m;ﬂ]& » DISCs
A5 {4 i@ RaEcaspase-82. iF it ocaspase-8 At = M L R R IT Y B F iR
EREd o - dwmiw? ¥ iy b3 2DR4AZ DRS X a hif i mre
2 & ¢ % - DRSWT 4p 254 5 € & P o DRAJ-DR5IT % % 3444 1dg +
L AR S 3 F RIS R Bin R A R RE o A
DR4 2 DRSS [ 2 e~ B3k~ F] 5 Ap M 34 %8~ fe 48 (tumor
necrosis factor-related apoptosis-inducing ligand; TRAIL) » #c 3 £ # |+ f§
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3 52 (transformed) & w72 2_ & = 930 o s st TRAIL A 1

58 & {1 ;%DR4

DRS¢ A3 S B 2wk F= > ¢ X%/ % ;ujsﬁ't\;}% v B Rk
R {2tk = 3k ¢ 5 5 (chronic lymphocytic leukemia) B33« i & &
5717 HATRAILG § EH B 2 BEL F % 7 B Rins » 4 o
WTRAILM £ B ¥ me fr R A E B EL 3 3 L LHT ¥ o

AT Al @ PTRAILE Bl 5 T8 £ 7464 chlil > & 5 ki
o R TR R e
B> pwme

- %% % d TNFR1, DR3, DR6,2 EDAR = ¥ — £ 7 [p chik
e et - EE G R R wme -
AP L AL AP o

2 L
fm e

E,\m‘
-~ \)\

34
N

MEEER T2 RV
T #7h V% "‘f

e 2 1

2F 5 _lT]“‘L 2
= 4 4 o R s I 0 4o b £ 45 4 4o (multiple sclerosis) fefe
Z 2% (Alzheimer’s disease ) !

T~ mie k-

REBERE RPN AR
e kS ARV A LA B LG ERT O bk
@ 4k = (intrinsic pathway) 2% 2 o
o h b

i& (extrinsic pathway)
KRR T g
10) -

v = X R AT Ar enim e = R (R B

g = X 48 e f£Fas/CD95, tumor necrosis factor receptor (TNF-R)
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% TRAIL receptor (TRAIL-R) o 5* = < §¢7 H 4p %4 o cpe 48 (FasL, TNF %

TRAIL)S &t ¢/ — @ e 2 i dliea FEwmee k= - 27 > TRAIL
2 £ HAZ = F S E G E e s h 2 i 4 BT TRAILS
nanomolar % % z_34r+ 2 DR4:DR5% & » § TRAILE ‘w2 %k 6 25~
= X #8DR4 2 DR5.% & t¢ » i1 < 48 30 ' (adaptor protein) FADD (Fas
associating protein with death domain)£ 4= 4;caspase-8;7 T L 2 DISCs > :&m

fi= 12 it caspase-8f-caspase-10 - Caspase > ¢ = cysteinyl aspartate-specific
protease » 34 {7 e F = d-v F o caspase™ M4 i P iR F-9 N b2
aspartate residue £ C =¥z hydrophobic residuei*r ] i it m % = &
it fy o AR JH b ehcaspase-8 ¢ 4 A T E T o B F (effector) ¢ 4e
caspase-3f-caspase-7 » F]m ff 4 caspases cascade > B4 H IR fwre k- 15
®o 5 ¢ > caspase-8+4 ¢ -k f#Bid » Ak f2iE L t-Bid § d fwre FHEH 3
A AR > 8¢ ¥ ¢ Zc (cytochrome C) p - SREE 23Rk e B > B X AW
e = B

TR ESEE I -t IS Sk SR PRI S o S

s B R 2 U % 4~ deocisplatin, camptothecin, doxorubicin % paclitaxel
A2 2w 3£ 9 DRA™ A DR52 4 7> ~ A 3 5 TRAILZ % > &4 %
A= L R R R e B M e m L e e = BT ROB
¥ % (carcinogenesis)z_ i 5% » % 1 B & %ﬁfd B3R DL = sk G ERE
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Figure 10 Death receptor signaling !

MR E(LRIL):gEd R EZ wEe o BT
(mitochondrial/stress pathway) » & — 4 2% % fm¥e 7 = a3 4, (Ic58eds 5
ZHpapd RE)Erwie e > € RATREY Lo Y 2 PR
B RpRME T =T % 5 8@ ccytochrome ¢ - % Apaf-1 (apoptosis
protease-activating factor-1), cytochrome c, pro-caspase 9 ¥ dATP. & #;
= &= 4 & %8 (Apoptosome) s > pro-caspase 9% A = 5 it ik chcaspase-9 o
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Figure 11 Apoptosis “°!.

I ~Bcl-2 2%

fnve g v € % TP & iR e = (anti- and pro-apoptotic) -+
FengEe R T8R4k ¢ 7 Bcl-2 (B cell lymphoma protein 2) 3#2%
v & % IAP (Inhibitor of apoptosis protein) 72% v # % - Bcl-2 2% ¢
#£Bcl-2, Bel-XL, Bcl-Xs, Bax, Bad, Bag, Bak, Bid% > & 3 88 & e e
A ehrt g o 29 5 Bel-2, Bel-XL, Bax, 2 Bad ## i i v ' (channel
protein)efnd & > ¥ 0L A SRR T K o

Frlimre &= 2 Bel-272% 3-v ¥ 4 Bcl-2, Bel-xL# Mcl-1; # Bad, Bax,

Bakz H @ F-v B P E 158w k= o Bel-2, Bel-xL ¢ frApaf-1.5 & I Jr
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#]Apaf-12_ & 1+ » i@ [E )k caspasesZ & it o A m 4 BaxiE & ¥ > Bax ¢ 2~
* Bcl-2 4= Apaf-1 2. % & =% > Bax ;{gr} ®_i¢ cytochrome cp - s §8 12

4 s grkcaspases Bl A S I 0 i d B E e A= 4] (L EL1) Y.

-
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®
it 3= jf* (mitogen activated protein kinases; MAPKS) it % & frd2
L mre b e L B A fpieie 2R Bldel ZRTFIRA IR S 5 M4 A

fofe A1 s frimie 2 B kS £ 19500
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Figure 12 Generic MAP kinases pathways *%.
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IR Gk 3 = B3R MAPK @ SA4Rem it - 80 KA+ 3 4 5
ToF oo 5 - BALE I MAP kinase #_iw ¥ b33 & jpcps (extracellular
regulated kinases) ERK 1 = ERK 2 % ¥ » C-Jun N-terminal Kinases (JNKS)
{r p38 MAPK F At pr il o i3 dt v 4n b e038 (> 5 60~70% > &t 2
Reni B A g ARE Flfe s o 0 R AT R E IV IEY o 5 —
Bao BRI FOEL SRS BT AN R o LATF 7 Fehra o - kR
WEEF S4B e s T g 1Y ERKs > @ JNKs {r p38 Al % Tk 8 R
4o @ JE % ¢h A (ultraviolet light) ~ 2 (heat) ~ 7% 3% 12 ik 5. (osmotic shock)
fo g dm #e F] 3 (inflammatory cytokines) B2

#£° p3BMAPK £ H is 2 LA E2 BB (LB 13)0 Flm £ R fiwme
s A Bk s 3R AR e AZ2 FF 2 p38 v ©
AR E G- B g A FIPle n3g v 1T * A caspases i Hime B 2
I e X B - ehdE > p38 i A P TR ik & Rk MR

P B2~ o oo o f g Al @ 2P o Gldei g fnse P38 fr MKK6 7% 12
LU ER)&H‘_P_ {2 > j%%g P38 %1t ae BB R fmiz fR w2 = Ra A
VU SEERE VI S RILE SRF L € See i EE
A SR R R o R SE I Bk dnfe R 0 P38 AP E & B MR nve 3 R S 0 & LR

R m e 4 R foa (LB
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Figure 13 Cross-talk between p38 and other signaling pathways .
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2-% 4 fh-A-rE ik 472 + (2-phenylquinolin-4-ones » 2 f§ #:2-PQs)

v

TpARR Gzt Pek L8 3A0EF #1484~ (Rutaceae) » # %*#ﬁ

Tk

+ B (flavonoids) z_ -azaj 4 4= o 7~ 4osgF Ak > 2-PQsi § # E P &g 4 $ 3
B @l ie* M~ P BRENEREL . 6o 5B F
(anti-mycobacterial) ~#r4] H 7<% it fi=(monoamine oxidase) % #r#|v = 3k =
4 (leukotriene)z_ # & 2% o 510032 vk » A g 2 T X X f K
A7 gk enx R freevesianine-A i lead compound 0 ¥ % R ZE 2T
TEFLT ER P T L 3F 52PQsy ¥z g it A2 (L

H 82 75 12 % (structure-activity relationships; SAR) 7 .
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¥ H-6,7-T 7 = §F A-A-cEofpr b7 2 fmat
5 45 2-PQs AR b 2 77 3 B JFAE L Pl v R A2 4g e A
i o lE ASUiB M R E, Awre N ER 2 EY RS F LR R
i L4 g ER Bl Bed 0 WRG SA A BF A Frflime
T wmie k= o B FRME H a2 E P RRIE 2 i 3 R R
FOEMIEY LR FURES R o ARG A AT N
WO B o BEF]E Mk e m A VR o o AP AT B

Wb E R 2P L S

Colchicine Combretastatin A-2 Combretastatin A4
0 Rd- \ O :
'_
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R+ N N 0 N
H | <) i
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Podophyliotoxin Staganacin 2-PQs CHM-1

Figure 14 Structure of anti-mitotic agents.

FARL AR R McE B2 1Y F B4R (L B114) : Colchicine, Steganacin,

Combretastatin A-4,frPodophyllotoxinz 7 = ¥ % z % %4 » Cornigerine,
Combretastatin  A-2, Podophyllotoxin, 2 Steganacin B z 7 & ® = ¥ A&
(methylenedioxy) ¥ 4 4£°" - ComigerinefrColchicine 4.2 £ £ - & %
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Atk + 2-, 3-i=% B~ Z 17 e 5 Cornigerine % 2, 3-methylenedioxy®- & »
Colchicinep] &2, 3-dimethoxy®~ % o @ & jicd 39 5 & » Frdlpicg 2%
3 e e 4 £ > Cornigerinez %4t Colchicine %5151 - 4p & 1>
F & 7 = § B~t% JlenCombretastatin A-2 fw?e F 44~ jic g Fe0 B & 1EH gr
535 - 9 3 A B X epCombretastatin A-4 o

5 B2-PQs 5 71 ¢ B4 s oRebUR i E E 0 T1A YRR R

-
\

BfE 2 S HES KPS E 8- k36,7-3 7 - §F AP 22-PQs>
MRS H g e e 5057 o geytotoxicity, inhibition of tubulin
polymerization (ITP), inhibition of Colchicines binding (ICB):p[:# » ™ % %
T2 R 7FEA L ¢ s (National Cancer Institute ; NCI) x4 Computer
Pattern Recognition (COMPARE) program= 3% » #-¥60+k A #f & e Jm P2 i
(7 B8 7h(in Vitro) & ipIGE o BIR R R F I IrIHcE B8 R L B g
2R ERAFLDARMF 56, 7-5 7 - § A2-PQs Frlpcp Fv R e 2
& 1. colchicine, podophyllotoxin, combretastatin A-44p i1 > ® £ 3 3 5cih
e F BT > A H F Frd|a 7 Hﬁu% ~ FUg 9P K g fesmall-cell 7 g fw
e k4 B2 E AL EE > Glgglk & & 4 micro-molar ~ nano-molar ¥
[63]

fe prd SARZ $£34.% % 4 3 > 2, 3-fused quinolones z 2-heteroaryl-4

-quinolones ' +*2-PQs #{+33 » F 4t H 1 K @k o ARG, 7-%; 7 - § A



-7 F AP R2-PQsz EMARE A B AR 6, T-2 7 F RPN R g B
R e2-PQsY rx; = 7 F AP R2-PQsEE T (M Xy Bk u/% B2

52-PQsCHR ¥ A4-17 § AN EREBE L > FPLSEd 4= &
AT RN f B 35§ ASR T PR 2 E A
WABRZ6,7-5 7 - § £2-PQs #1 ixig 2 im 4P 0 d SARE § 2 4
Kk o P A2 EBAATRER] F it S £ H £ A

i“g{*’aﬁ.&mﬁéiﬁ_, v T B B I_}/%\ﬁ;}i[ez,e:“,]o

s CHM-1 2 it

hom B X Pl 2 2-PQs § ¢ 5 2-(2-fluorophenyl)-6, 7-methylene
dioxyquinolin-4-one (™ ™ i FzCHM-1) ¥} 7 f& A 55 B Jm P2 $R B T35 7%
2.4 B gl B & BaAp i it 12200 mg/kgd £ (Q 7x3 i.p)it {7 & 4+
2 (in vivo)§ % > 7 A F & < & X &£ (MTD; maximum tolerance dose)
4o CHM-12 55 »c2 | e 39 B & & (ITP; 1Cs = 0.85 £ 0.01 uM) >
Fra bz 2R ACKE 2 HcE 3w 2 % & (% inhibition of ICB = 37 +
3,5 uM) 203080, m) s gapl sl (e n B Ak E G FLE o AP M R
1 3 E 74w CHM-1E 5 #7 7T 2P I 1 4 oo pr 2. PR S o

R 422 p AJCI139%k A %2 fn %2 B3R CHM-12Glg ~ TGl 2
LCso » CHM-1%t 7% S ~ = % ~ "l ~ 5 R 2 @ 74 SR imie 300 3

FEH M2 B HICs 'y M3t 1uM - 1% = finger printie m 12 COMPARE
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program# 300483 7 I % 2 FLREF w0t o % # CHM-1
BB Fuk % 4 2 finger print7 < — #Vo x4 2 % Bg 7 CHM-122 8 v %2
AT 02 SR AT 1 £ BT R AR R AT o ek
s L8y RIRASRES DT BEG PELER - Fla {2RCHM-1
é’“%%ﬁ‘ﬁ“%%%%ﬁﬁ@%ﬂﬂ’E@%ﬂﬁﬁiiﬁﬁﬁ
i
- CHM-1 2 Ap B AT 5 & % Jigde™
() ¥ ps S 557 CHM-1 w Frdlpicg B & 7% (ITP ICs = 0.85
+ 0.01 uM; % inhibition of ICB = 37 & 3; 5uM) > I 3% % A 58
etk A4 E B gt ivd > £ HH I L H R CNS 2
small-cell # & i #z 4212 6%
(=) % #2-PQs k4 4 B 53222 ‘mbe F Mo im i daip 2 (Y & $ 42 R
PR S e 4R e EDso 4 > nanomolar 3 subnanomolar & -CHM-1
AP R %% (HCT-8) ~ 54 9% (MCF-7) ~ % & (A-549) ~ vFI4F &
(KB) ~ $7%(CAKI-1)% 2 4 #(SK-Mel 2)z EDs, (pg/ml)4 &) &
0.06,0.08,0.13,1.0,0.06 # 0.125> & ATsEFr]F Sk~ A2 Frh i
eI
() & NCI % &:E B2 2% > CHM-1 %t < % non-small cell ** %
NCI-H226 “m#& ~ ~ % & HCT-116 ‘m* ~ *F § & OVCAR-3 ‘m* -
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2 ¢ % SK-Mel 5 w® ~ CNS ##% SF-286 % SF-295 w¥z 2
cytotoxicity log Gls, (M) 4 %] 4 -6.35, -7.22, -7.09, -7.68, -5.64,
-7.26, T35 5 6870 ¢

(z ) 2-Phenyl-4-quinolone (2-PQ) st #r#13% % A 8/ mPs R 7E > &
ECEN o U ¥ e Hﬁuﬂ% PC-3 iw% ~ "% Hep3B % HepG2 ‘w
*z ~ non-small cell % J A549 'm?z 2 F % P-glycoprotein z_ 5 &
NCI/ADR-RES Mm%z ; ICs 4 %] = 0.85, 1.81, 3.32, 0.90 # 1.53
UM o 2-PQ 1if® § 554 5] Sathli =t it 4 2 > ER e Y ot
G2/M #p > i&m % PC-3m®e - o ",/Tt p2 ¢k 2-PQ ¢ 5 PC-3
mie 2. Bel-2 poE 0 A o~ R MR s BT
caspases ¥ 1%_i¢ AIF £ 417 .

() % SK-Hep-1!im? ¢ > CHM-1 3 »x3r+4| HGF (hepatocyte growth
factor) #7344 cndm?e R ~ Foo F A fREME - MMP-9 2 £ 7 -
c-Met 2_ tyrosine p # #afe i ~ Akt Bific i 2 NF-kB 2. & i > 2
F CHM-1 & § el mmz g5 2 o 4 7.

(=) HA-22T €_4 #g Taxol #LlE3 v k> & HA-22T " fm™e ¢ >
CHM-1 g d #r#] cdc2/cyclin B 2 & i & Frdlicg B & 5% » &
Ry sS4 A ieiR o in vitro BlF (24 h) % &7 CHM-1 & i
Wk R ™ S e HA-22T e 378 > 2 ICso 5 0.77£0.11 uM >
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vt Doxorubicin (IC5o=1.15 £ 0.21 uM)% Taxol (ICsg = 7.90 = 0.22
M)z Fr 75 ] 58 o B 4 iR % B 0 CHM-1 &) & 2 8 |4
Frdl g a4 £ o> %% 3 10 mg/kg (Q4Dx5) PF & v iE 1|
Doxorubicin { 4 shirfd B 5 |4 o (=R E42? » F e b2 i
TEEA ek o @ 51 Doxorubicin 3 # a2 cd - 8 £ R F
TR G o 2K o CHM-1 e % HA-22T #6854 £ 2.
> % { > Doxorubicin » B.& » ~ F rcefui TR g 2 4 U8
(=) CHM-1 % it caspase-3,-8, % -9»:&m # % U-20S wm?e %~ (ICg
=3 uM) > CHM-1 %% U-2 OS fme 3= 2 $s4]& 5 @ H w4 2
ROS ~ DNA HF i ~ ' i< Ay, 4 I E % 842 cytochrome ¢ ## ) o
CHM-1 3§ d Fr4] MAPK fo MMP-2, -7,% -9 » 5]& &1 #8; o %
Al
(~)CHM-1 % = 23 & % B4 % % % CT-26 ‘w#s 2. Cyclin A/ICDK1 %
Cyclin B/ICDKL1 75 14 » & {87 fm P2 3F Hp @& % >t G2/M #F - CHM-1
gd B 5 Bax, Bad, Bel-2, & Bel-xL 3¢ o i€ - RWEHF N
cytochrome ¢ % AlIF (apoptosis-inducing factor) & smfe 5 ¢ > i&m
& 1v caspase 9 % caspase 3 B ¥ W IR e k= o BRI R S
SEe kT o ¢ JR CHM-1-P o &g as £ CT-26 *6%] &2 35 % 8 %
(1) CHM-1 £ p53 1+ 3% DR5 2 % 3o 3 4 %%} & Jme (human
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umbilical vein endothelial cells; HUVECS) %= » & — 3 322 fun
FATA 2 furhog g PY .

(=) National Cancer Institute (NCI, USA))z £ 8 45 & OVCAR-3 # 4~
HosS Rl > &5 22 200, 134,%2 79 mg/kg (Q7Dx3, i.p)z. CHM-1
o fe Ak B0 & 8] 4 £ OVCAR-3 # 5 4k B F S PR 124%,
133%% 79% o #| £ # 4c 2 200 mg/kg (Q7Dx3, i.p)i» & if k. + f
% HE(MTD) - A7 CHM-1 &2 2 v § »esnpurog {0 -

(+-) %Z:c¥d CHM-1 z M-k 2R » Flm K4 0 & & CHM-1 2 &%
fis 4k % (CHM-1-P-Na) - & SKOV3 B 4 & #5* » CHM-1-P-Na
FEUJRE BRI > 6 BN g CHM-1> 25
BA L FUEREN o B% PP ELS G 0 R EEA N
(enzyme activity assay) # = %2 % & F % ~ 17 (receptor binding
assay). % » 4&f] CHM-1 2 CHM-1-P-Na & 9@/ ¢ ? % 135
kX Gengivr  BE 22 4 osnafug gl

(£ =) CHM-1 r & £ & df 4248 B WEHI-3 o %% 82 B8 5E 5 o
CHM-1 ;& > cell markers Mac-3 2 CD11b z. £ & » @ #r4| B v
fm¥e 70 5%k *¢ (macrophage precursor cells)z_ 4 it ; 2% 3 PBMC 2.

CD3 %2 CD19 238 > {2i¢ T w2 2 B tw¥e 2_% Spamve A L B2
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PR DR R A LR E S B (e A R 4% 0
A Ffeg e = k= =0 2000 & a2 W9 21,550 iR
R 0] 0 14,600 &4 o Sk M2 A D 0 B3E 70 &£ R
G- PRA-ARERRBERA L2 BE £ 95 204,000
R ] 0 125,000 £ 44 53t ar SORET e 4 g e g mre g 2L A s e
FI A IR > 0 1B PR 2 RS AUR S B T ORGE P TRR AR LA
B o PR TR R T L R A P g kg o T
%+ e (paclitaxel plus carboplatin) - B2 2% ~ 384 “F 5 & F 4247 41 5 -
RCFEFFEF PR P 2L TS L RBLMEEAF LA
FLg M Hpaclitaxel 2 2 BB EERCEFZZA A LL2Z RF] o
THT ORFLTERBERETEGELPAHNG A E G R
Ry 3o LpAn b 2 B > FHAIFE PR RpmLe 5 2
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Figure 15 The structure of 2-(substituted phenyl)-6,

7-methylenedioxyquinolin-4-one analogues.
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Figure 16 The growth-inhibitory activity of 6, 7-methylenedioxy 2-PQs
on SKOVa3 cells. (A) SKOV3 cells were treated with 10 uM of 2-(substituted
phenyl)-6, 7-methylenedioxyquinolin-4-ones for the indicated time, (B)
SKOV3 cells were treated with different concentrations of CHM-1 for 48
hours. The cell viability was then determined using the MTT assay. This
experiment was repeated 3 times. Data are presented as means + S.D.
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Detroit-551 2. 4m*s & {4 B #p 1 #2 14(1Cso=8.2 UM£0.4)

Table 1 Effects of CHM-1 on cell viability in various cell lines.
Cell viability of intact cells was determined after 48 h. The concentration for
ICx is shown. Each value is based on at least three different experiments.

Origin Cellline IC5, (nM)
Hepatocellular cancer Hep 3B 0.13+0.02
Ovarian cancer SKOV3 0.12510.02
Colorectal cancer HCT 116 0.1710.02
Prostate Cancer PC-3 0.13+0.01
Lung cancer H 460 0.14+0.01
Human skin fibroblast cell Detroit-551 8.21+04

d e TESIATE S > 3 24P CHM-1 5v 7 E & 2 anfrd] £
ootz 2 £ > DT ¥ we2 wme 3 LApEERE > 5 B4 FE
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Figure 17 Effects of CHM-1 on the levels of apoptosis-associated proteins
in SKOV3 cells. (A) SKOV3 cells were treated with 0.125 uM CHM-1 for the
indicated times. They were then harvested and lysed for the detection of
cleaved PARP, cleaved caspase-3, cleaved caspase-8, cleaved caspase-9, and
S-actin. (B) SKOV3 cells were treated with 0.125uM CHM-1 for the indicated
times. The cells were then harvested and lysed for the detection of DR4, DR5,
TRAIL, Fas/CD95, and p-actin. Western blot data presented are
representative of those obtained in at least 3 separate experiments. The
values below the figures represent the changes in the protein expression
normalized to f-actin.
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Figure 18 Expressions of MAPKSs in the CHM-1-treated SKOV3 cells. (A)
SKOV3 cells were treated with 0.125 uM CHM-1 for indicated durations.
Cells were then harvested and lysed for detection of ERK1/2, p-ERK1/2, p38,
p-p38, INK, p-JNK, and p-actin. (B) SKOV3 cells were treated with 0.125 uM
CHM-1 in the presence or absence of SB203580 (10 uM), and the expressions
of p-p38, DR5, cleaved caspase-3, and S-actin were detected. Western blot
data presented are representative of those obtained in at least 3 separate
experiments. The values below the figures represent the changes in the

protein expression normalized to [-actin.
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Figure 19 Flow cytometry analysis of the sub-G1 population of
CHM-1-treated SKOV3 cells. Flow cytometry revealed that pre-treatment
with 10uM SB203580 markedly reduced apoptosis among CHM-1-treated
SKOV3 cells. The sub-G1 phase was identified by flow cytometric analysis in
triplicate from 3 independent experiments. Data are presented as means +
S.D. ™, P < 0.01 versus CHM-1-treated cells not treated with SB203580.
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Figure 20 Effects of CHM-1 on SKOV3 tumor growth in BALB/c nude
mice subcutaneous xenograft model. Female BALB/c nude mice (n =11)
were subcutaneously inoculated with 3x 10° SKOV3 cells, and 5, 10, 20, and
30 mg/kg CHM-1 was then administered by i.p. injection on 5 days per week
for 4 consecutive weeks. (A) Tumor volume (mm?®), (B) tumor weight (g), and
(C) body weight (g). Data are presented as means £ S.D. *#, P < 0.01; *#x, P
< 0.001.
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Figure 21 Effects of hydrophilic CHM-1-P on SKOV3 tumor growth in
BALB/c nude mice subcutaneous xenograft model. (A) Structure of
CHM-1-P. (B) Mean tumor volume-time profiles in SKOV3 xenograft nude
mice (n=11) following i.p. injection of 5, 10, 20 and 30 mg/kg CHM-1-P once
a day for 4 consecutive weeks. (C) Tumor weight (g), (D) body weight (g).
Data are presented as means + S.D. *¥ P < 0.01; »#**¥ P < 0.001.
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Figure 22 CHM-1 inhibits SKOV3 ip1/luc tumor orthotopic xenograft
growth in athymic nude mice. Nu/Nu mice (n=>5) were inoculated with
3x 10° SKOV3 ip1/luc cells by i.p. injection. After 1 week, CHM-1 (15 and 30
mg/kg) was administered by i.p. injection on alternate days. (A) Monitoring of
tumor volume by in vivo imaging system (IVIS; Xenogen; Alameda, CA). (B)
Tumor volume quantification after drug treatment. (C) Ratio of animal

survival.
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(N=8),IV(x5+3)

Survival Fraction

CHM-1P, 20mg/kg
(N=8),IV(x5+5)

0 20 40 60 80 Days
«—> «—» 1-58-12

Figure 23 CHM-1-P prolongs the survival time of SKOV3/ICR-Foxnl/nu
orthotopic xenograft model. Female nude mice (ICR-Foxnl/nu) were i.p.
inoculated with human ovarian cancer SKOV3 cells at 3x 10° cells per mice.
After 1 week, the tumor-bearing mice were administered 5, 10, and 20 mg/kg
CHM-1-P intravenously via the tail vein on 5 days per week for 2 consecutive
weeks. Each value represents the survival ratio of the animals.
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Yr i 2%

CHM-1 $ A 5ger L pimre 3 PRIV A7 LHhEE in
MR T 24 e B IR EMs] o d F B I CHM-1 5t 12k B iR a0
SNFRH] AT PR 2 mre R £ B F A g OF 5y SKOV3 dmPe 2 3 AR
T Bog o RHANEL Y - BMA K S 2R Detroit-551 iz 2wz & {4
RIAR SIS > 0 & 5 Ao 4y ) CHM-1 8% 2~ 5 2kefninfy o SR B -

A Y &R AIFE CHM-1a ,%’ﬁ“gf DR5 4 3 e fr 8 434 2 A 5 7 &
HSKOV3im#e 2_ = » 1 B 34540 2 4 3R 1 1. CHM-1it 3 % caspase-8
2 F 1 5 2. CHM-1ic £ # DR5 {rTRAILZ £ 3R o d PARP 2 F-v B 3
i i+ (Proteolytic degradation) 45 1> CHM-137 3¢ % & “F & & SKOV3im iz 2.
¥ 2 8+ ¢ fEcaspasesiEs it o CHM-15% 3% 4% caspase-3f-caspase-82 /&
it s 4R & 1 ehcaspase-8 g 4 4l i it caspasesz rx i 4+ 0 4rcaspase-3fr
caspase-7 » @ o Fime k= o TG © i p3Bil 3 #2DR5:2 B, A
3 W SKOV3iw e 5 CHM-1/ed®2 6] ¥ {5 p38ermifik it 42 /8 € 3 4o >
P38AEFL It 15 € i'ff?a‘ié ¥ jf % caspase cascadesiiE i > o PRI AR K R
SKOV3im¥®s » p38J& A_it * *tcaspase cascadez } 75 o 34511} 2 P
FEendp 0 CHM-14 238 &5 = 4% B52 4 > & $TRAILSE R
P CHM-13 % P2 = 2 A F 84 > Bp3BAEF+ = &7 = X 52

FBF BB F > CHM-13 B4 & 25k Rp B ED o
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7*4p 41 » CHM-1(i.p) "f it #74] SKOV3 ipl/luc BALB/c nude mice 2. *# 7
ARk AR P U] B2 & & e g i CHM-1-P (i.v)is %
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Bt S $z ki &3 2

(o4
-~ s KA

-X K A6, 7T-L 7 = § s -4-rEefkfir 5T 2 4 (2-(substituted phenyl) 6,

7-methylenedioxy-4-quinolones) 2 CHM-1-Pd % g 3% g 04 34 i 33 3k &

=

& kR E BTG A

=

2F G B0, 7L 7 S F AAEHMETL S 2L £ 3

’__]_ f:\'Ié f:\'g;:p lﬁ%

el RS S AR St SRl S L RS

POFIHEFr 283222 APy 2 Fmi 52

& ARILA R SR

He 221 &A% (Schemel 4 Scheme2) « 4rScheme 1 #7571 1

substituted 6-aminoacetophenone%  substitueted benzoyl chloridei® 5 4= 4
FoAL > 2 triethylamine (NEt;)d iTd& > 0 Ci2 786 F B o F R4TE D

¢ A4 £ & potassium tert-butoxide (-BuOK) » .70 ‘Ci& {7 5 Jis » 45

EZ2 i F 77 #IDCHM-12 # is 2-PQs °

4cScheme 2 #r7 01 K= 2 % 3 2 - ez a3 2 > % 2 substituted

acetophenone ¥ diethyl carbonate =% 3 &% ~* & J& ¥ I substituted

B-ketoester - # % #-substituted B-ketoester # polyphosphoric acid (PPA)® 2
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substituted aniline>*130°C:2 7 7% & > Sk 87 {F5]2-PQsA + o
0 O R]I
R(‘D(U\ /“\@Rs' NEt;/THF R‘:Cf‘?)
+ - - = R
R+ NH, Ry 0°C R+ Hjj;j: 3

-BuOK/BuOH

Scheme 1 The synthesis of 2-(substituted phenyl) 6,
7-methylenedioxy-4-quinolones [1] 2.

0 o 0O
O

NaH
= JJ\ ) | = OEt
!___L_ —_— R_‘_‘—'—-—
R | e + /\O 0/\\ T'Oluene QM\

X 0
R—— P
NH, R’ O |
_————————
N
PPA H O R

Scheme 2 The synthesis of 2-(substituted phenyl) 6,
7-methylenedioxy-4-quinolones [11] .

Z ~CHM-1-P 2 &= 3

% 1 it & = 2-(2-fluorophenyl)-6,7-methylenedioxy-quinolin-4-yl

dihydrogen phosphate (CHM-1-P) z_ & = ¢ j& % % P 1999 & Claude

Guillonneau = %ﬁ wrr s 3 2 PUg k2% o 4o Scheme 3%7% @ it & 4

CHM-1 3 A=4x Rt » THF % 73 & » A NaH35 & 7 &7 & tetrabenzyl

54



pyrophosphate & 7B~ F fis» S E A FTH BT FAF 80% 24 4

FAL - £ o dpty & AR & 42 PAICTH BT 0 Y AR S A4 I

¥

—

—

1.

F i {7debenzylationis > ¥ 3 & 595% 2. CHM-1-Pit & #» - CHM-1-P

64 FRERLE & 4 0 5 BL(mp) >300°C -

Iy
il_0Bn
" 07 T0Bn
o F HTIU\ /Ul-ln NaH/THF 0 F
| + O=pP—0—P=0
o N BneY e b .
H
| 0
{CHM-1) } on )
o Hs, PA/C /MeH
o OH
¢ |
0 N
(CHM-1-P)

Scheme 3 The synthesis of 2-(2-fluorophenyl)-6, 7-methylenedioxy-
quinolin-4-yl dihydrogen phosphate (CHM-1-P) [,

N It

~ Jm ¥ %R ¢ American Type Culture Cancer (ATCC; Manassas, VA)
B ERAR
Dimethyl sulfoxide (DMSQ)-i m*2 * > pEp  Sigma (USA)
Dimethyl sulfoxide (DMSO)-i% % * > pp Riedel-de Haen (Germany)
Dimethyl sulfoxide (DMSO)-i% % & * » pp  J.T.Baker (USA)

DMEM medium powder ( Dulbecco’s Modified Eagle Medium) » B p

Gibco (USA)
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

DMEM/F12 medium powder (Dulbecco’s Modified Eagle Medium :

Nutrient Mixture with F12 (Han) (1:1)) » B p Gibco (USA)

Fetal bovine serum (FBS) - £ p Gibco (USA)

Penicillin Streptomycin (PS) » £ p Gibco (USA)

Dulbecco’s Phosphoate-buffered saline powder (DPBS) - &g Gibco

(USA)

Sodium bicarbonate ( NaHCO3) » p£p Sigma (USA)
Trypsin-EDTA - p£p Gibco (USA)

Ethanol > p£p ECHO & P it 1 (Taiwan, R.O.C)

Methanol » £ ECHO # p* it 1 (Taiwan, R.0.C)

Sodium hydroxide (NaOH ) » - p Riedel-deHaen (Germany)
Sodium chloride (NaCl ) > p&p J.T.Baker (USA)

30% Acrylamide/ Bis bis solution (ACRYL/ BIS 37.5:1) - f&p BIO
BASIC INC. (USA)

Ammonium persulfate (APS) » pp Sigma (USA)
Sodium dodecyl sulfate (SDS) » £ p Sigma (USA)
TEMED (N,N,N,N-Tetramethyl-ethylenediamine) - £ p Sigma (USA)

Tris (hydroxymethyl) aminomethane-HCI (Tris-HCI) » p-p J.T.Baker
(USA)

Tween 20 » pp  Sigma (USA)
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21.

22,

23.

24,

25,

26.

217,

28.

29.

30.

31.

32.

1.

Bovine serum albumin (BSA) » £ p Sigma (USA)

Protein Marker » £ Fermentas (EU)

Chemiluminescent-HRP substrate (ECL) > p£p MILLIPORE (USA)
Formalaldehyde > pp MERCK (Germany)

Triton X-100 > f£p Sigma (USA)

Propidium iodide (PI1) > p£p Sigma (USA)
3-(4,5-Dimethylthiazol-2-yl)-2,5-dipheny tetrazolium bromide (MTT) -
Ftp BIO BASIC INC. (USA)

Cycloheximide » p&p Sigma (USA)

actinomycin D » p&£p Sigma (USA)
poly(ADP)ribose polymerase (PARP), cleaved caspase-3, caspase-8,

caspase-9, Fas/CD95, TRAIL, DR4, DR5, ERK1/2, JNK, and p-JNK» B

p Cell Signaling Technology (Beverly, MA)

p-ERK1/2, p38, and p-p38 and anti-mice and anti-rabbit antibodies
conjugated to horseradish peroxidase > p#p Santa Cruz Biotechnology
(Santa Cruz, CA)

SB203580 - pEp Sigma Chemical Co. (St. Louis, MO)

RERA
Enzyme-linked immunosorbent assay reader (ELISA reader) » P p

Bio-Tek (USA)
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2. Flow Cytometry (i ;% sm®2 i) » F£p BD (USA)

3. Confocal Microscope Detection System( 5 &+3F 47 £ &= & & & k3 &
Hcs) o PEp Leica (Germany)

4. Phase-contrast microscopy ° B p ZEISS (Germany)

5. k& kst o Mp NIKON (Japan)

6. 2 4+ k@ > pp MILLIPORE (USA)

7. pasg R €3t > Mp Consort (UK)

8. RAREFEG F RE B P eppendorf (USA)

9. RFMEIT, M p B ALEFT 2P (Taiwan, R.O.C)

10. 48« 4% > g eppendorf (USA)

11.5m*2 2 & x > FEp  Corning (USA)

12..4 5 ¢ » #p Corning (USA)

13.\mP2 2 5B > pp MARIENFELD (Germany)

14. %€ &< ¢ > pp  GeneDirex (USA)

15.2 hEE > B Thermo (USA)

16.SDS-PAGE ¢ i #t £ = » ptp Bio-Rad (USA)

17.Vortex-genie2 » fp Scientific Industries (USA)
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S & NBEALS

- ~ Mm% % (Cell culture)

Hep3B ~ SKOV3% SKOV3 ipl % 32 %> DMEM/F12:2 % £ ; 4
¥ - B g %Rk e (human diploid skin fibroblast cells,
Detroit -551) # % **DME® % & - 7 10% FBS (fetal bovine serum;
Invitrogen Carlsbad, CA) % 1% penicillin-streptomycin (Invitrogen Carlsbad,
CA) ; PC-3 ~ HCT1164rH4603 % *t RPMI-1640 medium > p 7 2 mM
L-glutamine, 1 mM sodium pyruvate % 4.5 g/L glucose ° 3% % ;% p 4c » 10%
fetal bovine serum (FBS) % 1% penicillin-streptomycin (Invitrogen Carlsbad,
CA) > wr2 32 %337 CIRE 25% COnime 3z % 457 o & [548/ ) PF (or
reached 80% confluence) 2 0.25% trypsin-EDTA (0.05% trypsin£ 2.5mM

EDTA) #-im% 3747 > B #-tnie A 3TAT5em s e ¢ o

Z N B EF s (MTT assay)

e A F A2 RE AT D MTT (3-(4,5-Dimethylthiazol-2-yl)-2,
5-dipheny tetrazolium bromide):i& » ‘w?e p @ A A EE p 5+ chglzape 2
@ fi=(Succinate dehydrogenase):& & » 4 = % ¢ -k formazanis & > 7 i3 3%
KRS FR R ideie? Z AR L5 gt o FQL R g Flwmie ] g

dahe bR 23218 £ % DMSO3 118 & 0 * 595 nmed
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£ A ELISAreader 3 B~vx sk g o

anre 11 1.5x10%well F&3:2434 45 @ IR AR BB L
PR ERZ R EE R T e d PR FRERAE SRS
fe B dide ~» MTTEE&] (MTT 2mg/ml 3 >2PBS? ) & 4| P F % %2
oo K243V P g R R B EA R g 0 40 ~ 500 plz-0.04 N HCI 3 2%
fo 0 B~200 UbiA 2% 4 296 /4 » 12570 nmz 4 & AELISAreader *
WP kE o L AR RETIOE LR E2 OV ETA R Y RE 0 R

4 EFHIF A o

=~z {4 47 (FACScan flow cytometric analysis)
BRI

Propidium iodide (PI) & - fafipe 4 & > § w27 = FF 2 FH > o
e RS DRGS0 S e g A3 R 5 @ FPIV R e p 21
fess & > Plg BDNAR IR ? 2 A=T,C=G #58a ez - 4= 0 77

& enim e FIH o ve 0 B 0 PLE % frim e N enPiii S & TPIR ¢ % A e

g
T
&0
gl
0

W e PR R YT 488 nmenF B B 6> - hlwie € B IR

o lnd F R iRl € ARSI NI F K 5 10 Cell Quest fdd 4 47

e (2x10%well)fafE i ¥ 5 S 24 [ BEEER LS Fwe
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PEM iS4 » A PR R B > S uFEF 4 122448 32 72 )} PF o 4
EREF LS Jtimre o B K i&ﬁ%i%’ﬁ—'ug ¥ 54~ PBS ‘}%"}é‘a,ﬁm’?é’—- =X {8
£ o#-dmre otrypsin mJZ 0 BT 3TCHR A HY RJL 2 A4 0 Blmie T
T ko e 1 ml PBS 4@ fetrypsin 2 (8 * o B R A8 A T F
® 5 1500 rpm g 5 A 4m 0 2 “%i gk o £ e r 1mlPBS jriximie
1500 rpm g 5 o 4m 0 2 ",/Tfi ik o Ao~ P AA 3032308 &0 -

transfer © FACS ¢ ¢ » miislimie RiE 7 Hh & A 45 o

z ~ 7 3 &gk (Western blot Analysis)

e (1.5x10°)4 w|#E5] 100 A 2 £ w ¢ 5 ) 7 10% FBS
DMEM/F12 32 % % » # % 24 ] F¥ts » % & 10% FBS DMEM/F12 32 %
R A r R R R B A SR Bwreacy bkt 0 * 4 PBS
ik > XA R 4 lysis buffer o & = ZoEbA 47 4E (7 2 ok PP A ke

—_

z_ e & > 12 NIH image software 44 2 2_& -

I ~HpFEBE TS (Invivo studies)
Pt p oo G ok ko F SRR E R FdF 2 A7 % = Animal Care
and Use Committees 2_ 337 o
(A) P 5 3L m ¥ SKOV-3 (3x 10°% ; in 0.5 mL PBS via a 24-gauge needle)

AT RN 0 28t 2 female BALB/c nude mice (18-20 g¢; 6-8

61



weeks of age)z. % "E3% o MR 4 £ T % 100 = > ¥ ok pF o g4 - 110 £ )
A B (n=11) > & %W 2 Fg¥e3 &t (intraperitoneal injection; i.p)
CHM-1 & CHM-1-P (10 mg/kg, 20 mg/kg, % 30 mg/kg) > — i+ = =x » i@ 4§
¥ oo XER G > FERE ) RZMEZ EBMEA > AERS ] 2

BRI T3 < (calipers) s £ 12 12 (Lx W) 2. 283+ 8 whmilifs - A @

3

L & WSH - -F&R]HEEEHI* - F P REFHAS R L H
) s "/f Mg ARE 2 2 B R B e 183t OCT 0 »t -70°C kg 35 o

(B)f1* J =4 2 " % #5-3" (orthotopic xenograft model) » 12 #g 9%i3 &4
(i.p)2 = 3% #-3x10%7F & % SKOV-3 ipl/lucim?*z 4& » female BALB/c nude
mice (18-20 g; 6-8 weeks of age)#g r » FT7x iFis » BEH] B A 3% >
F 258 (N=5) 0 MAIE SFe> N o BfE- X A R[S - X3 RAE 2
CHM-1;5 % (15 or 30mg/kg) = 1 * in vivo imaging system (IVIS; Xenogen,

Alameda, California) & 479 %) B a2 4 £ 3 5§ s - &) &~

FieF a8 E4r T/IC % = (MST of drug-treated group/MST of
control group) x 100% ; (T) % /e % %2 MST (median survival time) ~ (C) =
¥4 2 MST o

(C)#r & %t i % SKOV-3 (3x 10°:in 0.5 mL PBS via a 24-gauge needle)

MLAE e B N s R i 5 4E 3t e = 3en ICR-Foxnl/nu mice o 3t - B fSNE

62



PR398 ) R 24> A uld ) HE T #%e § > 1124-gauge needle /1
it 5 mg/kg, 10 mg/kg, % 20 mg/kg z- CHM-1-P » % %5 & p& 25| (vehicle ;
9% NaHCOj; aqueous solution) » — % — =t » — ¥ 7 = » W@ Fi1 B4 6 E2% o
RAEAY &R RS ) HZHE o T LR B2 SR
Ao FERERG BB 2 F PREFHECRAZIZMA T TR

/J\ kl:\" 9

5% F M TIC % = (MST of drug-treated group/MST of control group)

x 100%z. 2> ;835 @ (T) % iok 222  MST (median survival time) ~ (C) 3 43

#1222 MST o

AN BP A
F %% 130k £ (mean £ SD)4 7 0 & * ANOVA(E 75 %
—@A}’]"’T)XL 37‘5%} Bb%iﬂ—pﬁ‘—‘x:'ﬂo % T p<005 *%x 2 *rp<001,

*** 27 p<0.001>p &3 0.05 00 FpF > B E S3hR & o
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Abstract

Prostate cancer remains a leading cause of death in men despite increased
capacity to diagnose at earlier stages. After prostate cancer has become
hormone independent, which often occurs after hormonal ablation therapies, it
is difficult to effectively treat. In this study, we identified Saussurea
involucrata Kar. et Kir., a rare traditional Chinese medicinal herb, as a
potential agent for androgen independent prostate cancer patients and
investigated its biological mechanism as an anti-neoplasia agent. S.
involucrata (SI-1) caused a concentration- and time-dependent inhibition of
cell proliferation in human hormone-resistant prostate cancer PC-3 cells.
Moreover, in vitro studies in a panel of several types of human cancer cell
lines revealed that S. involucrata inhibited cell proliferation with high potency.
To evaluate the bioactive compounds, we successively extracted the S.
involucrata with fractions of methanol (SI-1), ethyl acetate (SI-2), n-butanol
(S1-3), and water (SI-4). Among these extracts, SI-2 contains the most
effective bioactivity. SI-2 treatment resulted in significant time-dependent
growth inhibition together with G1-phase cell-cycle arrest and apoptosis in
PC-3 cells. In addition, SI-2 treatment strongly induced p21WAF1/CIP and

p27KIP1 expression, independent of the p53 pathway, and down-regulated
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expression of cyclin D1 and cyclin dependent kinase 4 (CDK4). SI-2
treatment increased levels of Bax, cytochrome c, activated caspase-3, active
caspase-9, and decreased Bcl-2 expression level. One of the major targets for
the therapy in prostate cancer can be epidermal growth factor receptor
(EGFR). SI-2 markedly reduced phosphorylation of EGFR and inhibited
activation of AKT and STAT3. Moreover, p.o. administration of SI-2 induced
a dose-dependent inhibition of PC-3 tumor growth in vivo. In summary, our
study identifies S. involucrata as an effective inhibitor of EGFR signaling in
human hormone-resistant prostate cancer PC-3 cells. We suggest that S.
involucrata could be developed as an agent for the management of EGFR

positive human cancers.

Keywords: Saussurea involucrata, EGFR, AKT, STAT3, prostate cancer
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Figure 2 Photos of Saussurea involucrata (SI), Saussurea laniceps (SL),
Saussurea medusa (SM) plants and their medicinal materials ..
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2.01+0.12, 2.89+0.11 pM 12,
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R R AT ) BUP dRA G K BT IR o
ZFOHSGAFOME AL TPy E A hFRF R L ER

fridns /g‘ff SPZEIR LM > T EIRA R e Jikdy o

o R4 £ T3 % 48 (epidermal growth factor receptor ; EGFR) #2% %
BT 0 R R ISR RN ATAR A 0 2 A # A P - EGFR
#_170 kDa 2. 7 %% #-v (transmembrane glycoprotein) » p 70 ¢ 57 3 w
& g% HERI (+ 4% EGFR & erbBl) - HER2 (+ #ii% erbB2 &
neu) ~ HER3 (& #£ = erbB3)r2 % HER4 (2 i erbB4) - EGFR 2 7 4 51

D (@) At lmre B 2 fR Al B & % ¥ (extracellular ligand-binding
domain) (b) 7 4% ‘w2 3 g -k 4 & = (transmembrane tails-containing a
single hydrophobic anchor sequence) (C) ==+ jm¥e B 2 f2 Ve fil Jrps &
(intracellular domain-containing tyrosine kinase activity) (L 8] 3) - &1 %
T R A2 RFFRMAGE BB VAR PSS Dfetla E o
=R ELE £ %5 (EGF) 72e®? . & EGFR 22 EGF 2 & 4 »
EGFR ¢ :&{7 = R & it * (dimerization) » EGFR # &2 p ¢ 4 H s &= §
)% I 3] = At (homodimer) ¢ f2. = 48 (heterodimer) 7§ & 7 it p 3% ek
VRFLHFF R 0 @ B F p $pAfL 1 (auto-phosphorylation) s BEpL - H 8 F-

% 7 (trans-phosphorylation) z_ i 4 7%
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| “>~._domain Physiological functions

—» ATP binding site
=

—@ — STAT5B/full receptor activation and stability

L Y974 (P) — AP-2/receptor internalization
v [yo92 (P) — PLCy activation/PKC activation
1 Y1045

—P) —» CBL/ubiquitylation/degradation

—= Ubiquitylation/degradation
_®: = GRB2/MAPK activation
\ W10 | [<(P) — PI3K/AKT activation
Src-dependent \
£ 3 phosphorylation ‘;Sl 142 | -®
e \V1148) | H(P) —» GRB2/MAPK activation

autophosphorylation w1173 _—@ — SHP1/EGFR dephosphorylation

Figure 3 EGFR biology Ligand binding to EGFR causes receptor
homodimerization or heterodimerization, which leads to
transphosphorylation of the cytoplasmic tail tyrosine residues. Lysine 721
(K721) is the critical site for ATP-binding and kinase activity of EGFR
(shown in yellow). Mutation of this amino acid causes the receptor to become
inactive. Tyrosine phosphorylation in the C-terminus includes Y974, Y992,
Y1045, Y1068, Y1086, Y1148 and Y1173 (shown in orange), or SFKs can
phosphorylate Y845 and Y1101 (shown in purple). Reported biological effects
of phosphorylation of each tyrosine are noted "\,
Bifs v 2. EGFRE_3F % adaptor proteins £t fis eh§% 3% & % #* (docking

sites) > ipik Fv FAORTRE ARG o M~ BT - w7 R

L 4 B YRR T

2

¢ FZPISK/AKT (phosphatidylinositol 3-kinase/AKT) %

Raf/Ras/mitogen-activated protein kinase cascadesz. /& 1

75 i P9 2 B EGFR
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TAE L YRR S € ¢ o ve 3 72 (proliferation) ~ i 45 (migration) ~ Ak
(adhesion) ~ #r| s % /% = (anti-apoptosis) ~ = g 4} = (angiogenesis) fri&
# (metastasis) £ B3 (2 @)4) -

i & & EGFR¥ 0% 79Ul EGFR2 8 & £ MR T 7U&F {
2 frk B B 0o 0h EGFR frd 4 4 £ F15 (EGF) & 798
%% 4 (tumorigenesis) i 4z ¥ ¥ iw w2 & ¢ B o g g EGFR2 4 7

st e d SR AT FURE B A S A ged 2k Ao 7 M

Cell Membrane

Cytoplasm

DNA Synthesis

Motility Factors Angiogenic Factors

Metastasis , Growth Factors \ Endothelial Cell
ECM degradation
b :

Proliferation
mﬂ Tube formation

Angiogenesis
G":“’*h Effeds @ Blood vessel recruitment
Proliferation @
Differentiation @’ A @

Figure 4 Schematic illustration of the EGFR pathway highlighting

potential downstream cellular and tissue effects of EGFR signaling
inhibition B,

EGRFA#LE 1 15 € 5% ¢ 7 PISBKIAKT 2 STAT3z 3t L3280 v &

-\

EGFRA #2_ 'wrz 3 SiA 4 2 ¥z 30 L PIBK/IAKT 2 STATS*FK’% 3
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£ & 7% BT o piat s 3-5% (phosphoinositide 3-kinases; PI3Ks) » f 1980
ERFRG 0 ARAET b FREERY B3 ELASEF > AL
dn¥e 3% 0 WozE ok b o 1% 5 receptor tyrosine kinases ( RTKs) =G
protein-coupled receptors (GPCRs)z_ i & T 52 i < 44 » PI3KS§§“E¥ A 2 B
# 1 (phospholipids)# % % p & f8.4 £ ¥+ frim® 53 L L imm p > i
A oE It S g fh-gRa Bh B9 JEpE-AKE (2 fE3-9 jpE B PKB)frd s T %
s it =P8 o STAT3#E 30 5 ¥4 i 4 £ %5 (transforming growth factor;

TGF-B) 2 EGF 31 44p3 B & 0% % » 3% 5 48 L s e ¥ # ISTAT3Z 3 4

i fu [39] ,

B Nuclear EGFR pathway

/EGF radiation, cisplat?

A cytoplasmic EGFR vitamin D EGF heat, H,0,
pathway v v
/ EGFR \ EGFR EGFR EGFR

i o o0 o
A N N

PLC-y PI-3K Ras STATs

Vv v

Nuclear targets

b ¥ v v

tumorigenesis o
proliferation G1/S progression proliferation radioresistance
metastasis proliferation metastasis

chemoresistance

radioresistance

Figure 5 Cytoplasmic and nuclear EGFR signalling pathway 2!,

96



75 1L PIBKIAKT 2 STAT331 & i8 iS¢ (¢ " hmPe A 4 LB » F)pL
#r4|PIBKIAKT 2 STAT3L & i8 237 22 o (4 5 % ~ b5 2 foil
PER A4 T o &R R B 0 o b b e (o b
PI3BK/AKT 2 STAT33t & 4p B 2. & F » 4rEGFR » #-1* PI3K/AKT 2 STAT3
WABE2Z PR L €% - L E &I EHEHGHT o R F 20
B g a3 Fa $r I PIBKIAKT 2 STAT33 & i 1T > $H9E 80k # v 3
27 7 24k Fa @ FPISKIAKT 2 STAT3 4 8 /5 % 4 55 Bk b

Bl np 2 -

inhibitor

PI3K

inhibitor 1
RAF
inhibitor

AKT )

inhibitor 8 MEK
inhibitor

mTOR

inhibitor

Figure 6 Targeting the PI3K pathway in cancer. Inhibitors that target key
nodes in the phosphoinositide 3-kinase (P13K) signalling pathway, including
receptor tyrosine kinases (RTKSs), PI3K, AKT and mammalian target of

rapamycin (MTOR), have reached clinical trials 2.
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Figure 7 The phases of mitosis .
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= ~ ¥ 4 8 (check point)

B pimre T TS H A S84 ¢ 35 0 DNASE Efe 4 2 48 (mismatch
repair) ~ #& #k h*r % i3 1R (base excision repair) & +% § & 7 'ﬁ % 4R
(nucleotide excision repair) % = 48 % &l

iz x ¢ PGLE G248 & 7 7 W & Zh(check point) » # & BE2 P4
45301980# > d F e Leland Hartwell 3% 4 - ¥ & 228 45 = i& »~ S
EMPERAE- AT RS fj*u’s‘;  E LR e £ F X TR A BAT
B AEFDNAGSE & v A IR T RS w4 o FDNAT G &

A iE e h B i A dw e 58 B (cell cycle arrest) o pt pFim e p g iR (T

N\

DNAZ i34 - FERBA 2 3 (51 § €7 - 18 » FLH R Rk B4

S e Rl A e PR R E @ As L gL T - 1

S wRFHATFF
(=) ¥ Fxps
CEELD SR RSN RERAR VNN I G REECE I S I S
(protein kinases) 2 74 43 (L BI8) » &kt F-v Fippedrd|miz T2 ig
T A ek gy Y BoE & AT L e kY 39 (cycling) &
dmPe ¥ F-v kg Mpcps (cyclin-dependent kinases ; CDKSs) > cyclins
2 CDKs® 1 it o 3352 3k 30 ~ DNAE 3 4o3 £ B4n SA A2 i

= ; @ Aurora, Polo, 2 Nek #2% 4~ ¢ .« 48 1% #§ (centrosome cycle) -
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£ 4 A e aEag (spindle) 2 34 it B v s 4eBubl, BubR1,

frMpsl: & > 4E48 2w % (assembly) » 457 # & B2 7 5t o
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44..
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» BB Primre ¢ o 4 £ FS 0 f o e )
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Foges » BINELS — k7| 47k crcyclins-CDKsAg & #
A VB E KA e P2 BT ot i mie i iBGLS R h gk

& 7% SH B 4DNAG 7 H .

Cell Cycle Regulation

Dephosphory- ) _/./‘/" T ;
Hton : S E degradation
, CyclinB i g 2

+ CDC2

Cyclin D1,2,3
+ CDK4
+ CDK6

Cyclin A /\
+CDC2

Cyclin E
+ CDK2

p27k p1
p21 waft/cip1
p57k ip2

Figure 8 The cell cycle and cell cycle regulation by cyclins, CDKs, and
CDKIs M4,

B8 #r77 :cyclin A% cyclin Bi & 5 £.S/G2 phase » &7 &4 4
P € AL i A f# 5 cyclin D% cyclin EA & 3 #.G1 phase » #&G1/S phase

gk fzo M COKS g e cnmiz ik dov B & A Et B P(L42)
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471, CDK1(cdc2) = & 7 &.G2% M phase ¥ 22cyclin Az cyclin B% & ;
fn*e 2. GO/G1 phase - CDK4% CDKG6 ¢ freyclin D 2% % & 5 CDK24
£ &.G12 G1/Si& & ¥ £ cyclin A% cyclin Ez & 1478 ¢

Table 2 Mammalian cyclin-dependent kinase (CDK) complexes *71,

Quinasa Regulatory subunit Substrate Function
CDC2 cyclin A & B pRb, NF, histone H| G2M

CDK2 cyclin A, E pRb, p27 GI/S, S

CDK3 cyclin E E2F1/DPI GI/S

CDK4 cycdin DI, D2 & D3 pRb GI/S

CDES p35, cydin DI & D3 MNF, Tau MNeuronal differentiation
CDKs cyclin DI, D2 & D3 pRb GI/S

CDK/ cydlin H CDC2Z, CDK2/4/6 CAK

CDKS cyclin C RNA pol Il Transcript. regulation
CDE? cyclin T pRb, MBP GI/S

Riwmre il e EE 2 % - B B2 &~ SH > B d CDKs 2/4/6
vz By - cyclin D, E2 Af 7 (2L B9) - 4 retinoblastoma (Rb) &
9 F % FIGLS # £ 3 39 cyclin D/ICDKA/6:wifL it ¢ 8 1 i 45 7]+
E2F-1- E2F-1¢ {-DP-17} = 32 = % %8 (heterodimer) » /& i ™ *cyclin E
z cyclin Ashi Fligar e U0 5 4 G1%x # > cyclin E/CDK2 i 1&_
#Rbz > gife v » & % 12 » S phase » ¥ # 3kcyclin AICDK2#775 i+
Be 7 ¢b— i »S phasedp & £ & ¥ & /f eh g9 5 Cdc25A (cell
division cycle 25A) » Cdc25AE - fa 2 mififs - 1 & .Gl ¥ 4 Myc
frE2FA $ 4 2 > 35d 3 "7 CDK2_! threonine-14 {rtyrosine-15 =} &>

BT @ RCDK2% 2% 1 B2
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#dm > % CDKs i A& pF > fmie ¢ 1% iF #7k 2. CDKs 441 3]
Frglie?r s P ASG oY ERwed L BFALGLYy » 4

Y BRI IR

Rb and the G1-S Transition

pRb

cyclin D1,2,3)
+cdk 4
+cdk 6

RR
TS
TK
DHFR
¢-jun
c-myc

Figure 9 Retinoblastoma gene products and the G1-S transition [*.

(=) fo% 38 30 2R Mg I 4l R

20 5 4k ehdr ) 3 2 (antiproliferative)3t 5L ¢ 7 5 DNA 3F i
(damage) ~ 4 it (differentiation) ~ 4% 1+ (contact inhibition)f- % %
(senescence) > ¥ € MW_® ot ¥ B F-9 ik dF M fE P 4 B
(cyclin-dependent kinase inhibitors; CDKIS) § w % 7 fm %% ¥ 8} thigs (707
1o CDKIs 7 A & @ B % © % - %3 % INK4 (inhibition kinase 4)
2% > 1 & & F 3 pl6INK4a, pl5INK4b, p18INK4c, 2 pl9INK4d ; ¥

- % ¥ 5 KIP/CIP #2% > ¢ #& p21WAF1/CIP, p27KIP1, % p57KIP2 -
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CDKIs i #5144 & fo#r4] cyclin DICDK4 £ cyclin DICDK6 4 & 4 2
T JEEFan e 3 ) (Gl-phase) e B 2 R g im e 3 35 P o dp ot
INKA 325 > KIPICIP §282 B35k & g » B =i irends 7 é
4= cyclin D/ICDK4/2/6 % - # ¢ p21lWAF1/CIP ¥ 7 [ &3 & @ - B
EEEe TG~ )*chﬂ;’ oA R we o~ p2lWAFL/CIP #-
g R aFllo 3 m ek A R S R
% ¢ %52 p2lWAFL/ICIP &2 #r CDKs 494 2 B8 o g o3 i

P2IWAF1/CIP £ 5 Frd|ffgg 2 i 1 o

Table 3 Cell cycle regulatory elements involved in human neoplasia ).

Protein Alteration Tumour
CDK4 Mutation Melanoma
cyclin D Overexpression Breast and prostate cancer, parathyroid

adenoma, gastric and esophagic carcinoma,
multiple myeloma

cyclin D2 Owerexpression Colorectal carcinoma

cyclin E Overexpression Breast, ovary and gastric carcinoma

cyclin A Overexpression Hepatocellular carcinoma

CDC25A Activation Head and neck cancer, NSCLC

CDCI5B  Activation Breast cancer, lymphomas, head and

neck cancer, NSCLC

p27e! Inactivation/ Colon, breast and prostate cancer
degradation

p57HP2 Deletionfinactivation  Beekwith-Widemann syndrome

p| gk Deletion/inactivation  Melanoma, lymphomas, NSCLC,
mutation pancreatic carcinoma

p| 5Kk Deletion/inactivation Leukemia, lymphomas

nRb Imactivation Retinoblastoma, SCLC, sarcoma

and bladder carcinoma
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fm¥echs B R R A RS TI Y 0 B I AR § R
B d A o BT A Wi TR ERmr A3 1 ¥ 0T G
B4 E3Nm g4 P f o B B pcps Ap B R g 4p ficyclins~ CDKs
% CDKlsz 33 & % F2 ¥ 0 A S5 m D o BT awT g L4 o, [46-47,59] |
B TR R RE A H A R M (R A3) et gp b e
TR VPSR e S AT 0T S R B B R o AT

Kz (L ®10) .

o Activate WEEA
Inhibit kinase
Restore CKI tivit WEEA
activity Rl
a | i

A D) g
d ‘ ‘

Prevent CKI e yelin

degradation

D lat
Inhibit CDK~cyclin i s
interaction
Inhibit cyclin Activate cyclin
synthesis degradation

Figure 10 CDKs regulation and opportunities for therapeutic
intervention .
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¥w & % 5% (Prostate cancer)

B A 2E N AR P e B R AR 0 293 American Cancer Society s
w3 (L B10) > 2009 # = % W % 3+ 59 7 1,479,350 B & g #7 3 bl
562,340 ¢ fe 32 7 s b (L 35— X AZEL,540 4 ) o g Y S A i
*0 s %0 (heart disease) » fe i # 45 %% 3 (younger than 85 years) R % % S
— s By == .% ¢ jj‘Jt,vﬁ _ Ti%’gf%:}i,&—*ﬁ[el’ﬁz] .

¥oob s g 2 W RaEE A 7 #r(National Institutes of Health; NIH)
302007 Flgpp i B L 2 R g iE2102F ~ 0 o 4R E ﬁ%é‘hgﬁ
K 2890 E A FiERA RS AMFIebREn g2 A4 A TAL
$A)B2HE A E BRSNS A R(FIe L Rra B -t s A
PAF A A4 ehd K) L1200 F o d BT Ao Rp it - BRERE AL € 47
B < > TP LU TR ISHRRIED I EE B o

AR 2 AR A L X R OE A o BRI S B LS
oS AR BEARBRT P - =02009 £ 4% R
192,280 =+ 7 Bf]l\f%'?‘r?]?& b > 27,360 % § 125 R oW 31]’9%{:/%52? o L R
w1+ (hormone-resistant) err i 7] BJ}U&»K— AL Moz ged ik g A %
T BRARAIRA B IINURA W A HR B R R A XA SRR §
hEAE e g 2k A E SRS O 3 2 g e
iR R BB WU e g 1R S R R R A e A
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ol — AR R LRI e s G 15% 1 20% Sk 4§ G

AT G o W 51]’9;111%’,3 gt bl g wA TR iRk @A T
I

K3 90% AF T BRI o TRA S F AEE PR BILE D

Estimated New Cases*

Males Females

Prostate 192,280 25% Breast 192370 27%

Lung & bronchus 116,090 15% Lung & bronchus 103,350 14%

Colon & rectum 75,590 10% Colon & rectum 71,380 10%

Urinary bladder 52,810 7% Uterine corpus 42,160 6%
Melanoma of the skin 39,080 5% Non-Hodgkin lymphoma 29,990 4%
Non-Hodgkin lymphoma 35,990 5% Melanoma of the skin 29,640 4%
Kidney & renal pelvis 35,430 5% Thyroid 27,200 4%
Leukemia 25,630 3% Kidney & renal pelvis 22,330 3%

Oral cavity & pharynx 25,240 3% Ovary 21,550 3%

Pancreas 21,050 3% Pancreas 21,420 3%
All Sites 766,130 100% All Sites 713,220 100%

Estimated Deaths

Males  Females

Lung & bronchus 88,900 30% Lung & bronchus 70,490 26%

Prostate 27,360 9% Breast 40,170 15%

Colon & rectum 25,240 9% Colon & rectum 24,680 9%

Pancreas 18,030 6% Pancreas 17,210 6%

Leukemia 12,590 4% Ovary 14,600 5%

Liver & intrahepatic bile duct 12,090 4% Non-Hodgkin lymphoma 9,670 4%
Esophagus 11,490 4% Leukemia 9,280 3%

Urinary bladder 10,180 3% Uterine Corpus 7,780 3%
Non-Hodgkin lymphoma 9,830 3% Liver & intrahepatic bile duct 6,070 2%
Kidney & renal pelvis 8,160 3% Brain & other nervous system 5,590 2%

All Sites 202,540  100% All Sites 269,800 100%

Figure 11 Ten leading cancer types for estimated new cancer cases and
deaths, by sex, United States, 2009 .
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1

g

e R s E (blhe PTHRP 2 MMPs) shiif o 35 547 § 3
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i & 4 3 EGFR ¥ 2303 73Ul  EGFR 2 i & 5 % 70Uk ToAk £ IR {
% 52)° 4 o EGFR {rfl fe 48 (EGF) to i 7| MUE 3 2 3842 7 450 - it 2
L4 (LM 12) FpF o EGFR UL ™ fosefhjprd e 2% 70Ul 3 B

Sk R AR M e skt 2 o B AR BT LR

Ay g 2 A F)(4c PTEN, AKT %)% 'z 3¥ ) jifis (4o P53,

p21Cipl, p27Kipl, Rb %)% 42 2w gae % 5 ol e 4 & {e

w

GRS AL ALK KB BRTEE < RTTRA 2 DR

Cellular, Biochemical &

Genetic Alterations, . R Additional Genetic and
Normal Prostate Elevated Androgen N Low to !Ilghl Prostatic . Epigenetic Changes - Clinical Prostate Cancer
Epithelial Cell » Intraepithelial Neoplasia ! + Androgen-dependent
(PIN) « Increased PSA levels

a) Androgen Ablation Androgen
b; So-reductase blockers
c) Phytochemicals 7

I [ Prostate Cancer Growth |

Re-growth of Prostate Cancer }

+ Androgen-independent -
* Overexpressed erbB family of RTKs After 1-3 years Prostate Lstn.cgr Growth
* Overexpressed erbB1 and TGFa Inhibition
leading to an autocrine growth loop * Decreased PSA levels
» Prognosis is death

Anti-erbB1 antibody
Phytochemicals

Figure 12 Genesis of human prostate cancer is a multistep process 4.

108



S = e £
¥- % PTHi
AR R R R L F RGP o Ry AR AR
eI g - o G RS PR LER S RA B SR 1 R
THFERFY = 2 - o BRSNS FINURA B W H R 2 AT

@,%aé&@@g&@@#Eﬁ%%&;ﬁﬁ%%%@ﬁﬁﬁﬂﬁ

oy

By o B ELIUF AR GLR 0 15 W B keI R LB A U
CE AL PR S AR AR Rl SRR § R Ak Nl
5 4 W 2 A %] (4oPTEN, AKT %) 2 0% i 8 j v (4o P53, p21Cipl,
P27Kipl, RbE) R ®fed 3 o Bl > ZH BB EEZ wee X P A F A5
%2 H iR g 51]5;11%{;§%j PCRIE o k 2 A F RS RER zﬁeﬁaz&f#

"L P R L £ R (R F13) ¢

Cell membrane EGF]@
N

PI3K Shec-Grb2/SOS-
v ras-raf-MEK1
AKT l

Anti-apoptotic | MAPK/ERK1/2 |

Pathway
) Nucleus

(Cyelin)

Cell Growth Cell Growth
Arrest

Figure 13 A study models showing an interaction of mitogenic cell
signaling with cell cycle regulators for cell growth ©4,
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Figure 14 Induction of apoptosis by dietary chemopreventive agents.
Dietary agents can also block growth factor-mediated antiapoptotic signals
through the direct inhibition of the binding of growth factors to the receptor

or inhibition of the downstream phosphatidylinositol 3-kinase (P13K)-Akt
pathway. Blue color of dietary chemopreventive agents denotes that both the

in vivo and in vitro effects have been demonstrated and red color denotes that
only in vitro effects have been demonstrated .
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Figure 15 Proliferation-inhibitory effect of S. involucrata on various
human cancer cell lines. (A) MDA-MB 231, PC3, SKOV3, HepG2, SAS, and
Cal-27 cells were treated with indicated concentrations of S. involucrata for
the indicated time. (B) PC3 cells were treated with indicated concentrations
of SI-1, SI-2, SI-3 and SI-4 for the indicated time. (C) LNCaP cells were
treated with indicated concentrations of SI-2 at the indicated time. The cell
viability was then determined using MTT assay. This experiment was repeated
three times. Bar represents the S.E.
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Figure 16 The HPLC chromatograms of (A) mixture of hispidulin, rutin,
and syringing, (B) SI-2.
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Figure 17 Effect of S. involucrata on cell cycle progression in human
prostate cancer PC-3 cells. Synchronization of PC3 cells was performed by
double thymidine block as described in materials and methods. Then, the cells
were released in the absence or presence 50 pg/mL of SI-2. This experiment
was repeated three times. Bar represents the S.E.
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Figure 18 S. involucrata alters cell-cycle regulatory proteins in PC-3 cells.
PC3 cells were treated with a vehicle (DMSO) or SI-2 (50 pg/mL) for the
indicated time. Cells were then harvested and lysed for the detection of (A)
p2IWAF1/CIP, p27KIP1, p53 and p-actin (C) cyclin D1, cyclin E and [-actin
(D) CDK2, CDKA4, and [-actin protein expression. Western blot data
presented are representative of those obtained in at least three separate
experiments. The values below the figures represent change in protein
expression of the bands normalized to S-actin. (B) PC3 cells were transfected
with 50 nmol/L p21WAF1/CIP or p27KIP1-shRNA. Twenty-four hours after
transfection, cells were treated with SI-2 (50 pg/mL) for 24 h. The cell
viability was then determined using MTT assay. This experiment was repeated
three times. Bar represents the S.E. * indicates the values are significantly
different from the control (*, p < 0.05).
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Figure 19 Effect of S. involucrata on apoptosis related proteins in PC-3
cells. PC3 cells were treated with a vehicle (DMSO) or SI-2 (50 pg/mL) for
the indicated time. Cells were then harvested and lysed for the detection of (A)
Bcl2, Bax and f-actin (B) cytochrome c in the mitochondrial and cytosolic
fraction (C) Caspase 9 (D) Caspase 3 protein expression. \Western blot data
presented are representative of those obtained in at least three separate
experiments. The values below the figures represent change in protein
expression of the bands normalized to p-actin. (E) Z-VAD-FMK or the vehicle
(DMSO) was added to the medium at 1 hour before the SI-2 (50 pg/mL)
treatment. After the 24-hour incubation, the PC3 cell viability was determined
using MTT assay. This experiment was repeated three times. Bar represents
the S.E. * indicates the values are significantly different from the control (*, p
< 0.05; **, p < 0.01).
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Figure 20 Effect of S. involucrata on the constitutive autoposphorylation
of EGFR. PC3 cells were treated with a vehicle (DMSO) or SI-2 (50 pg/mL)
for the indicated time. Cells were then harvested and lysed for the detection of
EGFR, p-EGFR and p-actin protein expression.
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Figure 21 Effect of S. involucrata on the EGFR signaling. PC3 cells were
treated with a vehicle (DMSO) or SI-2 (50 pg/mL) for the indicated time.
Cells were then harvested and lysed for the detection of (A) AKT, p-AKT,

STAT3, p-STAT3, and p-actin (C) ERK1/2, p-ERK1/2, p38, p-p38, INK, p-INK,
and p-actin protein expression. Western blot data presented are representative
of those obtained in at least three separate experiments. The values below the
figures represent change in protein expression of the bands normalized to
p-actin. (B) PC3 cells were transfected with 50 nM of CA-Akt or CA-STAT3.

Twenty-four hours after transfection, cells were treated with SI-2 (50 pg/mL)
for 24 h. Then the cell viability was determined using MTT assay. (D) PC3

cells were cultured with SI-2 (50 pg/mL) or 10 uM SB203580 in the absence

or presence of SI-2. Then the cell viability was determined using MTT assay.
This experiment was repeated three times. Bar represents the S.E.
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Figure 22 Effect of S. involucrata on anti-tumor activity. PC3 cells were
used to establish xenografts in male BALB/c nude mice. Animals (n=6) were
given control, SI-2 (10, 30 mg/kg) by given p.o. injection 3 times/weekly. (A)
Tumor volume (mm?), (B) tumor weight (g), and (C) body weight (g). Bar
represents the S.E. * Indicates the values are significantly different from the
control (*, p <0.05; **, p <0.01).
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Rutin, Z-VAD-FMK, thymidine, SB203580, propidium-iodide (PI1), MTT
(3-(4, 5-dimethylthiaxol-2-yl)-2,5-diphenyl tetrazolium bromide), and
antibodies for Bcl-2, Bax, caspase-9, caspase-3, and B-Actin pp Sigma

Sigma (USA).

. Hispidulin, rutin, % syringine P& p Tocris Bioscience (Bristol, UK).

. Antibodies for STAT3, EGFR, AKT, p-AKT, ERK, JNK, p53, and

p21WAF1/CIP i p Cell Signaling Technology (Beverly, MA).

. Antibodies for p-ERK, p-STAT3, p38, p-p38, p27KIP1, Cytochrome c,

CDK2, CDK4, Cyclin E, and Cyclin D1 p#p Santa Cruz Biotechnology

(Santa Cruz, CA).

5. Antibody for p-EGFR (Y38) p&p Abcam (Cambridge, MA).

6.

9.

Antibodies for mouse and rabbit conjugated with horseradish peroxidase

pEp Chemicon (Temecula, CA).

. Western Chemiluminescent HRP Substrate & p Millipore Corporation

(Billerica, MA).

. Cells P p American Type Culture Collection (Manassas, VA).
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z ~ fme 32 % (Cell lines and culture conditions)

MDA-MB-231 %2 SKOV3 w*z 1t %>t DMEM/F12 £ % % ; Cal-27,
HepG2,f= SAS w*z 32 % % 90%: DMEM (Dulbecco Modified Eagle
Medium) > z 10% FBS (fetal bovine serum; Invitrogen Carlsbad, CA) % 1%
penicillin-streptomycin (Invitrogen Carlsbad, CA) ; PC-3 4= LNCaP m 7z 33
% %> RPMI-1640 medium > p 2 2 mM L-glutamine, 1 mM sodium pyruvate
% 45 g/L glucose - ¥ & ;& p 4c » 10% FBS % 1% penicillin-streptomycin
(Invitrogen Carlsbad, CA)- m ¥ 35 %+ 37°C /& E 2 5% CO, chim?e 15 % 45 -
I ~ % #5417 (Cell proliferation assays)

1% MTT assay H ] SI-2 % im% 5 7 2§38 » 3 it 4w 5o
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+ ~ fm¥e 3 ¥ k5 i (Cell cycle synchronization)
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A~ g 2 B (Western blot Analysis)
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~ &A% (Transfection)
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