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< SUMMARY >

%4 A 203

To investigate the antitumor mechanisms through mitochondrial respiratory inhibition, we
designed the purposes as followed.

@® Study of antitumor activities involved p53 activation and cell cycle regulation through
mitochondrial respiratory inhibition.

Purpose& @ Study of cell cycle regulation and its signaling pathways through mitochondrial
oS respiratory inhibition.
@ Study of anti-angiogenesis and regulation of AMPK through mitochondrial respiratory
inhibition.
Through these researches, we would clarify the antitumor mechanisms through
mitochondrial respiratory inhibition.
@ Study of antitumor activities involved pb3 activation and cell cycle regulation through
mitochondrial respiratory inhibition.
— Activation and phosphorylation of pb53 by mitochondrial respiratory inhibitors.
- Effects of p53 activation by mitochondrial respiratory inhibitors distinct from DNA
damaging agents.
- Assay of cell cycle distribution and kinase activity by mitochondrial respiratory
inhibition.
- Study of cell cycle regulated factor (p53, Rb, E2F et al) in cell signalling
pathway.
@® Study of cel cyce regulation and its signaling pathways through mitochondrial
respiratory inhibition.
Result — Analysis of cell cycle distribution and cell cylcle related factors by mitochondrial
respiratory inhibition.
- Assay of activation of transcriptional factors and finding new target genes by
mitochondrial respiratory inhibition.
— Mechanism of cell cycle related signaling pathways by mitochondrial respiratory
inhibition.
@ Study of anti-angiogenesis and regulation of AMPK through mitochondrial respiratory
inhibition.
- Mechanism of VEGF regulation by mitochondrial respiratory inhibition.
— Mechanism of HIF-1a stabilation by mitochondrial respiratory inhibition.
— Mechanism of AMPK regulation by mitochondrial respiratory inhibition.
@ I[nvestigation of antitumor mechanisms by mitochondrial respiratory inhibitors 7n
vivo and in vitro.
Expected @ Establishment of antitumor mechanisms by new anticancer drugs.
Contribution @® Technical elevation of life science and clinical medicine, development of
anticancer drugs.
@® A great services to contribution towards of development of tumor biology.
mitochondrial respiration cell cycle EGFR
Keywords
HIF-1a Angiogenesis AMPK
¥ A WA B 2 ETVse olvR|, 2], el Y-S wXEk A VEE AV ETS o] §ste] 2t
¥ 3 QokrS AuAlFggon geu ANAQl YES FASE ofFely] 4EF VAlsta & A o2 FAFH




AT7HE ¢ A7)

k2 A301
O 1. AF/NEHA Y 78 ~ 10. =8 ATHAE A 5ol wa 23
© A& 1l4point, /\XHE 12point, EF W& 10pointZ A, & 1+ v E8L& =4 7153

O d7UE 2 AF= 509017 o|U2 A%
O W& 2+ J?ﬂr?if?} AR & (34 g2z A8 F8)2 U8 24 A AAste 7ed

AT IHA L Fle

w0 ATES L NEATY A

— HEZEol= Mo AE AbEd HHEE W ARZ 2HEAQ] S g AEv|HeR A 404
et W AT giide] Hof gith. ‘Alze] A (powerhouse)” B dAA = WEZE ol A9
1A thAF (energy metabolism), Z4 % (calcium flux) 2 18] A EAE (apoptosis)ol =A% o
&S ). o] AEV|BES AE TEI AEo LI ATPS 80-90 %= AH3Fz <143} (oxidative
phosphorylation)ell 2] A3t o] AEZ7]3 Yol 7] dakstel ATPRAS A% a4h53HA9F TCA
cycle ¥ g4 E0] EA 5],

2

— A Ee] A AGAEe nlE] A £X7F mEa A& o 22 oyxE "o R sirh =2 Y
A aES 83 GAxe] vEZEg ol ANAXES g Ve Feol ¥ EdWo], A&, A Fe f§3
7 BotAAS wolth A dAMEE v EFe rlEEZ=gol 893 (mitochondrial respiratory chain)
S 5317 8 g HA YEste] F5E A A8 (ATP §4)E S5t dAEZE o dquAE
Al olyel oFfE 2 AEANE f2 s gk WS JfEstEd AFES ol# gk 54 it HE
Fogols FH o7 = & Ua] YAEE A E HlE Ee HFAES 2=

— 71F9 stobA] tithe pb3 e =848 (Death receptor)E EstE thkst Al AGAE AH5)
M Ee] HEZEg ol FHHoR HA4S Fste] & X5 rbeAds Btk a8y e dAMlE

LIRS

HEZEgol EAL nlg o=z 3y =g o}l DNA AB3A (mtDNA biosynthesis) A&l, v|EZ=g|o}
_]
O

5Ad A, FHAdHAIAF (permeability transition pore, PTP)9] &4, ZHE 2 (potassium channel)

o MY & B3 wEIZS=Lole TS wWElste oYt Aol ArEHI 9k o he-d
FoF1—ATPase @ &AALA (reactive oxygen species, ROS)¢} ##H 3 mEZ=glo} 35 A si:s 3rotst
A BAS A4S ek F9e Ao @ Aol

- ?i:TLEl_Q nEZEgol 335 AE

T LY FAE A 8 GE A2 A% AL A
st A7E FAstad dr @ e & 7t

2o} T & Ao #efste= AS
7]

m 7

E fol
2 F—u
fot |
ol
5
o,
rr
>
Hl
N
~
BN
i
2|
B

o 55 ZﬁHCﬂl ol sk p53e] Qlatsh 2EsH L Rk @ METS 2
FApE s} oful ¥ iAol QlErk @ vlERCelol 5F At ATl FLT AT s AP A £8
Aol olmet JFL A= @ MEZE} BF A GAEY o]F U Hold] ofwdt JFS v]HEsp

_7_



el W

=

=

o] Q=7 @ in vivo BAo| A nEFZ =g o}
HAY

& 71l o

5

A

=

=]

%

Y nEZ=go}

-
X

7}?
3 Al

-
L

3 #al

= 7HA

A

o

HAl = &

o

q

o %

<

S T MR N W I " oo EK N =
® T T o N oo T
b e BB RT T s BT
oo ﬂ_ouioaﬁua7i el ~ Be o
° " Ty AR D .Jﬂ@;u%
oy of <R L = o N
GO W BETE R g _ P
1 oy B T T To ® N m
o L T o= TR oo .
% X R R e o g A RP
Aa7 %ni 3 w H/_l,_ﬂw ;o_léa
e ol ol oF o T oF T 'R
21 o W@@%i&rﬂ WO R R
"~ V%%Wmﬂ%ﬁr gﬂ_owvi
o R LR R i
N it i T oW W N
=~ ™ lﬂ;oMM_,TUTdJ_,N 2 Tl
& ,ﬁr%ﬂﬂmo% %@ﬂ@mw
7 ER g mET ow E =
jariy 0 ~ r ==
N o = P Hop TR o
~ X o A e B o T oE T b
o Ecdr ﬂyiﬂﬁﬂ ﬂAlioP,_ ﬂaﬁl.ﬁa_i alh]
T —_ ()
N m* e oW _nWo < E@iﬁ Qi = e on o . WMU
l 0
o oy i R R W ol © T io?
LO.M‘_L,O/‘L;A ‘_an_vﬂ.b WLCN_IETHM_ \;Imﬂ ﬂDIE,w.%
T w M HOOT N X = F:oRCIC R
ﬂHXO_ Jﬁ\noruﬁﬁo.nEArcx J.ﬁ,Mu_liLEEE
K i o8 ey
Eau.% oﬁﬁ%aaﬂmoﬂo mo%%%aa
JJo "B K mr o N o=
ﬂwﬂl_w/; ﬁo?ﬂﬁé%ﬂ o M= X
T T — o+ X o ow BB
T g G TuoHE
Bl oo X o N o o= s P
T 2 do w%z,#gﬁﬂlq.%wm m_u%AﬂWJmo,mo
. — ) o
TR G %ﬂ%l%%fr %.mo;uan
=, b XTI 0
%_ wvo N % mm "N e B T L oﬁ " AT
e - == - - —
o T B w X O® ORI
S w = B Y AR
ol X o &+ Xﬁ ok ) o o ol e = o
i N = ) z G+ o R ol Ho XY B oo
X [ ) X 0 b )
= 5 R R N A
o8 ; _ O R
b o u.m Eﬁ‘l ° Mﬂﬂuﬂmioﬁ No ILIOFEE ~ NPT
L = N T oo W o B
Lo R A BT
o S U.rv o 5 JmeﬁTm_xdvaLﬂooE o b 1ZFE o
= N7 - ﬂﬁzwv,ma * TR S :t,ﬂplz.d
== 7 =0 ) —
T HE g ﬁ%%myzﬂ%% %Evﬂﬂoa
w &K : FUw T e R ME D m g g
=~ A,.r
FEH T @ I mHThREwET @1 TIE N

3|

Ko
[ IE=1

) =

e

mn vivo system®]

=1
=

in vitro



-4
S
e
-
Jf
FKl
N
ko
e
3
=
=
oo

1=} -
o% p53 WAl W@ g 3 p53e] A
4 22

NEFZCgol TFAHNE E|e nEFETdol T EA A DNA £A4F ok& o
=]

Lz 3 p539l BAE W el o9 ps3 wude] BAske] Aol A
(08) 71 Y 9 AEFT) 24" :
714 o MEZT o} EEAF A} DNA 4 oFEo]
gt AEXF7] B4 9 248 dA gl

o MEFEg ol TFASA st MEFT]
el pb3 #AA 2 HARIA 2 71 Y

o NMEFZE ol  FTFA3A 2% EGFR,
VEGFR, PDGFR 9 & &43} 71d +4
F

MEZ=Zol SEA ] <
)

2d =k 3 A FgA 2E7 A e n|EEZEgol TEA A 9F FAK A3}
C09d) 4 FF o]F W HE A | 71d
717 5+
o MEFEgol TFANAE T3 MMPse &
dst =4 714
e Phage displays ©|&3t nEZ=go} T FA
A stetFAAed Vs
Zeglo 5SS A5 o) _ - _
3% ey AN s s zeaer s A dw BugRd
(104) R © ¢ 7| zA" 71A 79 (tumor xenograft model)

A =471

o NEZT ol sFA A st FFF Mol
714 3+ (Spontaneous lung metastasis model)

@ st=dAE, 53 5 AHANE dAE, AdvEd AHFEA
- =AA SO SdedsAd, 53 5 AHANdE 949, d7xd dHEEAY 55 A=Esta AlAE
Foll AFA Wes A e ddsE 7S

- =EAA T gedsAd

AS7A B A7 ATARLRE Fxdo AAFFE T ITZAFE The Journal of Biological
Chemistry, Carcinogenesis, Gene Therapy, Oncogene, Journal of Cellular Physiology, Journal of Proteome
Research, Proteomics, Journal of Cellular Biochemistry, 5 FAIZ o2 JAAH= $58&A 9 A7 29 o4
AR AR, BE FUdA 2R3 FAFEANE & FAd AT $FAT7HES dd 1898 AAT 49
4.

5 ARANE A

3]
T2 Ba 39z Ty 2 F4 5SE 474 148 299 SEw ad.

rO Jlm

e



- AFxY dESHAE
AT o g whal 31, AAl 29 o]t WiEAAE HHo=R I, HdES FAT V) xHE Fokd
ATEE 29 ol SAET
< 4xd 5% >
9= U= 58 =4 A FA
T
SCI H|SCI SCI 1SCI el = AJAF ukAL

Ahd = 2 1 1

22hd = 2 1 1 1 1

R 2 1 1 1 1

2. 3l Zled 8%

7}

B R R

r

® =99 ATTY

~ vjse] W= sk Mootha VK. A7HE nmEElolel ol A glEA A% (AT 54 BE A,
olAA oAb 24, obE oA} wel, mEREel o Ak @ vEasdel 44 W& W 4 e
W idsta, g AR H AL Qe T8 e S0l HEF=g ol 479 YEo] oWl JEs FEAE 18
St (Nat Biotechnol doi:10.1038/nbt1387, 2008)

- JdE s Iwamura  H. ol g o] Respiratory  chain/  complex I A &l A <1
N—Methyl—2—n—dodecyl—3—methylquinolinium (MQ18)3}

N—methyl—4—[2—methyl—3—(p—tert—butylphenyl)] propylpyridinium (MP6)<& 34 % w=Z3t (J Biol
Chem. 272(26), 16176—83, 1997)

— HAJo} maAFvl FHEY Vinogradov AD. A9 9] rotenone? Respiratory chain/ complex 1 A3 7]
S 1. (Biochim Biophys Acta. 1319(2—-3), 223—-32, 1997)

— 2#9le] CIBE-Merck 9742 Tormo JR. ¥ o] Respiratory chain/ complex 1 A3j#]<1
rolliniastatin—19] 7)< 1933l rolliniastatin—19 FE=AE A4S (Oncol Res. 13(12), 521—-8, 2003)
— o]lg&kg]o} 9] Immunovirology and Biotherapy <47-42] Dolcetti R. 478 ©] mofarotene (Ro 40—8757)¢]
Respiratory chain/ complex [ A& 7152 7% 3. (Oncogene. 22(6), 906—18, 2003)

— d¥B =3 8t Iwamura H. dd7El©o] Respiratory chain/ complex III A3]A]2 antimycin A% 7|5
TS antimycin A9l FE=AES AT, (Biochim Biophys Acta. 1229(2), 149—54, 1995)

— =] dgxo] thste] Ramirez VD. A% ©] polyphenolic phytochemical®l resveratrol®} 17—Estradiol
9] FoF1—ATPase/ATP synthase A3 7152 F#9HE. (Br J Pharmacol 130(5), 1115—-23, 2000)

— "= ~ul¥= tfste] Khosla C. AT8¥°] apoptolidin, ossamycin, oligomycin® FoFi—ATPase/ATP
synthase A3 715& FHE. (Proc Natl Acad Sci USA. 97(26), 14766—71, 2000)

® T ATEY
— =)o) MEaZsdolsh BAg A

5]

AEAYINAY AT FANA BFE HRBL FHOE o] FolA



I o, R xR UEAA] e HAE AT vl T3 nERegolel
971 el A= A FEAFE (apoptosis, programmed cell death)'S FA O R o] Fojx|1 glon HER
of & AE T3 FAH A AaAG A7 A EEE GAY.

® A7) 24
— 2 AFAdAE o] F2 A2 4#7 PTEN, p53, Rb, E2F/DP complex, MMP—9% &% NF-kB,
AP-19 &43F TV, AEAs

2

G 71 g g #g AFE Azt Ao, oo wHgh
et TR Asdg AAEdES SGEstal o] waEE EARIAMY] validations AAsh=H AHES 2w
ATt in vitro A 2=Eo Aol ARk olUet n vivo Al~EOA IS A 4 e 7INke] B oA
Aol 2 FFHyo] glo], I AFEo] AAF L JFA A5 FIE F e FHES Za vk

— o|A du|AFoA FY FREZZ FGANLF Ascochloring I FEAE(2E 1)L AGAAS ExE
o &3 F¢ FAAXE Fo] RuFHowH, HZ9 & dF4HY dF A o8 JFEES FTY¥Y 47
APE JGA o= A2 FTF A WAYEE AAY daF &2 58X AAAAR ER3Y
t}. (Cho H.J. et al. (2007) Carcinogenesis. 28, 1104—1110, Kang J.H. et al. (2006) J Proteome Res. 5,
2620—31, Hong S. et al (2005) J Biol Chem. 280, 25202—25209).

CHO o
0 o CHO
ﬁ)
a HO
Cl

ascofuranone

R = H: (-)-ascochlorin
R = CH:2CO:H: 4-@-carboxymethylascochlorin (AS-6)

19 1. ascochlorin® 1 FEAEY X

AE] AFAPL oI AEL A Al
e A gtk ey HZdE
]2=(proteomics) &9 ATE F
e s vk, Rk ofye}, o]
& AT 2L S stolstal

7]
r

>
o
|
o8t
3
N
i
lo
N
it
o
4
=
B
o,
[o

y o

=

Y, 2

fu

o)

5
[e2

i
o o
:(n)L_',

- _ln

2 (-
e
-
N
y!)

=
1%
i)
2
>
o
o2
N
&Y
=
o
2
=

o)
4
I
2

E 9% nEZC} EEANE BF FUNA ATE JE FAAS O 5 3
Az BEIY AR OE AEE o}

= =
Mz aids & ¢ de 7I2ARES AT Aolv. 2da A7 dAlE &
( = E

o O_>|: (-'I_L-'L
o
il
it
=2, _11>i
o
£ r;j |
Ey)
rir

ot
E~2
2

N
ok

4 oo
oY)
Z

Ry

32 5
(
o
N
i)
N

R P>
ORI}
N

o
o

rlr E
o N
ruPQﬂ N,
l‘-.J HE
1x
N
mo EU'D'
atcs
)
o,
2
2
N
Ty
-
=
o
(@]
7
oL
1S}
=
B
w
=
=
Z,
>
(@]
=3
=
rlo
o
N
=
Al
- 1o o
lo
Z g

_11_



 MEZEol EAE 2 DNA &4 ofEell o3t p53 W] wry <f % p53e] A B4 xd &
o]

- HEZ=gol A9} p53e] okgste]l A S FRlslr] 98] U20S(wild—type p53 osteosarcoma)<}f
Saos—2(p53—deficient osteosarcoma)& ©|&3to] AHS Sy}, vEFZ=Tole] T35S Xiéﬁé}i
ascochlorin®} 1 FEA5S U20S9 Saos—2 UM XEFo] FEEHE 2447 H<F A8d & MTT assayH

2 MEY S gRlskalth U208 Aol A U oA ascochlorin, ascofuranone ~12]31 AS—6
(¥ 1)9 o7 AAdA g3 Hol= ‘ﬂ, Saos—2 A|3E29] A9 ascochlorin® 7 FE=AE thal] o}
T A gar AR A kv (' 2). p53 FAAE H AlEA A YErd o] A= vEZE=Y
ol TFA &l ps3o] HAAGS gl %Ujr.

Jﬁ?ﬂ

A B

u20S Saos2
120 120
_ 100 3 w00 éié;-—zgﬁ%
o 2
3
< 8o E 80
E 60 E 60
= —a— ASC 2 —A—ASC
S
® 40 -m AS-6 "su 0 & AS-6
> 20 —o-AF 20 -0—-AF
o 0
o . 40 30 0 1 10 30
(1M) (M)

a9 2. v|EZ=gol TEAA (ascochlorin® 1 FEAE) 23 GAXe F2A3] a3}

— nEZEgole] & A3 &AL ascochlorin® I $EAE g1 UEdQ nlEZEg ol TEZANAR
&2 antimycin A, oligomycin A, rotenones *&|3}e] ATP %% ATP assay kit (Roche Diagnosis,
Mannheim, Germany)E ©]-&3&}o] &lallth. U20S Aol thekst nEZ=olol 58 A& JAAE A
3te] ATP 25 SAH3I Ay AS-6&= AIEYW ATP F=d 9SS FXx Ea3o ascochlorin®}
ascofuranone & antimycin A, oligomycin A % rotenone™ &7 AX U ATP 5= A3 = A=2S &
y AR (29 3). 18] aL ascochlorin¥ I FEAEL HHolo ofalE X 3R] &ol FZAdo] ¢l
v T (29 4).

o
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i1 L
—
S
M i
==
o O
Q~
Hl E :
b= * % oy % Ko
=" T 17 o e |
=
— — - — — ]
—é °""2 c""g °""2 Q'-i—i Q'-iﬁ G.'-i—t
= S S s
: |: 1 IQ ] L i I | ] L ] L ]
)
° 5 g =l < < o
25 iz 4% 5% g3 E%
53 ES 2% BE BE EE
2] =] -—li Qi oi
~— N’ wv N’
] a =] o ~
] < °

Lo
rol
X
H:[O

a9 3. %3 nEZ=gol 5& A3 A4 W ATP 5= &4

e |
AF-0pM . | AF- 0.1 pM AF- 1M

e & &
s i i
= 1 =1
124 : : 121
< e e e 2 ey e T .
100 10! 102 10 10¢ 100 0 10l 102 10 1f
FL1H FLIH
) w T
F=3 T
- AF- 10 pM 4 AR 20pM - 3 AR 30pM
- .

JC-1 Red Fluorescence

— 7S T ™ =
100 10! 102 103 104 100
FL1-H
L) T w
= 27 =
 Antimycin - |7 16.7 [ Oligomyein - 47.8 k Rotenone - 223

- 1pg/ml A . " T 1pgml b Lpg/ml
d x . ™ i o . .

302

= r T T
10 10! 102 10% 10f
FLI-H

Green Fluorescence

a9 4. e P EZEFC} AR AL AfAd T FEZE} HHo] £F

_13_

Ay



— U20S A3 A ascochlorin® 1 FEAEC 93 p539] wrwlad WS xAlsldth. U20S Ao =3k
ascochlorin® ascofuranoneS p53¢ W&ol Z7lslF o), p539 WS FE3F ascochlorin® 4’—hydroxy
=

group carboxymethoxyl groupl 2 X 8El AS—6 %o+ p539 W =717l BAE R gkt (¥ 5.
A). mF p539] wuld Walel T p539] B AE APl FeIsh p21V N akslE Fale] Zw
Bl o E/fu A Alawlo] o8] p53S 2H3E Hdm2 o 2do] F713hs

geletqitt. olH g A= Hela
Az A #EE QoM p53o] AFPE Saos—241E8}F p530] Wol¥l C33A AAIE A= p53, p2l, hdm2 %
3 =717 BEEA gktd (data not shown). MEZE=gole] 35 A3 AL 7M1 A dxE4d=2
antimycin A, oligomycin A, rotenone< U20S A|Xeo| X 2]3}e] ascochlorin, AS—6, ascofuranone®} ¢z
o] W3lE vl BT antimycin A, oligomycin A, rotenoneS AS—6Z A3 ascochlorin®} 1 F%=
A= 7 ps3d 1 sk EdE JAAEY BdE S E (1" 5. B).

B=E~—
E®E
) E%. ?Biﬁg—-
= =] - S 1&
(= = Sy =h
s £ Es« T TS
= 5 E32 = =
2 = v EE=X8 5
8 ] , — Ec o - =
= 2 2 ] S=EsS—=2% g ©
B £8%¢E g &
. ! .I_. LI ; 9 Qun — =
SZ~sZ~sZ~2 M £23%8 £ ¢
P53 = S —ow——— PS3 =R — gy
hdm2 - .- hdm2 « =es - o= -
p21 - - P2l e e ape—-
B-actin - Bractin erererepenes e

39 5. ascochlorin@ I FEAE R dEH SFAHAEA 9 AEH @92 A,

— U20S A¥E0A ascochlorin®} I FE=AE <93 p53 EXsE Flst7] ¢a] consensus motif <
binding activityE A3} ). ascochlorin 3} ascofuranone< binding activity® YERHA oY AS—69] 9
3t binding @S AAEH A &t (2# 6. A) ©] binding activity £ p53 consensus motifE 7FA 1 &
cold oligonucleotide®] 7ol 9] 7F43 v mutant motifoll A= 7FAsHA 2t 18]3 ©] binding
activity+= ekl Ao A p532] binding act1v1tye 2213} 7] ¢13l p5b3ell specific ¥+ monoclonal antibody &

=

A7) 8RS Wl supershift7} dojv= AS AT = AT (29 6. B).
A B s
-
2
2
£ 2583
£ 2 =232
S = SS=E
g £ EESS
S ) b B S =
— 9 9 = =
s Z @ Z e @ R
E_S - tScE2EE5E
B 2 o oo BEGER
Sa=S2~=Ra~=2S M) g2l "7
.

UMMM 1

3. 6. ascochlorin® 1 FEAE 93 p53¢ binding activity S74.
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P HEFE=gol TFASN AL DNA &4 &l o3k p53 el &Aste] afolx 4]

— U20S M2(29 7. A, B) HCT116 A2(2d 7. Ol MEZE=T ol SFANA, DNA &4 oFES A€
o] 20A4|%F WS 3 western blot analysis® ©|-&3}o] p53 ©@ld o] W} ps3vtwl A o] serl5, ser 20 L
I ser392W 7)ol Ak E ettt 1 A3 DNA £4F 252l doxorubicin®} etoposide: serlb,
ser 20 1811 ser392H ZA7|E EF <lAF3} 819 a1, ascochlorin 2 ascofuranones ser392WH Z7|E Eo| A
o2 Q4ks) QI th HESE proteasome inhibitorQl MG132¢l 29]3)] ser392W Z7]E Holx o=z 43ty Sl
ascochlorin 2 ascofuranonec] 23t p53¢] <lA3lE Hdm2¢ T XELE Eg nmEZc ol A A
antimycin3} MG132¢9} 7H& frAbetths Zle o9l & &= S9dth. 12y EMSAE §3 p53¢] DNA binding
activity S 213+ A3} ascochlorin @ ascofuranoned p53 A3} MG1329= g nmEZtgol 384

A2 antimycin® 7H¢ fAbeTHE AL el & 5 T

_= E
= =%
2 %wE:
A = ==R:g B
=— == - -
=EH—'== E EE—‘EQ
Ec =g S = 2wE =
EE SE5 02w = =
SRS 2¥ET S S gEFas
s2is2ifind 32 IsEE s
thgEc=sm= S =S = =
‘E S W= W o] =3 = E'—' G-E =
Qopn=Ha = ) - e ==
BB E—QGEH == :-E'Ea'u"""“
cas<aonTEw ~ER=TREe T
53 SES=2ECFmn'2
p T ——— EgSeEcEcr
Hdm-2 = == - EZFnELEEE S
m- : SEZ<45TE=s~=2%
pZ]_ —— - - —— - MW b (Y
L bid iils ]
phospho-ser15-p53 - U208
phospho-ser20-p53 - -
phospho-ser392-p53 —= = =s==
NBS-1 == e e e on s o=
p-actin
U208
-
C p el
= = = E
9 s i T E - =
= g 1 g -a-n"éb E =
B = 1= =] = £ ‘Sh =3
= £ = = - 2 '8 =4
— = 2 E = 2 F :: —
< = = et e B
g b g < L2 S 25
g & 2 g £% ¢ %
- = o - = L |
S b~ b S = E @ m»m =
fEsass4 = = ==zs E 8858
- i o | = £ = 0 2 Q0 #
ps3 _.-”-- ps3 ——“.“—-—-“
Him2 o oo @98 @M  rhosphoserispss - - " 1
P2l = -« 4m w= o= @@  phospho-ser20-ps3 e L L L - 0
B-actin  #e e &= & @ & & phospho-ser392-p53 -—- o .- -— - .- e
HCT 116 LA b2 1 B Y T )
p21 e e e e e -

B-actin e e - - - - - — - - —

HCT 116
a3 7. 943 p53 FEEA T} ascochlorin ¥ ascofuranoned] &3 p53 &4 39 Hl=
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— U20S Al=z(z

2 8. a)¢ HCT116 MZ (28 8. b)o] nEZ =g o} i—f‘zxﬁﬂxﬂ

DNA %4 of

O

o] 20A]%F WHS & real—time PCRYES o] &35} p53 @il @] ¥4 FAAE gk dAFEAA S mRNA &
A AFate] A stk 71 A3 ascochlorin B ascofuranone®| 9§ hdm2, p21, gadd45, puma®l A2
AL antimycin® 714 FAFEE A UGAS BP9 o ™ doxorubicin® etoposide® p218 MG132YE gadd45E
Solfen ko £zl ANBAL FEAAT.
a P53 fedm2 P2 gaddds prma
-] &=
¥ P
E #
w E - - I -
= =
EE s
*
'E ol *
T + * = [+ * .« *
. & & * 2 S - W *
| T 0
=
SESSEETEES PEESTEEESES EESSTEEESS EESSTEEESS PEESIEEEES
2333 E A& B335 24 &dds- EA- K 2323 23 e e sS4
E:ag?"???;— E—gg???@‘;— E:gg???ﬁ"—ﬂ— §:gg???§;— g;ag??EE;:
figs3s8n8 “fgys3883F “fpys3888f “fgys3ssBE  Tfpes83sts
$issef2r  Si<gsffE  §i<sseffr  Fi7gsfSEr fitgfrics
25 ggEs g ggEE ° Z ggEs ¢ E g% ¢ é gg58 °
= .EE = 5 .EEEI. 5 .EE"L 5 .EE"L. E E e
S £g%s 5§ E58s S E£58% S E5%5s § 8- Y-8-
§ EEEE g 5&E2 § §2EE g EFE g T&EE
e = s g e - ° = L - |
b hedie2 2 paddds
18
z
-4
E
'E:_ *
i
"
. L ®|
* 4
= Hi i
BZZF  3IZSF E5%
5SS gT=Z  gL=Z
88 gaE  Ens
EgE ECE EUE
28 =z g2
" 3 &2
S < =

29, 8 98 p53 FEEZAH ascochlorin & ascofuranoneo] 23t p53 @il A o] AAIEA v

— U20S Ao WEZE=gel 54304, DNA &4 k&S Hgste] 2042 v &

£ 0]83}o] phospho—Ser317—CHK19} phospho—Ser1981—-ATM SAE HFA|7|11 FFo] s

317 (Leica, Solms, Germany)2. & #Z 3} th. 1uM %9 ascochlorin® DNA £Atok&-o]

¥+= =] phospho—Ser317—CHK1 % phospho—Ser1981— ATM«] ol )3 w-go] sholxx] ot} (1
2 9 a). T3l comet assay (single—cell gel electrophoresis)E =3+ DNA £4-5 golsh

< doxorubicin@}= @8] DNAY &4o] glas g8ttt (19 9 b, o).
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& phospho ATM  phospho-Chk-1  f G
E} —
%
=
B
= —
g E E
E =
ondimyein JHK ree'ml E
= _E g
s= &
&= o
T -
L
Z e
HEE
E
5 g s
- 5 =
2E = o
e iz
=% =
3 g
=

19 9. ascochlorin®] 9§ DNA &4 89l

— U20S Ao w@mz A A siA<l Cycloheximide (10 ug/mL)E 24A17F H¢F g3t & nEZ=go} &
SAsAIE DNA &4 FES 20 AlRF 52t A2lste] Western Blot Analysis® p53 @A o] 34 HL&
Hl A 8kgitk. 1 A3} ascochlorindl] 9] 8t p53 @l o] 44 =+= proteasome inhibitor$l MG132X.th=
A X"t controle] Bl A= 718+ 11 doxorubicin®E= A =F o2 ZU1slAt (29 10 a, b).

= — =
£ ;
& j% o
- _ -~ =
E 35 &2 33 8
g g2 =8 CE E
g 82 ST == dnf
<chasetime —+* r—— r— r— L
(h) 024 024 024 024 =
=
15
—_ e e e (="
-
3
£

:._ -

chasetime 024 024 024 024
(h) T S N (N T
- me s M
E E= ZE 22
E S £ O=
54 ‘é-— Eﬁ i

5 2%

= |-

29 10. 98 p53 =233} ascochlorin®] 93 p53 G FAHAAE v
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P vEZE=gol s A A} DNA &4 oF=e og AMxF7] #4 2 24 Az &<l

- HEZ=gol SFA EAQ ascochlorind 1 A 5ol AEF7]o oW G3Fs vA=AE ALsES]
th ascochlorin® 1 FEAE % vd eSS ol&ste] MEFVIE FAsIGTE U20S (Rb+, pl6—,
p53+), Saos—2(Rb—, pl6+, p53—), C33A(Rb—, pl6—, p53—) % Hela AIXE o] &3l fFHxte] Wl
g2 AE F71E st doxorubicin, yv—ray, MG132, nocodazole, UV, etoposide:x A FEol| wg} GO
7o AEF7IE A5 3, ascochlorin, ascofuranone, aphidicoline, doxorubicin, hydroxyurea, mimosin<
Mo wgt G1 7)ol MEF7E JA S o™, v—ray, MG132, etoposidei= A3l whe} G2 7] AEZF7]
g AT (29 11).

g )
g E_ £ == - T
=
° 1=} e o . by
£ 52 3% 5§ 3£ 3£ =3 =% >3
=
g Ee < 23 5 B3 iIg Co 5=
S S = = SEwn 2~ Zo N == :
< =¥ O =]
2 ]

U208 ‘u

HeLa

Saos2

C33A ‘L

I¥ 11. v EZ=go}

e mimosin
500 uM

E E - nocodazole
R F 50 ng/ml

F—— — FE hydgrx;l\'/}lrea
etoposide
? F’ F F. 5 pg/ml

— ascl%cllﬁ\(/)lrin
e

S ] S S
F— — F
b b b

A

A} g F2o T FAE AXFI) 2E A

o | [ g E

ok

A

2

3.2. 224 =(C09¢d) AT+ U& L A7 2+

P nEZgol TEA A (ascochlorin ¥ I F%=A] 18] 3l ascofuranone)el] &3k A|¥ o] MEF7] &
A

— ascofuranone®] &F-32 T35 YetdE WAYSES olsietr] 98, ¢4 MTT HAS AH&ste] thdst
A7t A EFN A ascofuranone®] AEZAS AHAI T ascofuranones DMSO (Dimethyl sulfoxide)oll
S;MAIA AHEFon, DMSOE 1 AAREE AE S0 oW g3 mA%] Fevh(dolH = YERA
). AlE AEES v 0.01-30 uMe] ascofuranone 2@ A 2|etal 24A1ZF $o] U20SN1A6-15%,
A5499 4 1-4%, HepG2olA 1-25% 18]3L MCF—7°4 1-10%°]t} (29 12).

190 U208 120 A549 120 - HepG2
= = 100 = 100 =
= = = =
= S 80 S 80 g
= ; » >
= - 60 = 60 =
2 2 [} [}
2 = S 40 =
e o 40 L P
S S © , °©
N ® 2 X 2 X
0

-0 o2 <
;. =am

— D D D
& S —=as
<

ascofuranone (uM)

% 12. ascofuranone®l &3 YA|X] AEXXEE FH
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— U20S AE 2 HCT116 WMol ME (p53"7T, p53™ 2 p21VAF1/ 7)o A <] ascochlorin®] 22 212'? a=
FAYsE7] 98, ascochlorin (0—30 uM)& 24A7F E<F AHEd & MTT AARAoR AEZEL =AY}
ascochlorin A28 F 24A12F o] = 20 el wpel o] U20S MEL] AE *ﬁi S 6-20% (P <
0.05) WY&, HCT116 p53"" AMZe| A= 4-21% (P < 0.05) W=, HCTL16 p53~~ AFNME 3-12%
(P< 0.05) W9IE, HCT116 p21"7" AEoME= 0-20% (P < 0.05) W2 #FAAT (2% 13).
11559 ascochlorin (30 uM)& Fo&dutsl NEEAS el x] &gkom 1Cs (half maximal inhibitory
concentration)®l ©|2X] ¢k

. 120 120 120 120

-~

et

= 100 100 100 100

£

s 80 80 80 80

-

= 60 60 60 60

8

= 40 40 40 40

2 20 20 20 20
s ‘mae f-3= ma e [-p= ma e g s -a &
O — - s e
£ ascochlorin (uM) S ascochlorin (uM) S ascochlorin (nM) g ascochlorin (uM)

U208 HCT116 wt HCT116 p21-/- HCT116 p53-/-
1% 13. ascochlorin®] 93 GAX MEAEE A

—ascofuranone®] A|EZZAo] ZWE| x| 9gkar o] Aol Ao A ascofuranoneo] &) p21VATYPle] ule o
S7FER o B R FACSE AREdte] Al EZo A ascofuranone®] AE F7|E ZFH3EA oJRE ZAMLH
2140 Z=AE miel o], ascofuranones U20S AEE AHEshH G17]19 A¥x7 T&EXo=
Z7Vskch, G17) MXEe wEBEgo 317)9F o] Z718lt; (18 15): ascofuranone B A @ tlZ&i (57.5%, P
< 0.05)¢ w®gyS w, 1 pM ascofuranone Ao <& 2.6% =7F60.1%, P < 0.05), 10 pM
ascofuranone Ao 93} 29.0% =7} (86.5%, P < 0.05), 30 uM ascofuranone =&l 29J&] 29.8%
Z7H87.3%, P < 0.05). ascofuranone< 1 uMolA AXE F7]o] FEAHoR ks u|xw, A¥E LdF7}
G17]olAd S712 AXEF7IE APy, Sy MEAd ] FAREE S E=gE BEESI =, DNA 4
Z 3] A 21 hydroxyurea?] H# =2 A3 G17] MEANA 10.6% AE =7} (68.1%, P < 0.05) E S7] AENA
6.7% ME F7F (21.3%, P < 0.05) B G2/M7INAM = 17.3% AE #aredern (10.6%, P< 0.05),
FAMESE  A&A|Q]  nocodazole?] AHEE  Ad G2/M7IANA 42.7% Z7Fskal (70.6%, P < 0.05)
sub—G17]A 11.6% Z=7F= JeHEd], o] apoptosise] F%2 el Aolth W&, ascofuranone

sub—G171E5 F7FA71A] ¢t} o]t A¥= ascofuranone®] Gl7]olA AEF7]E A= Z ot}
[}
g D e
c.= g E
ascofuranone (uM) g £ < @
| Lk gz
control 1 10 30 = s
»
Qo
Q
-
2 4 2 4 2 4 2 4 2 4 2 4
ploidy

% 14. ascofuranonedl &3 U20SH XS] M EF7] oA

_19_



120
i . % H GoG1
s

80
* B G2/m

60
40
20

% of cell cycle
distribution

1

control
[ =

(7]

=]

(uM)

9 15. ascofuranoned]] &3 U20SH XS] MEFV] X

ascofuranone
hydroxyurea - 5§ mM
nocodazole - 50 ng/ml

=5

— ascochlorin®] FAENA Ax F7] 2HS FHoR =4 oFE FACSE
AMEES 0.1% FBSE EFehs Avm-dA wAolA 4823 Fb B g

(0.01-10 uM)®] EAl EE HA] 3t A 10% FBA 4 & wiAR 2443 Feb ARAFAZT w2 ol
of wel, U20S AEE 48A13F 5k G1 7114 A3 dlen (AME F 80.2%), 2 F 2¥ 16904 5ol
A= mke o] 24A1%F E}F FBSERE AASAA AEZZF G2/M 7|2 ol E 3k (M2 = 55.4%). ol uts)
ascochloring A& U20S AEE G2/M712 AA8A ZgPor, o] ascochlorine] G17]9] AxEe) Fre
& Z7hE oPlakm 10 uMe] &3 Folwelg vkl Aolth DNA 49 AsARl hydroxyurea %
gk ascochlorin® frAFSHAl U20S AXEE G171l ®FE2A ata G2/M7|o A FEERESE Al32e] AE o]
s, ARl ASAIQl nocodazole> G2/M7IolA el AxE F7HA7]aL Gl7]oA AEE FodisH
A7, ol G2 AlEF7] JAE 9wt Ao|th. ascochloring A &gk U20S M EZo A AE F7]
B2 HE dolglE 18 179 eI

Abgstel ZAETE U208
t}oksl F=9] ascochlorin
o

]
o
@ = —
z hlorin (M) z. s E
Y —_— ascocniorin (v
U208 " L = 3¥
Z z = — T2 3¢
2 3 S = - S 2% 2%
ploidy 2 4 2 4 24 24 2 4 2 4 24 24 2 4
Oh 48 h

1Y 16. ascochlorin® 9§ U20SH ¥ AXF7] 9A|
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120 B GGl

100 } Ef;m, + &
80+
60

40 1

20 ¢

%o of cell cycle distribution

control ..
0
0

o UL WP LA e H
[ 5 2 T S 8=%E
on = = SES®™

£ hlorin(iM) 57 S o
s ascochlorin (nM) 5 23
g =] =
| z

48 h

3 17. ascochlorin®] €]3F U20SH X8 AEF7] EX

P EZ=gol T AsA o MEFT] I 4]
— ascofuranone®] 23+ Gl17]oA AEF7] 24 Ad FAAE Jd2d EF FH oz Hrigo. 10 uM
ascofuranones 24A17W74A AE & QA EE p53 @ p21VAVIPel o x o] Feel F71E uEith
(2% 18). 10 uM ascofuranone© @ 24A17F Hob H@]dk M XA p53 B p21 VAR wrg o) 2=
o2y Zo: 77 ascofuranone WA E R WS uw), U20S M Eo|A pb3 5.3 F7F =
p21WARVCIPL 9 1) =7} A549 Ao A p53 3.1u] 7} 2 p21VATIPL 10 4w Z7}, HepG2 A XA p53
1.6 Z7F 2 p21WATVEPL 3 70 Z7h 9l MCF-7 AXelA p53 5.1 F7F 2 p21VATCIR 9 4u) S}
ojde] HW¥ wle} & Quantitative PCR (28 19)o o& FHE o]k AxFo442e p21 mRNAQ
Frejgnkst Sk shrlel o, olyd SF AAF A9 AdedS yebdth: b2t ascofuranone WA g
) g w, A549 AFEolAM 558 F7F, HepG2 AEoAM 5.88) 7k, MCF—7 Ao 1.84)
Z7F 9 U20S MXEolA] 1.88] =7} o= CKI, p275Fle] @& L ascofuranoned] 93] S wkx] ¢korr),
olg]g Azt p21"MVI s wEe gF o)W AFE o8] FWE HAO=, ascofuranone Azl 2|3
FA A EGA Y FolEutgt k2 FHEtt (29 20). 28 200 vehdp21VATO o wg g4 Ante
27y p21P—EWNAAMH Z7+3 v wdlS w, 10 uM ascofuranone 2|2 <2ld] HCT116 +/+ Al|3EolA]
1.58) &7}, HCT116 p53—/— A4 1.98) &7}, HCT116 p21—/— A¥EoA 1.98) Z7}skS YERAL
ascofuranone®| <J3] FEd MEZFAAAAY Gl MEF7] A AFBHA, ascofuranonel@ AXE

HEslH G2 AXd #AHW AR} (14-3-30 % A}o]Ed B) & M EAE (proapoptotic) UAF Bax

IS FTA F Gl-S H3bo] FA-FE Alo]ZHR] Ato]EH D W Alo]Ed E°] oA AR EA
ZYAE of7)dth (1™ 18). 10 uM ascofuranone &2 24A17F =oF A3+ AL A Alo]ZFd E 2 9
Hshe= oad o]l Zagoh ZF7; ascofuranone VIA P tiERwrd BluglS w, U20S AEZoAl 23.04)
2, A549 AZolME FAEHA kg, HepG2 AEolME 15.08 72 2 MCF-7 AXoAE HdFX
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1.6 3.9

S @& WB:(CDK2
3.1 31
B

e M7 ok

immunoprecipitate tes AT

- o WB: cyclin E
4.1 4.1
- o~
£ E2
B 2S
[=]
(] '5—
h\-’
(=]
~
W
«

9 35. ascofuranone®l] &3t p213} CDK2¢ A% % CDK2¢ cyclin E€] Ajel djst &3
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— ascochlorin—% G1 AXZF7] A4 pRbel &S ut3]
UM olxmZ el EA Ei: 5A 3loA pRbY Jiﬁ}
Aikste]l WS (A4S =Y #RI4kstZ) pRb A= A B BAste Fldn. e o3
A5 12N =R 24A14A] A Q14Es) (DRb)°11 erd’&ﬁ]r (ppRb)= 9] A AQl A3 W&
ojFojitt. olete= WIE, ofxFIEFEY AYe = 120 yERTE wpe} o] 12A13F0] A F pRBE]
AQAEE sttt (L9 36).

71 $13l, pRbe} <l4ksh AEiE 7HEl. 10
FeE 22t A -A5 HCT116 AlEA]

o

10% FBS 0 4 8 12 18 24 (h)
-pRB - - - -
"ors —5 I

lj_actin -—" T TN T T T

10% FBS +

ascochlorin (10 pM) 0 4 8 12 18 24 (h)

p-actin == = o= o> == o=
HCT116 wt
% 36. ascochlorin®] ¢]% RB @& &4 Ao g a3

— ascofuranone& T3t E2F—2]XH ZgAn= 2 E2F—19] thadt w3 Zgan= 2 o]o o|Fo|A]
SBEH¢] DP-1o8 EWAIAMAAZ MCF-7 AENA E2F AA} AS 4.18) 7ZAAA AT (2™

37). E2F—1 8 WE 2 EALAMAA Ao @A REAOR HAE 19.6W] /A B L Uz
Wy Zefaves @ASA7IA] X "], ol Xy AAHE Holxoz oliy wdH
E2F—-1/DP—-1 &A1 #HAF A& 7&%5&5}. o]8]8 A= ascofuranone©] p21"VATVCPL Hale] c—Mye

-1 H
7] AL S Fa Gl AAZIE ddd A5ty gdes RS ekt (2" 39).

Relative luciferase

N
g o E s =
> = 2 =<
1 [ | A —
TS
&5 | ¢
=& [ ¢
pCMV-E2F-1
+ pCMV-DP-1

1% 37. ascofuranoned] &3 AAFQIAC] E2F—19] AXEA A3 &1}
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— E2F7} pRb&He ZAgo=m s xAHE=E, dH -2 HCT116 AEoA E2F HAF ZA A9
ascochlorin® &#= ¥7}gch. E2F1 ZERE #HAA, E2F1-luc, E2F1-(AE2F)—luc % [E2F]x4
XEH TxE (2" 38)S 2447 H¢F HCTI116 AFo] wE=oz EWMAIAHXI AL DP13 7
TE-—EWAFAMAAZ|AL ascochloring 24A1%F &t AHEgk & FA|H A @4 SHAG. 19 389
TAlE wkel o], E2F1—luc A #de pCMV-HEZ Edxgdd®] AEZe Hs] pCMV-E2F1Z
EdAAAYE HCT116 AlEANA 2.797-4], pCMV—-E2F1 ¥ pCMV-DP1& E#:A#AE HCT116 A Eo|A
3.98071#]  EAstE Y. ey, FAEERA] AL 24417 FoF 10 uM  ascochlorin®® A g3k
pCMV—-E2F1 % pCMV-DP1o2 F&H—-Edx#aHE HCT116 A EoA 1.6u]7-4 gl o= uhe}
Zol, FAHFHA DAL ascochlorin® 2 AHastx] & %7 slolA E2F1—(AE2F)—lucE EWA~IAH
HCT116 A|FJA%= pCMV-E2F1 % pCMV-DP1E JFE-Ed~sMHd" HCT116 A EoA%E W37}
AATh [E2F]x4 FAIFHZA 2 EZEoA, FAHA EA4L> pCMV-HEHZ Edx#Ady Az s
pCMV-E2F1®2 Edx#Ade  HCT116 Aol 17.5¥§7k%], pCMV-E2F1 %  pCMV-DPl=
TE—EW=IAAE HCT116 AMEAA 2299 7b4] w9 &3}t E2F1—luc Fx2F @A Axe}
FAYSHAl, [E2F x4 FAHeAl o] 24A17F &< 10 uM ascochlorin 2ol o]& 6.9u7}A] 73]
ik o9k A, oleldt A= of~mIEFo|l pRBO HRI4kst W E2F1Y AAME dAlEt Gl
AAEXJEC FAE Asglehs 5 23S Yepdn (27 39).

E2F1-luc

30
211 +1 D pCMV-Vector

. pCMV-E2F1
251 pCMV-E2F1/pCMV-DP1
P— O

E2F1-(AE2F)-luc

2211 +1

[E2FX4]-luc

0
@ @ @ @ Luciferase ascochlorin (10 pM) - - — + - - -+ - - = %
E2F1-luc E2F1-(AE2F)-luc  [E2FX4]-luc

3 38. ascochlorin®l &3 AAQIAS] E2F—19] AAIZA A3 &3

Relative luciferase activity (X 10%)
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ascofuranone

ascochlorin [ 1

[ ]

} @ro—>—G@D

Gl ras > S
G

@ >< / > —> Target genes

18 39. ascofuranone 2 ascochlorin®] 9% Gl AEF7] A =d

33. 3AEE(C10E) @7 & % 47 2%

P nmEZ=gol T EA A e HIF-1a2| ¢H43} 2 VEGF 43t =4 7]1d +4

— HEZE=go} TFA A ascochloring Abg 4 H-F 3] A EQ] CaSki METo] 12A1F 2 2447
SR Agste] Az AEES MTT assayH o= gQlstqlth. 1 A3 12A13F &<t ascochloring
SRS 74 30uMe] aFLEeA 80%olde] AEES HAom, 244t 5<t ascochloring A 23t &
30uMe] arEEolA 70%017de] AEES Hlth ¥ Aol 1da drAddel A FldiRol A7) Al
el oF=o] TS 2 DNAY &84S 74 Xk 3oz ddEn (19 40). 18 al o] $-9

A2 80%0l/del AEES A8k 12413 ofjollA 3=t

Hel o 2 o
> 2 Jo M O

=

«a

—

=

[—]

—
s
£ =
- 0
=1
=
- =
29 [J12n
T e B 24n
=7
L=

-

a

& U

[T R ¢ R — T — ]
L | 3
ascochlorin (uM)

29 40. ascochlorin®] &% CaSki A|X 9 HNEAEE FHA
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— HIF-1la®= AAFA AEHoA A3 "dva Iy o, T3 CoCleot 2 o] 294 growth factors B
Lt cytokinesol] 9siA = ¢tA 3 Hrh B AFoAE Epidermal growth factor(EGF), Ho]|&<4¢l CoCl2, L
2]31 hypoxia chamberE ©]&3}e] HIF-1a9] <HA3} =4S 3 & z}zto] ZAeo| o3 ascochlorin®]
HIF—1a2] °t43}lE A33=A western blot #2413 B3] &2lstict. 12 A3 6417 &<k AH2ldk EGFe
9= 20 ng/mle] FZoA] CoCl2e] YaliAlE= 200 uMS’J oA, 18|32 hypoxia chamber (1% 02)9]
M= 6A1ZFe] S HIF-1a®] SHE3E ERlskditt. o]&9] "J?‘éi} Z3& 2 % ascochloring 1-30 uMe]
TEE 30% B AAY F 77 9AE A CaSkiMEZE =EFAAC. 1 A¥ EGFOl 2% HIF-1a
Aol ol A3t ascochlorin®] FEoEH o R A= stolal ittt (¥ 41). ©]= ascochlorin®]

EGFol| 93t A5 4dY AR2E 53 HIF-1a 9 A S EolF 3l 3|

o w
N

o
=
=2 = s A d 5 A

-

e are-ta [
p-actin = S . - f-actin e S5 S s s = o=
EGF(ng/ml) 0 10 20 40 ascochlorin(uM) 0 0 1 § 10 20 30

6 hours EGF (20 ng/ml)
TSP LU B [T T T
P-actin |- = - - P-actin —-— e e o - . "

CoCL(uM) 0 100 200 400 ascochlorin(uM) 0 o0 1 5§ 10 20 30

6 hours CoCl, (uM)
mrie B HN HIF1a | SR80 M M "
P-actin e s o - p-actin " e - - - = -

incubationtime ¢ 2 4 § ascochlorin(uM) & 0 1 5 10 20 30
(hours) —— 2
1% 0, ; 1% 0,

a9 41. 9<% HIF-1a9 <A ZA9A ascochlorino] 23 HIF-1a9 Zd =4 44

— EGF| 93] ¢etdslel HIF—1a T o] ascochlorindl 23] ©@¥ad gdo] AE=A& &1st7| &) o
WA A A QA cyclohexamided ©] 83t AT+E F335tAth. EGFE 6A)7F 5<¢F A 83}aL cyclohexamide
E ANUE=RE AHEs A3 HIF-1a 929 half-lifex ¢F 2089|2121, cyclohexamide®} ascochloring o
A e 49 HIF—1a @A 9] half-life= °F 10%°]tt (1§ 42). o] A5 F3 ascochlorino] &

M g AsE 3 HIF-1a ©@9E9 half-lifed ZaA7E 2 39 & 4 ddch
S
HIF-1a R _ R N R 5
—_—
p-actin ™ " E w o> w» ww w = = 53 o
= »
chasetime (min) 0 ©0 5 10 15 30 5 10 15 30 :
EGF20ngml) — + + + + + + + + + = @ 0
cycloheximide(100pM) — — + + + + + + + + 7= .
ascochlorin(30pM) — — — — — — 4+ + + + = ®
= &
=

=¥ o)

chasetime (min) 0 5 10 15

(O EGF/cycloheximide
@ EGF/cycloheximide/ascochlorin

19 42. cyclohexamide 2 ascochlorind] ¢]3F HIF—1a2] half-life &3
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- HIF-la¥= ¢HA3sE § |2 o] 53te] HIF-1B(ARNT)®9} heterodimers o]Fo] AAIZA S ZHA @t
HIF-13E A2 %9 @A glo] AAL ¢k s, ARNT (aryl hydrocarbon translocator)@tix E&ch 1
U HIF-1lax= A A 5% (21% 03)°]4 ODDD(oxygen—dependent degradation domain)ol U= T EWH
71 hydroxylZ]7}F £9], degradation ¥t}. HIF-1ao]l -0H7]E AHEsE= FTAE  PHD(prolyl
hydroxylase)g} 3}, PHDel| <8 A7l hydroxlated ZEZ#Ho|E E3 ubiquitin ligase?l pVHL(von
Hippel—Lindau protein)¢] ZA3gtste] ZZE . Foll 93t degradatione X3 PHDE AAbA AJEjolA &
A o, ol &3 HIF—ark kA stEoo] A4ka Aejol #§3at7] gt FdaE dAME & A €
t}. 183l HIF-1a™ DNA9] hypoxia response element (HRE)o] A3 st 394 FHAES] HAALE
Lokt W3R AbA AdElERE ofy e} wlE®3t growth facto, cytokineol &SI H]S2dk 7o R QEA Sy
o, B A= HIF-1a9 txEA <l TA 5422 VEGFE Epidermal growth factor(EGF), #Ao]&%:2l
CoCl2, 18]x hypoxia chamber® o|&3te] HIF-1a9 <43 AL ¢ T Zhzbo] Ao ths)
ascochlorin®] HIF—1a®] #HAFAS A3s|s=% HRE-Luciferase reporter gene assays &3l &<13}3It}.
1 A3 EGFe 93 HIF-1a9 #AAFEA S ascochlorin®] 90%°]d A&t o™, CoCl2o] <93t HIF—1a9
AANEAEE 20%, 1% X9 AAh 2 9 HIF-1a9 AR S 25% Asedct (19 43). o] A7}

+ ascochlorin®] EGFoll ]38t HIF—1a9] AAIEA S Eolxor Asl= AL o & & U,
(=] = =
d a i
*
= = =
g = g = o g =
5 5 3 ¢
§ z = 5 ¥ = 3
2 H Z
Z 5 5
2 2 T 2 2 S 2
5 @ g ® 5 ©
= 2 =2
@ @ @
ze = £ s :s
= = =
E E 2
) = —]
(2] (2] o
= = [—]
EGF(20ngml) — — 4+ + CoCL(200pM) — =— 4 + 1% O, - + +
ascochlorin 30pM) — 4 — 4 ascochlorin (30pM) — 4 — 4 ascochlorin (30 uM) + - +

Y 43. g3 HIF-109 AALIEA ZAA ascochlorind €% HIF-1a9 AALEA A3 FA

— VEGF9] activitys= @348 w9 Fa3 ¥ oleg} Alxe] Asdde® mjg- 83 95 oA
g mEFEg ol A ok VEGF X4 tisiAe Ao dHA A &t nEFZE=g ol SA
A2l ascochlorin®l] €3 VEGFY HAIEAL dolr7] dte] LA F-<AEQ CaSki MEF| EGF$+
ascochloring *g]8}e] RT-PCRHLoZE Q1513 th. EGFell 93] 571Hd VEGF7} nlEZ =0} 334 3 #|
Ql ascochlorin A glell 9J&] VEGF] HAIEA S % oEH o2 THAasglnt (19 44). T3 VEGFY Alx
o] Er]E F<8t7] fl8l VEGF ELISAW S ©]-&3% 23} ascochlorindl] ]3] VEGFe| Znr|7}F A3 3lomH,
53] CaSki AIEZFolA CoCl29t 1% w29 Aba Z7A VEGFe #u7} f=54] sirh. o9 22 2
5 Fa MEZ=gol SFAAIQ ascochlrine] ABEAF S AL = = 7HsAdS s (2
2 45).

d
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- R ey

ascochlorin(uM) ¢ 0 1 5 10 20 30 ascochlorin(uM) 0 0 1 5 10 20 30  ascochlorin (uUM) 0 1 5 10 20 30

VEGF

p-actin

EGF (20 ng/ml) CoCl,(200 pM)

9 44. 9%g HIF-1a9 AXEAY ZZA 894 ascochlorin®] 93 VEGFS mRNA 238 A3 ¢4+

1% 0,

21% O,

1000
1000
1000

800
800
800

600
600
600

.F.
—
*

400
400

VEGI (pg/ml/106 cells)
400

VEGT (pg/ml/106 cells)
VEGT (pg/ml/105 cells)

200
200
200

=

=] =]
ascochlorin(uM) 0 o0 1 5 10 20 30 30 ascochlorin(uM) 0 0 1 5§ 10 20 30 30 ascochlorin (uM) 0 1 5 10 20 30 30

=)

<
EGF (20 ng/ml) CoCl,(200 pM) i 1% 0,
(2]

19 45. %3 HIF-1a9 AALEA Z7A 39X ascochlorind] 9§+ VEGFY A|x9] #u] A3 %A

— A A AN x}4=8-A] (epidermal growth factor receptor, EGFR)+ type I receptor tyrosine kinase =2
ErbB 849 slyZA4, EGFR (ErbB1/EGFR/HER1)¢]2lo| ErbB2 (HER2/neu), ErbB3 (HER3) % ErbB4
(HER4)9] 472 F-E% U} ErbB 5845 A¥9 ligand—binding domain, transmembrane domain3} A3
W} tyrosine kinase (TK) domaine.® FEET} Ligand’} ErbB F&Ad ZIse] homo— =&
heterodimeric complexZS &AsH A¥EW  tyrosine kinase domain®] <QAFs}E Iz, o]o]  we}
Ras—Raf—MAP—kinase, phosphatidylinositol 3—kinase (PI3K), stress—activated protein kmase (protein
kinase C & Jak/Stat) 5¢ AXEZY Alzddo] dAstert, 2 Ao A ascochlorine] &3+ EGFRS 743t
HIF-1a9] AzdAY A& AZE &Astr7] 98}e] western blot w412 33}t ascochloring TEEHZ
304 ¢t WAE F 20 ng/mlEEe EFGE CaSkiMlEZel| 15%3F AEsisivt. 1 23} ascochlorine
AKT/mTOR Azde FdReol= 9&Fe WAA Xk, EGFR/ERK/p70S6K Azdd F2E Sol4or
Aefste As 1 & AdH (27 46).

A AKT 0 ove aun S50 50 0 o B EGFR i -m

P-AKT i enn aum o s ane o pEGFR [N S S
mTOR % S5 &= & &= == o FRK BEESSESS
P-MTOR = S tus o0 S oun o0 pEr [ < o
p-4E-BP1 S8 B8 55 55 88 &8 a8 p-p70S6 kinase §8 . . S8 «_9230223“3
f-actin 5 S5 S5 & - - - f-actin_ e - - - .- - -
ascochlorin(uM) 0 0 1 5 10 20 30 ascochlorin(uM) 0 0 1 5 10 20 30
EGF (20 ng/ml) EGF(20 ng/ml)

19 46. CsSkiMlE A ascochlorin®ll €% EGFR/ERK/p70S6K AN&ZAG AE A3 A3}

_36_



— EGFoll o3k HIF-1a9] QFA3t A&ol| #ost= 7|votAlE &<letr] 98] &l 7IvtolA]l AsfAlE o
43lo] HIF-1a9] ¢H43lE  western blot 418 &3] &5kt AL&E 7IyobAl A3|A= EGFR A3 Al
9] AG1478 (10 uM), mTOR A&}A| <l rapamycin (100 nM), p38 A afA|2l SB203580 (100 nM) ERK A
A1 PD98059 (50 uM), JNK Aa|Ad SP600125 (10 uM)= 42 o] &35te] 1A1ZF AA8 $ EGF (20
ng/mlL)E 6 AlZF &<t A 3le] HIF-1a9 ¢HAsE F-=3813 k. 2 A3} ascochlorin, AG1478, rapamycin,
PD980590l |3l HIF—1a®] Hdst7F A3 =3lom, SB203580 % SP6001259] ©]aiAl= HIF-1a®] <43}
7V AsiE A &drd (23 47 A). ®3 HRE—-Luciferase reporter gene assay % VEGFEF ELISAE E3f
HIF—1a®] HAA} &4 31 VEGFO| 24 E£3 $d3 ¢S yehds &dasivt (24 47 B, ). o] Z3=
S &3 EGFel ©¢ HIF-1a®| 4 3l= EGFRERK 52 mTOR 2adE 425 T Afgs & F 3l
At

HF =B==o an
B-actin - S - - - G5 - -

EGF (20 ng/ml)
ascochlorin (30 pM)
AG1478(10 ud)
rapamycin (100 nM)
SB203580 (100nM) — — — — — + -
PD98059(50uM) — — — — — — +
SP600125(10uM) — — — — — — — +

B C

[
F g
*
) =
= =3
R z %
3 E
o ~='= =
z =3 +
5 = E
s | £
g P 'f'
=2 g 2
s c 3 T
E Q
E = =
z > g
o
= =
EGF(20ngml) — + + + + + + + EGFQ0ngml) — + + + + + + +
ascochlorin 30uM) — - + - — — — -— ascochlorin(30puM) — — + — — — — -—
AGL478(10pM) — - — + — — - -— AGL478(10UM) — — — 4+ — — — -—
rapamycin (100nM) — - - - + — — — rapamycin (100nM) — — — — 4+ — — —
S$B203580 (100nM) — — — — -— + - - SB203580 (100nM) — — — — — + - -
PDO80SO(S0pM) — — — — — — + - PD980SY(SOUM) — — — — — — + -
SP600125(10pM) — — — — — — -— + SP600125(10pM) — — — — — — — +

3% 47. CsSkiA| oA ©Fg FlvpolA] A3)Ao] &% EGFRERK R mTOR NEAE F= A3 23

— ascochlorin®] 93k HIF—1a <A 3} A&7} EGFRE A w3sl=A] #<lst7] ¢ EGFR siRNAE o] 83}
EGFRE knock—downAlZl & HIF—1la HAste] A SE &2l sFh 198 48 AoAl E%°] no siRNA %
control siRNA®] ¢]3]4+= ascochlorino] oJ&] 23 41 ¥ 473 Hd3 A= el e, EGFR siRNA
£ o]&3 4% EGFol <8 HIF-1a <$F83}7F control siRNAH|E] @o] FEuwx] 9oks #nk opyz}
ascochlorinol] o8] AsjuE= AyE 4S 4 AT} T3 EGFR siRNAES o]83te] VEGFS A|¥9] #H|E
VEGF ELISAE &3l g<1st A3 HIF-1la @A F47 fAMSHA VEGFS Alxe] #H|7F o] Fo] A=
AL &l 8 = YA (19 48 B). o] AZ3}ES E3) ascochlorin® HIF—1a <+ 3}t A&7} EGFRE w7l
3le] o] FAE= AL AFAE 4 YT}

= AR AN
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A B

ES
=1 * %
EGFR ()90 69 G 4 i) a= so o=
totallysate =
f-actin - —— - — — — —— 2
=
ar1e @~ @@= = E
nuclear extracts 2 S|
f-actin - - - - - - .- - - = ®
EGFQ20ngml) — + + - + + - + + %
ascochlorin(30puM) — — 4 — — 4+ — — ¢ & = _’_
L Il 1 1 oY T
no sIRNA con EGFR 2
—_ - =3
siRNA o
=)
EGFQ2o0ngml) — + + — + + — + +
ascochlorin(30pM) — - + — — + — — +
L Il Il 1
no siRNA con EGFR
siRNA

1% 48. EGFR® knock—downol| €3 HIF—1a® QFA3} ¥ VEGFS £H &%

— in vivooll Al ascochlorin®l] 23k <ol #AA A& =S &213dtr] 98] Matrigel plug assay=

At} 100 ng/ml®] VEGF, heparin (16 units/ml) % ascofuranone®] ¥3%% Matrigel2 2z A2 & 1 ml
syringe®] 600 pwl® FH|sF, C57BL/6 miceE ethyl ether® w}H 3 & Matrigel €35 600 ulE

o) uatFAteldith 179 F 55 FAste] B4 F9jo &2 Matrigele] =8y =S 175 HAY
1 gelS 98 a2 AAS =, 7z LQ] gelS =73 AdFEHE sy 1 A3 EGFF CaSki /ﬂ]i
& Eate]l FAMSE matrigel®] A4 ¥ Aol FEE HEA4E UEh o, EGFeF CaSki AlX
ascochloring <33t matrigel®] -9 tjz=atol Hla] 3] o] AAhHo +5AS YeEMAY (1 49
A). o] ZA3E Fall ascochlorin®] in vivoollA = ¢ke] S Adlets AS & & AU 28
matrigel W] XA HAEE sty 93 AEF2W9 %S Drabkin's reagent kitES AFRsle] =435+
t}. Matrigel®} 3z} ZEHF4 500 pwlE 1.5 ml microtubeo] ¥ Aol Wz UJoxE 7192 ZA B& =
4Col A H#A3}e] 12417 & 1.5 ml microtubeE 4 CollA 7AW o] 15,000 rpmoll A 2087 A&7 3 &
s dnk 2] gkth, Drabkin's reagent kitE AR&3sho] Zbzte] AFEHel| didll UV/Visible spectrophotometer=
540nm®] FFow FFLE FAste] FRI RN FS It 1 23 matrigel®] HMO] Frg
H-AF8H Al matrigel e S| EZFZH ko] ascochlorind] ¢al 7 S g £ g (22 49 B).

O:

o
X

7

B~
(o
>

— olAe] A¥ES £33 A}, ascochlorin®] EGFRES Z-3te] HIF—1a2] <¢rA3}tol] that A& Azde
AR5 1% 49 Co eI ascochloring EGFe] 93] H=%+ EGFRY ‘ﬂ’?}ﬂ% At 5,

g Aze Avsel vude) §4 olAE Fal HIF-la w92 4
EE HIF-100] o8] QAR 2 VEGFe] WES odgezn as A3
0 BAE AN AT ABT 4 ANE W ol FEATE ED A NS B AHAAE 4

e} TEANAS ascochlorine] el WAL eJAFH FHBEAZA F5HL A

i‘l
il
2
ol
Ol
ol

o)

}L
Jﬁ

ro

e
4y Lo
%0,
X
R
e
;

sk

rﬂ i
19
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A

CaSki (3x10° cells/ml) - + + +
EGF (500 ng/ml) — —_ + +
ascochlorin (uM) —_ - 10 30
T EGF

20
*

— EGFR

Ras PI3K

l l
= (PD98059 )] — MEK PDK1

| 1 l
ERK mTOR «— AKT
L1 \/

[—]
CaSki 3x105cellsyml) — + + + + l p703%K | — PP2A 4E-BP1

EGF (500 ng/ml) — — 4+ 4+ 4 p33
ascochlorin(uM) — = = 10 30 lT \ l
Hdm2 — HIF-lo — VEGF — angiogenesis
19 49. ascochlorin®l 9| & in vivodlA¢] AN Ad &3 % HIF-1la A A5 dG Ad B2

16

12

Hemoglobin level (mg/g)

b nEZC o} TE A A 23k AMPK =4 7| 1

- SHEE BAAEeE dE mEIZ=gole] AbshA o]"}ﬂfﬂrx% &3k olyA Aato] olEgrE Y
(glycolysis)ZA ol oJ&sto] ATPS AAtslH, oluA e GAEY Ay Fabd a3 98 3, o9}
Hdste] wed Ay el Y 2L FEAES O—W]’\V]%‘ﬂ] Fag s

AMP—activated protei kinase (AMPK)E ZF Ao 2 slo] nEZ=g ol SEA A7} ojugst kS n X=X
golslth B AGEo] Wl nEZ=gof & A& A 2 ascochlorin® ascochlorin®] carboxylmethyl
t715 X 8gk AS-6, 18] methyl *7]1E X3 MAC (18 50 A)S °] &3t ATE TPt WA
Zyo] nEZ=gol S5 AAS MCF—7A1%9 30 uM s%=2 #gsle] AMPKe] <14kl 2 AMPKe] 3}
9l AR ACC R14ESE western blot A4S o] &3te] ERlsitt. 1 A3 AMPK % ACCe &43)
(212+38}) 7} ascochlorin®] methyl @7]E X 3a S0l MAC os|AqF o] Fojx= AL o4} (1
d 50 B). T3 AMPK®] &/dol o3 oFe] A ##ste] HIF—1a9 HA 37 o] Fo X th= HalE o
A E] AHFES Tl HIF-1a9 43S western blot w412 o]&35to] 2l 2 A3} AMPK %
ACCY &d3tet sdatAl MACel oJefAnt HIF-1a®] <MAstE Sl + A (29 50 B). 1‘1]"’

STEHE A3 & AMPKe ACCY A3t 2 HIF-1a2] <t43tE sk 23 =

TA o7 Zpzte] &3t 9 bt o] oA = A el (71" 50 C). T3 AMPKe &4 43]1
S7tete glucoses 583 A} AEWNS glucose uptakeZt F7Fsglth. 18]al AMPKe| A4S &%
glucose uptake?] ZF7FeIA|E 3213ty Y& AMPK A&l#|¢l compound CZ 34 xg]dk A3} MAC] 2|3

3
ar

J}L r>J fiju
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AZEW glucose uptake] A3 T (2™ 50 D). o] A3+= MACA 93k AlEWY glucose uptaked =71+
AMPK?®] &84S Af3ttes RS AA S o] A3E5LS ascochlorin®] 43 & F-919] methyl 3717} A
¥ o] o x] thAtet #HE el AMPKE A3 2 HIF-1a @9 oA 3le] FR3F HaS 3= AL AA
A=

A ) OH B AVPK - e a e
: pAMPK I S S S

ACC [0 B e ==
p-ACC [ »8 -

HIF-1a e

HIF-1f | o o o= -

R = H: (-)- ascochlorin

R = CH,CO;H: 4-0-carboxymethylascochlorin (AS-6) ASC(30pN) — + — -
R = CHi: 4-O-methylascochlorin (MAC) ASG6(30pM) — — + -
MAC(30OpM) — — — +
C D 16
AMPK 14 |

p-AMPK &= & = !
ACC w= s =n == ==
P-ACC #= == we = &=

HIF-la ] ]

HIF-1f - b o o
MAC(M) 0 1 5 15 30

i
L]
T

—
=

L= N~ ]

2-deoxy-glucose uptake
(pmol/min/mg)

=

2

0
MAC@3OpM) - - + +
Comp. C(20pM) - + - +

9 50. ascochlorin =491 MACe)] ¢]3 AMPK &/d3}9} HIF—-1a ¢33}

— HIF—1a¥x DNA9] hypoxia response element (HRE)o| ZAgsle] 39 E2 FAAEY HAIS FE3Hc}
HIF—1a9 AAIEAE S =H3sl7] 98l HRE-Luciferase reporter gene assayZ ©|&3}% U} ascochlorin,
AS—6, MAC 18]aL CoCl2 (FAUNFEEZH)E 12413 &< MCF-7 Ao Hlste] HIF-1ao] HAALEA S
=% Ay, MACH oJsiAnt tzatol vls] ZArEAdo] 3u) Frhst A¥s gRlstitt (1§ 51 A). %3
AMPK¢}e] ##AAS &9lsl7] ¢8l compound CE 7 A g]dt A3 tfZFto] vja] dALEAdo] 0.5M = 7
E S oIt} o] HIF-1a] AAZA o] AMPKE A4S wizdh A4S #elals Zyfolry. 4A
2EA CoCl2dl osiAE tzxatol Ha) HIF—1a2] AAF&Ao] 9u) Z71elgith. HIF-1ao tE A< 38
9 74 §xAE <elzx VEGF, GLUT-1, EPO9 mRNA &S RT-PCRS Faste] gqlaigict. 1 A
VEGF¢ GLUT—-1& MACH oJafjant W& o] Z7138l9] o1, EPRE ascochlorin, AS—6, MAC E.5ol )&l
S7tehs A¥E RISt (119 51 B). MACO] 23t of A3 x=9] HdS7H7F AMPKE wi7lste] o]
FolA = ANAE Felsty] $ste] AMPK AaiA91 compound CE MACT 7 A3k Az}, MACo] 23]

sl A
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%7}l VEGF, GLUT—-1, EPO =% compound Ceoll 93] #A3= ( =
2 MACO ©Jgk HIF—1a® A3 2 519 14 FHA=E9 @dde] AMPKY E4& S3f o] Foxth= 3
S A A g

12
A B iz
zuf cror1 [
o L
§ p-actin
S 6 ASC@BOpM) — + — -
= AS6(30pM) — — + -
£ Ar MAC (30 pM) — - +
k)
g2
0
ascoopm) - + - - - - G VEGF

AS6(30puM) - - + = = = GLUT-1

MAC@BOPM) - —- —- + + == EPO
Comp. CQ20pM) - - - == +

CoClL, 200pM) - - - - - +

p-actin
MAC (30 pM)
Comp. C (20 uM)

1% 51. MACe] 9% HIF-1a9] AL 24 2 39 83 FHAAES] ¢8 371

— AMPK®] 84§ Zdsh= A2y A2 ATP % ROS7F &efA Atk & Aol Al 2Helgk MACH 9%
AMPKS] 49 & FAket7] 918l Axdl ATP % ROSE 717 S743kqlth. WA AXd ATPe AA
AEE #o1sl7] Y8l ascochlorin, AS—6, MAC 18] I NZEZSl antimycin A, oligomycin, rotenone
S 3 & ATP assay kitE o]&3F9 . = A3}, ascochlorin®} MACE dAHWZFE 24 antimycin A 5
I AR o R AU ATPO S Adsialen, AS—6% E%EQ] 30 uMeol|A] djzatol vl v
TFo XS 1Ytk (2™ 52 A). 283 AEY ROSY A AEE 2137 98l ascochlorin, AS—86,
MAC 28]al A x=EAS H202E A2lste] DCFH-DAE ol &stqith. 1 A3 ATPY AA SAl¢k= o
Ao ® AS—6] 93] AEW ROSS Aol F7FHAN e, MACH o= 238]2 ROS7F #4aH= 4EF
< B mg FAdEEAS] H2020 s e 8u o]e] =& 9 ROS AAES &0 & Ao
(19 52 B). o] A5 MACO] 93 AMPKe] 4317 AlZW ATPS A4 dAE Fa o
g odsd o, H|F wEZEgol SFA A1 ascochlorindl ]38l AUl ATPS] Ao

()
0,

!
3}
3]

O

P

T =
2= AMPKY] Aol A A d&S vA#] Xtk AS 44T 5 Ak =3 AMPKe &Aoo <+
Q3 9388 gl How LA ROS WAL ascochlorin® I FEAE9] AMPKe &A]3le| Jaks )X
A FgtthE RS A A S
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§ ASC AS6 MAC == g2 = E ASC  AS6 MAC =
o (pM) (pM)  (uM) 'E.E S E &E © (M) (pM)  (uM) T
IER R
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19 52. ascochlorin ¥ 1 fFEA S o AXU ATP A % ROS A thdt Jg&

ARZE syl s MACO] ¢af ERK, mTOR, p70S6K,
4E-BP-19] 14t} ¥ HIF—-1a9] <F £ western blot A4S o] &3to] &Qlslar, ek AMPK A 3| A
Ql compound CE A ldte] AMPKO] #HAS &1ttt AMPKe &Aoo oa Asx= Aoz d#zl
ERKS] <1xtab= MACS Aol 98] #Aaw Ao, compound Co] Hzlol oaf &&5% =] ¢okrd (18 53
A). 2211 mTOR, p70S6K, 4E—BP—1¢] <¢14kst= MACS Aol 98] #2245 Jth7} compound Co A e
of o&] xwy £ FToR IEHE S AT 4 AT (19 53 A). ¢ AF}E T3 AMPKY
3t9lol mTORE AF3te] @uld Ay e A9l p70S6K, 4E-BP—19] HIF—1a @@ o] ghAjo] ¥
AgitteE AS 4T & AT LA mTOR ABAIR] rapamycins o]-&3ste] MACH A A gk F
mTOR, p70S6K, 4E-BP—19] RI4tstE thA] RISkt 18y} ol #+= rapamycinol] ]3] MACel] <3
¥l mTOR, p70S6K, 4E—BP—19¢] 14tstrh 3] 5 == ggtom, HIF-1a® <FA3st meh wishyh glivh
(Z13 53 B). o] A5 AMPK 919 AEdY ZF=Ze glo] mTOR, p70S6K, 4E—-BP-17} MACe] <] 3|
ZAHY = MAC 9% HIF-1a9] St stel] @aFs A Xtk AS AAIgTh ghH, MACH <fgh
AMPK<®] #4437 HIF—1a @& o] b4 slel] tigh #4d-S AMPK siRNAE o] 83te] &<13t3ith. AMPK
SiRNAZ o]&3lo] AMPKZE knock—down A7l ¥, MACS A 3dte] HIF-1a9 <HAH3E 2213 Ay}
AMPKZE knock—down A#E A% HIF-1a¢9 M43/ SHX &= AL &9l &9 (19 53 C). =
gk AMPKE knock—down A]%1 % HIF—1a® 3}9] 32411 VEGF, GLUT-1, EPO® mRNA Zd&
RT-PCRS o] &3to] &elatdrt. 2 Ay} VEGFS GLUT-12 AMPK®| knock—downel 2l MACS ¢
sttt o]l SUFEA] Fon, EPOY A5 238y WHdo] TUkEe AS & AU (2™ 53 D).
o] A¥}ES Ea) MACe 2|3 HIF-1a9] 9437} AMPKE mi7iste] T23 a8 3t A4S Fad

o
T AT

ol
Yol

[l
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A AMPE B p-mTOR 18 w= =

p-AMPK 8 # % p-p70S6K PEEE TN
ACC ™= == == p-4E-BP1 8 =»
p-ACC |[&8 =- f-actin e ——
ERK e HIF-1a = B
p-ERK & — = HIF-1f == s o
p-mTOR |88 = = o= MAC@EOPM) - + +
p-pTOS6K - 3] . Rapamycin (100 nM) - - +
p-4E-BP1 W= &8

fractin - -—-—
HIF-1a [ R
HIF-1f o o —

MAC@30pM) - + +
Comp. C 20 uM) - - +
c
1. e ————
P-ACC [ - VEGF i
acc [N ey — —
N R . p————
HIF-1} & o = o= o= = il — — — — — —|
MAC@OpM) - + - + — + MAC@OpPM) — + — + — +
: I & s 1 £
= S = = £ =
e o % S
i _— = —_—
siRNA siRNA
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=23 nEZEdol sEAE
3 A A8 AMPK
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4.2, FEFopol o] 7] =

— dFEoF el o] 7o gyt

HEZ=gol S5 Al tigh A= oA ekl wAAE SkeAld AlAst o, olE T3 TYR=T &
ofol] FFE & AATE HFF 2 AFolA FHSHA 2 AEY SR 71 e et a3 Soistd] g 84
B7F 2 Aot adE sk Wk AFE Fete] ARt &2 RS &AL gls Aotk i ATt HAlE F 3l
THE 71238 o] 2 AIEY A B Holr At A #E V| E2ARE AT AR AR
=3

= A Y VAR T w7F AAlel M= g

2 AT FAE T vEZ=Yol IF Aol gk AR VA S d 1 FAx el deta =
2171719 HFIPZEAARGQL kAl Aakel digk deES AT Aotk mek . AT AN FEE
ascochlorin ¥ 71 FEAE o] &3t nEZ=g o} SFA S} HAgh AZAY 7= 21417 #2444 Al
o] w7ke] 7= A At 71od o), Eg B A FHFOEN BAPS oFI e AY A
AAr el HE o] FaL, X AAY &t &UE =+ FoE ARHEY

A7 HAL B AT AY P & F
A A FAL Fol A5 A METZEele] 5E
A HA4, 4EA : 3

shel det 4YEE 7Y

o

5. A2 EE&AY

2 ATdAE rEZEY sEAME T3 FAFAA] p53e 2A7A, c—Mycd] AE ST AE
F719] x4, HIF-1a 43} AslE &3 A oA, AMPK 48 S8 Axoii =4S A3l
nEZEgol 35x2dS &3 pb3e =47
a1, p53 © A9 ser3929 QAXIE E
NS AFak=d 9ol DNAS £45 Fx & A)
E AT Aoz AbaETh T3 DNAS &8 T4 2ok
Wk 4 ok 7he S AAE A=

&

o
of ZEANE B GLAEF7

i Ao dHA Ak E A= HIF-1a 9F4 3l
SholA Adka AE (1% olshe] Abazz)u doja4el CoCl2el €3 HIF-1la ¢FA3e] As|7t obd W=



o] ot s} ?ﬂ oHOﬂ EHY'SL ?ﬂ?%— ﬁﬂo}oﬂﬁ} 1 7ﬂJJr EGFR/ERK/p?OS6K4 NS % % HARE
=] ] o

=S =
S folth. 2 o 7114 Gors Basel AEe ARG -
et AN E Faf ool RS AT = 9l o2 SARA 288 5 U

Tk B AT A AEU AR tjabel #ASE 4] AMPKE] @47 #Hste] vEZE=Eol SF
AsAlel 7l5S k. BHaE vhe] ot 2 AFHAA AES mEZ=ol SFANAY FEA
MACS HaWA 3] apoptosisE fri=stes Zo] #ei. olE nlgoe=m 3o EATEHS MACO]
apoptosisE Fr=st A7 A tis] AFE 33T MACS ¥ AAEo A apoptosisE FE317] A
AMPKe] &35 ze8qlal, AMPKS] &4 of&] HIF-law¥ @ el tAstsE Fest 38 Flsqltt. o
Ad=s Fl 7= A=l apoptosist MEF7IE AAIste] AELE Abdsk= Bl 9lojA AMPK
o] A 7] gdAe the AgAH S zte= FA A HIF-lad 2ol A 3Es FEdtes 2AS & 5 I
th 2 AT A EZEF ot SFAME fFEEE EREC] AMPKY 48 3 Axy duyA o
AFE WEigtoza oteo] AR 2 AZIAE FEE B3 A2 gdA] Ad e A Aow
AlEE T

6. ATHAANN TR HfAAG7| PR

HoATE vAE grpEECA 53 nEZcgol 55 Ad E79l ascofuranone¥} ascochloring]
c—Myc % HIF—1a @zl XS Edto] AE A ETF7] A9 apoptosisE: =2 = ATk A3
B T AR c—Myco] HEI FAEY ALk Aol TRE = HIF-1a8 x#Heo] mEZ=go}

o ATt 2o W= ascofuranonei®WE o}
= = ¢l p539 S SUHAZ oM, p539] st
TR AALE Aol Hasdr) E nEZE ol T FA = c—Mycd HdES A3 JAAFH L
M c—Mycol AAgA A ZA 2t AR p2le] BES F/AAL p2le BE FUhE MEZE
o} TEFA N Wk ofuet AAka AEIStE #Eo] Itk A4k AEIY] MlEol A= p219] AAE F7hE <
G171¢] "1]3?7} %7}5]“ Ao Z Uetton, o= HIF-1a¥ c—Mycs E3stal Sl WiAUSTSE S3519

A AFAL A /}}Eﬁoﬂ/ﬂ ubiquitin/proteasome Systemoﬂ 910}04 HIF—1a7} FAamEo] AL oko 7 uhesit}r)

Ak Ao A= et 3o 9@ HIF-1a9 &Aool F718lY Miz—18 £3le] c—Myco] p21 ZEEE Alo]
Eo] Aztyo] Q& Fitd wAFo] p219] &4 F7HAIZIH c—Myce THAaAIZITh ey o]t ufA Y

e vEZEZol sFAs wiAUSFAE dhtE e A3E Yehdled ol vEZEol sFAAR]
antimycin AY HIF—1a9] A& AAAN 7= A7t =597 WFo|th(Cell Death Differ. 15, 672- 677,
2008). c—Myc 3+ HIF-1a®} ®wF37FA]E  ubiquitin/proteasome systemeol] 93] 7rA2mw, iz 9]
NH2—terminal ¢12k3bell o]a] A}t (Genes Dev. 14, 2501~ 2501, 2000). o]# o+ AFE =3 <7k o
AEZZFAA FH2e] 533 chromosome AeF S FAA Aujdel] oJste] c—Mycd] wale] 243}y o
Ao, c—Myc &d odAl= Axe] a3 M dolE At AdFE T 5 ISk
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4—0-—methylascochlorin, methylated derivative of ascochlorin, stabilizes HIF—1a
via AMPK activation.

A7 £ SEAAAEEO) A GAC) FHO)
FHATAYA T |- FIATY: AAG (1A sy 1 y
FEATY 4Y |- FRATAAA FIA (wAAA) | FOIT

Biochemical Biophysical Research Communication. 406(3), 353—358. 2011 (SCI =&. IF: 2.548)

Chemopreventive or anticancer agents induce cancer cells to apoptosis through the activation of
adenosine AMP—activated protein kinase (AMPK), which plays a major role as energy sensors under
ATP—deprived condition or ROS generation. In this study, we compared the effects of ascochlorin
(ASC), from the fungus Ascochyta viciae, and its derivatives on AMPK activity. We also examined a
regulatory mechanism for hypoxia—inducible factor—la (HIF—1a) stabilization in response to
4—0—methylascochlorin (MAC). We found that AMPK activation was mainly involved with MAC, but
not ASC and 4—0O-—carboxymethylascochlorin (AS—6), indicating that the substitution of 4—0O—methyl
group from 4—O—hydroxyl group of ASC is important in the activation of AMPK and the expression of
HIF—1a. MAC-—stabilized HIF—1a via AMPK activation triggered by lowering the intracellular ATP
level, not by ROS generation, increases glucose uptake and the expression of vascular endothelial
growth factor (VEGF) and glucose transporter 1 (GLUT—1), major target genes of HIF—1a. Moreover,
MAC—induced AMPK activity suppressed survival factors, including mTOR and ERK1/2 or translational
regulators, including p70S6K and 4E—BP1. Our data suggest that AMPK is a key determinant of
MAC—induced HIF—1la expression in response to energy stress, further implying its involvement in

MAC—induced apoptosis.

(1]
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p53—independent induction of G1 arrest and p21WAF1/CIP1 expression by
ATHFA A& . . o )
ascofuranone, an isoprenoid antibiotic, through downregulation of c¢c—Myec.
AT7HH +3 A AA=E(0)  AAC)  FAC)  EF()
ERAdT AR Ex - Foljdr: A (ALAR) doj :
TEATY AW |- FEATALRR FAA A | ©

Molecular Cancer Therapeutic. 9(7), 2102—2113. 2010 (SCI &&. IF: 5.12)

Ascofuranone has been shown to have antitumor activity, but the precise molecular mechanism by
which 1t inhibits the proliferation of cancer cells remains unclear. Here, we study the effects of
ascofuranone on cell cycle progression in human cancer cells and find that ascofuranone induces G(1)
arrest without cytoxicity with upregulation of p53 and p21(WAF1/CIP1) while downregulating c—Myc
and G(1) cyclins. Chromatin immunoprecipitation assay and RNA interference studies with cells
deficient in p53 and p21 show that ascofuranone induces p21(WAF1/CIP1) expression and subsequent
G(1) arrest through the release of p21(WAF1/CIP1) promoter from c—Myc—mediated transcriptional
repression, independent of p53. Ascofuranone—induced p21(WAF1/CIP1) associates with CDK2 and
prevents CDK2—cyclin E complex formation, leading to the inactivation of E2F transcriptional activity.
These results suggest that ascofuranone upregulates p21(WAF1/CIP1) through p53—independent
suppression of c—Myc expression, leading to cytostatic G(1) arrest. Thus, ascofuranone represents a

unique natural antitumor compound that targets c—Myc independent of p53.
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AT A= Ascochlorin, an isoprenoid _ant1b10t1c, 1.nduces G1 arrest via downregulation of
c—Myc in a pb3—independent manner.
ATAH £ FEAAAE=EO0)  AAC)  GH()  EFH()
FHATAYA T |- FIATY: AAG (1A oA ,
FEATA AW |- FadAd gdA (AR | *

Biochemical Biophysical Research Communication. 398(1), 68—73. 2010 (SCI =&. IF: 2.548)

inhibit cell

of these carcinostatic substances are toxic.

Numerous anti—cancer agents cycle progression via a pb3—dependent mechanism;

however, many Here, we show that ascochlorin, an

1soprenoid antibiotic, is a non—toxic anti—cancer agent that induces G1 arrest via the induction of
p21(WAF1/CIP1) in a ¢c—Myc, but not a p53, dependent manner. Ascochlorin has a broad spectrum of
anti—tumor and anti—metastatic activities, but the molecular mechanism by which it inhibits cell cycle
progression of cancer cells remains to be elucidated. We demonstrated that cytostatic G1 arrest by

ascochlorin is mainly associated with the upregulation of p21(WAF1/CIP1), and the downregulation of

c—Myc. Furthermore, we used a chromatin immunoprecipitation assay, RNA interference, and
pb3—deficient cells to verify that p21(WAF1/CIP1) induction by ascochlorin is related to transcriptional
repression of c¢—Myc. Ascochlorin abolished pRB hyperphosphorylation, which resulted in the

inactivation of E2F transcriptional activity. These results suggest that ascochlorin induces G1 arrest via
the pb3—independent suppression of ¢c—Myc. Thus, we reveal a role for ascochlorin in inhibiting tumor

growth via G1 arrest, and identify a novel regulatory mechanism for c—Myc.
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ATAH A= Ascof@mone prevents ER stress—induced insulin resistance via activation of AMP—activated protein
kinase in L6 myotube cells
AT9HE +9 SEAAAN=E0)  AAC)  JGAC) 53 )
%%O\E:ILZH?;Z]' EE im _t]:'oqo\i:[L% %%Q (Xﬂlﬂx}) ﬂ_oqzl_/\ 6
FEATY 48 |- FRATAR I @A | TN

Biochemical Biophysical Research Communication. 396(4), 967—972. 2010 (SCI =&. IF: 2.548)

The current study presents that ascofuranone isolated from a phytopathogenic fungus, Ascochyta
viciae, has antitumor activity against various transplantable tumors and a considerable hypolipidemic
activity. AMP—activated protein kinase (AMPK) plays a critical role in cellular glucose and lipid
homeostasis. We found that ascofuranone improves ER stress—induced insulin resistance by activating
AMPK through the LKB1 pathway. In L6 myotube cells,
phosphorylation of the Thr—172 residue of the AMPK alpha subunit and the Ser—79 subunit of

acetyl—=CoA carboxylase (ACC) and cellular glucose uptake. Ascofuranone—induced phosphorylation of

ascofuranone treatment increased the

AMPK and ACC was not increased in Ab549 cells lacking LKBI1. Interestingly, ascofuranone treatment
also improved insulin signaling impaired by ER stress in L6 myotube cells. These effects were all
an AMPK

dominant—negative AMPK alpha 2. Taken together, these results indicated that ascofuranone—mediated

reversed by pretreatment with Compound C, inhibitor or with adenoviral—mediated
enhancement of glucose uptake and reduction of impaired insulin sensitivity in L6 cells is predominantly
accomplished by activating AMPK, thereby mediating beneficial effects in type 2 diabetes and insulin

resistance.
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ATHA A= Ascochlorin activates p53 in a manner distinct from DNA damaging agents
ATHF4 +3 StEAAA=Z0)  AXC)  9AC)  53()

FHATYIA = |- FoAAFY A (A1AA) o] 22 14
TedTE AW |- FHAFAA A (wAAAH) | H o

International Journal of Cancer, 124(12), 2797—2803, 2009 (SCI &=%&. IF: 4.7)

Ascochlorin, a prenylphenol antitumor antibiotic, profoundly increases the expression of endogenous
pd3 by increasing protein stability in the human osteosarcoma cells and human colon cancer cells.
Ascochlorin also increases DNA binding activity to the p53 consensus sequence in nuclear extract and
enhances transcription of pb53 downstream targets. Ascochlorin specifically induces p53 phosphorylation
at ser 392 without affecting ser 15 or 20, whereas DNA damaging agents typically phosphorylate these
serines. Moreover, ascochlorin does not induce phosphorylation of ATM and CHK1, an established
substrate of ATR that is activated by genotoxins, nor does it increase DNA strand break, as confirmed
by comet assay. The structure—activity relationship suggests that pb3 activation by ascochlorin is
related to inhibition of mitochondrial respiration, which is further supported by the observation that
respiratory inhibitors activate p53 in a manner similar to ascochlorin. These results suggest that
ascochlorin, through the inhibition of mitochondrial respiration, activates p53 through a mechanism

distinct from genotoxins.
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