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(471 gk 39 A R W7, #HdY], 2-Fetdr] e olaXxEdTlola, RyiE FEA Yioi, RE i

A3 2
A 1o oA,

471 sk 12 (1) 4-[[4-[Ad(dE) o e-6-sd-2-T grtfd Je e [ W e 1 |-l =4 {benzoic acid, 4-
[[4-[benzyl (methyl)amino-6-phenyl-2-pyrimidinyl]Jthiolmethyl]-}; D1; Catalog No. CGX-01742830, (2) 3-
[[4-[W1A (D)ol =-6-H d-2-F 2| vt D |E] 2 || & 1 ]-#1F4F {benzoic acid, 3-[[4-[benzyl(methyl)amino-
6-phenyl-2-pyrimidinyllthiolmethyl]-};J15; Catalog No. CGX-0174285124-8 A el 33gEUS EA 0T &}

L =]
= 2AAE.

271 sE] 2 (1) 4-[[[4-[4-(2-FF 2 29d)-1-g 9 e d ]-6-s d-2- g g v t] d ] E] @ [ v ] -wl 4
{benzoic acid, 4-[[[4-[4-(2-fluorophenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyll-}; J7;
Catalog No. CGX-01742822, (2) 4-[[[4-3d-6-[4-(3dmE)-1-F e d]-2-F 2| m|t)d]E| @ JulE |-l 24t
{benzoic acid, 4-[[[4-phenyl-6-[4-(phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-}; J8;
Catalog No. CGX-01742823, (3) 4-[[[4-(4-wIEA]5D)-1-T] 2} ]-6-3d-2-3] g m| ] D | E] & || & |-l =4k
{benzoic acid, 4-[[[4-(4-methoxyphenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyl]-}; J11;
Catalog No. CGX-01742828, (4) 4-[[[4-[4-(2-F2 =25 d)-1-g A d]-6-wd-2-Fr ] d]E] =& |-l
ZAF {benzoic acid, 4-[[[4-[4-(2-chlorophenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyl]-}
J14; Catalog No. CGX-01742838, % (5) 3-[[[4-¥d-6-[4-wdw&)-1-F) e} d]-2-F vt JE| 2 ] € ]-
W ZAF {benzoic acid, 3-[[[4-phenyl-6-[4-phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-};
L25; Catalog No. CGX-01742844=5-8 el (=S 5EHOR ot 4=,

AT 4

AT 19 oA,

271 38k 32 (1) N-[2-(3-(BERIAD)-4-FotZed]-N-(2-gdel &)~ wEe} debd{B-alanine, N-[2-(3-
(bromophenyl )-4-quinazolinyl]-N-(2-phenylethyl)-}; E7; Catalog No. CGX-01144778, (2) N-[2-(3-(H. 2R
Hd)-4-FolZgd ]-N-(2-Feh = e)-HEel deld {B-alanine, N-[2-(3-(bromophenyl)-4-quinazolinyl]-N-
(2-furanylmethyl)-}; M22; Catalog No. CGX-01144906, (3) N-[2-(3-(B 2R ¥d)-4-Fo}Z=ad]-N-(2-3d
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g)-wEel &2bd {B-alanine, N-[2-(3-(bromophenyl)-4-quinazolinyl|-N-(2-phenylmethyl)-}; M24; Catalog
No. CGX-01144714, % (4) N-[7-F22-2-(4-(ZF 29 d)4-Fol=gd]-N-(2-dHEd =z 22)-we} Ld&d {B
-alanine, N-[7-chloro—2-(4-(fluorophenyl)-4-quinazolinyl]-N-(2-methylpropyl)-}; M25; Catalog No. CGX-
01144599258 HdeH sEQLS SHo= 3= 2=
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A7 gk T2 BAEE SFES (D) 4-[4-[EEE) o) m-6-sd-2-F g nv]d JH e[| d 1 | -dl x4t
{benzoic acid, 4-[[4-[benzyl(methyl)amino—6-phenyl-2-pyrimidinyl]lthiolmethyl]-}; D1; Catalog No. CGX-
01742830, (2)  3-[[4-[AA(HE)o}n e—6-Fd-2-F ) d e & Ju & 1]-HM =2 {benzoic acid, 3-[[4-
[benzyl (methyl)amino—6-phenyl-2-pyrimidinyl]thiolmethyl]-};J15; Catalog No. CGX-01742851=F-E Xei=

e i}
SFEe SHOR S 2AE

271 sE] e (D 4-[[[4-[4-(2-FF 2 29d)-1-g A d ]-6-s d-2- g g v t] d ] E] 2 [ vl ] -wl 24
{benzoic acid, 4-[[[4-[4-(2-fluorophenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyll-}; J7;
Catalog No. CGX-01742822, (2) 4-[[[4-3'd-6-[4-(3drE)-1-T et d]-2-F 2| m|t)d]E| @ JulE |-l 24t
{benzoic acid, 4-[[[4-phenyl-6-[4-(phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-}; J8;
Catalog No. CGX-01742823, (3) 4-[[[4-(4-wIEA]5D)-1-T]H 2} ]-6-3d-2-3] g m| ] D JE] & v & |-l =4
{benzoic acid, 4-[[[4-(4-methoxyphenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyl]-}; J11;
Catalog No. CGX-01742828, (4) 4-[[[4-[4-(2-F2 =25 d)-1-9 A d]-6-wd-2-F ] d]E] =& |-l
ZAF {benzoic acid, 4-[[[4-[4-(2-chlorophenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyl]-}
J14; Catalog No. CGX-01742838, % (5) 3-[[[4-¥d-6-[4-wdw&)-1-F) e} d]-2-F vt d JE| 2 ] € ]-
W ZAF {benzoic acid, 3-[[[4-phenyl-6-[4-phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-};
L25; Catalog No. CGX-01742844=5-8 MEld (=S 5EHOR 3t 4=,

AT™ 9
BT 60l oA,

471 seka M2 (1) N-[2-(3-(B2RId)-4-FotEed]-N-(2-sde)- Het debd{B-alanine, N-[2-
(3-(bromophenyl)-4-quinazol inyl ]-N-(2-phenylethyl)-}; E7; Catalog No. CGX-01144778, (2) N-[2-(3-(E.&
2od)4-FolEYd - N-2-Fe = e)-wel &debd {B-alanine, N-[2-(3-(bromophenyl)-4-quinazolinyl]-
N-(2-furanylmethyl)-}; M22; Catalog No. CGX-01144906, (3) N-[2-(3-(B. 2R Fd)-4-Fo}Zad]-N-(2-7<
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we)-we dEkd {B-alanine, N-[2-(3-(bromophenyl)-4-quinazolinyl]-N-(2-phenylmethyl)-}; M24;
Catalog No. CGX-01144714, % (4) N-[7-Z22-2-(4-(FFL2dd)-4-Fo}Ee|d|-N-(2-md 2= F)-ue} &
2 {B-alanine, N-[7-chloro—-2-(4-(fluorophenyl)-4-quinazolinyl]-N-(2-methylpropyl)-}; M25; Catalog
No. CGX-011445992F-8 A& 33EUS EHOR sl RAAE.
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7l & & oF
By dvesie] B4 AdARA AeHE SRS fFEdReR ¥FE: o A%e] AR m= oy
g 919 oFsbey ol #d Aol

2340 & ARE A= F54d0] §la o Mxe] Boldor &t dS USR] &v FdAe A
o] ml$ Zaslth, AT T FAZA o] o] gate] AtE olwlEld (imatinib) (Gleevec®

Novartis)¥ Egt~EFv(trastuzumab) (Herceptin®; Genentech/Roche)& sjZ¢ 2ztgo] Aol ¢lx EYst
2A583%E BAY%(Druker, B. J. et al., N. Engl. J. Med 355: 2408, 2006; Comoglio, P. M. et al.,

Nature Rev. Drug Discov. 7: 504, 2008). &y &l 4 #2(gene-targeting) X EWHS X
AA BT FebAle gk WAAESE widel ofds] At xS wa QIth(Couzin, J., Science 298:
522, 2002; Frantz, S., Nature 437: 942, 2005; Frantz, S., Nature Rev. Drug Discov. 5: 91, 2006). th5-
o] ANEEL F71E 3714 iAol 4ked ~Ed A (oxidative stress)E BATH H AFEL o3 &

Aol 5Ao] ghAlzel g Aegel BT UAfEe] AL WAl del F81 & Aee AAbsin gl

2o TR AAMEAA BANALIE F7FEO] tH(Szatrowski, T. P. and Nathan, C. F., Cancer Res. 51:
794, 1991; Kawanishi, S. et al., Biol. Chem. 387: 365, 2006). <tA|¥Eo|A Z7ld A= oo U
Z3Yo] w9 F o3 &S I} (Behrend, L. et al., Biochem. Soc. Trans. 31: 1441, 2003; Wu, W. S.,
Cancer Metastasis Rev. 25: 695, 2006). eju} Z=Fe] &ditas Ao s29n= F7HE Aksy 2=Eg
25 Wa Qe dAEE YREH i FtEE 448 g 4kstA &Aoo #HoFstth(Pelicano, H.
et al., Drug Resist. Updat. 7: 97, 2004). ®-& AFAT}E] IJUA T WA ZAA] B4 (ROS,
reactive oxygen species) AAlo]l F7lEw, o2 Q| UAME AbHo] fEHS HoF1 Jvh(Schumacker, P.
T., Cancer Cell 10: 175, 2006; Cabello, C.M. et al., Curr. Opin. Investig. Drugs 8: 1022, 2007).

A2 Aae Fde 22 2830 (Schumacker, P. T., Cancer Cell 10: 175, 2006). A3 ko] &
Ao FA 3 AEE FXEAR Axe] 4448 AATHS 2Hste B A E "ﬂi’\}
o A ARl 2N AAAEE 4R Y AR AATYE] #HE o]Fo] AEx U @R E
o7 §An Jub. AMAEE o H3tE AEg s tiste] FAAA 445 (antioxidant capaci
SN O ZA ALY ¢S AEAEC] FEHA e FEoE fFA g SAEAAE HAGAH R
7hel tiAked b Az ddel ofs] &gkl Aol FEO] dar, oo gk Akt A-3ukE-(redox
adaptation response)o2 AMA AATHE F7IE O Ath. F FAEE S S AFEAH
3
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2 9y 2atd AEd 2 tEte] o FH ksl &AkskA 28 (antioxidant system)ol] U o]EH ot} 9¥ At
st# ~E# 2o diste] BAAEE AE A 2'E FIMAA o] A8S T Joy, dHEs SUHE &
kel ok Abskske AWk o g o|n] kst Al~Hlo] AR H2 FFEORE FAFI Qlo] Y ol F
717t 4&3s] o] FoA A kol A HlE| AR ¥ @ 4hshA & (oxidative damage)s Wrol A|EAPEHO]

fFrEth(Pelicano, H. et al., Drug Resist. Updat. 7: 97, 2004; Cabello, C.M. et al., Curr. Opin.
Investig. Drugs 8: 1022, 2007). ©]3l¢o] GAMNAE w/l= 3l HEE AEdor 59 + de A= WY
o] Z3toltt. o] A& V|xE dto] @itk ANS FEsIAY kst Al AHS A s
& Agr oz Fd £ e AR Esty] 9 e A7 FAlE 2 vk(Wu. X, J. and Hua, X.,
Cancer Biol. Ther. 6: 646, 2007; Fotsis, T. et al., Nature 368: 237, 1994). o& E9°], HEF=go} &
& A(respiratory chain)®] 715& &GAA FHSAIO|=(superoxide) BAE F7HA71= &A1Y EgSAL
o|=(arsenic trioxide, As)0;)¥ W= FDA 590 ol MuZAF Cephalon)”} E| A= (Trisenox) B A
goz AAste] WMy Fxjel| Awrw| i Qlth(Pelicano, H. et al. J. Biol. Chem. 278: 37832, 2003). &5
Ex2 gAY £2AGANE Fujsts 84 SFEFRAAH Q] A &2 (glutamyleysteine synthetase) S A
st FEleW AZ AW (buthionine sulphoximine; BSO), &FEFA-2(GSH) Adsts #ldod o] AE| LA oY
o] E(B-phenylethyl isothiocyanate)$} o}z 2]d(aziridine) = (imexon)E AEW F3+ isl A]x~H]
¢ FFEA S 12| EAER U 52 UE dAY 2Fom PAESE W9 Folth(Maeda, H. et
al. Cell Death Differ. 11: 737, 2004; Trachootham, D. et al. Cancer Cell 10: 241, 2006; Dragovich, T.
et al. J. Clin. Oncol. 25: 1779, 2007). &= t& F43F 323} A ~®lel B9 ¢ %A (thioredoxin)S < A8}
+ PX-12(1-methylpropyl 2-imidazolyl disulfide)® &3t T¢I &S HAth(Welsh, S. J. et al.
Mol. Cancer Ther. 2: 235, 2003). FHEAlo]= t]2fgo]Z(superoxide dismutase) & AISI= 2-WE A9
2E#U] & (2-methoxyestradiol, 2-ME)2 HAHA, Wi, ¥, AL Tol st I 24 A7+ & Folvh
(Huang, P. et al. Nature 407: 390, 2000).

=

H S B2 49 @448 Adste B4l 298 RolARh, e A&7 Udo] Haxi Itk(Niu, C.
et al., Blood 94: 3315, 1999; Ramanathan, B. et al., Cancer Res. 65: 8455, 2005; Attia, S. et al.,
Invest. New Drugs 26: 369, 2008). Atsh3td A-gnkgol ot aiksl A ~gle] F717t hM27t gebAlol ot
WS 2 He o Y9eF9 syE 24 E @lth(Ramanathan, B. et al., Cancer Res. 65: 8455, 2005;
Hour, T. C. et al., Anticancer Drugs 15: 779, 2004). d# 2 LAY Ef3A|=o] fjdt WAL Fu3Alo]
= gafdolzy FFEA 9 F7F} A#se] - (Hour, T. C. et al., Anticancer Drugs 15: 779, 2004;
Zhou, P. et al., Br. J. Haematol. 128: 636, 2005). 12122 2t3}8¢ 57| d& FH3AZ 4= 9= it
st A"l AsfAZy S A FEAE fdE ThsAdol =k

st a4E FolA HASA U5 (peroxiredoxin, Prx)& E44HAa0] A& LS A7 sE FSA Hol=
(peroxidase) A, EfFolA 6&Fo HSA A FA ofo] &% (Prx [-VD)o] BAFGL, AEY A BE Fi&
{M=Z4d, nEZ=go}, 3 ¥2A|Z(peroxisome), AF A (endoplasmic reticulum)}oll &713c}(Rhee, S. G.
et al., Curr. Opin. Cell Biol. 17: 183, 2005). ¥SAlg521S thFeh T/ oF 22 oluh A|aEeA] 23 o]
7= o] a(Noh, D. Y. er al., Anticancer Res. 21: 2085, 2001; Yanagawa, T. et al., Cancer Lett.
145: 127, 1999; Park, S. Y. et al., Cancer Res. 67): 9294, 2007; Chang, J. W. et al., Biochem.
Biophys. Res. Commun. 289: 507, 2001), @&t /¢S g A4f A o= AAHI dth(Neumann, C. A. et
al., Nature 424: 561, 2003; Neumann, C. A. and Fang, Q., Current Opinion in Pharmacology 7. 375,
2007). AAZ FAEoA Prx 19 HAE JAAIZIH 2GS H oA Mz FAEETF =¥ A3 AR o
3 W=7l S71e(Zhang, B. et al., Biochem. Pharmacol. 75: 660, 2008; Chen, M. F. et al., Int.
J. Radiat. Oncol. Biol. Phys. 64: 581, 2006). 3} Prx 2| @& o] Z7lE™ WAL &=l )3k A EAE
o] A E}(Wang, T. et al., Cancer Res. 65: 10338, 2005).

HEA YA L0, AASE FuAd T IA HEE st o] AAEI, Ay Eal
(sulfiredoxin, Srx)el &J3) gYs|o] &do] Al st (Yang, K. S. et al., J. Biol. Chem. 277: 38029,
2002; Woo, H. A. et al., Science 300: 653, 2003; Biteau, B. et al., Nature 425: 980, 2003; Chang, T.
S. et al., J. Biol. Chem. 279: 50994, 2004). A3 =412 6F 72 HASAUFA ofoliF T 457
A=l (Prx I-IV) 9] &4E =4 3 4 3th(Woo, H. A. et al., J. Biol. Chem. 2005, 280: 3152). g+
2 ¢ AN Lol T USS E wW A=Al kAl Ao AqtxAe] #H ThsAdS AAEL
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(D) 4-[[4-[d (d ) ol ~6- d-2-T] g u| T d | E] || D | |-l =41 {benzoic acid, 4-[[4-
[benzyl (methyl)amino-6-phenyl-2-pyrimidinyl]thiolmethyl]-}; D1; Catalog No. CGX-01742830(3}7] 3}st2 4

),

3}5}4] 4
N/CHS
S
| N
NAS
OH
|
O
(2) 3-[[4-[A () olr] -6-m d-2-F gt d JE| 2 W& ] |-Hl =4k {benzoic acid, 3-[[4-

[benzyl(methyl)amino—6-phenyl-2-pyrimidinyl]thiolmethyl]-};J15; Catalog No. CGX-01742851(3&}7] 3}8H2] 5

AZ).

_11_



[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

ZIHS3d 10-2011-0090482

34 5

OH

A7) sk 26 Sakt SftEE Sl b wiAE SREEE Sl e AEsl 9

(D) 4-[[[4-[4-(2-ZF 29 d)-1-FH A d ]-6-d-2-F ) d ] 2 W e |-N=2F  {benzoic acid, 4-
[[[4-[4-(2-fluorophenyl)-1-piperazinyl ]-6-phenyl-2-pyrimidinyl]thio]methyl]-}; J7; Catalog No. CGX-
01742822,

(2) A-[[[4-9d-6-[4-(FdHE)-1-g X d]-2-F g ] d |E| 2 || & |-l =4F  {benzoic acid, 4-[[[4-
pheny1-6-[4-(phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-}; J8; Catalog No. CGX-01742823,
(3) 4-[[[4-(4-HEA D -1-TH A d ]-6-d d-2-T vt D |E] 2 | & |-l =4F {benzoic acid, 4-[[[4-(4~
methoxyphenyl )—l—plpera21ny1]—6—pheny1—2—pyrimidinyl]thio]methyl]—}: J11; Catalog No. CGX-01742828,

(4) 4-[[[4-[4--E229d)-1-TgH A d]-6-dAd-2-T g r|t)d ]E] & | E |-l =4F {benzoic acid, 4-[[[4-
[4-(2-chlorophenyl)-1-piperazinyl]-6-phenyl-2-pyrimidinyl]thiolmethyl]-}; J14; Catalog No. CGX-
01742838,

(5)  3-[[[4-#d-6-[4-wdrve)-1-9 #etAd |-2-F ) r e d JH @ JWld |-l 24k {benzoic acid, 3-[[[4-
phenyl-6-[4-phenylmethyl)-1-piperazinyl]-2-pyrimidinyl]thiolmethyl]-}; L25; Catalog No. CGX-01742844.

71 3EHA 36 Eobe SIRFET ol 7MY v S SR EE e 22 SEEC] 9
(1) N-[2-(3-(B2Ed)-4-Fo}Zd |-N-(2-Fd &)~ we} &Ehd{B-alanine, N-[2-(3-(bromophenyl)-4-
quinazolinyl ]-N-(2-phenylethyl)-}; E7; Catalog No. CGX-01144778,

(2) N-[2-(3-(B2rdd)-4-FolZad - N-(2-Fe=vd)-=El &b {B-alanine, N-[2-(3-(bromophenyl)-
4-quinazolinyl ]-N-(2-furanylmethyl)-}; M22; Catalog No. CGX-01144906,

(3) N-[2-(3-(B2r3d)-4-Fo}Zd |-N-(2-H I &)-HE &d&d {B-alanine, N-[2-(3-(bromophenyl)-4-
quinazolinyl]-N-(2-phenylmethyl)-}; M24; Catalog No. CGX-01144714, 2

(4) N-[7-ERE-2-(4-(ZF=2¥d)4-FHol=ad]-N-(e-Hez=zd)-wet dabd  {B-alanine, N-[7-
chloro-2-(4-(fluorophenyl)-4-quinazolinyl ]-N-(2-methylpropyl)-}; M25; Catalog No. CGX-01144599.

=
AC)
o
-~
=
@
@
o
o
EE
=
1o,
o,
oftt
o,
i)
2
-z
N
N
o2
-
Jo
ofo
ol
ol
)
>
>,
-z
N
N
jaltA

o &aiA7laL, o] d& FE fF71 &, o
T =

ol
tol JAAAA A7

_12_



10-2011-0090482

ol

=

=

H

e
=)

o oy o ©
& Hlo oS :eE ST N
W TEsa” mhﬂx% MR B AT R
PP G e i
il T s <! dqrodo B T N 5 -E o N R
< N o n- Me = T O ooy © B o = = ) oo ]11
o) B Héﬁo Lm‘_ S R o o o < = %o
Al = iy = v 5 o X X i ajo N R X =
i % = sy o T ool & = P Wy g S W T T K
- ST SR % ¢ e N K vez Ty BEa
- - =) N g MR ~ TR " ] - A ! el
S & ® ol I TRy R . Ty =35 EGy B
N < W) & W do mn Y TN~ R L N " a & ) @ﬂﬁ - W
T Frozt g Fd e eIt 4T T3 e w 25 q°
< = - To il X r
< J,@.m7& e o 2 Kol 5 T Tk T Do mc 2o o
oS a ~ 1 4 ol S oy owm ° i} ™ o W I SN ik T o
e o) of & = # fn = W Ee] el = 7‘o|,& =T o o =i Ee‘_wﬂﬂd < A
1 ok BN do & M Moo BE S S w < or & o
< DwE m ) 1 e o B g P o T O £ ST
T OErdel 3 B 0w e < B o P Bow HE = i E R
< = Ay o B4 o d B T o ’
s pUEE I By b pEE o~k 7T 4 -t
e S aré% ﬂza;TEW T Mool oz — 7 = » -
of M 2w L) oA xS oy — & E o 5 o foris
= ] SRR L G E B amd BT T s M =
A =T R 1 - ajat of X e oowr T o= oy ) T wT iy oy = oy X
e ~ T w B2 o I o= W o T I SR < o
T N A 4 & ow M G =7 B ol <l oy
ol ) urm,_ b mﬁ_ mm :u_. o} - nR = o N no o ey a&w = e wm
— <7 R [SLEEN 2! L= N .Y ) - . 03 — = T = W - - =
> I ma,o wgﬂhﬂﬂmﬂwo Euuu.;_ o %wﬁo xoﬂxmmr ey o
<° dww T T oﬁ_ g ¥ __ﬂovw o 2w ® Wwﬁuﬁ uw._ﬂovﬂuﬁ w W M o = o = L
4 SRS = = : o ) i : i S 2 w o =
z TN &I Thw maELdg N e TR T S F o B pri SR
T FUE o oo . 7o Mol__ou_ﬂwo_ ﬂx__L%_L_mc WW&&%M%; mmz,_ T
R = N dp B Do T R ww emT SR o " v =
e N S R = N e Ay b ] Al el il oG 20 e T - 63
™ 9 &cm_a Jo = B B o W W= A o o M s = ﬂﬁ.]m_.
T TS5 R = R R Lo o d 270 27 4T R
y @Egm47¢ﬁq TP Rcalia:: = © T O o P T o oo
W_l o#a ﬁt ﬂW hrt /w\a ~ o N ﬂW ,.;L E# —~ o ) X EL T = EL = - NFL _ 1:‘_ 0 1:‘_ ,.mv_ﬁ
N &%e_i&% mmiﬁ& 7mw1a:5ﬂE & X m_.ﬂﬂ o ﬂumuuhiwﬂr B W OE R
g G T e oW = oo .2 o B 4 =P E® g b B O
#a N2 ‘mﬂ J _/L " q —_ - = xX 1:‘_ ‘I§_v.._ ﬂn.ﬂ oo 2 < T %) E.E 0
—~ 2 ST y G B N ,_t7,muEE W o s NG~ = L w_wu]% el
= 3_4;51o;ia,;_ftféﬂﬂ TE kT i Solp, L
) i —,ﬁ q JE % X oW 3y 3R Jl. ol ~ N 0 = Enﬂ o = o
—_ = oo~ oM N B o B o & = =S I oH N —_ = — o
& eI o = il — 1 ol 5 i o T T =M ®Em =D
w LaTEsE mﬁﬂoahw wa;fierE o B4 CRIE I AT A
= 2 g ° 8 el ol R F 5 YoE_w ol T N eI
= oF X = .2 o BT R oo BTN of do .= ~ o = = 9o < xo Moop gy MW
N R b7§.wm THET | = s74@ﬂEL T SaE BT o a B
SR IR - IR - c2 Pzl Ron G % 5 me ®
%Tﬁz u.mm,%mﬁsfmﬁﬂ%@14%;@@. KM il i%wﬁi mﬁﬂoﬁ%w %%E ey
— yq\ = —_ RPN ) < T 7 — ‘Nﬁ i w et
ﬂVE 5 % 5 < g R R O &y aﬁ,mpﬂefm oF X ol ﬁﬁg %aex%% B o W
WA T S EX wmwE gk TwEElew o gp X B o o o I i
I TermEy RelR © o TwE ty  E® % L WP E
-7 - ©° g e <R o e peia oK G IS = Mo & = r
T o oSS o By o T B W oy W F e 2o W T o O - =
oﬂohﬂm%d.lm%dr L,anu,;_ﬂ a«w_.&ﬂﬂwbuxi %aﬂx%ov Haaﬂavxoﬂ,_maﬂ %ﬁm T B
eI - oW ooy > B~ gy LN o ® R oo ow B N o O A
S 2 - e Speis o BE N o] oR il — D ™ B b g X o 2 = No
THE N D D W H Ta e T ry 5P% B 5 xRS B o F T
T~ AET e N G- a3 B B o = © 5 T H
) T2 = ol N Col g S K TR =
ol W X 4 o i o W odo EO
=3 o BN ) e S
z - Sk SETEL  uZa al
S 2 =) ® Bouroop o il
[ = 5 o
=2 S S F —_
= S = - —
[ S < o
[ o <t
S S
[ =

1A
(oral/thyroid cancer)

[e]
=

A
<l

i

- 13-

o}

k)
w

ojv]

=

=

fsg%

=

R

=
ol WMAshE B

[0043]



[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

ZIHSd 10-2011-0090482

uhgrael A, e, /1 oral /thyroid cancer), AWA , A, AL, FH wFAsAE, 4
BHY, AP EE AGS F 5 Qx, AAARA BY 4 peln GAB A2t AR, D39, o
5% E & glont, ol AR v

2 3 o wpgel wel A, BAl, A, AEAl, @,
A, A, ooz So A7 AY, 984, A4 = AT FAHEol] Jum AYstetel g

52 4o 249 & Yok, B, Gwd YA ol shadlg seoldolE, ¥a ge FBAEE A

l,:]_

E] =

2 5 A ATE AT A AR A, DB, FA, AHA Sol Awee o, Ta AsHE
Py

3)

X
2 5 . HATF T8 s AAde 2dE 789, v
7F EFET. H5AdEA, dEARE Z (
2 AEA 7S, dEEHcES &
(witepsol), "I EE, E(tween) 61, 7}7Fe.X], 2199, FA=AeE

o sighEe] npeA g Folgd dAe] AH Bl AT, AWl Ax, eI, Fo
225k, A oa AdaA A" 5 Advk. ey, uigAg a9E YA, 7
0.0001~100 mg/kgo. 2, wtEA3HAIE 0.001~100mg/kge] ¥ Id 13] WA F3I= vFo] FAEd 4 it
AEOA B o FFES AA 4= ol tgte] 0.0001~10%%%, vFEA A= 0.001~15%%e] %
o7 &3},

o (4
N
>
N
olr
S
=2
[>
-,
[l
off
o
>
oo
it}
off ¥

ofy

EE, ¥ ouy SPES] oFsby Fol Pt oo oA S§ s Ao FHZE Asd & Y3, £
WRoR mi g ofshd 24 SuEy AYRW ojue A9 Ao AsE = v

=

A7) AT nwpe} o], B e A9y EA(sulfiredoxin, Srx) @48 AAstE MERAA 3AE = wE
Gt A FEES ATt} e Aow B oubgol wizAA 3dE e HE dEtdA IEES fadE
o7 3l g 2AERL HSAHSEA 2 AuyEA @4 F7FE 713 Ao g 2D oS 93 oA
2 ol gr}ssltt
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<Ak & 7]17]>

3P SFERA2(GSH), thelE]LEd# el &(dithiothreitol; DIT), MgCl,, ¥E#H = HHO|E HEZSIo| =

OlE, EZPn|dgE 9 Flvlo]lE ¥ FHH|E o=z FZgol=, twaAZAlo] = (dimethyl sulfoxide,
DMSO) &= AlZZupAtol Al Flel k. ATP=  Zvlol 2 (Calbiochem)Al, Ni-ZzE o8] Ag2= 42]= oAk
(Amersham Biosciences)Atell A Z42F FislQlch. Abgre] QMo A2l A549 A2 ol zt Blgl AA 9
A (American Type Culture Collection, Manassas, VA, USA)S ZHE F+43AT). 5-(H 6-)aZ=2wE-2, 7-1
Z2Ydto| =2 ZF 4l tlolAH|o]E(5-(and 6-)chloromethyl-2',7'-dichlorodihydrofluorescein diacetate,
CM-H.DCFDA), Z=Zyt]Lolo]otiol= (propidiumiodide, PI), EHAI/EDTA (trypsin/EDTA) &3hgol Zo o]

H|EZAA} (Invitrogen, Carlsbad, CA, USA)ZRE] FY&tFch, ofAlA-V-ZF 9~ A7 E (Annexin-V-Fluos
staining kit, Cat. No. 11-988-549-001)+ =4 o]Zgol= Alo]dd ~A}(Roche Applied Science, Penzberg,
Germany) =5-B] 433ttt ibsbe Aoy HSAd 52 [(sulfinic PrxD)3} ool Ho]#l A= o] x|
Baud o w A|ZetH(Chang, T. S. et al., J. Biol. Chem. 279: 50994, 2004; Woo, H. A. et al., J.
Biol. Chem. 278: 47361, 2003).

<AAld 1. A &83gE>

B Age Ag3d 3FEE =, (1) ; D1; Catalog No. CGX-01742830, (2) B-alanine, N-[2-(3-
(bromopheny! )-4-quinazolinyl ]-N-(2-phenylethyl)-; E7; Catalog No. CGX-01144778, (3) benzoic acid, 4-
[[[4-[4-(2-fluorophenyl)-1-piperazinyl ]-6-phenyl-2-pyrimidinyl]thio]methyl]-; J7; Catalog No. CGX-
01742822, (4) ; J8; Catalog No. C(CGX-01742823, (5) benzoic acid,4-[[[4-(4-methoxyphenyl)-1-
piperazinyl]-6-phenyl-2-pyrimidinyl]thio]l methyl]-; J11; Catalog No. CGX-01742828, (6) benzoic acid,
4-[[[4-[4-(2-chlorophenyl)-1-piperazinyl ]-6-phenyl-2-pyrimidinyl]thiolmethyl]-; J14; Catalog No. CGX-
01742838, (7) J15; Catalog No. CGX-01742851, (8) ; L25; Catalog No. CGX-01742844, (9) ; M22; Catalog
No. (GX-01144906, (10) B-alanine, N-[2-(3-(bromophenyl)-4-quinazolinyl]-N-(2-phenylmethyl)-; M24;
Catalog No. CGX-01144714, 2 (11) ; M25; Catalog No. (CGX-01144599-2 AMRI Direct A} (Albany, NY, USA)=
FH AR, 1 mg/ml B 10mM =2 Z}7 guedZAlo] = (dimethylsulfoxide; DMSO)ol] =9l A&
(stock) &Ho= 96-U Ze|o]E0] 80T ] 2&=& fAstH Byt

<Agd 1: AHFGSFA SAAAY NFE A (High through-put screening, HIS)>

A AWEe" Ya~dHo]A(Liquid handling workstation, Beckmann Coulter Co.)S o]&3}o] AMRI Tlo]&ll ~A}b
2EEH 7Y 25000712 sRHER o]Fo golrg gl diste] Algd W A (in vitro)olA A3 5
ZI

P A5 oAsts 34 wEe] 98 AvdEA B4 SANS S HISE S

A 5A(Srx) ol ofgk FatstE HE A # H5A(Prx) o] $Yuks Bt ATP 7FE3l7F dojtar, WkSo] Yo
ZHAsE Prxel 9vhE Pi(inorganic phosphate)”} &€ th. webA] S35 = Pio 48 =Asto] A9y S
(Srx)9 XS =AY 4 dtJeong, W. et al., J. Biol. Chem. 281: 14400, 2006). ©]&3dt A= o] &
o] Srx HHSAlA fEEE F71A4HS HEglelE OdS o] gsle] F45l=, Srx A AL e (high-
throughput screening)©] 7}&3k A3z 5Al @A o] Hlo](colorimetric Srx assay) WHS &Hsith(Kim, H.
J. et al., Anal. Biochem. 393: 36, 2009).
50uf A3 HEA WS-8 (50mM Tris-HCI, pH 7.5, 1mM MgCl,, 200uM ATP, 10mM GSH, 20pM A3Y ¥ A=
=41, 50ug/mé chemical)S Ao 2A1ZF HFSAIF|AL S/ 50ulES 7Fsle] 100 A&S
O|EoA LETtolE - SAHWUE o]gste] Auds4a &4S A, T
a3 =AY ok Aok AdE 1. dREE B BdHE HEZSto| =g olES 3.1M H,80,7F &
ok B ZH4ol ZelH|d<Z(polyvinyl alcohol, MW 30,000 ~ 70,000)& 3.5g/ ¢ FE=Z 80Tl
molal Aeow 23l F | wEFlolE O¥ JMH|E slo|l=2 2 Efo]=(malachite green carbinol
hydrochloride)E 0.35g/ ¢ =7} HE=F 7}8le] WHEQu}h. Ao A A|B(10040)E 96-4 wlo] A2 Z g o] Eo

uy
o M
©
T
o
2
o
{
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I
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S+ R
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>

1 AleF A(200)9F 104 5<F #le]# (orbital titer plate shaker)& ©]&3ate] &3habar, Alef B(20uw)E 713t
201 st FY wEA AoE F, vlolAmIYolE #EV]E ARSIl 630mm dFlAM FFEE SAHSH
| WS ol8ste] 25,0007 stERFE AuHsal @4& 80% ol AAlshs 48F ] =dS st
| = 2% =4 (D1 & E7V)e] #idste ASA A SN (Pro)ell Sol2Ql &A(aPrx-50,)E ol &% WY &

(immunoblot) H-2e)A Ao =A 249 a7 A cHEole 7| AstA 2.

al
. o
k. o] =
g
eAlE 25,0008 3gE FolA DI 72 FARI(L 28) 25%3 B7 & AN 2F) 275, 2o e
oAlAl  ALYHAA  ARIAF  SFE FdA DI FE AT IE) 165S ARIARS Ao
(http://www.amridirect.com)ollA] A, Jpste], Hitstd HZ Al =4l Ho] &2l A (aPrx-S0.)&E ©
gt W 55 BAWHS B8 AIdsd @ddAadE =AY, 100 XA 9% (J7, J8, J11, J14,
J15, L25, M22, M24, M25)e] &Ho] 60% ] A=A FAHAAGgIHE BF, oF ] 17 &4 4FL
50 FEAAE DI, E72F A 80% o]’ Il s AsFTE (1. ol FFEEY 1+XE B4
g Ay, 2%/ T84S FEFEE AU AS5S

Ak sh3tE 659 A5 &g g [Cphalf-inhibitory
A EA slollA LEFlolE 'l ojAole} WY Eg BN
A E 9o](SigmaPlot software)E ©]-&a}o]
S

<3}
SRR AuHEal 2498 50% A =100 E

50uM FI=el A 80% o] AuH&E4l FAHS o
concentration) #S 13}7] ¢85} thdt &
< o]l g3ty Ay EA B4 545t
2(log) =AY X Uist Aad sl g4 =
Ttk 3 20 uERd nhel o] 27kx] AuEEA SHSAWY oA EA J147F 7P B 10, whe

Bt

Z 1
shat= Ay 4 DA (D)
50uM 100uM
D1 98.6+2.4 99.8
E7 98.1+2.4 92.8
J7 81.6+13.5 88.6
J8 69.4+8.8 88.5
J11 93.5+1.7 98.1
J14 103.5+7.0 99.7
J15 97.5+0.6 95.5
L25 47.3+15.8 84.5
M22 46.6+15.7 89.9
M24 49.01+6.3 75.1
M25 33.6x£13.5 61.1
Z 2
SHtE [ ICs(ulD)
ZElrlol E 1™ wWe Bk
of Al e] o] Al 0]
D1 16.6+3.7 38.2+6.6
E7 23.6+5.9 44.2+16.6
J7 24.5+4.4 18.4+2.3
J11 29.0+4.9 22.6+7.5
J14 15.2+1.6 8.1+x1.6
J15 24.8+4.1 22.94+9.3

<ddd 2: AIHFA SHYA FEREZY AZAT AL

96-4 Z#olEY 10% eI A (fetal bovine serum; HyClone, Catalog No. SH30397.03)¥ 1% #AUAdH-~E=]
Enjo] Al (penicillin-streptomycin; Hycolne, Catalog No. SV30010)& 3233t F-12 SdEZ" 23
HAM(Nutrient Mixture Ham) 4AF8i=](JBI, Catalog No. LM010-03)ol|4 A}&k A549 A|Eo| A3z E5A &4 A]
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SHEZS 727 10, 20, 40uM FEZE X 3ar 48417 Bk ufkdl & AEAEL] US WST-1 AE F2] oA
o](cell proliferation assay)E =3 EXact. zZ+ 2o 100ut A Erjekde] 10x02] WST-1 (Roche Co.,
Catalog No. 11-644-807-001) &L A a]3tar 37T, 5% CO, Z71¢] vjF7|ol A 3AZF E<F WA HTE. AZ7}
A= vlA] 100xL0] 10449 WST-12 718t AL SA U ZF(blank) 22 AFE3FYTE. 450nme}t 690nmoll A &%
(AsoF Asoo) & S4B Ao 7ol A reference #Q1 Asos M Asso—Aseo 7S T-3FITF. DMSORHS A E]eh oz
o gt A= GAAAA TREAS A A5 A ApAsg HEZHE AEMELe NEES A
Atstel 7 slstEe] MY AAAEE vlustglt. dlolEE 3719 AEAE HarHA ATA Hpe=E
EA B
* 3
[0067] =4 TE N2 A (gt sk %)
10uM 20uM 40uM
bl 77.841.9 36.440.6 3.344.0
E7 75.240.4 43.140.3 1.244.0
J7 72.943.7 37.7+4.2° 56+2.1°
J11 72.643.2 42.0+1.7" 1.042.2
J14 74 743.4° 31.844.9° 9.1+1.5
J15 79.5+4.2" 27.7+4.1° 11.2+2.2
p<0.05% tFito] HlEle] EAHOR fo]H o7t &S BAF (BAAEE
student t- testE R D ey
[0068] Ae A3, 3 39 yElhd vkep ol 6% A s EA9A SREAES AId sl dde] HuE &
o17F #Ho] A<t (human lung adenocarcmoma)o] A549 AE ] ZFAdA4 37 ATk, T3 100 FRAAE
Goltom AEFAS AT, 20l FEAN 508 o1 AEFAE oAt AZYF s 495
A P A S S R
o}
[0069] <Add 3: A SA YA 2 J149] 93 METZ2 gA]>
[0070] A s 24994 adrt g Bds B4 J140) st s, AEE MESA JA adE Ax 2
oJ Aol (cell proliferation assay)E %3] EASIATH(E 4 2 X 5). st w59 J14 =4 dlollA A549 A
L2 06A7E Bok MG T AEZAS BAG Av, E 49 Lol JUY ¥R/ 2HE5T AL oAl &
S B, el 2allon) 29 el AR AZYR A FUORYE ALTUE 508 A
J149] 5% (ICs)+ 15.8%0.39uM(BH +H 7o TF xR AXE AT},
[0071] TSk, % 59 YElhd wle} o] J14% 10uM sE=ellA 72413 o] FREH FoHoR AEAAY dAaTNE B,
20uM FI=o| A= 24A17F o] £ RE AlZtE MEAG A G Algte] FTFs wEl feld oz FulEHAT
[0072] 1818t 23 J147F A9d =2 848 dAANR 2N GAE oA AAAE= 10,5 AASHE FAAA A
5 PskE S SA Rl BAHA Rae] AL 00, FAF] AA F7HH] W] AL PF ol
A rka ALz
¥ 4
J14 =% (ul) AZA (Y x5 %)
0 100.00
5 98.44+0.73
10 81.4742.26
— 17 —

[0073]



[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

SIHEd

15 54.88+2.04
20 24.98+1.18
50 1.8440.12
x5
74 A ZE AEAE () z=To et %)
Az J14(10ul) J14(20ul)
0 100,00 100.00
24 91.90+1.09 I
18 99.20+1.98 62 4141 54
[ 85.95+2.03" 39.64+2.72"
96 81.47+2.26" 30.38+3.01°
p<0.05% tEtol Wlete] BAHOR FolHl 2ol7} AgL
A8 (BAAEE student t—testES AE3H S

<A d 4: J149] 28 AFTW AL =7

J140] 9J3t M3re] AEFE Ayt Aujysal 24
ol 7] 98kl 10uMT 20uM FEC] JI4E AHER

2
B

Aol wE
x 2] $F A549
o2 =A3s}9),
o (phosphate buffered saline, PBS)Z HEA|Z F

Al 24
_]

AES]

o

Xz flow cytometry)E ©]-83F W
£ Al A woll 5 <likgE&
o AR B, AZE G 16 S EHE,
=
k3

270xgo.2 3 B AR driyt d"gIdS wHEg
7Vekar #-gsle], 37°C, 5% (0.3

Az Aol Sule]

o] wjF7IelA 30 5

i

(Invitrogen, Catalog No.(C6827)E
NS A Siste] 30% ol FRE 4T R
s} hva =

FAE B2 7)(Becton Dickinson)e] FL-1 AEe 3|
Kol

>

SAsta @] A g (WFT,

o] F7tell 7]k AUX
kS CM-H,DCFDA &= ¢} -HA
MEE EHA/EDTA(trypsin 0.25%/EDTA 1 mM)E A
T 270xgoll A 3E
HAEdos XA %+ DMEM vl <] (JBDl &

10-2011-0090482

o)
=

-

r_{

)
P of

A
CM-H.DCFDA 9=
o w3 AAL. 9

G akael 3l AbstEl DCF-DAZE YelE 33S
mean fluorescence
#e %
_\?__

B fodom 3

intensity)< WinMDI AZE¢o]E o]&3slo] AT, HolEl: 3719 AHXE H i+
= EARH. E 60 e okoh 2] 114 A1) A AZH FHEADE) AT o1E
71k, E3] 20uM sl AA3] FZ7FE .
¥ 6
A2 AIZF AE W AL FF
(AIZH) (DCF-DAS] H+ FF %)
e 714(10uM) 714(20uM)
0 27.36+4.50 95.02+3.78 95.45+2.14
24 99.41+4.67 38.77+1.57 51.7842.09
48 21.29%1.30 a9 3741 g6’ 61.56+1.85"
2 18.30£0.77 145 64+40.13" 85.4345.68"
96 18.09£0.80 |43 5549 93° 120.4640.85°
p<0.05% tFto] wEte] EAH O FoH Holr}t Aes AT (B
AA B = student -testES AL319S)

<A¥o 5: J149] 9% AEAIE>

S= E58 AsF MEAFE] 9 AR E ERls)]
= opdAl V-FITC /H]:ﬁ/\]-“ﬂ =4 7]E(Annexin V-FITC Apoptosis detection kit; BD Co.,
)
H

of Fako] PI Ao} BAG] AMatel FAE BAVIE o) gkl AEARE B,

_18_
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EYAI/EDTA(trypsin 0.25%/EDTA 1mM)E AF&3le] M EES wEH Aol A wojjo] PBSOl HEA]Z]|a, 270xgoll A

35 Eob AR, 10710 MEES 1x2F $EN(binding buffer)e] FEAZTH. A7 £ 1000E
5m¢ AEB]EF &7l #71aL 5ul O}H‘* -V-FITC, 5p¢ PI ¥:5 ¥ Ap3ste] Aol 15%7F whEA . vh
o] TRHW 1xXA% 4T 400uE H7ete] ¥HEE FRAIZT. F7HARD S 2] HEA 168 o] ¥R
T 4T Bkt obIA-V-FITCo} Plofl 93] LA == FFS FAX 247]9 FL-13 FL-3 AdS &3
S4% F 4AEH BAYE ol &t AEAME AEE SAsta Blasigitt. =, Alx mddd x2agtEd MY
(phosphatidyl serine)®] =Fo] F7hso] of7]of] o}yl Vel ZAjfe] @A 3] F7tE AV, MxErte] &40z <l

AEZEL Atdo] dojt oz A5t o8& 379 AAXE Fa+Ho

3o AE U2 PI7F HY¥ A 3
o HFoA gow HASYTh & 7ol UEhd vhsh o] 200 FES] J14t 48K13F Ol FHE 42 AEA}
W oEvhE Wola, 96AI%ke] AN W AEAEe] WA FAhuLh,

*7
A2 At ME AFE (%)
(A1zh) hE J14 (10ul) J14 (20uM)
0 6.58+1.28 8.37£2.30 7.53+1.25
24 5.97+0.75 8.79+0.13 10.60+1.42
48 4.45+0.25 7.2040.56 16.13+1.99°
72 4.38+40.98 7.08+1.32 91 104+0.20°
9 3.88+0.82 8.90+1.31 405342, 64°
p<0.05% tiZtel Hlate] BAZ O foHQ Aot Yee HAF (B
AA 2 E student f-testES A& 5}9&'%)
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