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IAP, Inhibitor of apoptosis

cIAP-1, cellular IAP1

cIAP-2, cellular IAP2

XIAP, X chromosome-linked IAP

ML-IAP, Melanoma IAP

Smac, Second Mitochondrial-Derived Activator of Caspases
BIR, Baculoviral IAP repeat

TNF, tumour-necrosis factor

TRAIL, TNF-related apoptosis-inducing ligand
FADD, Fas associated death domain

RING, Really Interesting New Gene

Bcl-2, B-cell lymphoma 2

ATP, adenosine 5-triphosphate

DMSO, dimethyl sulfoxide

MOA, mode of action

NMR; nuclear magnetic resonance

Tris, tris(hydroxymethyl)aminomethane

Tween-20, polyoxyethylene(20)sorbitan monolaurate
1Cs0, inhibitor concentration producing 50% inhibition
EGFR, epidermal growth factor receptor

HER2, human epidermal growth factor receptor 2



I

=11
S

=2

WAL, 1981 L ARNDER O 1 A1 CTh Y, BETIE, M 30 T AL EOER
B, BDATEL RoTW5D (EAE9EE 12010 £ A D BRERF A MAAEFWER) ) ), £7-.
APED ) BITHANTRBT B ATREMEIT, BrED 2 A1 A, &Moo 3 AiC 1 ALHEHI S
TEY., DADBRITHESHRBBELE 2> TV, BNAD 3 KIEEIE, SERITFM. fidd
M, EYRIE L SO TWER, 2R E TOEMIRIEOFLTH > AL FRIEITIEE
AR & 23 AR 2 X B L Ze WA aIE CTH D . BWER L3 E DT U ANRRETH -
oo — . ITHFEOEELARFICE VT, MIENORE D T ZERIC L2 THERR SR
AR BIVE R ORI S =68k L L TRWE S, EOF MR LR 5120,
S HRDT TR O & AR OREDPEFIFF S LTV D,

1-1. 3 Aoy TR & A sE

INADIER L 72 D05 F 2R H72I2iE, BDADKE, DE VB LIERMRE 8L
DESNCERRDONEH LT HZ ENEEL 75, Hanahan & Weinberg |£ 2000 4
\Z Cell 351 THallmarks of Cancer| &L THRFLAZIER L, SR E85E T 7 )L, HE5HE
S 7o, Hik~0RE - BERe, Akeir e iz A, IR AR, M
FEM D DIEBED 6 DD M A DR & EFfH1T T 5 (Figure 1-1, Hanahan et. al, 2000),
F 72, 2011 4£i21T THallmarks of Cancer: The Next Generation| L TT v 77—k
Sk, SR, BEEREREE . T ARKEN « BRO 4 DORAOFEHEINE T
(Figure 1-2, Hanahan et. al 2011), HIRESED> & DAL A D MIEIRFFED 1 > THY |
D3 Ao DEEAFIRIE O LT o DL FRAE~ ORGSO FHR K L e > T\ D, FEER,
My 7, TR = AT T MDD T AMES BEORBIEEH R % < DB AITE
WTHERR SN THEY . PIBAAIBRROM N2 —7 v hE7roTnD,

TRI=V AT FMIELCI bar RV T & LERRES 7 F e T AL 77—
B LIEHRME Y 7 F v 2 SORKKIZH T b, SRS 7 F/1iE tumour-necrosis
factor (TNF), FAS ligand, TNF-related apoptosis-inducing ligand (TRAIL), TNF ligand
superfamily member 10 (TNFSF10)% D U 77> R0, ENENDOZHRIETH S TNF
recptor 1 (TNFR1), FAS, death receptor 4 (DR4), DR5 IZf&&d 2 Z &1LV | fllEZ R
& L fas associated death domain (FADD), Caspase-8 NWEAKAEK LiFE N5, F
% SN AIKN T Caspase-8 D43, &AL E /L7, =7 =7 % —Caspase-3 BL N
Caspase-7 2MEME(L L. DNA Wr i L3538 NS T ORI LD TR h—v A2 E 727,
—H TR 7T EEFEA L RIZE YD I hary RUTRbF 7 r—h e NS



N5z EICXk, MRANT Caspase9 2517 R7 N Y —2BHEKEZEK L, Fliito=>7
= 7 X =431 To 5 Caspase-3 3 L O Caspase-7 & 0fifg, {EMALT D2 LIckViFE SN
Do FElo, EHERNTHBSEICEE D 55 FIT &z, HIRSEZ 3 5 72 X< E & LT,
F ~ 7 o—24 ¢ OfHIZEIS 35 B-cell lymphoma 2 (Bel-2) 7 7 2 U —. Caspases Ol
\ZE84> % Inhibitor of apoptosis (IAP) protein 7 7 X ) — RN EE/RSF & L TIFEFELTEY .,
MRSEDOFHEZRM LI HIBRAAIORIFE Y — 57 v FB3EH ZHE DTS (Figure 1-3,
Anderson et. al,, 2005, Fesik, 2005),

1-2. Inhibitor of apoptosis IAP) 7-AIEX<'E7 7 I U — L&A

TR = ZOMENTARBRICB W TEEREEZH - TR Y | 23 KRR R
DEFRT 4 NV ADHFRNLERIZEE LT, AP 7AESE T 7 I Y — X RN
Fam T AL RTEBNTY AV ADERIBRIZIB W TT N =2 A2 Wil 28R F& L
TRE X (Birnbaum et. al, 1993, Crook et. al, 1992). t k Tix baculoviral IAP
repeart (BIR) KA A W) R FAAL v EATHEETELT, ZRETIZ
neuronal apoptosis inhibitory protein (BIRC1), cellular IAP1 (cIAP1, BIRC2), cellular
IAP2 (cIAP2, BIRC3), X chromosome-linked IAP (XIAP, BIRC4), survivin (BIRC5),
ubiquitin-conjugating BIR domain enzyme appolon (BIRC6), melanoma IAP (ML-IAP,
BIRC7), IAP-like protein 2 (ILP2, BIRC8)® 8 il » IAP 7= AIEK ENFES N TS
(Figure 1-4, Fluda et. al., 2012), RATIHXIAP 7ZAEK E 7 7 2V — DB L~ L
IFTEAMELS B LNV ORBITUENR L S HE S TEY . cIAP-1, cIAP-2 22— K9 % 11
TR q22 TEIBUIIA A, BRENA, FESEPAL, HiERALRE, Z2< ORATOEB
FHERPAEO LN TR Y, XIAP XM A, IFER A, B ATORBTE L THAR
EOMENHE SN TS, IAP ZAEKE Y7 7 IV —oREE L TiE, T OIS T TH
% XIAP /% Caspases &fEGT DA &4 L. BIR3 KA A %4 LT Caspase9 & ,BIR1
& BIR2 ® U > 1 —43 %41 L C Caspase-3 35 KO Caspase-7 & [EAERE S, IEMEINHIT 5
e, BEENICT R =V AZGHTL2-AESE 77 IV —B26TE
(Eckelman et. al., 2006), —J7 C. ITEDHFIEN DS C Kt D Really Interesting New Gene
RING) FAA N2k D, HAEKBEDA X F AL T VI T —va vz LT, Ky
7T VAR, FRICHIASE & AAAF O mE CEERERELZ AT 25K T TH D NF B IZEE
THZEND, BERDFTHLEEBEZALNTEY, PADRIFEZY—7 vy M LTHERZ
FHTND,



1-3. IAP antagonist D{EH A 1 = X A

TRV AOBBIZEBNTI hary FUTbHHL, IAP 72AEKEZ 7 IV —0
WMDY o RELTHMLN TS SMAC (Second mitochondria-derived activator of
caspase) X7 F ROIAP =X E 7 7 I UV — L OFEGICEE 72 AVPL O 4 X7 F RN & fi
BT 2HEME D & #5D TAP antagonist 2355 &L TV %, IAP antagonist (344, 7
A BE—=ADEITR T TH 5. Caspase-3, Caspase-7 LW Caspase-9 LfEELTWD
XIAP, cIAP-1, cIAP-2, ML-IAP & E#EfES L. £ O 2+ 2 Z LIk V.| Caspase
DOFIEMHALEZRIZL, TR M= Z22FHET D LB L THER, EEOHIENS IAP
antagonist |IZ X 5 EHERT R M — Y AFFEA = A ALFAP-1 2N L2 DO THDH Z LN
BH 573 72 o> T & 7= (Varfolomeev et. al., 2007, Vince et. al, 2007), & H cIAP-1 72 A lE <
'HIXBIR3 KA A & RING R AA DA L,ZEO E3 ligase &2 #1 L T 5 73 TAP
antagonist 25 cIAP-1 ® BIR3 R A A TG T D &, T AMIES EONLEEER 2L L, E3
VA —ERNEH LS5, AL Sz cIAP-1 © E3 ligase [33E ThH 5 RIP1 B X OH
BT cIAP-1 Z2 ¥ F kT 5, RIP1 O % F Akid, Fito i) NFx B >
TV EIEVEL L, cIAP-1 D43 f#I3 NIK O &z I LTI 722 NF « B & 7 /L &2 &%
{7 %, Z®D X 92 IAP antagonist 241 L7z iy, IEHILAEE O NFk B v 710
EMARIT TSN TY A MU A COBEELHGT A =P AT AVFBEOFEL & 727,
ZITHEAINIZTINFIZA— 7 740 b LIFNRT I T4 AHNRMET R b — AR R
VA DZFEERTH D TNFR1 Z2EEET 5, @FIRETIE TNF (2 X 5 TNFR1 OfEMEAL
TIE NF « B OIEMALRFHEE I LD, TAP antagonist (2K 0 cIAP-1 72 AIE S BN R S
NTWDRIETIE RIP1 O =2 B F ALz #FE TE 9, TNF #ilif %32 F 72 RIP1 /% FADD
X Caspase-8 EHEAKREZEKTHZ LICEVAREDT R N— A T FAEFHETLH D
L l72b, Z®X5IZIAP antagonist (£ Prosurvival 72 TNF 7} /L7 & Pro-apoptotic
7RTINF > 7 F N~ AL v F e ANBEZDZ EI2E 0 BAMIBISER R 7T R F— X
R4 5 L ¥ 2 51T 5 (Figure 1-5, Varfolomeev et. al., 2012),

1-4. PA N TF-18

YA 7T F -18 1F BRI O M E S 2 B EAE 8~11mD TR T T A b
DY A N T7F 77 IV =010 1DOTHY | IR ARCHINIIRDS Ay s, KRB A,
NN AICEB W TREANBO NN D, FTTDOAD=ANIARHATH L0, NAEES
ADIIETICDWEND Z NS, R TONADBKCERESADREZE=4—F 2%
~—H—& LTILL DN TWA(Chu et. al, 2002, Lane et. al, 1990), —J7 C. HilsED
WEICBW LMK ~DOY A N7 T F 18 DBWENEZ D2 L, TR h— 2Dk
WZBWTC A 7518 D Asp238 & Asp396 @ 2 2>frh’ Caspase (2 L Y HE S 4.
SRS NTZY A N7 F 18 BIMRHITHEINT 5 Z EndE I TWD, 22T, HfRE



NI=YA M7 T F 18 DF LT E b —T OAARIRENTH T 5 M30 ik L ORI
PDORERY A 7T F 18 LHB—E h—TOWE 2425 M65 HuiR3 % &
BY. 2 MEOBKZHEAEGDE TR OV A M T F-18 BE2MET DI LITLD,
FEBEOMBIE L~V & TR F =V A LV ERBRRFTT D 2 EBAfEL o TN D
(Figure 1-6, Kramer et. al,, 2004), FEEE. ITFEOHFIEIZBNTY A M7 T F 2 18 DIk
ERTINAA, FRCHIREZFET A OFN 2 THT 5~ —0—& 720 5 5 AHetEd
REN TS (Micha et. al., 2008, Demiray et. al., 2006, Ulukaya et. al., 2007),

1-5. Pevonedistat

XTI AT T Y =AY AT DMIMIAN T2 AT B O REE SIS ED | BRI
FRRSRE DFRENIC EE 2% B 2 H > T\ b, ZOEAEIX Ubiquitin activating enzyme (E1)
Wk b2 F o 0iEME(L, Ubiquitin conjugating enzyme (E2)~D = &' F L Dk,
Ubiquitine ligase enzyme (E3)IZ X 2 HE 7= A< B D=2 B % F L ALM T2 Al < B Doy fi
ICEER 70w A THDZ ENMmLEN TV 5 Hershko et. al, 2005), —J7 T Nedd8 #2151
Ubiquitine-like proteins (UBLs) & L CHIE S N7-RETH Y . TOIEMH LT v+ 21X
Nedd8 activating enzyme (E1)Z X 5 Nedd8 ®iE (k. E2 ##3E12 X 5 Nedd8 Dk & 3
B L7225 Cullin 72 AE < EREDIERRIZ XLV L 72 AE S B OO fiR % 5ET L T 5 (Gong et. al.,
1999, Pan et. al, 2004),

Pevonedistat | Nedd8 OB D T vt A &2 oS E5EEFEFR TH 5 Nedd8 151
fbBERZ 2 LE T 2 8A L LT, RAEL T ERAStD 7V —T 24 THLI V=T L7
7=~ a—7 WX AR I LA TH Y (Figure 1-7, Soucy et. al, 2009),
Nedd8 #EEEOEFIZLY Cullin ZAFKEHBOEMEAZFET L LNMLNATVD
Pevonedistat I[ZHAEDORE A 7273 AUHIIIZ VT, Cullin 72 X < EHREDOH T DNA @ﬁfﬁg
BUZHE R B E 24> T D Cdtl OBIFE R EH 275 L, 4n Ll 1O DNA &8 AT/l o
HME ZITHED DNA OF A=V ZiFE L &I ZFET 2 Z LML T
Z)(Lln et. al, 2010), & BIZEENDET MZEB W THROWBUERS RS HE SN TEY | ’

TR StIzB T, 2 ERErEA M (AML: acute myeloid leukemia)is L OY
'ﬁ’ i EAMEEERE (MDS: myelodysplastic syndrome) % %5212 U 7= BEE B 235 2 5 40T

c'
O‘



1-6. AR HEY

TR —=V AN TE2 4~y b E LERPARIORZIE, 2 ARRE R BUERE RO
115 & IR AFRNRIEASOIRFIED WROBLRICE N T, EFICEETH L B2 BN,
L, 7R M= R&Z5RM LIEEAIORRIL, £72407%< TOERA T =X LA OMAT
RFEHIBAFE EOEII A RE 303 % M oTe, £ 2T, ABFETIL XIAP, cIAP-1,cIAP-2
X =y k& LTZAIBRAFSE 2 B892, H 8 IAP antagonist T& % T-3256336 % 7= 1E
AT =X LOfENT, T7 VA, B % 72 3BT, 5 L OSSO & T
WA DN, F~—h—fiftfr e FEhi Lz, SOICERTORREEm Lz, IFRAKOREE -
FDAH=ALKTHONTHE LT,
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Figure 1-5 IAP antagonist DfEH A 1 = X A
51 : Cell 131, 669-681, 2007.
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P

il IAP antagonist T-3256336 D3RI IS L OA A~ — T —IZBIT 2 fighT

2-1. EE

T-3256336 % cIAP-1, cIAP-2 72 &5 N XIAP (ZHA L. T OMEZIHIT 5 Z L2k b
AR 72 7 AR b= A2 FHET 238AI L LT, BAEKIELZ B L CRE3ER T
MBI VAR ENT- A7 X e e BT U UK EA T 5 HEE D TAP antagonist
Th D, T-3256336 It & OFEARNALBRE L, FETOREIIPEEATHD, AE
TlE T-3256336 DAL R EAERA D =X L2252 L2 AN E LT, o1&
W TER X ORI AY 202 FEZ AV TR Lz, S5 EmE T L2 Az
AT D HENIRFRREAM & A A~ — D — 2B L TR L 72,

M2 7= XS B A2 AW SRR B X OWERER) Caspase G MERIE A BR O 5 H |
T-3256336 |% cIAP-1, cIAP-2 35 L U XIAP @IRIICHE &, He a2 fl T o2bamTd s =
ERHBMNE IR ST, FIREED AR A O T TN 5 T-3256336 (M AIZ IS\
T cIAP-1 2 AESBIZER L, 8% F 1 b %I L7z clAP-1 7= A B D0k & NF « B
7PV OEMAL, TNFa OFBLE X OV EFE L, SMAMET R h— 23 7 ks
L 7238 VAERLSE A 3535 L 72, T-3256336 |X3EL BT 7 L & W 7o B RBfEAT I3 ) T
FEVOER DRI M & IR AT 2 LT, Fio, SEEIEERHMIIC W\, EEHERICRBIT D
cIAP-1 7= VXS E D43 fif & TNFa OF5#E ., Caspase G L2 FHE L, B OBMEZd7- L
2o 6T, EHEHET A OMBEHIZE T TNFa BEBI TR h—Y ADEEL 25
TR MEENT=Y A NI T 18 BEOMIMNA RS, HRENFIEIC X 2EEEHO
MR ARETH D Z LA /R LTz, U EORRIZEY . T-3256336 (L#1# IAP antagonist &
LCHRARERITHD Z EAWRENT, EHIARIORBRICE W URSNFAH AL 4~
— I —OEBFRITEYET L TOIEZ L OHBENRENTEY | BRTOEDZ THIT 5
FR7e A F~—T—I\272 0 9 HA[RMEN R STz,

2-2. S FEMEN IR FiEE V- T-3256336 @ TAP antagonist /£ DR

B TERXSICB T LM A7 UV —=2 7 8B X ML AW LA IE O fE 3,
Frrvant T U EKEAT B0 7 TAP antagonist T % T-3256336 % Al
L 7= (Figure 2-1), ##x7=A X< E% H\ /- Binding assay (2 KX 2 fi#4T O s 3.
T-3256336 @ cIAP-1, cIAP-2 3 X O XIAP (26§ 25V ATEE 2 A L. = DOMLEEMED
ICso fEIZZENZ4 1.3 nM, 2.2 nM BL O 200 nM Th-o7= (Figure 2-2), KIZ IAP
antagonist ® XIAP (Z & %5 Caspase-3 ffil{EH OMEBRIEEZ MRS 57201, Mz 72 A
X< EEZ AWM 7 U —ORRER Caspase IEMEHIER AR E L CTAr L7 & 2 A, XIAP
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DR % 7= A B IE Caspase-3 DOIHMAL 2 R BRI L 7= (Figure 2-3A), XIAP
DFIHE % 7= /X < -2 L B Caspase-3 OIEVEMIHIE < 8D H LD XIAP 7= AL < EIRE
40 nM OFAFIZEN T, T-3256336 (2 L DMMAIREEROIEMELRIE LI & 2 A, IREMKAFH
7% Caspase-3 iEMALAFRD S, £ @ EC50 i 1.3 pM T& - 7= (Figure 2-3B), Caspase-7
L O Caspase-9 12 L T & H4rERY Caspase HIERZ X E LR L72REH. [RARICIREE K
178972 Caspase-7 8 X ¥ Caspase-9 DiEMAL 2 D S 417= (Figure 2-3C, D), LA EDOFER X
. T-3256336 I% cIAP-1, cIAP-2 3 L UV XIAP IZf54 L. HREAIICZ OVER 240l L T
LT EDBRLMNEIRST,

2-3. MAMMIZKRF 25 T-3256336 7 IAP antagonist 1 DR
IAP antagonist IZAIfINIZE W T AP IR ET A2 &I 28X F o 7urr Yy —

LREI LTz clAP-1 72 AUE S E D5, NIK Z2E{kE RIP1 © U 7 v— hMZ L5 NF«B
7 FAOIEMAL, TNFa OFEA, SANRMET R b —3 A 7 F LV OMRWFEZ =3 2 &2
HE N TS (Varfolomeev et. al, 2007, Vince et. al, 2007, Petersen et. al, 2007
Wang et. al, 2008), =2 T, —#HO T 7 F N0 FOEEIE LT, L3 AMEED
MDA-MB-231 #lifid 2 F TR L 72, T-3256336 1% 5 nM LA F O IZFB VTRV cIAP-1
BE O CIAP-2 O3 fR%HE Lz, XIAP X° Livin O72 AU X< EE&IZEIZZ <, cIAP-1/2
WCHRRRIERTH D Z & &y (Figure 2-4A), £7=. a7 7V —AEHR O
MG-132 Z LB L 72 & 2 5 cIAP-1 mAE S EO MR IHl Sh e Z v, 2 E%F
TaT TV —LREN LIAEHTH S 2 L B3R S = (Figure 2-4B), FERMEATHY 22 7T
Z LT & 25 cIAP-1 72 AT B O53RIE 1 LI O FFE S v, BES 52T, KK
71972 NF k B > 7TV OIEMHAL 3589 S iz (Figure 2-4C), £7-, NFx B Fiftic TiE
&5 TNFa © mRNA B35 X ORI O TNFa 2 Jl7E L7z & 2 A BEEIRFA 72 mRNA
R L BRI~ TNFa 73 W EOH N 23 ieR8 S Au7z (Figure 2-5A, B), Ik IZ Caspase-3/-7,
Caspase-8 33 X O Caspase 9 OIEMEZRIEF v LRy A X7 v bZ T*ﬁ?f L7z
L2 A, T-3256336 |2 L 558V Caspase-8 & Caspase-3/7 OIEMEAL S RERMKAFHIIZFE D
N, —HFTHRMET R b= AT 7 F L OFRE L 705 Caspase-9 OIEMEALIZZ < o370
DFFHETH o 7= (Figure 2-5C, Figure 2-4C), ATP & % {52 FLA A MRk O MDA-MB-231
Al s L OVIE & Bl RRHE ZE AL 0 MRC-5 MR IZ 3t 3 2 s PH F/EH 2 fEsd L 7o kG 3L,
T-3256336 132° AAIE D MDA-MB-231 Al & HRAV IS SRS E R 275 L £ D Glso
1% 1.8 nM T& - 7=(Figure 2-5D), T-3256336 | X % F5FHE/EH O TAP BRI %2 Miatd
572, TNFa O HFiFLiAE L O Pan-caspase FLEH D z-VAD-FMK I X U Caspase-8 i
REGBEEAI D 2-IETD-FMK O & 5 HIEA~ DB A MREE LT, T DRGSR, b\a“‘a%@
PEAEANC I T b IR B A B 22 BEFE N F ] 1855 2338 9 & hu(Figure 2-6), TNFa 41
TEHRMET R b= A 7 F NV E LIAEII CTh 2 Z L3Rz S ivtz, LA EDORERNG
T-3256336 |35 AAIISIEIRAGIZIE L. sRWMIIasE 23584 5 2 L s S e,
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2-4. T-3256336 D~ 7 A1) % B RefghT

T-3256336 O~ U A|ZF T HE BB A MIET 5720, 10, 30, 50, 100 mgkg D
T-3256336 % MDA-MB-231-Luc Xenograft = 7 Z|Z# 01 CTHEEE L, SRR IMmTE &
JEEE A (BN L C SR T 2 1) E L7-, T-3256336 @ 10, 30, 50 3 L 8 100 mg/kg #5512 &
% M i - R AR PR (AU Z L E k¢ 0.29+0.07, 1.85+0.24, 3.53
+0.81 B L 8.03+0.51 pg h/ml, fEHEEH T 4.02+2.23, 11.20+£0.94, 23.05+1.41 B LV
63.0970.86 ng h/mg Th -7, EEICIIT S AUC IEifiE o AUC & bk LT 6~14
B> 7- (Table 2-1, Figure 2-7), LA EOFERD 5| T-3256336 1L IEH (I 7% 0 WU
P L EEA~OBITHEEZ T~ T Z R LN E 5T,

2-5. T-3256336 ® MDA-MB-231-Luc xenograft ~ 7 AZ331} % IAP antagonist fF 5172
T y—a AT ANA F— T — DfiEHT

T-3256336 DEEEIZ %95 FEEH 2 M3 2729, 10, 30, 50, 100 mg/kg @ T-3256336
% MDA-MB-231-Luc Xenograft = 7 A |2 012 CHRIE G- L, BREFIZ MR E L OMES %
[ U CEMMATICHE LT, BN O cIAP-1 72 AT < BB OR/ITHIE B 5% 30 /0 LIN
ZHONICHERE AL, T ORhFIT 24 Rtk £ TRt L 7= (Figure 2-8), }Ef{ﬂ’rﬁk#EFEE
SNL~UAMEHFH O b TNFa SITIREKRFITHEML, &5% 6 Rl @RS
L 7= (Figure 2-9A), Caspase-3/7 I&1E{b1E 30 mg/kg LA E D5 &I\ \Tﬁ%ﬁ>ﬁﬁﬁﬁéﬂ\
Z DN RITIBE RO B 23 e i8 S 7= (Figure 2-9B), I, FMRIEDIEIE L 72 B A
NrZF v 18 (M65)DEFHER L O Caspase F 7Y+ b7 7 F Wik (M30) DIk
IR FE Y Caspase-3/7 61 & [FIERIZ 30 mg/kg LA E O 5 &I W TR EKRFIZHEEM L 72
(Figure 2-9C, D), LA LEO#fER X v | T-3256336 |03 1A E 7 /L B4 O IEEERR I B\ T
IAP antagonist & U CIEEIKFIICIERT 2 Z LRI, S HIZ, MiKFORIE S
L C TNFa &3 X O'M30/M65 I LV E=F—FREETHDH I ENRINT,

2-6. T-3256336 ® Xenograft &7 /LT xd 5 FEhSKER(EH OfiFHT

T-3256336 DA AL L TCOEKIIER 2R T 572912, MDA-MB-231-Luc xenograft
~ 7 Z1Z% LT 10, 30, 50, 100 mg/kg @ T-3256336 2 1 H 1 [mfR 0% 5 L., RIS
YA XERE, —fRIRREAZBIZ LT-, 10 mgkg @ T-3256336 Z#5- L 7= FEIC B\ Tl
OEFETIFIEMH S, B/ 2> h o —ABEO-E (T/C) 134 5% Th -7, —J5. 30, 50
B LV 100 mg/kg H#EREIZBW T, BB ORMEEMANHERE S, TRy 55014
BEDREGE Y A XL LT 79%, 86%3 KT8 90% Dl DO /NS e & hf:(Flgure
2-10A), EE/Z L2, 10, 30 B L O 50 mglkg O M 515 DA 2 A R IR 13 HERR &
7205 7= (Figure 2-10B), I Ik A3 A% D HL-60 xenograft ~ 7 A%t fé%fﬂif’ﬁﬁﬂ
ZIABRICHERR LTz & 2 A IREERIFHI 2B O M0 25 es® S Hu(Figure 2-11A), #:5-1%
DIEE % AW TR 2T OFE R, 7R b — v AR OB N2 RS S A7z (Figure 2-11B),
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I, v U AERE AT — R B 2R AT OFE R . BAROZEN, B D %ﬂ: H+
JRO ALKk LT T O RS 25807273 (data not shown), FFRESC/NE. & DRk IC

% BT 100 mg/lkg 5BV T HAER SN0 o 7= (Figure 2-12), ui@fﬂ:%i U
T-3256336 |3 EELRHIER 277 S92, FUESBER 2R Z &b e o7,

2-7. MDA-MB-231-Luc xenograft €7 WZEBIF 57 7 —~vaXf A F I 7 AN, F~w—T1—
& HURIEE 0 A D AR BT

N~ RAETNMIBT DT 7 —~vaZ AT IT ANA I~ — N —DOEH & GG T
OB ZfENT T 572012283 CUE LAY 7 —~a XA F I 7 AT A—H—D Area
under the effect (AUE: PD L A7R > & ghRE Fiifg) 2 FH L7z cIAP-1 72 AIE < B O fES
W AUECIAP-1 degradation (0-24 i 10 mg/kg D% 5128\ T3 Tz fidfn L T 7= (Figure 2-13A),
i H D TNFa @ AUETNFa (0-24 ), M30 @ AUEM30 (048 w3 & T M65 D AUEM65 (0-48n) (% 10
mg/kg 775 50 mg/kg DL ITIBWTHEKRFICHEIMN L, 50 mg/kg L EO#FE TIHIFE
[A% C& - 7= (Figure 2-13B, Figure 2-13D, Figure 2-13E), —J7 C. MEEN® Caspase i
PAL D AUEcaspase activation (0-72 wid 100 mg/kg # 5 £ CRERFZR2EMAHER I T
(Figure 2-13C), FEEEAMER (TGI: Tumor growth inhibition) & OAHEIZMGFET 5 &, ML
1> TNFa, M30 35 LUV M65 & OFEE D R S 1u(Figure 2-14), ZOfERIZZ b0~
7w aAXA T I T ANRTA—Z=BFERTOIEDZTRL DD THDL I EEREL
TW5,

2-8. B2

IAP 72 AE<E 7 7 2 U —IED BRI 2 58T 2 L CTHRA DAY — 7 > b
ELTHBZED TWD, AN T, RBEES TERASHENAR LA 2 e m
BT UUEKEATDEAREO AP antagonist T-3256336 7% cIAP-1, cIAP-2 B L O
XIAP [ ZBIRAITHEA L. HIEAN T cIAP-1 72 A< E D5 fiE, NF « B O7EME{L, TNFa
DFEAEZFE L, RGOV Z K 292 & 28 50 Lz (Figure 2-15), £7=~
T AT VI BT AEENTICEB W T, in vitro DFRWHEER L ABEET 2 X 5 ITEENT
@ cIAP-1 7= MIE < B D55, TNFa 35 L O Caspase iEMHAL 2755 L, 5@V PUEEN R %27~
L7z,

T-3256336 O IAP 72 AL E 7 7 2 U —IZxb T 25 GTEMEIX XTAP & bl L C cIAP1 &5
KOV CIAP-1 1ZxF L THWE O TH - 7= (Figure 2-2), Z D cIAP (Zxt9 D8 RMEIT 7 AiEL
B L T-3256336 O fESARNT OFE RS 1Rk STV % (Hashimoto et. al, 2013), Az

MEL B & WA 7 U — OBERER Caspase IEPERIE R ICEBWV T, T-3256336 1% IAP
antagonist (Z X 25T R b — T AFHFEICEE /e XIAP ORREZ ] L, Caspase DIEM:

ZRNERNCEEE T D Z LR &7z (Figure 2-3), T-3256336 D~ 7 AE 5 /L% A= 34
BN REMRAT OFE R Tl HEEKFOZ2IESENIREOEMNZ3RD T V. 30 mg/kg UL EO#E 5
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BT 2 IEBNRE T XIAP ZHREMICIET 2 DI H0RREICEL TV D Z & 23
ént(Table 2-1, Figure 2-7), 24U 5 OFERIT T-3256336 23~ 7 AET /LB THIR
b\?ﬁﬂ@“xﬁ%%rﬁT EMEZ R LT,

WIZ, v U REGHET VATBIT DM ORGSR, T-3256336 [LHLAH G512 TIEHR IC R
W cIAP-1 72 AlE < B D53 iR (Figure 2-8). TNFa DL | Caspase IEMEAL & 753 L 7= (Figure
29, INLT7 7y —~aFAFI7 AT A= —OFHERM X cIAP-1 2% 30 /312135y
fig 4L 24 H#F’ﬁ%ﬁ?‘é@ ZxtLC, TNFa O E#ENIT 6 FEf#%, Caspase EME(LIE
12 B2 2 B — 27 12 L 7= (Figure 2-9), Z OFFEIAY7Z2 % A 57 713 IAP antagonist DO1E
AN =ZALEBZZ TR — A F T NRENThHoTetEXND, Ty —~vaX AT
S U ARG A=A —DFHT TR ENTZ cIAP-1 72 AIE < B D45 AUEGAP-1 degradation (0-24 h)«
MiZH TNFa @ AUETNFa 024 wiE 10 mg/kg 75 50 mg/kg F TH EKAFHI 227 THE N4
L0, EHE T OHEINAR— 2138 < 72> TE Y (Figure 2-9). 30~50 mg/kg DHET
Emax ([ZEZEL CTWD EE X HDH, cIAP-1 D4tk L O TNFa 41T TAP antagonist
IZE 5 cIAP-1 FREERZ X L7 DO TH D Z E0vn, T-3256336 O cIAP-1 (%3 515
PE & REBS NI 2 R B 0T 5 & T-3256336 A% MDA-MB-231-Luc OEEFIZx LT
TNFa (KFH7R T R =Y A TPV EFET LR NEA L TNDH I 2R LTS, —F
T Caspase IFHEALIZ k9D AUEcaspase activation (0-72 i 100 mg/kg D F & F TR KT
%7~ L7z, Caspase IEMEL D i KFEEREIL 50 mg/kg & 100 mg/kg DWW LD HEIZ
BOWTHRETH 72, EMHEOFRHREFRRHIE 50 mg/kg O H1ZH~T 100 mgkg (235
WTEM o 7z (Figure 2-9), Z ORI/ ERITIEEEN O T-3256336 2 % KM L 7-#5 5T
bDHEBEZ LI, T-3256336 1255 XIAP HEEENT G LICERTH D LHfEsish b,
T-3256336 1% 100 mg/kg D 1 AFH 2BV TEH MDA-MB-231-Luc xenograft &7 /L{Z
K42 HROEEERR EVE A 2 7v L TR Y (data not shown). Caspase DRt 22 iE AL 2N % 5-
L7zt D ThHEEXLND, THOHORENS, BOHEFEHEER OFEIZIL cIAP-1 &
XIAP Wi # O EETENEE TH Y | T-3256336 1LEI1EH %2/~ S 720 A RIZER W Tl O bLiE
Bh R AR 2 E N TE D AHH 7 IAP antagonist TH D Z L 2VRIE S U7z,

YA T F T ERFZROMBRCERGICE OV TRERLTEY, ARk d LIk s
Nl A N r I Fom ERRBAVBEOMETIZEB TR ARER Z &6, BRADZE
IZAHWSR TS (Chu et. al, 2002, Lane et. al., 1990), AFE(ZTHRH L7 M65 IT2ER
LW Caspase ([T L > T b Ean7= A4 N7 F 18 T 5 Z Lo Ml OfElast
BRI SR & L THWSTWD, —J57 T M30 (X Caspase (2 8 0 Bk S a7
B h—T7OhEFERAICHRTT 2 Z £ 005 Caspase IKTFHIR T AR h— L A &£ T 45
mE L THO LTV (Kramer et. al, 2004), IT4EDOHFFEIZBNTHA M7 T F 2 18 D
MR T EDHAH, KRN 2 F ST DA OGN 2 Pl o ~—T—L7R) 55
BEMEDNRENTWD Z & D, ARFHIB W THIMEH O M30 35 L OV M65 Ot 217 -
7. T-3256336 D HEIF G2 LY HEKFIRMHE T O M30 F6 KU M65 D HINA RS
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M. DI v — 7 138 5-1% 9 B§[# T - 7= (Figure 2-9), IT4E DHFFEH> 5 IAP antagonist
I% Caspase KIFHI7Z2 T AR b — 3 A720F TlidZp < CRIP1 b RIFRIFATHIIC T LIz R 0 7 h—
VAEFETHIENRESNTND, Lo T, T-3256336 12 L Y Caspase {7772
M30 721F T7 < M65 DM FRD Havlz Z LI, Caspase {IRIFHI7R T R b — R & PAT
LCxZ7ua” b—YAHLFHEE L TV 5D A[RENME 2 7”2 L T 5 (Feoktistova et. al, 2011
Tenev et. al, 2011), £7=. 77—~ XA F I 7 AR B VLT, M30 B8 LN M65
O AUE FHEGZIR LB L, 207 — 2 13k s AV o 7 Oz £ 0 Hit
JEGIRAZ TRICE D REMEEZ R L CEBY | K TOMEISIZAR T D ATReEN R S 17,

2-9. ¥&%

AREIZBIT HITICENT, RHEN TEMRKSHPAR LA 7 F e T VU F
%49 25 F R O TAP antagonist T-3256336 7% cIAP-1, cIAP-2 35 J. O XTAP (Z B R B9 #E
H L. Ml TO cIAP-1 72 AUIXS B D5, NF kB OiEMAL, TNFa OFEAZFHEL
AT DS ARSI A 22 SR VRSE RS - 5 Z & 2B & »ic L= (Figure 2-15), £7-+
7 AT T BT ATV T, T-3256336 18 WM ME, FEEBITIEICEN., in
vitro OFRVILEMER & MBI LT, EENTO cIAP-1 7ZAE < ED 4, TNFa 8L O
Caspase {EMEILZFHEL, MOTUEEIRE R LT, SHICTy—~vaX (I 7 A7
fENT OFER, MR+ TNFa, M30 35 X O M65 OHEMENELET L~ 7 AZBIT HHE
TR & m VB Z R L, BBRICE W TERZ PRIL 9 23RBS A~ —T—L L
TIEHAEETH D Z & 2me Lc, 26 DOf5HEIT T-3256336 % TAP antagonist & L TD
TRy ANMVIEATEY, BARBOREERSH DL Z L2 RL TS, — 5T IAP
antagonist PSR 2/~ MR K OEE T VIZR O TWND Z E03lE &
NTW5, WRETIL IAP antagonist DA HET AR T EZ DA D= AL L T
FEITI .
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Dose (mg/kg) 10 30 50 100
Cax (pg/mL) 0.19 £+ 0.06 1.11 + 0.18 1.89 £+ 0.21 3.86 = 0.64
plasma T,.. (h) 1.00 = 0.00 0.75 + 0.43 0.75 + 0.43 0.50 + 0.43
AUC (pg-h/mL) 0.29 £ 0.07 1.85 = 0.24 3.53 = 0.81 8.03 = 0.51
MRT (h) 1.68 = 0.46 1.36 + 0.29 2.17 + 0.40 1.87 + 0.20
Dose (mg/kg) 10 30 50 100
Crax (pgimg) 0.51 £ 0.13 1.67 £ 0.21 3.02 £ 0.20 8.29 + 1.43
tumor T,.. (h) 2.33 £ 1.15 2.33 + 1.15 2.17 + 1.44 1.00 £+ 0.00
AUC (pg-h/mg) 4.02 = 2.23  11.20 = 0.94 23.05 £ 1.41 63.09 = 0.86
MRT (h) 10.29 + 291 6.86 = 0.35 8.88 = 0.76 992 + 0.25

Mean £ S.1D.

Table 2-1 T-3256336 DX — R~ 7 AT HFEMERE T A —HF —

10, 30, 50, and 100 mg/kg ® T-3256336 % X — KN~ 7 A (ZH #5144 DO Y)EhE T X —
2 —FoR T F—HIE N =3 OB L OEREFEEE R T

21



Figure 2-1 T-3256336 DO
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Figure 2-2 T-3256336 O IAP 7 7 2 U —7= AL < E L NIEME Y 4> F Smac @ N K 7
RXTF ROREE ZET 575, FRET &2 % 7= Binding assay
A: XIAP & OFEAPHEENE, B: cIAP-1 & OfE A PHEENE, C: cIAP-2 & OfE A HETEME

T — 41X N =3 O V¥R I OEERFAEZ R
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A B

Caspase-3 activity recovery

Caspase-3 o
120 (XIAP BIR2-BIR3 inhibition)
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= -8 Maximum activation £
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Figure 2-3 T-3256336 |Z & % Caspase /& MEEI1ERABR

A: XIAP |2 & % Caspase-3 BHEIEM,

B: T-3256336 (2 L. % Caspase-3 ® XIAP [H5E & fgkn4 2 iEE,
C: T-3256336 (2 L % Caspase-7 O XIAP [H5E & fgr4 2 iEME,
D: T-3256336 (2 L % Caspase-9 & XIAP [HE % g4 2 ik
7 — 2L N =3 O L OERER A2 R~
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Figure 2-4 T-3256336 (Z & 5 MDA-MB-231 N s 7 /L~ B

ATAP 72 VIE<E 7 7 2 U —ORBEL, bEW 8 Rl DY 7z [ LT, FEBT
EBIZRREMOFIEI T 2 RF T ay T 0 I K0
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T =RZ s TayT 4 71K, MG-132 : 7'u 77 Y — AREH

C: #fapN s 7 VZEA L,
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Figure 2-8 T-3256336 & 5-1% DIEEAN cIAP-1 7= LX< E &2
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FEBR I IEICFEHO FTIEIC T APl AR B E E&E
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Shirley-Williams test, *, P < 0.05, **, P < 0.01. vs vehicle treatment.
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Figure 2-12 T-3256336 % 5-#& T 14 O & MM O HE 444 (Bar =100 pm)
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o=

IAP antagonist T-3256336 ¢ Systemic TNF alpha % /- L 7= 3502 B3 2 SRERL 2 ARl

3-1. EHE

o5 TR IR AL TR A28 AL L 72 T-3256336 1L TNFa 4 — k7 7 1 IZ4HA
PET RN =V A T F IV ETEHAL LT, BNAIEEIR st 255845 2 L 2R LT,
L72>L., IAP antagonist B CTHWFUIEE IR 2 7~ 323 AUMIBR 3B £ 7 VIR &
AL TCH Y, TAP antagonist O A HLET 2 R 136 L O 72 22 S MERE O PRER S FRE &
o TUND, £ 2 TARRETIE T-3256336 (247 O MEREOERR I L OB 72 222 M A 7
= XL OERR & BHNZ D AUk &2 B 7o M8fen e i@t & . R FIEE Ve BBo
IAP antagonist B2 VE A 71 = X L ONT 21T > 7=,

DS AFARaRE 2 W BB RS R B L O AR b — v RICBAHE T 5 55 1 DR BN Ok R
T-3256336 (%19 2z MES TNFa O E# )72 mRNA & EFHBAT 2 Z L RS,
F 72 T-3256336 HL.AZ 3t LTI MO O =202 38 Tk T-3256336 & TNFa O
HAPRIC LD BBEOSENFE SN Z L 2L E L, ~ 7 REGEWET LA F
TofRITIZ L D . T-3256336 (X 2L E THE STz MEFH RO TNFa 7217 T2 <,
~ 7 A® TNFa Z3F8 L, MEHPEIENT 52 4R Lz, Mg c¥n L7z TNFa i
T-3256336 & WA IEGIAER 2 2 L2k V| in vitro \Z3 W CIEEEZMED Pance-1 #f
faizxt LT, BT T MW CTRWIIEZFE L, ilERSRE R L, &5
IZZOHUEEZSIE~ U A2 TNFa OHFFFURIZ L VST 2 b, v U ATEALAIR
72 TNFa \ZEF LI ERTH L Z 2R LTz, LLEDOFE RN S TAP antagonist (L~ 7 A
AW RITIZ B W TR E D TNFa OFFE L, %4 IAP antagonist 1Zxf L TR~
EENESEDEREAT D ZERHALNE RS T,

3-2. fliR
3-2-1. BAMIKIZ I 5 T-3256336 & TNFa FH L~/ OAHBIfFEHT

ITAEDHFZED D TAP antagonist [ZAMAMED TR b — AT 7V Z2FE L, fRVOHTSE
ZHET 5 LB TV (Vince et. al, 2007, Varfolomeev et. al., 2007, Petersen et.
al,2007), T-3256336 % 7=, FLASAMIfERE MDA-MB-231 (Z81F % KEUE RNAL 2 7
U —= U TP BW T, AT R v = AV 75O T, TNFa X TNFSF10
Dy ZY ALY T-3256336 (2 L D EEM 238553 5 2 & 2 el L 7-(Data
not shown), F7-RHEDWE XM IAP antagonist & H W=t TH@E I TWn5
Gaither et. al, 2007), & Z T, DNAMBEERIZE T 5 T-3256336 DJEZM: & TNFa 3 KO0
TNFSF10A DEH L VFBEOMBZI SN T 2720, MR DS A MR Z v T
ATP % 7% & U 7= #45HPH 3 & TagMan PCRIZ £ ¥ TNFa # J O'TNFSF10A © mRNA
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A ER LTz, T-3256336 12%f L C 10 pM LA @ ICso %/~ 3 Mk 2 Jlse PR, 10 pM LA
D ICs0 2R TRk & IR MR & BLE U CRRET L7 & 2 A BB it L 72 47 23 AAERE
R 17 AR I R MR T 0 | T-3256336 HANZ T 5 &3 M & TNFa O &EFEEL & A&
% E - THIE L 7= (Figure 3-1A, Figure 3-2A), —7 T, TNFSF10A D %313 T-3256336
DIEZVE L 13FERI L 722 5o 7= (Figure 3-1B, Figure 3-2B), 728, 23 AMMIEERD HSEEREIC
KO BEMEOERITRD o iz, BLEORER LY | TNFa OEFIREETORIEL L~
IV’ T-3256336 HANZ X4 A HET HRFITRD 95 Z LR ENT,

3-2-2. T-3256336 |2 L 5~ 7 A TNFa 8 X O A b B A 25 2 DR EBOMENT

INE CTOMNTID B 25 —EBOMIBIREEIX T-3256336 (2% L T sz %7~ L, TNFa
KFERVRAMRIN T AR S = AL 7 F VAR FHFET L 2 L 2R Lz, LaL, T-3256336
T 2R OFIA TR O TR Y | 2FI~3ERETHo7z, — 5T, F_EIC
THEMT L 72 MDA-MB-231-Luc xenograft &7 /L2 %t L T T-3256336 % #% 5. L 7=~ 7 A [fLik
DY T E RIS LY T-3256336 IZfESIC/EA LT hAAAHIIEBE RO E K
TNFa #3587 57200 T, v U AR 2EHZ 0 LT~ 7 20 Mg+ TNFa &
PHINEE5 2 ENBE LML 2o 7= (Figure 3-3A), & Z T, 100 mg/kg @ T-3256336 % H
FH5% O 4 L8 FEMBICIIEZBUL LY A A T LA ZHNTHEIA Mo
LUV BIE LTz, ZOREE, T-8256336 1L~ 7 AME T O A b A ZikiEd
L2 ENHBMNERRST, 10 5L EOBINERD T A I A 1% G-CSF, IL-5, IL-6, JE
BI O MIG TH - 7=(Figure 3-3B, Figure 3-3C), ~ 7 AMEHIZHBWTHMORD S
72 TNFa & T-3256336 B2 VIS G- 2 DB a2+ 2720, T-3256336 Hifld L UM 2
TNFa f FH ks O HEFEBAFTE I B LT 47 23 AUABRRR 2 VO CRRGEE L 72, T-3256336 HifllZ
KU ME 2 R IR L 4T R 14 R THhH o 7= DIkt LT, T-3256336 & TNFa i H
(ZxkF U TSR M A o 3 RIaAR 1T 47 R 28 MRk Cd o 7 (Table 3-1), Z 4L H OB, F
£V, T-8256336 23~ 7 AIZ/EH L T+ TNFa ®&ZEMEEL 2L EHDE T,
TNFa fif kD T-3256336 52 M4 7~ L 7oK o Mlatki~ 7 23507 L@
TIE T-3256336 HANZX L THEBEZRL 5 5 2 LRI,

3-2-3. T-3256336 | & 5 25 TNFa #E % /1 L 7= Ui /e o SEEL R fE

T-3256336 % 5-12 & 2 2H#72 TNFa FED~ U AT T VT 2T 52 BET 5
728, & MER Panc-1 filafk 23R L CLL T ORBRICHE L7=, in vitro OEFEAERERIZ
BT, Panc-1 AR T-3256336 HLANIZxF L TRz MEZ R S 720 A8, TNFa & Off s
VAR FE 7> & 5O SR L E/E 2 7~ L 7= (Figure 3-4), WRIZ in vivo COVEM &9 5 7=
¥, 100 mg/kg @ T-3256336 % Panc-1 xenograft &7 /VICHE#G#%, fEEE L O %
[FY L C, IAP antagonist D7 7 —~a X A I 7 AT A =X —Dffr&4T7->72, ZD
FER. T-3256336 % 5-12 &L ¥V IAP antagonist O EEAIVEFA DRIETH 5 cIAP-1 7= A1E<
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B oW 2R (Figure 3-5A), 7R h—3 ADFRIETH 5 EH N Caspase DML A 75
L7z (Figure 3-5B), I+ >t kN TNFa &% ELISA JEICTHIE L7223, & b TNFa 13/
H & 7eny> 7= (Data not shown), ¥KIiZ. Panc-1 xenograft €7 /L IZHi1F 5 T-3256336 D
FUEE N B2 MR T 572D, 100 mg/kg @ T-3256336 % 1 H 2 [A#% 5 L TEEY A X, (&
H, REZMRGF L& 2 A, ROPUEEIEEZ R LRI G5EO T/IC 1£—41.8% Th
o7z, F72 T-3256336 512 L W #FE S5~ 7 A TNFa OHUEREZNRIC G % 5 F 8%
AT D70, v U A TNFa Hifukz RN G- L THREEL 72 & 24, TNFa HRIHUAIC X
0 T-3256336 OHUEBIEMR TG L, SALRERFD T/C 1% 41.7% T - 7= (Figure 3-6),
UL EDORERNG . T-3256336 %5285~ U AENET LV TOHIEGERIZZE D1~
ALV FHFESND TNFa 25 L=t O TH 5 Z & AR & iz (Figure 3-7),

3-3. BE

IAP antagonist (323 AMEICKT U CGRINAYR T AR F—3 X 25F8 T 538F & LTHER %L
LHOTWDEN, ZORZMEEZBET DR FICAPRE 08 L, EE o T, KE
12 CHENE U 7= MR FER 2 BN 7= f#HT (Table 3-8 X ONTEOHE(Wu et. al, 2007)7)»
5. MAANEEE X TAP antagonist (2% 3 DM FE-D & | In vitro, in vivo & HIZJE M
o —RE. In vivo DRIV TR 2~ 38 B, In vitro, in vivo & HIZFEEA L
DEEZREDFTIZ 3DIHTIND Z L3P B L 7g o TE = (Table 3-2), FH—HEITH _ D
FEAT IV 72 MDA-MB-231 % & LefiflatkiE Th V. IAP antagonist HANIZSG LT, 2
AR E B 23 NF « B iEME(E % L7 TNFa OFFE L | A — 2 74 2 TNFa ¥ 7 F L
ORI T R b —v AOFHEEZ 5| X Z L, B EEM %~ 3 (Vince et. al, 2007,
Varfolomeev et. al, 2007, Petersen et. al, 2007, Figure 1-5), AZE To T-3256336 %
TofRIT NG . AR MO — Tk 2 BUE T 2K+ & L TEFIRETO TNFa 3 L
NOUNEETHDH 2 ENPL ML o7 (Figure 3-1A, Figure 3-2A), L O @& 13Mh D
IAP angatonist & H\ 7= f#Hr © 6 3 STV 5 (Firestone et. al, 2007), % 7=l
TNFa OEH L ~LDFEBMEWHIIREL IAP antagonist (2% L CHEEEZMEZRTZ L G
HEINTED Szlosarek et. al, 2006, Szlosarek et. al, 2003), TNFa DI L~ 1|z &
DRSO TR FTRE T D AREMEDS R S 47z,

RIZ in vivo IZB W T DI, BHISOBSZ M Z R385 " HHIARE TOMT CTH LN E oo
7z Panc-1 flifatk % & oMk e Ch 5, B _HEOMIIERIX in vitro TIiX TAP antagonist
BANC L CEZ A RS20, TNFa & OFH L7 BRICES 2 <38 Cd 2 (Figure
3-4), BB REOMMER I AN B &1 T-3256336 (2t L7- TNFa OFF# 4 Z S 720
23, TNFa O FIRFCIX 5 —RERIERR & FARICAMRITET R b= 2 7 L 2358 L 8O
fasta HT=9, 47 P AR E OB MERBRIC BV T, T-3256336 HANCK LT in
vitro TIFEZ M2 79 33 ¥k 9 #4728 TNFa & OPFHIZRB W TSR 2 & A8 6 A
&g o7z (Table 3-1), £z, KB TOMMNHN 5, T-3256336 13~ 7 AEKICERA LT, v v
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ZHkDOEHYE TNFa 258 L, g+ TNFa &2 #00 S 872 (Figure 3-3A), ~ 7 A MLk
D TNFa L~ 3# 50 pg/ml TH Y, Z® TNFa V~VX in vitro TO T-3256336 &
W L CHMNRMET A R — L A ZFET 5010 LV Tholz, 728, 28 OKMk
2317 % TNFa mRNA R 8L L ~UIZB U CRIT 21T o 7225, 35— BERIIURK o IS Chfgad =
N5 LD BN 7B B T RBLOFEIIMGRE SN TE LT TNFa 8D A # = X LT T
H5, LL, [AEED TNFa FEILT v oA X THEIE SN TE Y (data not shown), —
B ROG T D LB Z D, IRICE “HEMRKD in vitro T?O TNFa §fH FIZBIT 2
T-3256336 |24 D&M & ~ 7 AT T /WTE T D TNFa iFEREN S in vivo TOIRHH
R CT& % LG AL C. Panc-1 xenograft ©7 /MIBITHMFEEITH I-fER. FH@EY
SRV PR 2 B A R S 7 (Figure 8-6), £ 72 % O PSR IL~ 7 2 TNFa FRIFLRIZ
L VEFRRD S, EHMICHE SR TNFa 2838 0OFLIC K 2 %E 2> T b
ZENRBENT, PLEORENS, B BEOMIKIT in vivo TIEEMWLEA SR
TNFa & HBFHEICAERT 5 2 12k 0 AN LTRSSV~ EZbT 5 2 L 2L E L
7=(Figure 3-7), 28, VA b IA 3RV OFER, T-3256336 (2 L Y #FE 7= M-CSF,
GM-CSF # )b & LI=&Fi A M A U~ 7 a7 7 — 2 OBEE0HGE . MiaEErE T
R OHERETIE IC B W CEEARKRE 2 - TWA Z EARBENTEY . ITED R A AR
ETHERBSNTWAIRAGEL OBV ICET 2O 3RS B4 S L5 (Hamilton,
2008), FEER. Fiothtthd IAP antagonist T 5 LCL-161, HGS1029 3 L O TL32711 @
AR —HRRICBODCHMETR OV A b A VO EANHERESNTEY, AEOHRT
T BN E o2+ D TNFa 2 L7Z3EBEER X, & M THRERD A 1 =X A Chiid
JGREETCH D LB 2 HhD,

34, FL&O

Z 41 E T IAP antagonist DR MEE HET DK 13 L OB 7= 72 B MERE O BRRE DS IRE T
boToh, REICBT DHTICBN T, BAITOIGZ THT5H & LTEFRIRETO
TNFa BB LU~NANEETHLHZ L2 H0E LTz, F7- IAP antagonist (3~ 7 A IZ/EH
LIME T » TNFa 255845 Z & 8 &7z TNFa |Z IAP antagonist & i /EA L
THRWHIIEGESN R A2 FE T 5 2 L3 50 E 7o 7= (Figure 3-6), ZHIZ X W EWTT LI
BT TIAP angatonist (2% L T M A2 R~ T & B X D5 MEKRITAEBIRE & 72 0
(Table 3-2), EER COBISAIREMEDNIAN 72 EE 2 HND,
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T-3256336 100 (moliL) —
Cellline TMF () |0.01 ug/miTHF
MDA-MBZ31 0.001 = 0001 =1
MDA-MB436 =10 =10 A
WDA-MBA63 05 0.05 0
MDA-MB435 =10 =10 A
BT549 =10 0.008 = 1000
T47D =10 =0.001 = 10000
MCFT? 0.009 0.004 225
Breast 51474 =10 0.008 = 1000
W =10 =10 A
MB251 =10 =10 A
EVSAT 0.008 =0.001 A
EFM-192A 04 001-01 40
HCC1806 =10 0.01 = 1000
ACC1143 07 1-10 1
HCC1937 =10 =10 A
CHL =10 =10 NA
HMCE =10 =10 A
SK-MEL-2 =10 0.02 =500
GAK =10 =10 A
Malme—2M 0.01 0.002 33
Melanoma G-361 =10 =10 MA
HT-144 =10 1 =10
Caz =10 =10 A
A3T5 =10 =10 A
HIVII =10 0.03 =300
22058 =10 10 =1
SKOV3 03 0.01 30
ES-2 =10 7 1
NIH: OVCAR-3 0.4 =10
TOV21G =10 =10 A
RMGT =10 =10 A
OVISE =10 =10 A
. OVTOKO =10 =10 A
Ovarian TYE-nu =10 =10 A
KURAMOGHI =10 =10 NA
Colo720E =10 =10 MA
Caov3 03 03 1
Ov-90 =10 =10 A
SWe2h =10 =10 A
TOV-112D =10 =10 A
) CsFD =10 =10 A
Fibroblast WRCE =70 =70 WA
Lung NCI-H1703 0.4 0.008 i
NCIFH1975 06 0.005 120
Fancreas PaMC-1 =10 0.007
: HL-60/Mx2 0.4 0.25 16
Leukemia CEM-C2 0.16 0016 =10

Table 3-1 T-3256336 D23 AUMIIAERIZ B 1T 5 HAIFR L OV TNFa §F FH o &z 1k
PF: T-3256336 H.AIALEREE D IC50/TNF o HE D 1Cs0
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Character Model Cell | Selection
Lines Marker

*Produce TNF alpha inresponse to  MDA- Baseline TNFa
IAP antagonists and show mRNA Level
Cater?; L sensitivity to single agent treatment. MB231, could predict the
(TNFa = Sensitive to IAP antagonists as ~ SKOV3 sensitivity to IAP
qutocnne single agent both in vivo and in antagonist.
active cancer) \vitro 14 out of 47
cancer cell lines
- Sensitive to IAP antagonists Panc-1,
when co-stimulated with TNFa. PC14 H1703
Category I (IAP antagonists increases !
(TNFa systemic TNFa through clAP
degradation and NFxB activation in 9 0Ut of 47 ynknown

LmEhlE host tissue and induces apoptosis cancer cell lines
active cancer) jp vivo) = Sensitive to IAP
antagonists as single agent only in

vivo
*Not sensitive to IAP antagonist MRC35,
even in presence of TNF alpha. HCC1937,
Category [l OVCARS .
(Resistant
cancer) 23 out of 47
cancer cell lines
Table 3-2 IAP antagonist D MEICEKE S AT T —
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A

T-3256336. 100mg/kg
Vehicle 4 g 24 (hours)

WB: clAP1 F—--.'ﬂ.ﬂ

claP-1 level
(control %)

100 457 h9.9 9.7

Caspase-3/7 activity
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200 . .
0 | W
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Figure 3-5 Panc-1 xenograft €7 /LIZE1T 5 T-3256336 D7 7 —~a XA} I 7 A

A LB EEIR % OEREN cIAP-1 7 A< EED 21k

B: {LA MR 5% OEEEN Caspase-3/7 1GME, 7 — & 13 N =3 O V5 L OEHER %
R

47



A == Vehicle
= T-3256336 (100 mg/kg)+ 1gG
— 1-3256336 (100 mgikg)+ mTNFa mAb (250 pg, ip)
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mTNFa mAb (250mg/kg, ip) *

T-3256336 (100mg/kg, po) *MM*

—
= 2
Lo R - |

Average
-(rf;ﬁ Tumaor P-value

weight{g)
Saline 100 017

T-3256336 |-41.80 008 |=0.01vs Saline

T-3256336 4173 041 0.09vs Saline,
+TH3-19.12 ) : 0.03vs
' Compound-A

Figure 3-6 Panc-1 xenograft &7 /L IZ31F % T-3256336 O HUIEE{EM
A JEIGRFE O R HIHER
B: UEERERGE RO F &b, T/C: treated to control value, P value: Shirley-Williams test

48



Apoptosis

Figure 3-7 & " REHIARERIZE 1T 5 T-3256336 DIER A 71 = A A
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I

IAP antagonist T-3256336 > Nedd8 activating enzyme inhibitor pevonedistat
(MLN4924/TAK-924) & DO ff RN R BT 2 S AT

4-1. EF

5 RS OV R O R A TR AR YA L 72 T-3256336 HiAIDO/EM A 77 =
ALBIOEOEZMEZRET SR FICEA L THRETEZIT-oTE 7, LL, EEOHBA
FHIVERE D ERRBLS TlIZ DL < DMEFFRIERRAN O 43 FIERIRFEHE & OOFH TIERIZHY
bNTEY ., BARRRTHMOIMBAA L P L TRERDED D DN —fik L 72> T
%o ORI TIHEFEFIEACMO 5y THEHSE & T-3256336 OOFF O AT 2 81 & s
T5HZ L E BN invitro DUFHRBRA 7 ) —=2 7 L 2D A I = X LT 54T > T, FFIZ
HHEES TERXNSAHOEIRBIELEY TH 5 Nedd8 activating enzyme inhibitor
pevonedistat (MLN4924/TAK-924) % FI 7= fRHTIZ T L, B L0 TARINSE DR A& o
DO FREM: A2 MRFE L=, T-3256336 & pevonedistat OOFH ATREMEICEI L CTHREEL7Z & 2 A,
HL-60 5 & U SK-OV-3 AARFRIZ IS W TR ZRBEIEILEE A 2 /8 Lo, £72 A 7 =X L fig
HriZF W\ T pevonedistat ITMIAEREIZ R LT DNA # A — %4 L7z TNFa Z#5E L, £ D
TNFa 728 T-3256336 & 5@FiiIAEH L CHRMET R h— X &8 L2, 3512 HL-60
xenograft =7 AT\ T, T-3256336 & pevonedistat (ZUFHOPUESE IR EZ R LT, L
7273 > T IAP angatonist & Nedd8 activating enzyme inhibitor |38 7= 72 H O AAE D
e T ENRBRI NI, £72 T-3256336 & pevonedistat [T EH 5 & 5 H 3 T 3R
SR VAR SN ZEATH Y | BRIRBARENE EHEN ARG DETHL LB BN
726

4-2. R
4-2-1. T-3256336 & L FHRIEH] & OOFHFRERI LU D A ) = X L iRk

T-3256336 & DOOFHRNRAWIFE T & 2 HHOPRFE 4 HAYIZ, MDA-MB-231 flfakk 2 v
TR FIRIER & OPF R ERERZ FhE L=, £OREE, DNA X A -V 25T 5
Z LB N TV D gemcitabine, doxorubicine 3 X O camptothecin, T =—7"V U IZ/E
M3 23E/|TH 5 paclitaxel & AHEAZREIEAEER 2R LIz, £72. £DIEHIL TNFa
FRIHUA, Caspase FLEH]. RIPK1 PREANIC L 0 59 L7- (Figure 4-1), camptothecin &
DO HFHALEERF D Caspase [E1EDTEEFR L OHEIEILE A 2 BEE L 7o, € OfEA, T-3256336
WFIZ LV FEINDHHNKET R F— ZADRETH 5 Caspase-8 5 L O Caspase-3/7 %
MALIX camptothecin & OHFHIZISWTHFEAIZEIMN L, 21 & AHEE 3 DR 2 HEhfE &
TERP MR S Te, —J, WERIET R F—T ZAOFEETH 5 Caspase-9 OIEMELITWVT U
O HAPLE R X OGFHLE & 1258 B/ - 72 (Figure 4-2A), F7- Caspase-8 35 L
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Caspase-3/7 DR Z2IGEMEALIZEE LT, 4 FKANCIE L 72755 Cd - 7= (Figure 4-2B), &
(2, SFELFREAI O 24 IR O/ TNFa mRNA &35 X OH58# K+ @ TNFa &
Z, TNZi TagMan PCR 3 KX O ELISA {EIZ THRGE L7z, £ ORGR. FH3RAY 7L HEFHPH
VER 2 73R ANLER | 1 0 fiePN TNFa mRNA OF538 L Bt TNFa &N %2580 7=
(Figure 4-3), LALEDOFERIDL, DNA ¥ A — V%8S 2 HANIN AMILIZE TS TNFa
ZHHE L, £ TNFa OF5E %/ LT T-3256336 & HaiIC/MAMET R b — 2 2358 L
THIEA A EEA 27”9 2 & 03Rg S 7z (Figure 4-12),

4-2-2. pevonedistat D&M L OVA A~ — 1 —fifhr

pevonedistat |Z Nedd8 fRIEDHRAID T 0 XA &2 D& ¥ 5 HEERE THh D Nedd8 7EME:
bR 2L E T 284 L LT, REEL T ERASttD 7V —T 2 THLI V=T L7
7w a—T 4 ALY AR SN LA TH Y (Figure 1-7, Soucy et. al., 2009),
Nedd8 fE O EIZ LY Cullin 72 X< ERHOERZI LT, DNA OFERA f L2220
DNA ¥ A=Y Z 8 L, S AMIIBORE 236§ 2 2 & 238 5 T % (Lin et. al, 2010),
9. BAMBED A2058, A375, HT29, PC3, SK-OV-3 3 LU NCI-H460 #llfuikod
pevonedistat & PEAZMAE L7 & Z A, A2058, A375, PC3 IX pevonedistat (Z5%F L TR
MZE2R L, GlsolZZ 4240 0.09,0.19 35 L0 0.27uM Th - 7=, —J7 NCI-H460, SK-OV-3
B L O HT-29 MRIARR RN HEEZETH Y . £ D Glso X TN LA 0.92, 1.51 uM B LT
2 uM LI ECTdH o> 7-(Table 4-1), &IZ Nedd8 {EMH(LERE OIE TH 5 p27 B L VDNA ¥
A—VOETH L CHKIS37, CHK2T O U gk, 7K h—L ADEETHSH PARP
B LT, ZORER, p27, CHK1S317 35 L O CHK2T68 O U b iT v ofiflakkic 45
DT HIRERAF MR D TR, 7R b= ZADIEETH S PARP O A 1X
JEZ VERIARE D 2B W T & L7z (Figure 4-4), LA EDOFER 25 . pevonedistat X
Nedd8 IEMALEELZ DOFHFEIZ LY DNA ¥ A=V %2FHE L, BB LZ T R h— X
FEE KT ERH LN 0T,

4-2-3. T-3256336 & pevonedistat O F1EFHIZBE3 2 fighT

N E TOMMNT T G E 72 o7~ pevonedistat (255 DNA # A — L 7R h— A
EEMAR LD T-3256336 @ DNA X A — T ZiHE 4 2 8A L oW HHZIRICER L,
pevonedistat & T-3256336 O FHIEAIZEI L CINEN AHMIERED SK-OV-3 35 X DM /3
AIRERE D HL-60 % FHVNTHRRGEEZAT 5 72, W T ILOAMAEEK S pevonedistat HAIIZ X 5 H5H
BLAEVEANTEMR T D DIk LT, T-3256336 D HEFEFLEVEH 2 AR L 72 (Figure
4-5), RIZ T-3256336., pevonedistat HAIH L OPEFHMLERi O 7 0 —H% A A —X—(2 LD
e JE B AEAT & 90 L 7=, pevonedistat % Nedd8 G MELEERE OBLEIZ L Y S I TOMaD
SHEHET L Enmbn T b (Lin et. al, 2010), pevonedistat ZLERIZ LV SK-OV-3
AL Tl G2/M Wl oFEIG oA HL-60 AIlaE Tk S 3 LUV 4N Bl oA A7 5
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faOEIG OEMETRDT-, —FH5 T T-3256336 MLERIZ I3\ CTIIAMILE B O TE O K = 78 m
IFEEO HILT, MIEOIEIE CTHh 5 Sub-G1 MIOEIE DX FOMEZR D=, 2K %0FH L
7o BE O JE 1 1L 12 pevonedistat HFILERREO P & Rk T - 7273, Sub-G1
DAL O G A HEMN L 7= (Figure 4-6), L EDOFEFR X 0 | T-3256336 & pevonedistat O
SLERIZ L0 HERBESFHRICTHEE S TWD Z E BRI 7,

4-2-4. T-3256336 & pevonedistat JfHRFD 7 7 —~a XA F I 7 AT XA —2— 28T 5
fir it

T-3256336 & pevonedistat Jf HIZE T DFEMMER A I = XL Z T+ 5720, 22
NWOHK DT 7 —~afAFT I T ANRTA—=F—ICHEZ 5B L THITZ1T- 7=,
T-3256336., pevonedistat HL.AI3 L OVPF FHALER 4 FEfflte D 7 = A % 7 v MEST DRSS,
IAP antagonist DEFEHRFEIETH 5 cIAP-1 D4 fRIT T-3256336 (2L 0 FE S,
pevonedistat HLAIF L OMFAIZ L 5 cIAP-1 Z XK BEEO LT Lo Tz, £
cIAP-1 OfRIZ7 a7 7 YV —AHEFANZ L VESNZZ NG, 28X F o FuaTT Y
— LV AT LB LIZVER LR S 7= (Figure 4-7A), £ 7-. pevonedistat OfETH 5
p27 72 AEL B OEREB L OVDNA # A —Y DS CTH 5 CHK18317, CHK2T6s 7 U izl
DML pevonedistat O BFANHEIZ LV §HiE S h, T-3256336 AR L OGFHIC & 5248 H)
ERO Lo, —FH T, NFe B IEHILOFRIETH 5 p65S36 O U ki
pevonedistat HAQLERIZ L W AT OHEMZFRD, T-3256336 & OGFHIC L VR L=, 7
R =Y ZADETH 2 PARP OUIWHTA X T-3256336 DOILELIC L 0 T ORI A R0,
pevonedistat O GFFIZ L ¥ 8958 L 7= (Figure 4-7B), k(2 IAP antagonist |2 X W iFE S5
Caspase-8 35 L. O Caspase-3/7 DIEMEILIZEI L THRFE L 7=, T-3256336, pevonedistat Hifl
B L OPFHLEE 24 K[t OTEVERIE ORER, W FROMRICB W T T-3256336 18 LU
pevonedistat ¢ 2 FI{f LB ZFE A e TE M L 2 R D 72 (Figure 4-8), DL EDOFER XLV |
T-3256336 35 L Y pevonedistat [T A VO EENIERA A I = X LDOFEETH 5 cIAP-1
BEROp27 IAMESBEEICHEELHEZ 52 L7 HERMICHEMET R b— A28 L
TWADZ ERNRBEI T,

4-2-5. pevonedistat ® T-3256336 |2 & 5 TNFa {K1FH) 7 R b — 3 A5 2 5B 2SN T
DfFHT

ZE TOMENT > 5 TAP antagonist KAFRIZRAMNAME T R b — 2 ZAFHEICIE TNFa 23 &
Ko L0y BHERKEZHSTHWASZ EBRHLNERS>TUWSD, £ 2T, pevonedistat (2
X% TNFa 125 2 5 2B % MAEd 57~ . pevonedistat ALEE 8 BEfEFS IO 72 WAL 14
@ TNFa mRNA &% TagMan PCR (Z X ¥ & L 7=, pevonedistat #LE 72 ¢ % O TNFa
mRNA £|3 DMSO ALERE & b _T, SK-OV-3 #ifd TI3 3.2 {5, HL-60 #fE CIiEi 14
fFIZHEIN L T 7= (Figure 4-9), IRICHEE X7z TNFa BN EEFEIC 5 2 DB 5 T 2729,
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T-3256336 ¥ L O} pevonedistat {f (2 %4 5 TNFa EP%D?VZIS@VE?H MR LT-, T Okt
B W T hofilakicBs VT T-3256336 & pevonedistat 1T P XN T HEsE R E
YEF A TNFa HFIHTiRIC & v 3855 L 7= (Figure 4-10), uimnﬁ*%i v . T-3256336 &
pevonedistat OFFHIZ & V8D 55 HHFENRIT pevonedistat |2 & 0 7% X415 TNFa %
I UTANRPET AR b= 2O LA ERTH D Z & DRI LTz,

4-2-6. HL-60 xenograft €7 /L IZ331F 5 T-3256336 & pevonedistat DO f FHZhF I B3 5 i
Br

%12, in vivo TO T-3256336 & pevonedistat O AR R 2 MR 57212, HL-60
xenograft T IV D HhER & I L 7=, T-3256336 35 L Y pevonedistat @ 2 #1Z
[E e G- 12 31T D HUESHERIZE N Z 1 T/IC = 45%4 L UV 81% Th 5 DTkt L T, T-3256336
L pevonedlstat ZOEH L7 D TIC = 24% T - 7= (Figure 4-11), Z OFEHRIL T-3256336
& pevonedistat DOFHREIET VICBWTHENTHD Z 2R LTS,

4-2-3. B

{BZRRER LA RGN AANT X3 2 FAMKG RIS ATRIRIC BT 2 TH Y . 7R b
— I ANE OEFEINA DR TH 51X Tlide <, EABMEESOEE R A =X
LTHD, TDID IAP IS E 7 7 IV —2 2 =5 v b & LIZEHI OB IO
AL BE L2 BRIC 2 OBRFIME 2 iR T 2 8LA O b2 — 7y R THDHEEZ B
ntuns

% T, Ka BV TIE T-3256336 HFHFEOLRBE & Z DA 0 = X LfEPTICBI L T, b5
FRIEAE X O pevonedistat & OPFHIZEI L THiFT L7z, T-3256336 &bkl & O fFH
PERH P ERBR D5 R T-3256336 (£ DNA & 2 — V& FET 2 HAB L OF = —7 I VIHE
& mORARESI R 2T 2 E BB E 725 7= (Figure 4-1), 22N HFEANZ XL Y TNFa
FBL L BRI P EOHEME T-3256336 (FARFICEH WV CTHMNRIMET R h— 2 ADHEIETH 5
Caspase-8 & Caspase-3/7 DiHE N 517z (Figure 4-2, Figure 4-3), X 512, ZH 540
FAEAIE TNFa FFiftik, Caspase [HEHA]. RIPK1 BHEANC K Vg S D 2 &R 50
L 72 o7-(Figure 4-1), LA EDFERNS, DNA ¥ A —VFEAICTF 2 —7 U VERIE O
PERICR VTR DAL D ARSI 22 85I (E X, TAP antagonist O EZAR{EH AN =X
LA TH D TNFa iFEICERT 20 HMET R b — 2OERICEHEATH D Z LBRE S
7= (Figure 4-12), 723, FEED A 51 = X 22 HES < BEHZIEITAh.> IAP antagonist % [
WZ R IZB W T H A2 7 ST 5 (Probst et. al,, 2010),

gemcitabine X° doxorubicin (¥ ATM/ATR % Jr L7 DNA ¥ A — T ZFE L,
IKK- Y/NEMO DAL FF U ALEN L CHI NFe B v 7 FLoiEMb & 2o iy —7

BIGFORBEFET DL Z E0NHMEINTWSBasu t et. al, 1998 Piret t et. al,

1996 Brzoska t et. al, 2009), F7- paclitaxel 72 & DF =—7 U VILEFNZEBWTH NF «
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B ZiEMAL T2 2 EAHE ST b (Jackman et al, 2009), L72723-> T, DNA & X —
ERET HHEANCT 2 —7 U URHEANC L Y TNFa OF%E %4 L7= IAP antagonist & ™

MRMERADBRBD N DIIMERAA =X LESWEHIRTHL EEZLND,

pevonedistat % 727 7 —~ a3 XA F I 7 AT OFER. pevonedistat (£ CHK18317
BELO CHK2T6 [Z TR Siud DNA ¥ A=V 2@ FE T2 LN LhERoT
(Figure 4-7), F7=. = DOVEMIX pevonedistat |2 & 2 BEEEREME & I IARBEE 3, W o
HIERIZBWTHRO BN H1EHA TH - 7= (Figure 4-4), L7-723-> T, pevonedistat {Z L5
DNA # #*— NF « BiE#AbZ I L7= TNFa O#F5E 1% T-3256336 & OFHIZEB T, F
HATH DX 0 T2 <, pevonedistat (ZFEEZTED N AMIEEE I3 L CHOFHBIENEZD
ThHAREERB 2 DN, ETREFEOTNAFIORBIZEB NI, FHLVERAA =X
LEATHEAR L ZFEICHAGDEDS Z EI2L Y, BEHO 2 Fha— L @0k
AWMLY D 2 ERHIFFS LTV D, T-3256336 & pevonedistat (20341 & 3 HHE AL T2k
ARSI TARENTZIEATH Y | PRI L RERHAEDETH DL EEZ DI,
¥ pevonedistat |X DNA # 2 — %4> L7 NF « B D1 HA(b, TNFa #7535 L, T-3256336
& OEEFH L ERBR I B W THEZ R 2 7~ L 7= (Figure 4-5, Figure 4-7, Figure 4-8, Figure
4-9), ¥7-, T-3256336 & pevonedistat ff FIZ & 2 ¥R E(EMIE TNFa PRofTikic LV
U85 XL (Figure 4-10), TNFa (2 X 2B E S NN RET R b—2 22k b0THDHZ &
PR Sz, 512 T-3256336 & pevonedistat OPF AR IZ~ v ZAFELE T LIZBNT
e X 7= (Figure 4-11), IAP antagonist & pevonedistat OfFFHEAA =X LD F &
O % Figure4-12 (23, LA EDOFER) S TAP antagonist & Nedd8 7E A LEER R EH| D Of
FPFHEIA R TH L rIREMED R S L7z,

44, FL O
72 FHIEDRR TR AR OB ORI DA ELTEL D THY . RERBETH

OTCO ARE|ZFEIT D TAP antagonist OFHIERK IS L OE D A I = X AFHTICIHB N T,
DNA % A — % i85 53408 TNFa O#5E %4 LT, IAP angatonist & &\ HFHZhE

R EEHLNE LT, SOICHHO Nedd8 1EMEILEEEHLEN TH S pevonedistat
b [AEEIC TNFa OFFE 2 LIZSMAET R R —v 202X Y, T-3256336 & &V MIFH
NRAER LI, F2OMERIZ~ Y ZBWET VBV THREETH -7z, LLEORE
£ 5| TIAP antagonist & Nedd8 {EMEALEESR HE A OO HBEITH 72 iRt L LTAER
T D REMED R S LT,
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Cell Line pe‘"""{:ifl";tf;e'ﬁﬂ
A2058 0.09
A375 0.19
pC3 0.27
H460 0.92
SK-OV-3 151
HT-29 > 2

Table 4-1 Pevonedistat (2 L 2 23 AMARIZ 3 2 B PR E TG M
{LEULER 3 HRIZ BRI IEIZREE O HIEIZ T ATP &2 H7E L T Glso 2 H H
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A B

Camptothecin * Doxorubicin *
100 120
30 4 100
Fni) = 80
T 60 - =l
.- £E 60
Se SS
20 = 20
0 - 0
T-3256336 + + + + + T-3256336 + + + + +
Camptothecin + + + + + Doxorubicin + + + + +
MAB210 + MAB210 +
MNecrostatin-1 + Mecrostatin-1 +
z-\WAD-fmk + z-VAD-fmk +
Gemcitabine Paclitaxel *
* Faclliaitl
140 120 —I
120 100 | |
ZE 123 £F 80 -
=] _'-E © 4
E £ 60 :i £ 60
3S 40 32 401
20 20 1
0 0
T-3256336 + + + + + T-3256336 + + + + +
Gemcitabine + + + + + Paclitaxel + + + + +
MAB210 + MAB210 +
MNecrostatin-1 + Mecrostatin-1 +
z-VAD-fmk + z-VAD-fmk +

Figure 4-1 T-3256336 & (L2 EH & OOFHIER

A: camptothecin, B: doxorubicin, C: gemcitabine, D: paclitaxel

MAB210: TNFa FFi$ii&, Necrostatin-1: RIPK1 [LEH]. z-VAD-fmk : Caspase [LEHA]
{EEWALEE 3 H 12 I SEBR FIRIC R D H1EIZ T ATP &2 H|7E,

7 — 2L N =3 Ot L OERERAEZZ R~

Student’s t-test, *, P < 0.05. vs T-3256336 and chemotherapeutics treatment.
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A

O WVehicle
o T-3256336
B Camptothecin
B T-3256336+ Camptothecin
700 ———— 00— 400 120
600 1 F 307 e R T [ M
e S 300 s3004—
5001 5 E T 80 {
S 0, 250 1 S0 +—m——— £
2400 4 = = 8
= £ 200 £'200 - = 60
S 300 kT = =
m = 150 o 150 =
% 200 o & S A1
@ @ 100 T 100 -
o o & = 5
& 100 4T S 50 1] S 50 4 T
0 0 0 0
Caspase-3/7 Caspase-8 Caspase-9 Cell viability
O Vehicle O Vehicle
O T-3256336 O T-3256336
700 - m Chemotherapeutics 400 - m Chemotherapeutics
oy m T-3256336+ Chemo —_ m T-3256336+ Chemo
" BOO = 350 —
(=] J—
= o
£ 500 £ 300
2 <250
.%‘400 =
B % 200
@ 300
S o 150 -
o 200 @ 100 - = =
z &
= T
é”; 100 - & 50 -
0 0
Camptothecin Doxorubicin Camptothecin Doxorubicin
Gemcitahine Paclitaxel Gemcitahine Paclitaxel

Figure 4-2 T-3256336 & {L 2HR1EAIDEF RO Caspase 1%

A: T-3256336 (3 nM) & camptotecin (50 nM)#FH > Caspase 7514 & HFEFLE/EH
B: b= EAI B O Caspase-3/7 35 & O Caspase-8 ik

LA WILPR 24 KFR#£ T FEBRFIEIZFLE D 71512 T Caspase 1514 I E

T — XX N =3 Ok L OEER A Z =T
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Figure 4-3 {bL5FEHNC X 5 TNFa #E(EH

A: fifaN TNFa mRNA, B: 55+ TNFa &

(LG WALEE 24 RFH#2 12 FEBR T IEIZREHEIO J7 1512 T TNFa mRNA &3 X O Hd1 > TNFa
BEWE, 7—F1IN =3 OVHE L OEREFEZE R~
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A2058 A375 HT29

(<) 10 1 010010001 (-) 10 1 0.1 0010001 (-) 10 1 0.1 0.01 0.001 (umolL, Pevonedistat)

-—--——:—..-——:- —_—— — <4 p89

PC3 SK-OV-3 H460
) 10 1 010010001 () 10 1 010010001 () 10 1 0.1 0.01 0.001 (umolL, Pevonedistat)

T
1

s RS - e | GBS —
EEL T e S

PARP | s s s s s e (S0 S S e S S o s e s s | 116

p27 I-——.-- —_——

-t

Figure 4-4 Pevonedistat (2 X DA 7 F L ~DFE
{LEWALER 24 BERIZ O/ ZEIN L T, Vo AX T ayT 4 7280 Bl
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SK-OV-3 OPevonedistat (-)

B Pevonedistat 1 pmol/L
m Pevonedistat 3 pmal/L

120
£ 100
= T .
S 80 — —
2 60
-
— 40 H
&
= 20
o
= g
o = 0o oo =+ I —
O s | 8| 2| ¢°

g o
T-3256336 (pmoliL)
HL-60 OPevonedistat (-)
BPevonedistat 0.05 pmol/L
m FPevonedistat 0.1 pmol/L
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100 &= T—3 1L

80 1| L‘

60 H

20 H

Cell Miability (% of control)
=
i

0 |0.016/008| 04 | 2 | 10
T-3256336 (umaliL)

Figure 4-5 T-3256336 & Pevonedistat f H O ¥EFEAFEVEH & HfaE H]~0f 2
{LEWALEL 5 H %I FEBR T IEICRRE O 1A T ATP &4 1IE .
T — 2 1IN =3 OB L OEREFEZZ R~T

60



SK-OV-3

T-3256336
()

T-3256336
(0.1 pmol/L)

HL-60

T-3256336
(-)

T-3256336
(0.5 pmol/L)

Figure 4-6 T-3256336 & Pevonedistat {f H R D& #]~o
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A B

T-3256336 o+ -+ o+
T-3256336 - + - -+ + + + Pevonedistat - -+ +++ ++
Pevonedistat - - + ++ + ++ - - WEB: JAP1
MG132 L+ 4+ —
27
WB: dAP1 .-“-ﬂ“ p
D27 e e i——— ‘l""l Phosho-CHK 13317
s - "

Phospho-p6535%

PARP - a=asapee 4 0116

= v o v | € pa9

Figure4-7 T-3256336 & Pevonedistat JfHFFOMIEN S 7L ~D 2

=3
A: Cullin ring ligase B % o /X 7 B OZEfiftr . SK-OV-3 fificliZ 50 nM @ T-3256336 #5
£ O pevonedistat ZLERT% 4 KEF O TNV EEINL T, VoA Z Ty T 4 U 7IRIZ K
v fiRT
BEN > 7 VAL OfiENT . SK-OV-3 fiflidiZ 100 nM @ T-3256336 335 X U pevonedistat
Rt 24 R DY A ZEINL T, U= A X7 ayT 4 2 ZEIC K0 R
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A SK-OV-3 B Llag
o Ctr o
OT1-3256336 o Ctr
m Pevonedistat o T-3256336

- .
mT-3256336 + Pevonedistat ] E?SVQOgéegésﬁtT Pevonedistat

400 1200
= 30 = 1000
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S 250 g 800
2 200 £ 600
3 3
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® 100 2 T ©
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8 50 S —
0 : 0 :
Caspase-3/7  Caspase-8 Caspase-3/7  Caspase-8

Figure4-8 T-3256336 & Pevonedistat Jf HF? Caspase 7E%:

A: SK-OV-3 #fifii, B: HL-60 /i

SK-OV-3 2 100 nM @ T-3256336 ¥ & U* pevonedistat ALPE% 24 ] FEHRITIEICRD
O FFEIZT Caspase IEHEZHIE, 7 — 2 1L N =3 OB L OEEF £ RT
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Chemical synthesis

Synthesis of T-3256336

T-3256336 was prepared by following procedure. The starting material, benzyl
1(18)-1-(4,4-difluorocyclohexyl)-2-[(3S,7R,8aR)-3-[(4R)-3,4-dihydro-2H-chromen-4-yl-car
bamoyl]-7-ethoxyhexahydropyrrolo[1,2-alpyrazin-2(1H)-yll-2-oxoethyl}carbamate,
showed very weak XIAP and cIAP binding inhibitory activity (IC50 values > 30 pM).

(3S,7R,8aR)-2-1(29)-2-(4,4-Difluorocyclohexyl)-2-[(N-methyl-L-alanyl)aminolacetyl}-N-[(
4R)-3,4-dihydro-2H-chromen-4-yl]-7-ethoxyoctahydropyrrolo[1,2-alpyrazine-3-carboxa
mide (T-3256336). To a solution of benzyl
1(18)-1-(4,4-difluorocyclohexyl)-2-[(3S,7R,8aR)-3-[(4R)-3,4-dihydro-2H-chromen-4-yl-car
bamoyl]-7-ethoxyhexahydropyrrolo[1,2-alpyrazin-2(1H)-yll-2-oxoethyljcarbamate (2.40
g, 3.67 mmol) in 5-10% HCI solution in methanol (48 mL) was added 10% Pd/C (0.72 g),
and the reaction mixture was stirred at room temperature for 3 h under hydrogen
atmosphere. The mixture was filtered through a pad of Celite®, and the filtrate was
concentrated under reduced pressure to give
(3S,7R,8aR)-2-[(25)-2-amino-2-(4,4-diluorocyclohexyl)acetyl]-N-[(4R)-3,4-dihydro-2H-ch
romen-4-yl]-7-ethoxyoctahydropyrrolo[1,2-alpyrazine-3-carboxamide dihydrochloride as
yellow oil.

To a solution of N-(tert-butoxycarbonyl)-N-methyl-L-alanine (0.82 g, 4.04 mmol), HOBt
(0.59 g, 4.37 mmol) and DIPEA (3.19 mL, 18.1 mmol) in DMF (14.4 mL) was added
EDC-HC1 (2.11 g, 11.0 mmol) at 0 oC, and the mixture was stirred at room temperature
for 15 min. To the mixture was added a solution of
(3S,7R,8aR)-2-[(25)-2-amino-2-(4,4-difluorocyclohexyl)acetyl]-N-[(4R)-3,4-dihydro-2H-c
hromen-4-yl]-7-ethoxyoctahydropyrrolo[1,2-alpyrazine-3-carboxamide dihydrochloride
and DIPEA (0.64 mL, 0.742 mmol) in DMF (19.2 mL) at room temperature, and the
reaction mixture was stirred at room temperature for 16 h. The mixture was partitioned
between EtOAc (200 mL) and water (200 mL), and the organic layer was washed with
sat.NaHCO3 (100 mL) and brine (100 mL), dried over MgSO4, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(50-100% EtOAc in n-hexane) to give tert-butyl
[(19)-2-({(19)-1-(4,4-difluorocyclohexyl)-2-
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[(3S,7R,8aR)-3-[(4R)-3,4-dihydro-2H-chromen-4-ylcarbamoyl]-7-ethoxyhexahydropyrrol
o[1,2-alpyrazin-2(1H)-yl]-2-oxoethyl}amino)-1-methyl-2-oxoethyllmethylcarbamate
(1.69 g, 65%) as white amorphous solid; 1H NMR (DMSO-d6, 300 MHz): § 1.10 (3H, t, J
=17.1 Hz), 1.10-1.36 (15H, m), 1.55-2.24 (13H, m), 2.57-3.68 (8H, m), 3.86-5.17 (8H, m),
6.70-6.90 (2H, m), 7.07-7.29 (2H, m), 7.65-8.32 (2H, m).

The obtained crystals (1.68 g, 2.38 mmol) were dissolved in 4M HCl in EtOAc (33.6 mL),
and the mixture was stirred at room temperature for 1 h. The mixture was concentrated
under reduced pressure. The residue was partitioned between EtOAc/THF (2:1, 120 mL)
and sat.NaHCO3 (100 mL), and the organic layer was washed with brine (100 mL),
dried over MgS04, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (5-70% EtOAc in n-hexane) and subsequent
crystallization from ether/heptane (1:1, 20 mL) to give T-3256336 (1.08 g, 75%) as
colorless crystals; mp 171-174 °C; 1H NMR (DMSO-d6, 300 MHz): § 1.01-1.15 (6H, m),
1.15-1.38 (3H, m), 1.54-2.29 (16H, m), 2.63-3.64 (7TH, m), 3.88-4.48 (4H, m), 4.59-5.15
(3H, m), 6.70-6.80 (1H, m), 6.80-6.92 (1H, m), 7.07-7.30 (2H, m), 7.88-8.12 (1H, m),
8.12-8.33 (1H, m); Anal. Calcd for C31H45 F2N505: C, 61.47; H, 7.49 N, 11.56. Found:
C, 61.54; H, 7.61; N, 11.30.

Recrystallization of T-3256336. The crystals T-3256336 (5.00 g, 8.25 mmol) was
dissolved in 2-butanone (25 mL) at 77°C (inside temperature was 60°C). Heptane (40
mL) was added dropwise to the mixture at 77°C (inside temperature was above 60°C).
The mixture was stirred at 77°C for 1 h (inside temperature was 65°C). Heptane (60
mL) was added dropwise at 77°C (inside temperature was above 60°C) and the
suspension was cooled to 5°C slowly. The resulting crystals were collected by filtration,
washed with heptane (30 mL) and dried under reduced pressure (70°C for 1 h) to give
T-3256336 (4.56 g, 91%) as colorlss crystals; mp 178.6°C.; 1H NMR (300 MHz,
DMSO0-d6) : d 1.01-1.15 (6H, m), 1.15-1.38 (3H, m), 1.54-2.29 (16H, m), 2.63-3.64 (TH,
m), 3.88-4.48 (4H, m), 4.59-5.15 (3H, m), 6.70-6.80 (1H, m), 6.80-6.92 (1H, m), 7.07—
7.30 (2H, m), 7.88-8.12 (1H, m), 8.12-8.33 (1H, m); Anal. Caled for C31H45F2N505: C,
61.47; H, 7.49 N, 11.56. Found: C, 61.52; H, 7.54; N, 11.45

Cell Iines, Proteins, Peptides, and Reagents

MDA-MB-231, MDA-MB-468, BT-474 SK-OV-3, and T-47D, HL.-60 and NCI-H1703
cancer cell line and MRC5 normal lung fibroblasts were obtained from the ATCC
(Manassas, VA, USA). The culture medium that was recommended by the suppliers was
used for the cultivation of each cell line. MDA-MB-231 cells stably expressing luciferase
(MDA-MB-231-Luc) were established at Takeda Pharmaceutical Company, Ltd. (TPC,
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Fujisawa, Kanagawa, Japan) by transfecting a firefly luciferase expression vector
(Promega Corporation, Madison, WI, USA) into MDA-MB-231 cells. Commercially
obtained cells were not authenticated by the authors. An antibody against cIAP-1
(AF8181), cIAP-2 (AF8171), and human TNFa (MAB210) was purchased from R&D
Systems, Inc. (Minneapolis, MN, USA). Anti-XIAP (610762) was purchased from BD
Biosciences (Albertslund, Denmark). Anti-Livin antibody (88C570) was from IMGENEX
Corporation (San Diego, CA, USA). Anti-glyceraldehyde 3-phosphate dehydrogenase
(GAPDH; MAB374) antibody was from Millipore (Bedford, MA, USA). Anti-I « Ba
(#4814), anti-phospho-IkBa (Ser32) (#2859), anti-NF-xB p65 (#3034),
anti-phospho-NF-xB p65 (Ser536) #3033), anti-c-Jun N-terminal kinase (JNK) #9258),
anti-phospho-JNK (Thr183/Tyr185) #9251), anti-phospho-p38 (Thr180/Tyr182) #9211),
anti-p38 (9217), anti-caspase-8 #9746), and anti-caspase-3 #9665) were purchased
from Cell Signaling Technology, Inc. (Beverly, MA, USA). MG-132 (#474791),
pan-caspase inhibitor z-BAD-fmk #219007), caspase-8 inhibitor z-IETD-fmk #218759)
were purchased from Calbiochem (San Diego, CA, USA). The recombinant human XIAP
(residues 124-357, XIAP_BIR2-BIR3) and caspase-9 were prepared at Takeda
California, and the 6-His-tagged recombinant BIR3 domains of human cIAP-1 (residues
250-350, cIAP-1_BIR3) and cIAP-2 (residues 238-349, cIAP-2_BIR3) were prepared at
TPC. The recombinant BIR3 domain of human XIAP (residues 252—356) fused to a
N-terminal His-tag (XIAP_BIR3) was purchased from R&D Systems, Inc., and the
SMAC-N7 peptide (AVPIAQK) was purchased from Merck KgaA (Darmstadt, Germany).
C-terminal-biotinylated SMAC-N7 peptide [AVPIAQ-K(biotin)-NH2] (biotinyl-SMAC)
was synthesized at Peptide Institute Inc (Osaka, Japan). The cryptate-conjugated
mouse monoclonal antibody anti-6-Histidine (Anti-6HIS Cryptate), high-grade
XL665-conjugated streptavidin (SA-XL), and homogeneous time-resolved fluorescence
resonance energy transfer (HTRF) detection buffer were purchased from Sceti Medical
Labo K.K. (Tokyo, Japan). Recombinant human caspase-3 and caspase-7 were

purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Binding activities using HTRF technology

Five pL of IAP proteins (40 nM of XIAP_BIR3 and 8 nM of cIAP-1/-2_BIR3) and 5 nL
of increasing concentrations of compounds were added to the wells containing assay
buffer (25 mM (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid [HEPES], 100 mM
NaCl, 0.1% bovine serum albumin, 0.1% Triton X-100, pH 7.5). After shaking, 5 puL of
biotinyl-SMAC (20 nM of XIAP_BIR3, 80 nM of cIAP-1_BIR3, and 120 nM of
cIAP-2_BIR3 dissolved in assay buffer) was added to the well, which was followed by
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adding 5 uL of the mixture of Anti-6HIS Cryptate and SA-XL, which was diluted 100
times with HTRF detection buffer. After an overnight incubation at room temperature
in the dark, HTRF measurements were conducted with a EnVision multi-label reader
(PerkinElmer Inc., Waltham, MA). Fluorescence at 615 nm (F615 nm) is the total
europium signal, and fluorescence at 665 nm (F665 nm) is the fluorescence resonance
energy transfer signal. The ratio [(F665 nm/F615 nm) x 10,000] was calculated, and

1C50 values were determined using the ratio with nonlinear regression curve fitting
with Prism (Version 5.01, GraphPad Software, Inc., La Jolla, CA, USA).

Cell-free functional assay

Various concentrations of T-3256336 or SMAC-N7, XIAP_BIR2-3 (40 nM for caspase-3,
4 pM for caspase-7 or 300 nM for caspase-9), and 1 unit of caspase-3/caspase-7/caspse-9
were added to wells in 384-well plates (Corning Incorporated, Lowell, MA) at a final
volume of 30 pL in assay buffer (20 mM HEPES, 0.1% CHAPS, 1mM
ethylenediaminetetraacetic acid [EDTA], 10% Sucrose, and 10 mM DTT, pH 7.5). After
incubating at room temperature for 5 min, 10 pL of 40 pM or 160 uM Ac-DEVD-AMC
solution (Enzo Life Sciences, Inc., Farmingdale, NY, USA) for caspase-3 and caspase-7,
50 pM of Ac-LEHD-AMC for caspase-9 were added to the wells, respectively. Following
incubation for 30 min at room temperature with shaking, fluorescence at 380 nm
excitation and 460 nm emission wavelengths was measured using a multi-mode
microplate reader Spectra Max M5e (Molecular Devices, Inc., Sunnyvale, CA, USA).
Activity was expressed as EC50, which was the concentration at which half-maximum

recovery was achieved, with Prism.

Cell viability assay and measurement of caspase activity

Cells were seeded at 3 x 103 cells/well in 96-well plates (Sumitomo Bakelite Co., Ltd.,
Tokyo, Japan) and cultured overnight. On the following day, test compounds were
diluted in growth medium to the desired final concentration and then added to the cells.
After 24 h of incubation, caspase activities were measured with
Caspase-Glo®-3/Caspase-Glo®-7, Caspase-Glo®-8, or Caspase-Glo®-9 Assays (Promega
Corporation). After 3 days of incubation, cell viability was measured with a
CellTiter-Glo® Luminescent Cell Viability Assay® (Promega Corporation). GI50 values

were determined with the ratio by nonlinear regression curve fitting with Prism.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western
blotting
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Cells were lysed with 100 pL of SDS sample buffer (BioRad Laboratories, Inc.,
Hercules, CA, USA) and heated at 95°C for 5 min. Each cell lysate was subjected to
SDS-PAGE and transferred onto Sequi-Blot™ PVDF Membranes (BioRad Laboratories,
Inc.). The membranes were blocked with StartingBlock™ T20 (PBS) Blocking Buffer
(Thermo Fisher Scientific, Inc., Rockford, IL, USA) and probed overnight with an
antibody diluted 500- to 2000-fold with Can Get Signal® Immunoreaction Enhancer
Solution I (Toyobo Co., Ltd., Osaka, Japan). The membrane was washed with
phosphate-buffered saline containing 0.1% Tween-20 (Wako Pure Chemical Industries,
Ltd.) and incubated with horseradish peroxidase-labeled secondary antibody (GE
Healthcare, South Burlington, VT, USA) that was diluted 20,000-fold with Can Get
Signal® Immunoreaction Enhancer Solution II (Toyobo Co., Ltd.) for 2 h at room
temperature. The membrane was washed in the same manner as above, and proteins
labeled with the antibody became chemically luminescent with SuperSignal® West
Femto Maximum Sensitivity Substrate (Thermo Fisher Scientific, Inc.) and were
detected with the luminoimage analyzer LAS-1000 (Fujifilm Corporation, Tokyo,
Japan).

Quantitative real-time-polymerase chain reaction (RT-PCR)

Cells were seeded at 5 X 105 cells/well in 6-well plates and cultured overnight. On the
following day, test compounds were diluted in growth medium to the desired final
concentration and then added to the cells. The isolation of total RNA was performed
with a RNeasy mini kit (QIAGEN Inc., Valencia, CA, USA). About 1 ng of total RNA
from each sample was reverse transcribed with the SuperScript® VILO™ ¢cDNA
synthesis kit (Life Technologies, Grand Island, NY, USA). For the quantitative analysis
of the levels of mRNA expression, a real-time PCR assay was performed (TagMan with
the 7900HT Fast Real-Time PCR System; Life Technologies) using TagMan probes.

In vivo Efficacy study

Mice were housed and maintained within the facility at Takeda Pharmaceutical
Company in accordance with the Takeda Experimental Animal Care and Use
Committee approved protocol. Athymic nude mice (BALB/cAJcl-nu/nu) of approximately
5 weeks of age were obtained from CLEA Japan, Inc. (Tokyo, Japan). For the
subcutaneous implanted tumor xenograft models, nude mice were injected with 5 x 106
cells/mouse. When tumor volumes reached approximately 200 mm3, mice were
randomly assigned to treatment groups. The compounds were orally administered to

the mice in 0.5% methylcellulose (Shin-Etsu Chemical Co., Ltd., Tokyo, Japan). Tumor
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growth and body weights were measured twice weekly, and average tumor volumes

were calculated, as estimated from the formula [(L x W2)/2] throughout the study.

In vivo pharmacokinetics/pharmacodynamics study

Nude mice were injected with 5 x 106 MDA-MB-231-Luc cells. When the tumor
volumes reached approximately 200 mm3, mice were randomly assigned to control or
treatment groups. Tumors and plasma were collected at multiple time points after the
oral administration of T-3256336. The concentrations of T-3256336 in the plasma and
tumors were determined by liquid chromatography/tandem mass spectrometry.
Homogenization was performed with a Physcotron (NS-310E, Chiba, Japan) with RIPA
buffer containing a phosphatase inhibitor cocktail and a protease inhibitor cocktail
(Sigma-Aldrich Co., St. Louis, MO, USA). The protein concentration in the tumor lysate
was determined by bicinchoninic acid (BCA) protein assay kit (Thermo Fisher Scientific,
Inc., Rockford, IL, USA). Plasma human TNF-a levels were determined with a human
TNF-a Quantikine ELISA Kit (R&D Systems, Inc.). The levels of caspase-cleaved (M30)
and total (M65) cytokeratin-18 in plasma were determined with an ELISA kit (Peviva

AB, Bromma, Sweden).

Measurement of caspase activity in tumors

Caspase-3/caspase-7 activities in tumors were measured with a Caspase-Glo assay kit
(Promega Corporation). Cytosolic extracts from MDA-MB-231-Luc xenografts were
prepared by homogenization in extraction buffer (25 mM HEPES, pH 7.5; 5 mm MgCls;
1 mm EDTA) and subsequently centrifuged (5 min, 10,000 rpm, 4°C). The protein
concentration of the supernatant was adjusted to 1 mg/mL with extraction buffer, and
an equal volume of reagents and 10 pg/mL cytosolic protein was mixed and incubated at
room temperature for 30 min. The luminescence of each sample was measured in a

luminometer.

Histopathological examination of xenograft athymic nude mice

To determine the effect of T-3256336 on xenograft model, necropsy was conducted on
the day after 2-week po administration of T-3256336. The animals were euthanized and
were macroscopically examined the external surface of the carcass, the thoracic and
abdominal cavities, organs, and tissues. Tumor tissues, liver, spleen, skin and intestines
from the control, 30 and 100 mg/kg groups were fixed in 10 vol% neutral buffered
formalin, embedded in paraffin, sectioned, stained with hematoxylin-eosin (H&E) and

examined histopathologically.
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Cell Lines and Reagents

MDA-MB231, MDA-MB435S, MDA-MB436, MDA-MB468, MCF7, T-47D, BT-474,
BT-549, SK-Br-3, DU-4475, MB361, HCC1806, HCC1143, HCC1937, CHL-1, HMCB,
SK-MEL-2, Malme-3M, HT-144, C32, A375, A2058, SK-OV-3, ES-2, OVCAR-3, TOV-21G,
TOV-112D, OV-90, Caov3, SW626, NCI-H1703, NCI-H1975, NCI-H1650, NCI-H1437,
NCI-H1395, NCI-H1299, HCC827, HL.-60, HL.-60/Mx2, CEM/C2 and PANC-1 were
purchased from the ATCC (Manassas, VA). EVSA-T, EFM-192A and EFO-21 were from
the German Collection of Microorganisms and Cell Cultures (Leibniz Institut
DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH,
Braunschweig, Germany). G-361 and HMVII were from the European Collection of Cell
Cultures (Health Protection Agency Culture Collections, Salisbury, UK). GAK,
KURAMOCHI, OVISE, OVTOKO, RMG1, MCAS, and TYK-nu were from the Japanese
Cancer Research Resources Bank (JCRB, Tokyo, Japan). Colo720E was from the Health
Protection Agency Culture Collections. PC14 was from the BioResource Center (BRC,
RIKEN Tsukuba Institute, Ibaraki, Japan).

Cell viability assay

Cells were seeded at 3 X 103 cells/well in 96-well plates and cultured overnight. The
following day, test compounds were diluted in growth medium to the desired final
concentration and added to the cells. After 3 days of incubation, cell proliferation was
measured with a CellTiter-Glo® Luminescent Cell Viability Assay (Promega
Corporation, Madison, WI). ICso was calculated from the dose-response curve that was
generated by a least-squares linear regression analysis of the response using SAS

software and the NLIN procedure (version 5.0; SAS Institute Japan, Inc, Tokyo, Japan).

Quantitative RT-PCR

The isolation of total RNA was performed with a RNeasy mini kit (QIAGEN Inc,
Valencia, CA) according to the manufacturer’s instructions. About 1 pg of total RNA
from each sample was reverse transcribed using the SuperScript® VILO™ cDNA
synthesis kit (Life Technologies, Grand Island, NY). For the quantitative analysis of
the expression of each mRNA, a real-time PCR assay was performed (TagMan, with the
7900HT Fast Real-Time PCR System; Life Technologies) using TagMan probes.

Tumor cIAPI levels and plasma cytokine levels

78



All animal experiments were performed according to the guidelines of the
Institutional Animal Care and Use Committee in Takeda Pharmaceutical Company Ltd.
Eight-week-old mice were inoculated subcutaneously with 5 X 106 PANC-1 cells. When
the tumors had grown to approximately 250 mm3, compounds in 10% methylcellulose
were orally administered to the mice (Shin-Etsu Chemical Co, Ltd, Tokyo, Japan).

Mice were euthanized, and tumors were harvested 6 h after dosing. The
pharmacodynamics of the compounds were assessed by measuring tumor cIAP1 protein
levels, TNFa mRNA levels, and caspase activity. Plasma murine TNFa (mTNFa) levels
and other cytokine levels were determined with human TNFa Quantikine ELISA Kits
or Mouse Cytokine Antibody Arrays, Panel A (R&D Systems, Inc).

SDS-PAGFE and western blotting

Protein extraction and Western blot analysis were performed as previous described
[12]. Primary antibody against cIAP1 was purchased from R&D Systems, Inc
(Minneapolis, MN). A HRP-labeled secondary antibody was purchased from GE
Healthcare (South Burlington, VT)

Measurement of Caspase-83/7 activities in tumors

Caspase-3/7 activities in tumors were measured using a Caspase-Glo assay kit
(Promega Corporation). Cytosolic extracts from PANC-1 xenografts were prepared by
homogenization in extraction buffer (25 mmol/LL HEPES, pH 7.5; 5 mmol/L MgCl2; and
1 mmol/L EDTA) and subsequently centrifuged (5 min, 10,000 rpm, 4 °C). The
supernatant protein concentrations were adjusted to 1 mg/mL with extraction buffer,
and equal volumes of reagents and 10 pg/mL cytosolic protein were mixed and
incubated at room temperature for 30 min. The luminescence of each sample was

measured in a luminometer.

In vivo efficacy study

Eight-week-old mice were inoculated with 5 X 106 PANC-1 cells. The mean tumor
volume was calculated using the following formula: Volume = (Width2 x Length)/2.
When the mean tumor volume reached approximately 250 mm3, the animals were
randomized into treatment groups containing 4 animals per group. The murine
TNFa-neutralizing antibody (R&D Systems Inc., Minneapolis, MN) was administered
once at day 22 intraperitoneally, T-3256336 was administered orally twice a day. The
tumor regression rate was calculated using the following formula: Tumor regression

rate (T/C, %) = (tumor volume on the day of the start of administration - tumor volume
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on the day of completion of administration)/tumor volume on the day of start of

administration X 100.
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Cell Iines and reagents

SK-OV-3, HL-60, A2058, A375, PC3, NCI-H460, and HT-29 cancer cell lines were
purchased from the American Type Culture Collection (ATCC, Manassas, VA).
Chemotherapy drugs that were used in this studies were all obtained from Sigma—
Aldrich Co. (St Louis, MO) and Z-VAD-FMK was purchased from EMD Millipore
(Darmstadt, Germany). Pevonedistat was synthesized at Millennium Pharmaceuticals,
Inc. (Cambridge, MA), (Soucy et. al., 2009).

Cell viability assays, measurements of caspase activity, and real-time PCR

Cell viability assays, measurements of caspase activity, and real-time PCR analyses
were performed as described previously. Statistical analyses were performed using
Microsoft Excel (Microsoft Corporation, Redmond, WA) and differences were identified
using two-tailed t-tests where appropriate. Combination index (CI) values for drug

sensitivity data were calculated on the basis of the Bliss independence model.

SDS-PAGE and Western blotting

Protein extraction and Western blotting analyses were performed as described
previously [8]. The anti-cIAP-1 antibody (AF8181) and the anti-human TNFa antibody
(MAB210) were purchased from R&D Systems, Inc. (Minneapolis, MN). Anti-p27Kip1
(sc-528) was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
Anti-glyceraldehyde 3-phosphate dehydrogenase (MAB374) was obtained from EMD
Millipore (Billerica, MA). Anti-phospho-CHK1 (Ser317) #2344), anti-phospho-CHK1
(Ser345) #2341), anti-phospho-NF-xB p65 (Ser536) #3033), and anti-PARP (#9542)
antibodies were purchased from Cell Signaling Technology, Inc. (Danvers, MA).
HRP-labeled secondary antibody was purchased from GE Healthcare (South Burlington,
V).

Flow cytometry

Cells were seeded at 1 X 108 cells in 10-cm dishes and were cultured overnight. The
following day, test compounds were diluted in growth medium to the desired final
concentration and were then added to cells. Cells were trypsinized, washed with PBS,
treated with 100 pg/mL RNase A, and were stained with 10 pg/mL propidium iodide for
1 h before cell cycle analyses. Flow-cytometric analyses were performed using a
FACSCalibur flow cytometer (BD Biosciences, San Jose, CA).

81



In vivo study

All animal experiments were performed according to the guidelines of the
Institutional Animal Care and Use Committee of Takeda Pharmaceutical Company Ltd.
Eight-week-old mice were inoculated with 5 X 106 HL.-60 cells and mean tumor volumes
were calculated using the following formula: volume = (width2? x length)/2. When mean
tumor volumes reached approximately 200 mms3, animals were randomized into
treatment groups of five animals. Pevonedistat was suspended in 10%
2-hydroxypropyl-B-cyclodextrin and was adjusted to pH 5.0-5.2 and administered
intraperitoneally (i.p.) twice weekly. T-3256336 was suspended in 10% methylcellulose
(Shin-Etsu Chemical Co., Ltd., Tokyo, Japan) and was orally administered twice weekly
for up to 11 days. Tumor regression rates (T/C, %) were calculated using the following
formula: Percent T/C = (tumor volume on the day of the start of administration — tumor
volume on the day of completion of administration)/tumor volume on the day of the start
of administration X 100. Statistical analyses were performed using Excel and

differences were identified using two-tailed t-tests.
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