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A: Alanine

ABL: Abelson tyrosine-protein kinase 1
AKT: Acutely transforming retrovirus AKT8 in rodent T-cell lymphoma
ALK: Anaplastic lymphoma kinase

ATCC: American Type Culture Collection
ATP: Adenosine triphosphate

BIM: Bcl-2-interacting mediator of cell death
BSA: Bovine serum albumin

C: Cysteine

CCDCeé: Coiled-coil domain containing 6

cDNA: Complementary deoxyribonucleic acid
CGH: Comparative genomic hybridization
CHEK2: Checkpoint kinase 2

CNS: Central nervous system

DAB: 3,3’-Diaminobenzidine

DUSP2: Dual specificity protein phosphatase 2
DUSPe6: Dual specificity protein phosphatase 6
EGFR: Epithelial growth factor receptor
EMLA4: Echinoderm microtubule associated protein like 4
EREG: Epiregulin

ERK: Extracellular signal-regulated kinases
ETV1: ETS translocation variant 1

ETV4: ETS translocation variant 4

ETV5: ETS translocation variant 5

F: Phenylalanine

FDA: Food and Drug Administration

FFPE: Formalin-fixed paraffin embedded
FISH: Fluorescent in situ hybridization

FLT3: Fms-like tyrosine kinase 3

FOS: Proto-oncogene c-Fos
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EML4-ALK &8 511%, 2007 4E12 Soda &0 7 /L—F12 & 0, F/ N il B
DB HHICFE SNIERIG T Th D 1, 20 EML4-ALK @A @& 513, MREPNER
BRI EThD EMLA LXF—B X R0 ETh D ALK Ol &G 2 fRifihr
WZEVREE LD THY, ZOMEBIEFEY THH EMLA-ALK fieg % X7 B
EMLA4 fEIICH D 2 AV Raf L RAAL &2 h LT  BEEZEKT S LT, ALK D
HEN R —BEEE2 " T Z ERELNICENTWD (Figure 1D, ZO@l&E~A T
Z~ U A 3T3 HMEF MBI FEANT D EELVWEREELRBOOND Z L 1,
EML4-ALK & 86572 MR R ELET D N T VAV 2=y 7 v 7 A TIEHAE®KR D
TOECRRM T E OIMEREEINRAET D 2 & 200D, EML4-ALK @& B 51135
THRWEEGE T THDHEEZ LN TS, LEN->T, EML4-ALK @& &G
THEE ALK OF F—BIEED, ALK @861 5O IE/ N itE O bk O
Z D% OIEEHFICE G L TWD EFx N TW5b, 7o, JENBREIZRS N T
EML4-ALK &85 1 & EGFR &G TR ® 5% KRAS AR 178 A PEMh ) 72 B
RICHDZEHHESNTWD 3, &5, EML4-ALK@A &1 %243 %I/ Nl

EML4-ALK-positive

NSCLC Normal
Chromosome 2 B [
EMLA-ALK ALK EML4

EMLA4-ALK mMRNA \/\

‘ Kinase
domain
EML4 ALK [

EML4-ALK protein
or EML4 ALK Coiled-coil domain

Figure 1. EML4-ALK in non-small cell lung cancer (NSCLC). EML4-ALK fusion gene results from a
small inversion within chromosome 2, which leads to the expression of a chimeric tyrosine kinase, in
which the N-terminus of EML4 is fused to the intracellular kinase domain of ALK. Constitutive

activation of the ALK kinase results from EML4-ALK dimerization through the coiled coil domain of

EMLA.



Jitie BB U, M OARYEIRIESE D 1 > Th 5 EGFR BERNC KT LftEZ 9 & & HiC
EFFEIC L DIRFEDR b E < RN Z LR RE SN TR Y 4, ALKREGEIS T BEIR)
HBAIIEEIL T > A Y RAT 4 INV=—ARENE S 25, ALK SRR 58
TR E LTHETHY, ALK HEARNL ALK BhaEm 1Bt 3E N e i 1o eh L
TR E 720 TRERERIE L 705 Z LI S b, ALK FHEAE L TR
IZHEB 2B OT=27 U F =7 (Figure 2) 1%, 4L MET FHEA| & U CHERRER A
D HAILTWZ2, MET PSMC ALK Z G0 EHO ¥ F—EB 42 1E T 280 e T
HDHTENbroTWe 5, EML4-ALK &8 OB AEZTT, 7 F=7D
ALK [HEH & L COBKREBRNAED bz 2 L2k, FZEANT ALK @& 815
PERFHE LT LT 60.8% D FEMIZZ5NHE K Y 9.7 77 A ® progression-free survival (PFS)
PR ZR L6, 2011 4REIKET, 2012 4RI AARTHERINTZ, LnLzns, 7
VF =T PIRE R LTI BW T, BRAMEIC LV BOBRENALOND Z NG
INT72 > TETND ™9, BT, 7 ) Y F =712ttt &R Uiz B OIESMRE A O [FE &
iz ALK O RIS ALK DSND > 7 F R OISPEIRIC X DIiHE A 7 = X A2
Nz 714, fEOKERE S 7 U Y F =7 OFBEENGZGROLILTEIY 15, Bl
T ALKBEGBEFIEIZB O THIRE=— AN\ SN T RN EZZ b b,
—J7, Fexld, ERHUESESRE A L, ZEMEICENT ALK BLEAIOB YA B
LT, ALK Z#/1no% F—BRIRMICIHE CE SEROBBICEF LTz, £,
100 TLLEDILEM T A 77V —% A= F—BHEA DO NA ANV—T > A7)
—=V 7 TRIHERTEE v MEBO TG, LA OB 27 SO
AT, MAMOEmWUERMAEED U — MW ek Lz, WRIZ, ALK FHEIEMEOH
R, T —ERBRMEDR LR OHEYERELKET 5720, U — MuaMOFFEREZ G
AEL, EOHNG ALK IS LGRS 2AFIGEEZ R L, 7)Yy F=T%
flLd ALK BLEH & 13 FA8E 0 R 72 588l ALK L&A L 27 F =7 (Figure 2) DAl
U Lz, 7 V7 F =713 ALK @& 8GRI (25 LT ALK @ U g
{bEHET S Z & CHESEIREZRT Z EDRHLNICINTVND 16, 2 b OfE R 21
FZ, 7TV7F=71F 2010 FFIC HARENT ALK @A EBGBE i BE & 512 H
[/IAHRBRZBRLE LT, B O/ S— R D 46 ADOFEHRIT 93.5% TH Y, AEMELEN
HAITHDZ NG 1T, T L7 F=71F 2014 4E 7 HIZIZAARENRNT ALK &8s+
B s R A PRI LTaiREdE & LR s v,

AIFZETIL, T Lo F =T ORMEEZ S SICHET D720, £F27 ) Y F=7MmitttEes



Alectinib Crizotinib

Ny _NH
S DS
N = \ F
A AT TN
'ee C
=0 )
o] N
H
Molecular weight 482.63 450.34

Figure 2. Chemical structures and molecular weights of alectinib and crizotinib.

MMHT DT VI F =T DR ERGE LT, TORER, TVIF=T BRIV F=70
miEIC B 5 ALK “RINER 2G5 T VK OMEERSE T VICH LT, R0V %
IRTZEMALMNT o7, RIS, EML4-ALK @ AEIG T DA I = X L % B4
e, MR dkD EML4-ALK @G B s PE R 2 o C Y iR E it 2
Tolcl A, ZOMIKD EML4-ALK @& BEETIE, 72 ) 7R 18 LR
L 1EIDT ) LA Ny MR DGEBEEROW AL HRAIC L VRSN TND Z &R
e X, EOMIRK A~ D A LT BT MW L TCH T L7 F=T7 1332 Rm3 2
EMHALNI RS T2, EBHITIE, EML4-ALK@WEEE T L RERC, i o JR RS s T
ELTEZLNTWD RETRGES T 92 2 FT DI L TT L7 F =T MR
EARTINEIMERGELTZE 2 A, T V7 F =715 EML4-ALK & 851 B s f
fa & [FIRk, RETRVE B TBEEMaic s LT RET OV U EbZHET 52 & T
SR 2 TR E N BT o T,

PLEDOMFFER RN, ZHETOhr> TW a7 L7 F =70 ALK G Ba 1B
RIS T DRI TR, 7 U Y F=T IR R T ALK Bve & s 1Bt
B RET RGBT ENTE ISR T DIRIRICH L TEMTE 26D THDLEEXHN
HT D, HEmXELTELEDIERETH D,
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BB JVVF=TMECRHTAEIT VI F=TOHE

ARETHE, BRTHRE SN TWD Y U Y F =TI BT 5 BT T L A5 L,
ZDET T DT VI F =T DHBIZONTHRRD,

TR, 7)Y F =T RE5% 0 EML4-ALK @A 85 IENE T 7 WSkt 5
T VI F =T OBIZONWT, FEHTIE, 7V F=TMmEICED S ALK IRIE
BERTDETNVICHT D7 LI F=TDOHRICHONWT, F=HiTlE, vV RABHZENIC
EML4-ALK & 815 1B i 2 Al U 72 s O Idiisk 2 il L 7= s 7 vicxk 35 7
VI F =T DHRIZONTIER D,

B 7YV F=TEE®RD EML4-ALKMABEGFBEREET VICHT 5T L
F=T DFR

7 VY F=T71%, ALKRG B FBEIERE I x U CRIN R R A R Lic—5 6, [AI3E
KD HR2 R LT RBEITB W T, EEMMEICE > THEOBRBRBDO b D Z &N L0
2o TETCWD T, D, 7V F=TREBRICHENA 0TI o7 ALK e
AR TBPERE ISR LT, MVWEEsh 289 ALK RERI SR b Cnb, £2T, 7
U F =T OERR A4y e ALK RS T B E 7 S LT, 7L F=7
IZEDRWEEINFFCE DM E I EMiT5 Z &2 LT,

£, TVITF=TROT V) F =T O RKED i+ 5720, EML4-ALK @&
T T B I S Ak NCI-H2228 %~ AD & FICBHE L= EF M LT, T L7
F=TRO7 VY F =T kb LESZFHii Lz, 7V 27 F =7 60mgkg 2 1 H 1[0
PEHT21 HEE L& 25, EOIRKER OERRPHRIN, BE-ETHR 4
W & IS OBIEN RO o 7= (Figured), —J, 7 UV F =7 D~ R BT
LiKMAHE (100 mg/kg) 22 2 1 H 1 [H#EAT 21 HREEG Lc L 25, HEEOIRHKE
IR SN2, SERFIMNITE S TIESGSFFIRRBIC /R Y, 5T H%ITIEE O FHY
SEAFRD Btz (Figure 3), K- T, 7 UV F =71 NCI-H2228 fifiz~ 7 A D}
TIBH L7 ET M L CTHaRIRE RS oDt L, 7LV F =132 0
T MCHK L CREFDDHER TEX DI L0V &2 R~ 2 LR S,

Wiz, 7V F=7 %21 ARIEE Lzt EML4-ALK @& 8E 1Bt RiE £ 7
JMIZHRI LT, TV F=TBRERTNE I DEHME Lz, ZORE, 7V F=
THEE 21 BRIZT VI F =T ERGICEE LTI, 7V Y F=T 855k LRt
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Figure 3. Antitumor activity of alectinib and crizotinib in a mouse xenograft model of NCI-H2228
harboring EML4-ALK. Mice bearing NCI-H2228 cells were orally treated with alectinib at 60 mg/kg or
crizotinib at 100 mg/kg on a daily basis for 21 days (days 27—47). Then tumor volume was continuously
measured during the treatment and the 4-week drug-free period that followed. Data are shown as mean

+ SD (n = 5 per group).

(ZEH_T, BEE RS NN RO b vz (Figure 4A), 7V Y F=7% 21 HRE&E L
BBV TIE, ALK $F—8 RA A SICERITRD bz - 7= (data not
shown), 2D Z &b, 7 U F=TREHROIENA VT2 o7c EML4-ALK G i&
RABEEREIC S L CH T L7 F=70%, VI 2 R~T 2 LRI T,

TVIF=TROT VY F =T OEGOEN BT 5720, NCI-H2228/iin % ~
U ADRE I LT2E T VICH LT, m3EAlZ 2 b LT R h—v AF%ERE
WLz, TV F=T RO VI F=T 0T RICEBNTY, TR M=V AD~—0—
TH HPARPOUIMI MR S LTS, 7 L7 F =T DIF 95 BNZ OYIMIRBEE I A BT
ZEmn (FiguredB), 7V 7 F=7137 VY F=TIZHARTT R b— AFHEEN G
WeEZ b,

UbEDZhnn, TVvIF=T1E, 7V F=T2E&E Licth® EML4-ALKR A&
BT BEVEREE T MK L THROWESNZ R L, om0 T R h— AFEREE R T2 &
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EHETH7 VY F=TMEBREROY U F =T RIEEOBE I L TL Y ROFR
ED & HEHNTH D AR H Y, BRSO RIS 5,
A
[ Vehicle
1000
f Vehicle
= L Randomization
£ A 4 Crizotinib
Py
E Crizotinib -
S 100 }
s
= [ Treatment Treatment Alectinib
| Day 21-41 Day 42-62
21 28 35 42 49 56 63
10 t
Days after the inoculation
B
Ve Alec Crizo
Cleaved PARP -
B-aCtin | e s a———— -

Figure 4. Efficacy of alectinib against tumors remaining after treatment with crizotinib. (A) Mice

bearing NCI-H2228 cells were orally treated with crizotinib at 100 mg/kg on a daily basis for 21 days

and then randomized. After randomization, the mice were orally treated with vehicle, alectinib at 60

mg/kg, or crizotinib at 100 mg/kg on a daily basis for 21 days. Parametric Dunnett’s test: *** p < 0.001,

treatment with alectinib versus crizotinib at final day (n = 5 per group). (B) Apoptosis-inducing ability

of alectinib. Mice bearing alectinib cells were orally treated with a single dose of vehicle, alectinib at 60

mg/kg, or crizotinib at 100 mg/kg and the tumors were collected and lysated at 6 h post-dosing. Cleavage

of PARP and B-actin were detected by immunoblot analysis using antibodies against each of them (n =

2 per group).
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B VY F=TMMEICEbD S ALK —RWERIZXT BT VI F=TDOHE

7 U F =T OEERRBRIZ B TR LI BT Uiz I N e B3 O iR
ZHWIC BT b, ALK “IRIZETH S ALK L1196M, G1269A, F1174L,
L1152R, 1151Tins, S1206Y, C1156Y K TN G1202R NFRIEIN/=Z &b, Zib
D ALK ZRINERIZ7 VY F=TTHECEDS LB x 55 (Table D714, 7 L7 F
=70%, o ALK [AEAITH D2 Y V' F=7% NVP-TAE6S4 & L #HEEN R0,
ALK O FF—E8 N A A 2o ALK FLEA & 2722 250 THEG LTS (Figure 5),
Z T, ABETIEZ VY F=TEICE D S ALK IRAERICH LT, TLrF=
TRNRERTNE I DEFMETSZ LI L, £, 2hbo ALK T IRMERAH
T5 ALK Z o R0 EERWET VI F =T OBEREFREZH AL 25, ALK
L1196M, G1269A, F1174L, L1152R, 1151Tins %O C1156Y (25 L CIdZER % b7
720y ALK & [A] URREE O i W R L FTEE RS H 7223, ALK G1202R 12%f LTI
PREIEMEOREEI N W b7z (Figure 6), I, 7 V27 F =7 D EML4-ALK @& 8151
B %9 2 BB ETE M 2 5l 4~ 5 729, ~ v A7 1 B flllukk Ba/F3 Ml B
AR EML4-ALK A& m+ %O ALK “Ri9ZE R (L1196M, G1269A, F1174L,
1151Tins, S1206Y, C1156Y & %% G1202R) # A3 25 EML4-ALK @A B 1%
ZNEIVEAR FEAN LT EFEBUM Ak 2 /ER U 72, Bk Ba/F3 #liflaid IL-3 {171
7RI A s L7 oisxt L, AR R OE B EML4-ALK e En 28 A LT
Ba/F3 fifaid, IL-3 R Z R LIZZ E0nn, Ziud OFERLL 7= ik,
EML4-ALK BhA G ITRAF L CHEGET 5 2 & AVRIB X 7= (data not shown),

Table 1. The total number of ALK secondary mutations in patients with crizotinib resistance

Total number

ALK mutation of patients Reference
L1196M _ 9 Cho_i et al., Katayama et al., Dogbeleet al.,
(Gatekeeper mutation) Kim et al., Huang et al., & Gainor et al.
7
C1156Y 2 Choietal., & Huang etal.
F1174L 1 Camidge et al.
1151Tins 1 Katayama et al.
L1152R 1 Sasaki et al.
G1202R 1 Katayama et al.
S1206Y 1 Katayama et al.
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Alectinib with ALK
(PDB ID: 3A0X)

Crizotinib with ALK
(PDB ID: 2XP2)

Alectinib /——"/
\ (7\/»7 < //‘)k

WH |

—— Y 7 . O
) ﬁ\v Crizotinib / V /‘\,
e T s . — ——

NVP-TAE684 with ALK
(PDB ID: 2XB7)

/,,w—

NVP-TAEG84

Figure 5. X-ray structure of alectinib with ALK (PDB ID: 3A0X), crizotinib with ALK (PDB ID: 2XP2),

and NVP-TAE684 with ALK (PDB ID: 2XB7). Alectinib (C in yellow), crizotinib (C in pink), and NVP-

TAEG684 (C in aqua) are shown in stick form. Figures were drawn using PyMol software (Schrédinger

KK).

Alectinib

IC50 (NM)

100 10 1 0.1 100

Crizotinib
ICs50 (NM)

10 1 0.1

ALK

ALK 1151Tins|
ALKL1152R
ALK C1156Y
ALKF1174L
ALK L1196M
ALK G1202R
ALK G1269A

Figure 6. Kinase inhibitory activity of alectinib or crizotinib against ALK mutants. The in vitro kinase

inhibitory assays of purified native ALK (amino acids 1081-1410), 1151Tins, L1152R, C1156Y, F1174L,

L1196M, G1202R, and G1269A fused to GST in the presence of alectinib or crizotinib were carried out

as described in Materials and Methods.
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B O Ba/F3 Ik LT, 7 L7 F =7 O EREEZ M L7z & 25,
TV F=TNE, BAERD DL ALK CRINER AT 5 EML4-ALK il &85 7%
EA L7z Ba/F3 izt L, ALK G1202R %R\ TV EsztEs r L7z (Figure 7).,
AVLFL L= 2o oMk ALK o) Vb Zf~7=L 25, ALK OV ko
2D R LB Y B L TS P O fE F & — B L 7= (Figure 8, 9), & 512, ALK KA
BAEFT DK T 27 Vo F=7 OFEENR%Z, BISL LI ERY EML4-ALK @G
a2 %87 5 Ba/F3 flatk (ALK L1196M, G1269A, 1151Tins, F1174L, S1206Y
K ONG1202R) 2~ 7 ADK FIZBH LT VEHAWCEHME Lz, 7 VY F =7k
BRLELUTRBHEDZ O ALK L1196M (Table 1) 2H 3 5ET MR LT, T L7
F=TI TN E R L, 7 U Y F=T 3R E RS 2o 72 (Figure 10),

Alectinib Crizotinib
o Clinical trough
Clinical trough plasma conc -~ Ba/F3
1254 N i plasma conc. 1254 4 (250 mg BID) -« EML4-ALK
: (300 mg BID) : -+ 1151Tins
'\;100- : (;100‘ : c1156Y
s < F1174L
£ 759 £ 75 - L1196M
< 2 -« G1202R
> 504 > 504 S$1206Y
2 2 G1269A
O 25 O 25
04 0

0.001 0.01 01 1 10 0.001 0.01 0.1 P 10

Drug concentration (3M) Drug concentration {uM)
959 hM 608'nM
(463 ng/mL) (274 ng/mL)

Figure 7. Growth inhibition of alectinib or crizotinib against EML4-ALK mutant-driven Ba/F3 cells.
Cells were seeded and then treated with various concentrations of alectinib or crizotinib for 2 days. The

viable cells were measured by a CellTiter-Glo luminescent cell viability assay. Data are shown as mean

+ 8D (n =3).
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Native . .
Alectinib Criz

(M) 0 1 10 100 100
P-ALK | GD e —

ALK | o ann aan ann ann

L1196M
Alectinib Criz

0 1 10 100 100

p-ALK |GHD e e o w—

ALK | s s s s

Figure 8. Inhibition of ALK phosphorylation by alectinib in the Ba/F3 cell lines expressing EML4-ALK
L1196M. Cells were treated with alectinib or crizotinib for 2 h at the indicated concentrations.
Phosphorylated ALK (Tyr 1604) and ALK were detected by immunoblot analysis using antibodies to

each of them.

Native EML4-ALK EML4-ALK EML4-ALK
EML4-ALK 1151Tins C1156Y F1174L
Alec Crizo Alec Crizo Alec Crizo Alec Crizo
(") 4 10 100100 o0 10 100100 0 10 100 100 O 10 100 100
PALK |- = S — | - -

e . 7 1 JE T " T T™MIE™ T IR

B-OCTN | s —— || S S —— | S | | ——

EML4-ALK EML4-ALK EML4-ALK
G1202R S51206Y G1269A
Alec  Crizo Alec  Crizo Alec_ Crizo
(nM) 0O 10 100 100 O 10 100 100 O 10 100 100

ALK | - |- e -

B-actin

Figure 9. Inhibition of ALK phosphorylation by alectinib in the Ba/F3 cell lines expressing mutated
EML4-ALK. Cells were treated with alectinib or crizotinib for 2 h at the indicated concentrations.
Phosphorylated ALK (Tyr 1604), ALK, and B-actin were detected by immunoblot analysis using

antibodies to each of them.
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EML4-ALK WT EML4-ALK L1196M
800 800 r

Vehicle

Vehicle

600 | 600 |

*kk

400 + Crizotinib *k 400 L

*k%

Crizotinib

Tumor volume (mm3)

200 200

Alectinib Alectinib

0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
14 15 16 17 18 19 20 21 11 12 13 14 15 16 17 18

Days after the inoculation Days after the inoculation

Figure 10. Antitumor activity of alectinib against EML4-ALK L.1196M-driven tumors in a subcutaneous
mouse model. Mice bearing Ba/F3-EML4-ALK WT or EML4-ALK-L1196M were treated with vehicle,
alectinib, or crizotinib orally once daily for 7 days. Tumor volume for each dose group was measured.
Data are shown as mean = SD (n = 5 per group). Parametric Dunnett’s test: *** p < 0.001; N.S., not

significant, versus vehicle treatment at final day.

ALK L1196M (X, ¥ T =€/ — b F— =@ T 57T I VBRI EOER (F—
h— =) THY, ¥ — bF——ERT, T —BHEAOEEmEA =X
LELTELSHBNTND, Bz, 7'— % —"—ERTh5 EGFR T790M23 ¥
ABL T315124 (%, #i £+ EGFR [HEAIS ABL [LEAIOMPEZR L L THLILTE
D, FERNRZNDHDH— FF— =R Tt UCHEEE A R~ 2 &8, BIRFEDR
EHERFTAT-DICbEETHDL B2 6D (Figure 11), 22T, 7L F=T N7
— FF—/—2 8 ALK L1196M (Zx} L CHENRZ R LIZBR AP LT 5709,
T L7 F=7 L ALK L odfEE (PDBID: 3A0X) 205, i OfE AR AR L,
FORER, TV F=T D3N T JHE ALKL1196 & 23R 17 CH/ = fHE/EA %
LTWbZ Eniigasniz (Figure 12), F£7-, ZodfEih % R LTz in silico®T /v
DOFFFTIC LV, ALK L1196M (28T Z O& M7 CH/ = FAAEA 2R ST
5 e asng (Figure 13), —F, 7 VY F=7IZBW L, in silicoE7T /VIZ
BiF2% ALKL1196M & 7 U V' F =7 L ORBREAEENITRD bhehotz, Lo
T, DR EEROHRCLY, TV F =T N ALK D7 — FF——ERTH
% ALK L1196M (Z%f L TRHFEME 2R T 2 L HER ST,
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Gatekeeper residue

ALK LPRFIL|LIELMAGG

ABL PPFYTITI T EFMTYG
EGFRS TV QLTI 7']91‘0 QLMPTFG

KITGPTLVI|T|IEYCCYG

Figure 11. Alignment of sequences around the gatekeeper regions of ALK and other protein tyrosine
kinases. The amino acid sequences around the gatekeeper region of ALK, ABL, EGFR, and KIT were

compared.

. v

Alectinib

( C-helix
! 1

Figure 12. Superposition of alectinib-ALK and crizotinib-ALK (PDB ID 2XP2). The superposition was
based on the Ca positions of the two complexes. Protein cartoon diagrams of alectinib complex are in
light blue, and crizotinib is in pale yellow. Crizotinib molecule as a stick model (C in pink) is overlaid

on alectinib. In each complex, 1.1196 is shown as a stick model.
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Native ALK-Alectinib ALKL1196M_Alectinib
(PDB: 3A0X) (in silico model)

Figure 13. Superpositions of alectinib on ALK L1196M. The structure model of ALK L1196M with

alectinib was generated from ALK with alectinib (PDB ID: 3AOX) using Discovery Studio 3.5 (Accelrys).

Fio, 7V F=TMEERLE LT 2HEBICHEDZ UV ALK G1269A (Table 1) %A
THYTAETMCH LTS, T L7 F =TI 2R L, 7)Y F=7 13581 %
RE o7z (Figure 14A), —F, BEEMLER OMIAEHEAESBR COT V7 F=7
DILFENRDIIN -7 ALK G1202R 2T 5~V AET/VICH LT, 77 F =71
B A o AR S /o 1= (Figure 14A), AR GHO S DETF L ONfEZ 7~
AB Ty T 4 U TICK VT LT 2 A, ALK O Tk CTéh b STAT3 O U g
{EOIHIZN R, PUEBEIROFME L —# L7- (Figure 14B), ALK G1269A #H 3 5
NYUAETIICKH L TT LI F =703 %", ALK G1202R 2§25~ U XET
IR LCT VI F=T B e RS e o B2~ 5729, ALK &7 L7 F=
T OMAESE N LTz in silico ® T VRN 21T > T, ZOFER, 7V 27 F=71% ALK
G1269A 1Zxf L CYREE DR ELZ T VW—F, 7 VY F=T 132 0EELZ 5 2
g sz (Figure 15), %72, ALK G1202R (ZXf L CliE, 7V 27 F=7 %5t
ALK [HEANINAKEE DR B L Z 1T 5 2 & A HEE S (Figure 16), D727 L 7 F
=T ROV F=TEREESRE RS ol B ORD, I 6T, ALK
1151Tins, F1174L X T* S1206Y 2 F T 5~V AET /MIEBNTH T L7 F =7 3580
Hhaox L7z (Figure 17), N HD0Z Enn, T L7 F=T3BEE TIZFEE SN T
WAHRZHEO T ) Y F=T MM EREZET DI L CHIUEENRETRT Z L 2VR
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Figure 14. Antitumor activity of alectinib against EML4-ALK mutant-driven tumors in a
subcutaneous mouse model. (A) Mice bearing Ba/F3-EML4-ALK G1269A, or -EML4-ALK G1202R
were treated with vehicle, alectinib, or crizotinib orally once daily for 7 days. Tumor volume for each
dose group was measured. Data are shown as mean + SD (n = 5 per group). Parametric Dunnett’s test:
***% 1 <0.001; N.S., not significant, versus vehicle treatment at final day. (B) Pharmacodynamic
response of EML4-ALK mutant-driven tumors to alectinib. Mice bearing Ba/F3-EML4-ALK G1269A,
or -EML4-ALK G1202R were orally treated with a single dose of vehicle, alectinib, or crizotinib, and
the tumors were collected and lysated at 4 h post-dosing. Phosphorylated STATS3 (Tyr 705), STATS,

and B-actin were detected by immunoblot analysis using antibodies against each of them (n = 2 per

group).

Wi, BITE, 7 VY F=T7 Il T ALK GBS T B x4 2
T LI F=T OMKRBRNEED HILTEY, 55%DREIHFEL R L TVDHMN 25, Bl AT
R LT B ICBIT 5 ALK _IRIEROFEITD) > TWRWY, 5%, TV F=7
1T ALK “REVERZGT 227 V) F =7\ Citte 2 73 BE T LT b Bk TR R %
TRREMEDNH VD, A% OKRBRA S5,

19



Native ALK ALK G1269A

Figure 15. Superpositions of crizotinib and alecinib on ALK G1269A. ALK G1269A mutation was
modeled by Discovery Studio 3.5 (Accelrys) and figures were drawn using PyMol software. The
superposition was based on the Ca positions of the three complexes. Protein cartoon diagrams show
crizotinib in pink and alectinib in yellow. Alectinib as a stick model (C in pink) is overlaid on ALK—
crizotinib (PDB ID: 2XP2). ALK is shown as a surface model and both G1269 and A1269 are shown as

a stick model.

Native ALK ALK G1202R

Alectinib

Figure 16. Superpositions of crizotinib, alectinib, and NVP-TAE684 on ALK G1202R. ALK G1202R
mutation was modeled by Discovery Studio 3.5 and figures were drawn using PyMol software. The
superposition was based on the Ca positions of the three complexes. Protein cartoon diagrams show
crizotinib in pink, alectinib in yellow, and NVP-TAE684 in blue. Crizotinib and NVP-TAE684 as a stick

model (C in pink) is overlaid on ALK—alectinib (PDB ID: 3AOX). ALK is shown as a surface model.

20



1151Tins

1,000
é 800 r Vehicle
@
£ 600 |
3
o . ..
g400 | Crizotinib
§ Alectinib
= 200
0 1 1 1 1 1 1 1

10 11 12 13 14 15 16 17
Days after the inoculation

Figure 17. Antitumor activity of alectinib against EML4-ALK mutant-driven tumors in a subcutaneous
mouse model. Mice bearing Ba/F3-EML4-ALK 1151Tins, -EML4-ALK F1174L, and -EML4-ALK

S1206Y were treated with vehicle, alectinib, or crizotinib orally once daily for 7 days. Tumor volume for
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each dose group was measured. Data are shown as mean + SD (n = 5 per group).
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BEE WEBETACXTET LI F=TOHR

IMHRRE 1% 25-38% DI/ NI B E ICB W THEL, PR AR EMETL L
DREESNTCND 627 Fi, 7V F =T OFEEKERBRICBWT, 46%0 ALK @hE#E
R BETERE B DY NN TH L RSN TS 15, ZORKELTZ Y Y F
=7'1% central nervous system (CNS) ~DOBITIENMEWZ & 28, ALK (Z%59 % FLES
RN EREZ LD (Figure 3), £ 2 C, 7 L7 F=7 OfifE ORI I35
R TIT D720, MBI L7232 ET L& LT, v U ABHENIEFEIC Y
V7 =7 —BEREHIE EML4-ALK @A 8 is 7BV Elakk NCI-H2228 Z B AE L 72
TTNVEHE L, ZOFTMIH LT, TVLZ7F=T7 20 T4 HEERS LEEE =+
= —LTIzE A, BHEREOMINRALNTZD, 2 ha— Al \er )y F=78E
BECIRBEE R 3 2R & 72 v o 72 (Figure 18), 7=, ~ v AFHZEMNIC NCI-H2228

A

Vehicle Alectinib Crizotinib
Day 0

Figurel8. Antitumor activity of alectinib in an intracranial tumor implantation mouse model. (A)
Bioluminescent images after treatment with vehicle, alectinib, or crizotinib. Nude mice bearing
intracranial luciferase-expressing NCI-H2228 cells were monitored live by a luciferase imaging system
after oral once daily treatment with vehicle, alectinib at 60 mg/kg, or crizotinib at 100 mg/kg for 4 days.
(B) Tumor burden was evaluated by H&E staining on day 4. Vertical arrows indicate the portion of

tumor tissue developed in cerebrum. The length of horizontal lines shows 1 mm.
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Figure 19. Prolonged survival by alectinib in mice with intracranial EML4-ALK-positive tumors.
Kaplan-Meier plot shows the survival rate after intracranial implantation of NCI-H2228 cells. SCID
mice bearing intracranial NCI-H2228 cells were orally treated once daily with vehicle (n = 5), crizotinib
at 100 mg/kg (n = 5), or alectinib at 60 mg/kg (n = 4) from day 20 until death or to day 45. Statistical

analyses were performed using log-rank test.

faz B Lo e T MCk LT, HEREZROT26 A Lz 2 h, 2 br—Lif
(EFEHEOHRIE: 39 H) X7 VY F=7 58 (67 B) IZHART, TV F=T7#
HEE (103 H) CTIREERAGTHMOIEEN R o7 (Figure 19), UL EDOZ End, 7
V7 F =70, EML4-ALK fhEEAR T B 4 BHEE NI AE L 727 LIk L Ol
W AR T 2 E BRI E T,

WA, FUERIORFEATIED, IR 2 FEAI DR R B 2 X T W REMEDN B 2.
bIDTeD, T VI F =T OWBATIEZRHE LTc, BESHPERNMAAA TSR L7 Vo F=
7 (MCT V7 F=7)1mgkg %7 v MIREROES L, m4E, KIKEOVMEIZIT 53K
FREZRE Lz 24, KIMTIIEG% 8 e, /MM TITE 5% 12 Rzl T L
7 F =T OWRENERKIZIR STz, ZOREETOMEIZE T 27 V7 F=TREIZRT 2
KM OVNRIZEBIT 57 L7 F=TREOIZTZNEN 0.94 X1 0.63 THY, Wi
DRFRIZB N THEWHEEZ R LI 0D, TV F=TB3MBITERH D LB XD
7z (Figure 20), 3EAIOMBEATIEIL, A OS T8, BUKELOZ 7 GG
EREa IR BRNEBEST 5 B2 LN TWAD, MEMBEPNC A ET HEY R 8 P
glycoprotein (P-gp) I1ZHABEHICE D> TWA Z ERRMBNTWE 29, 2T, 7
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L7 F =773 P-gp OB D0 E D AT 572, P-gp #3BLL T\ % Caco-
2 Mz W\ G R T AT = v T A2 LY efflux ratio #FH L7z, P-gp
BThHbDHYax v Tl efflux ratio 28 8.01 TH Y, P-gp [LEAI_T /I L&
2% EZED ratio > 118 I Lz, —HT LI F=T7TiE, XININLVOFET,
efflux ratio NN 1.32 LT 1.09 E W T HUTB N TH/IhE -7 (Figure 21),
FDA OFEHETIZL, efflux ratio N 2L ETP-gp DIEE L L TELZLNTNDH I LD
30, TV F=TE P-gp ODFEETIIRVWEEZ N, UELY, 7V F=TILP-
gp DEEEIZR BN LN BM~OBATHED m <, ALK G BIs 1R 2~ 7 X
DRI LT ET VIS L TH IR ERT Z LAVRBE S, RiLDHARIZIBNT,
TVIF=TNE, 2 U F 2T HEROMESE AT HBEICH L THESZRL,
T RANDBATHED RN & bRER S TWND Z & 25, BRR COMMEEMERRE (%
DARPEESNTEY, SBROBAICERNEE > TND, LnLans, HIKICEH
D IMERRE T, MIEMEIM N E ST D EoRELH D Z LD, ALK BHEH
DIREER TR T 220 R1E, P-gp OEEITRLARWZ L7721 TidZe <, BIOZERAEE
LTWOAREME S D Z LD, SBRFMICHS TV RELRH D,

80
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Figure 20. Brain permeability of alectinib in a rat. The radioactivity concentration in the plasma,
cerebrum, and cerebellum after oral administration of 14C-labeled alectinib at 1 mg/kg to one rat. The
radioactivity concentration in tissues was quantified at 4, 8, 12, 24, 48, 72, 120, and 168 h after

administration.
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Figure 21. Bi-directional transport assay of alectinib in Caco-2 cells grown on Transwell . The apparent
permeability coefficient values and efflux ratio of 14C-labeled alectinib (1 uM) and 3H-labeled digoxin (1
puM) in Caco-2 cells in the absence or presence of the P-gp inhibitor verapamil (100 uM) are shown. The
permeability of directional transport from apical to basal is shown by black columns and from basal to

apical was shown by the grey columns. Data are expressed as the mean + SD (n = 3).
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ARETIE, R THESNTWDZ VY F=T T 57 Vo7 F=7 Ol Al
PEERREET 2720, 7 ) Y F =T L ET VISR T 2T Vo F=T7 OMR %
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£, EML4-ALK R G851 MR iask NCI-H2228 2~ U A DR T IZHAH L
BT M LT, 7 L7 F=7 I3 EERMER OB E R L, EKTHbIEEO
HIERTRO N hote, —JF, 7V F=T 30T T NVOEGEREZ R LT2DS, 58
BFIMNIEST, BEK TRICIESGOFEEIRO N, 7 VY F=TE5%0
HENART3THSTZIERICK LT, 7 V7 F =7 3@ 2B S 513 & OFEE 23R
BhaERTZENRALCERD, ZOBEBIIT LI F=T DT R b=V AFEGEDR &
IZ&b B2 b,

wiz, 7 VY F=TMECED D ALK “IRMEREZFTLHETVICH LT, T2
F=TOEN T LI 2 A, TV F=TWEIREBD 7 VY F =TT E R H
€T SR L CHHUEBN R R~ 2 LR s vz, LaL, ALK G1202R (2
XLTIE, 7L F=TITBEERFN RSN LR I,

BT, M A LT T L E LT, ~ 7 RAFHENIC EML4-ALK &5
TBETEAIEE NCI-H2228 # A L7 ET VA LT L7 F=T OB ZFHE L= &
A, TVIF=TEEIZEY, 7V Y F=T G LR U TR e O & OVEAF
IR OIEENRD bz, TORMEE LT, 77 F =703, MMMz TR
FIBEHIZEE D D Pgp OIEIZ/R RN E0D, ~OBITHERE N ERB LR
72

UEDZ s, TVI2F=T0%, 7 VY F=FMEcElbs~ 7 22T st LT
DIRETRTZENTRREINTZZ &G, BIRICEWT ALK “IRIE RIS 2 A9
527U F =T MEREICR L TH R 2R 2 RTINS 0, WiffSh b,
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BE B EML4-ALK @A BETFBRHEMERICT 2T VI F=TDHE
KRETIX, il EML4-ALK @& 8 a1 GEak 2 852 L, £ ofifafko ALK 7
Baora7yA4) 7k OEORIRKRIZHT 27 V7 F =7 ORI ON TR
Do
HEiTIE, MR RO BTIR EML4-ALK @A & stk o 70 7 7 A Y
VI ONWT, BT, B L7z EML4-ALK @& E AR S5 7 L
7 F =T DR OV TR D,

F—E WEBEEROBNH EML4-ALK @& B FBEMERO e 774 ) 7
EML4-ALK G& 8515t o s R 3 e D) 4-T%FEEIE L Lok 54 13,

JFCR-LC649 NCI-H2228 NCI-H522

1:JFCR-LC649 (v3)
2:NCI-H2228 (v3)
3:Ba/F3 EML4-ALK (v1)
4:Negative control

Green:5’ALK
Red:3'ALK

Figure 22. Characterization of patient-derived cell line JFCR-LC6489. (A) In IHC analysis for ALK, both
JFCR-LC649 and NCI-H2228 cells were positive for ALK. NCI-H522 cells were used as a negative
control. (B) In EML4-ALK fusion-specific RT-PCR, JFCR-LC649 cells expressed EML4-ALK variant 3.
NCI-H2228 cells harboring EML4-ALK variant 3, Ba/F3 cells transfectant EML4-ALK variant 1, and
water as a negative control were used. (C) In the ALK break-apart FISH assay, separate 3'ALK signals
(red) and 5'ALK signals (green) individually existed, indicating that JFCR-LC649 cells harbored ALK
rearrangement. JFCR-LC649 cells contained two ALK fusion-positive chromosome 2 (indicated with

yellow arrows) and two ALK fusion-negative chromosome 2 (indicated with red arrows).
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FUZHEW, FEERIAR T ALK BLEAI O30 2 374l © & 2 Mk Do, € 2T, Fill
EML4-ALK @& 8 AR 1- B Mk 2 852 U, £ OOz B+ 5 Z LT LT,
£, ALFFRIERIBRE D ALK G BBV F5 Nlla i EE GEMYES, Zok) o
Tk RIS L7z JFCR-LC649 Miflatkz F T, ALK # >~ 7 B3 Bt %2 57
72, 1 ALK $i{& % Fv 72 immunohistochemistry (IHC) #4235 T JFCR-LC649
HfEREIT NCI-H2228 flifatk & [FFRIZ ALK % RV B EREBL L T\ DH Z L BRER I
7= (Figure 22A), EML4-ALK @& B FIIMESORL 28 H ORI T v (N T
Y1, 2, 372E)3NX° KIFSB-ALK MG BIETO L 5 ICMEMHTFORR D ME 8T
2 HFEESINHESIN TS Z LD, RT-PCR K UNEE FESIMEHTIC L 0 Z Ok
D ALK @A BEF OO E 2R ATz, £ ORR, JFCR-LC649 fifutrix, NCI-
H2228 itk & Ak EML4-ALK @& 8nF3Y 72 b 3 3B L T\ D 2 LNk
BE 7= (Figure 22B), F£7-, ALK break apart fluorescent in situ hybridization
(FISH) {512 XY Z OMIlakiT ALK E B FIHETH D 2 LITA, ALKE{R{1
Wa2Aa35Z L any- (Figure 22C), F72, Z OHMIELLD comparative genomic
hybridization (CGH) f##TIZ LY, ALK Oi&l5 TR OFMRICINZ T, ALK &L T

JFCR-LC649 NCI-H2228
d 2z A4 0 HW ¥ w4 Z A4 0 H ® H

T

- ALK

Chromosome 2

Figure 23. 244K array-based CGH analysis shows the ALK copy number gain and distinct chromosomal

pattern in chromosome 2 of JFCR-L.C649 and NCI-H2228 cells.
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Figure 24. 244K array-based CGH analysis in JFCR-LC649 cells. Figures were drawn using the

Genomic Workbench Standard Edition 5.0.14.
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EHT D 2 F/GERICET 72 a ©—HOEB PR Sz (Figure 23), — 4T, 20
HIFERR D 2 BYORLIS O YR K OB D EML4-ALK &&= Btk c b %
NCI-H2228 @ 2 FYLORICB N TIE, £D X 5 2 RE o B — 5o L8t Ao
o7z (Figure 23, 24), T DOREQRYAMR o ©—HEB) Y — 1%, —EIDT ) LA N
Y MR RaENE L, Wb LBk ETES T D, 7 e R SR EME
ENDBIRDEO SN LFEOYERD a v —HEB Y — & —F Lz, 7uE )7
A%, Stephens HIZ Lo THE SNTZRAEFEMA I =X LTHY, Vil tb
B 200D 2-3% TIEZ D X D RBIRNRO LN TE Y 18, MfkIEME, S50 E i,
KiGe, BEZENE e & Ok % 70l CHAA ST D 183337 Lo L7 S, EML4-ALK
OB GFEEEEL L7 e N TR L OFEMRBEMIIRAES LTV A
ol ZIZT, /7T RN) S VRICER LT, EML4-ALK @A &G OBRA =X
LERGETHZ LT LT,

£9°, JFCR-LC649 MfkkICBNTZ vE U F L AT KD YREAMEFIBANA U T
WDENE I INERGET 5729, @t o CGH (SurePrint G3 Human CGH ~ 1 7 1
TLA M) T E T2 2 A, 78E N SV AOa—HEE K — 2 LRIRO
200 a b —HolkiE 2 2=k 4 2’ —) OXBR RS- (Figure 25), KIZ,
2 F/YLARD R E SR AR D125, JFCR-LC649 il Yet (AEA (o sy R rb
DY RIEA) ZHWT, 2H/FRGAEDOE L oA T HEREZRET 5 7 —7 KO

Figure 25. 1M array-based CGH profile of chromosome 2 in JFCR-L.C649 cells. An oscillating pattern

between two copy number states was observed within chromosome 2 of JFCR-LC649 cells.
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Figure 26. Chromosomal structure analysis of JFCR-LC649 cells. (A) FISH analysis of a metaphase
chromosome spread in JFCR-LC649 cells using probes of the centromeric region of chromosome 2 (red)
and 3’ALK (green). JFCR-LC649 cells contained two aberrant chromosome 2 (indicated with yellow
arrows) and two normal chromosome 2 (indicated with red arrows). (B) FISH analysis of a metaphase
chromosome spread in JFCR-LC649 cells using the dual color probe set #1 probe, red; #4 and #6 probes,
green). In normal chromosome 2, all signals existed in the same position but in aberrant chromosome
2 the green signal split, indicating fragmentation and scattering of the chromosome had occurred. (C)

Schematic representation of the 3 kinds of FISH probes #1, #4, and #6).
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ALK %383 527 v —7 %l iz FISH fffT 217> 72 & 25, ZOMIEKTIX, 2%
DIEF OYEAMRITINZ T, 26 OF 2 FROAKPFET D52 EBHLNI R ST
(Figure 26A), = HlZ, ZOYEMREARIZRH LT, 2FGREAKDO ALK EML4 {1
ZRT D 3MEDO T v —7 2 Wiz FISH i 21T -72 & 2 A, 1IEHE O 2 FYalR
IZBNWTET R TCOYV T FARER> TR DI L, F 2 FRAKRIZHBNT
X, TOTTFADRRBELIZZ s, 2F/REAERIIHAILL, BEALEZ ENE
z bl (Figure 26B, C), O OfER LV, JFCR-LC649 flatkd EML4-ALK
EEETIEZ vE N VRIS NTZ LR Sz (Figure 27),
EML4-ALK@ &8I0 7 0 F) 7R R S dfiE Tl EIziE 72 <,
EML4-ALK & 8 AR 51 O BRI 2 W TSR it N E N D,
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Figure 27. Model of EML4-ALK rearrangement mediated by inversion and chromothripsis.
Chromothripsis causes a one-off catastrophic chromosome breakage and subsequent random

reassembly of the chromosome fragments.
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ADEIIES

7u® b FURCK VR ENT: EML4-ALK &8s 1% A9 5 ek
%t LT, > EML4-ALK &8s 1 BrEE ek & [FfkIC ALK FERID R A R
TINE DD ERRGE LT, ML EREBRICBNT, TV F=T k07 U Yy F=71%
JFCR-LC649 Hifafk D5 % 5k < B5E L7228, EGFR [EARIZ 7 « F=713% Ol
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28C), Lo T, JFCR-LC649 AHatkOHAIZIX, ALK—STAT3 > 7 F /R 3L EE T
HOHLFRREN TSN, —F, TV 7 F =70 L7~ NCI-H2228 Hifatkiz

A B C

Alectinib

(nM) 0 10 100
120

s
1
o
>
—
-~

£ | > 31
= N 3
g 60 - Crizotinib S 5 STATS E’
=z 3
o a 1A
20 Alectinib u
1 10 100 1,000 0 3 30 300 PERKI/Z | o

Drug conc. (nM) Alectinib conc.(nM) ERK1/2

Figure 28. Efficacy of ALK inhibitor, alectinib against JFCR-LC649 cells. (A) Growth inhibition of
JFCR-LC649 cells by alectinib. Both alectinib and crizotinib inhibited cell growth of JFCR-LC649. Data
are shown as mean + SD (n = 3 per group). (B) Increase in caspase 3/7 activity by alectinib in JFCR-
LC649 cells. Alectinib induced caspase 3/7 activity of JFCR-LC649 cells in a concentration-dependent
manner. Data are shown as mean + SD (n = 3 per group). (C) Effect of alectinib on the phosphorylation
levels of ALK, STAT3, AKT and ERK1/2 in JFCR-LC649 cells. Alectinib suppressed phosphorylation of
ALK and STATS in a concentration-dependent manner but did not suppress phosphorylation of AKT

and ERK1/2.
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BWTIE, 7127 F=71% ALK X° STAT3 ® U {2z T, AKT © U U ak B
# L7z (datanot shown), Lo T, HifEkkIC LV ALK O Tty 7 F /R 3 872 5 wf
REMED DV, SBFEIZIT T 2 LERH 5,

WIZ, Z Ok E ~ 7 AD K FICBAE LT E7 uicxh LT ALK BRI O FUIE )
REPFRIZE A, TVIF=TORBRLT 7YY F=TbmEED %2R L (Figure
29A), HH G LIEG O NS, WTHILOEA S ALK OV Uib 2 B I E
L7- (Figure29B), N2 EBETLHE, TV F=T KON VY F=71%, 7 aE b
U7 ARV EN T EML4-ALK fvE8n+ 4% F 7 5 i miais s LT bR
PN A RT ZERI LN o7, BIRICEBWT, 7 0E M) U A& % EMLY-
ALK @& & st o4 2 ALK BHERI O R RIZEE T 5 #d [ 3BURE A Tl n
N, B%OMIEEOERNPFEIND,
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Figure 29. Antitumor activity of alectinib or crizotinib against a mouse xenograft model of JFCR-LC649
cells. (A) Alectinib or crizotinib once daily for 10 days at the indicated doses reduced the tumor volume
without significant body weight change. Data are shown as mean + SD (n = 4 per group). (B) Mice
bearing JFCR-LC649 cells were orally administered a dose of 0 (vehicle), 60 mg/kg alectinib, or 100
mg/kg crizotinib and the tumors were collected and lysed at 4 hours post-dosing. Both alectinib and

crizotinib suppressed phosphorylation of ALK.
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AREETIX, FERGE TR C& 5 EML4-ALK @hG8 s T EiER N D e e, &
¥, BBl EML4-ALK Bl & 8155 E e A aik JECR-LC649 Z#fSr L, # Offifukk
D ALK BHREDT a7 7 A U V%4752, JFCR-LC649 ffatkiL, Bt EML4-
ALK FhE B AGE i ek NCI-H2228 & [Alkk, ALK % > /X7 B O3B O
EML4-ALK NV 7> |~ 3 OFBINfZRE ST, F£7=, JFCR-LC649 flifakkiL, NCI-
H2228 flifutk & 272 0, ALK = B —H03 2 51N L T\ Z &2z, JFCR-LC649
kD EML4-ALK @&EEFITZ 2 ) 72 R LT D PR A B =
ALZE VRSN Z LR S,

Wiz, 7aEe ) FURZE VBRI NT EML4-ALK #&861+4%HF9 5 JFCR-
LC649 MRzt 357 L7 F=T DRREMFELTZ& 2 A, 7 L7 F=71%, JFCR-
LC649 Mz~ 7 ADE FIZBH LT-ET st L CTROWES 2R3 2 &L B3] 57
o,

Dbz mnt, TVIZF=TEFBERIZBWNT, 7T ) 7RIV BRI
EML4-ALK @& BIE TR IS LT O R E R T 2 ERHf s Tnd, £/,
A RN L7 JECR-LC649 fllfatklE, ALK FLEAIOMINE A 1 =X Lig 435
— TR WD T2, WK E TR 2 8 ALK BLERIOMME A 5 = X 2O fiRb 23 W1
SN,

35



®w=8 71 /F=70RETHEREH

KRETIE, 7V I F =T OHRIBEEE LToORREEE T2, 7LV F=7
DMEFEMN 2 —BHEERZFMEL, T2 TRAEEINEZT L7 F=7® RET [LEH|
&L CRHMlZ W Tk 5,

BETIE, T F =70 ALK USAOFF—EEETE 50 E ) 0 E, 451 FE
HOXF—E a2 AW TEREN 2B EMITIC L VBEEL, 7 V7 F =7 OFT= IR D
ARRPEICOWTEKRT D, H _HiTl, H-HTREENTZT L2 F=7? RET [iE
Hl& LTCorEEMEEY, RET MEBEFHEMET T VERWTHGEL, TVv7F=7
2%, UrAEMEE CTRIE S e RET A BTN O REEIZZ2 VG008 5 )T
WTEKT %,

B TV F=THBHERRER X T —E ORI R RE

T VI F=T1E, ALK BEEE TBIEO IR O CTER- K & mu et 2R
T TR TH 575, T OKIN ALK @A 85 TPt I L TR 4R
TNEINIAHATH T, £Z T, KETIE, 7V 7 F=7 D L7 51RFEATRENE
BHRFETLHZ LI Lz, ALK BLERIZ VY F=71%, ALK USMNZH MET, RON K OY

Table 2. Kinase inhibitory activity of alectinib against RET, ROS1 and RON.

Kinase ICs5o (NM)

ALK 1.9
RET 4.8
ROS1 3700
RON >5000
RET G691S 9.5
RET Y791F 14
RET v804L 32
RET V804M 53
RET S891A 8.3
RET M918T 5.7

NOTE: The in vitro kinase inhibitory assays of purified native RET and mutated RET (amino acids 658-1114), ROS1
(amino acids 1883-2347) and RON (amino acids 979-1400) fused to GST in the presence of alectinib were carried out

as described in Materials and Methods.
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ROS1 72 E DX F—BiEMEHET 2 Z R 0h-TEBY 5, FiZ ROSI A EG %
AT 5 i BE T B ARIERI OTEF RN T TS STV 5 8840, JefTafgRIC &
D, TLrF=71F, ALK OFF—EEEZBEET L2500, MET O X% —8iE
PEIFRHE L7222 ERB BT > TS A, ROS1 KON RON 124 5 BHETEMEIZD
WAL TR o T 18, 22T, 7 L7 F=7" ROS1 L RON (Z%f1 5
FEDRE T, ZOFER, 7127 F =71, ROS1 DX S —BiEtkTm LETE
3 (IC5=3700nM), F£72, RON O & F—BiEMIXIE L2 -7 (ICs0, >5000 nM,
Table 2), 7 VY F=7 L[Fkk, ALK HLEH®Y F=7 (LDK378) %, ROSIL (Zxf7
LDIHEEMEZ AT 2 E NG SN TWD R, o ALK BHER & B2 7 Lo F=71%
ROS1 (2§ 2 EEMEZ R S fedvotz, ZOEHE LT, ALK &4 ALK FLEAR O3t
filidh & HE\Z U7z in silico & T MBITICEBWWT, 7 L2 F =713 ROS1 (2% L TarfkkE
EORBEZTDHN, 7)Y F =270 ) F=T T ONEEEOREEZ TN &
nHEZR SN 7= (Figure 30B),

WIZ, 7V 7 F=7 1T ALK IZx L TxF—B@EIROHERTH D Z ERINT
WhHT=s 16, ALK (2K 28V EEMEICIZS 573, 7 L7 F =7 CHEMRER ¥
—BOREZRATZ, T, 7 L7 F =70 ALK LSO X —BHLEREZHLH729,
451 FEHE D X F— VI3 5 LEZF %2 KINOMEscan technology (DiscoveRx) % F U
TiHiL7=, 10nM ©7 L7 F=71%, ALK, LTK XU GAK Z[l#E L, 100nM O 7
L7 F=71%, ALK K O'LTK I2/nx <, CHEK2, FLT3 (D835Y), PHKG2, RET &
O RET (M918T) %38 < FHE (95%LA 1) 972 Z LGN E e ofe, ST, IO
TR RIKER T & LT RETRAE B FRRE S, HHEZHEDTWD 1921, £ T,
TV F=7® RET HEH & LTOMRELHEND D Z L2 Lz, BREERICE
WT, 7V 7F=71%, RET OFXFF—BiEMZM < E L7722 (ICs0=4.8nM), ALK
BRERZ VY F =1L RET OF 7T —BIGHEZIZ & A CHFETE T (ICs = 3200 nM),
ALK PHEHRIE U F=71% RET (237 S HFEIEMZ RS20 572 (ICs , >5000 nM,
Table 2), RET & F—¥ |3 ALK F—¥ & 7 3 BRELFI7 36.6% DFFRIMENH 5 = &,
F72, ALK &7 V7 F=7 OMHES%E FIC UT- in silico &7 WVENTIZEBWT, 717
F=7t ALK MIcH 5 KFEREAN, TV F=7& RET 2D & FHEINDKER
A Ld@Ed s 2 D (Figure 30A), 7 L7 F=713 RET \oxF L CHLEFMEZ R LT-
LEZ NS, —JF, [FEED insilico & T VENTIZBWT, 7V F=Tdkv ) F=7
IR EOREIZ LY RET 2 E T 2 HiZ X7z (Figure 30B),
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Figure 30. Structural model of alectinib with RET. (A) X-ray structure of alectinib with ALK at the ATP
binding site and 3D model of alectinib with RET. Amino acid residues, which form hydrogen bonds to
the ligand directly or via water molecules, are depicted. Alectinib and amino acid residues are shown
in stick form (C in yellow, white, and green, O in red, and N in blue). (B) X-ray structure of alectinib
with ALK (PDB ID: 3A0X), crizotinib with ALK (PDB ID: 2XP2), and LDK378 with ALK (PDB ID:
4MKC) and structural models of RET (PDB ID: 2K2K) with them. Alectinib (C in yellow), crizotinib (C

in pink), and LDK378 (C in aqua) are shown in stick form.
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B 7 V2 F=7 D RETRMEBIETHMERMEE T VT 582

7 VU F=T7 O RETE BRI k3 2 SR ETEE 2 3l 5 720, %
T COCDC6-RETREEAn 1% A T % LC-2/ad MMk 23 2 A2 M 2 511 L
2o 7V 27 F=71%, RET HWEREZATOINVRY U F =T MO T Z =7 LR,
LC-2/ad HifatkOHFE AR < BHE L, —HF ALK HEAIZ VY F=T kOt F=7K
O EGFR BHEHR Y 7 4 F=713F OiE# HE Loy~ 7= (Figure 31A), > RET
MEBE T2 AT M T 27 V7 F =7 DS EZFHME T 5729, v 7 X Ba/F3
Hif\Z KIFSB-RET MG 8 a2 BR8N Lo ZER Bk 2 1FR L7z, EML4-
ALK @58 a1 28 A L7z Ba/F3 flifa & [FIEkIZ, KIFSB-RETR&En 28 ALT
Ba/F3 #lifidix, IL-3 FEIKAFR0 72 b2 r Lic 2 &, B U= ilakkix, KIF5B-RET
Al A BRIk L CHEIE T 5 2 L 3R S 417 (data not shown), Al IEFE FH A
BROFER, TV I F=71%, DR F=T KON T X =7 L[Ekk KIFSB-RETRG
BT 28 A L7z Ba/F3 filaz k< [E L7223 (Figure 31B), 7V Y F=7, £V F
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Figure 31. Inhibition of RET-driven tumors by alectinib. (A) Growth inhibition of LC-2/ad cells by
alectinib. Cells were seeded in a spheroid culture plate and incubated overnight, and then treated with
the indicated concentrations of alectinib, cabozantinib, vandetanib, crizotinib, LDK378, and gefitinib.
The viable cells were measured using a CellTiter-Glo® luminescent cell viability assay after 5 days of
treatment. Data are shown as mean + SD (n = 3). (B) Effect of alectinib against Ba/F3 cells expressing
KIF5B-RET. Cells were seeded and then treated with various concentrations of alectinib, cabozantinib,
vandetanib, and gefitinib for 2 days. The viable cells were measured using the CellTiter-Glo®

luminescent cell viability assay. Data are shown as mean + SD (n = 3).
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=T ROT 7 4 F=T 13 OHE# A L 72~ 72 (data not shown), F7=, 7 L7
F=TIZEDT AR M= AFEEELZFHMI L2 24, T L7 F=7/E L7z LC-2/ad
X, caspase-3/7 DIEMALEZFHEETDHZ b, TV F=TETHR b= A LD
JustaamE L= & & 2 binvlz (Figure 32A), LC-2/ad MROEHIZEIT 5 RET KO
RET O TR OB 52570, 717 F =7/ L7 LC-2/ad Mifzo> RET,

STAT3, AKT MU' ERK OV Vgfbaz v =2 %7 ny MZEVFHiiLz, 7127 F
=71%, LC-2/ad HiIfEIZ3W T RET © H Y VB b2 IR EARAFIIC RS Le Z &2
Z, ERK ©VU VE{b&RE L7223, STAT3 KON AKT OV VEMbzRE Lo -7z
(Figure 32B), T, LC-2/ad MIIAOHEAI X, RET—MAPK 3 7 F RN LET
HHRREMENRR Sz, L L7eRns, LC-2/ad Milgicksi a7 V7 F=712k5
RET @V U FLFILEE L i LC ERK OV UERERLEZ RN N7 LD,

ZOKRIZEIT D RET O Fit s 7 T VEEEIZIE MAPK A D 2 7 T L OB G HE 2 6
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Figure 32. Effect of alectinib against RET-driven tumors. (A) Alectinib-mediated increase in caspase
3/7 activity. Cells were seeded in a spheroid culture plate and incubated overnight, then treated with
alectinib at the indicated concentrations. The viable cells were measured using a Caspase-Glo® 3/7
assay kit after 2 days of treatment. Data are shown as mean = SD (n = 3 per group). (B) Effects of
alectinib on the phosphorylation of RET, STAT3, AKT and ERK1/2 in LLC-2/ad cells. LC-2/ad cells were
treated with alectinib for 2 hours at the indicated concentrations. Cell lysates were subjected to
immunoprecipitation with anti-phosphorylated tyrosine antibodies, and the level of RET
phosphorylation was detected by immunoblot analysis using anti-RET antibody. The expression levels
of RET, phospho-STAT3 (Tyr 705), STAT3, phospho-AKT (Ser 473), AKT, phospho-ERK1/2 (Thr 202/Tyr

204), and ERK1/2 were detected by immunoblot analysis with the appropriate antibodies.
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N5, nNouEEETHE, 7TV F =71, RETWE &G 2H T 2% L TRET
DV LA RE T S 2 & TIROMIBEIE SRR 2R3 2 LRI S o, IRIZ,
CCDC6-RET @il % > /37 B D R 7 F MBI & FEMIC I~ 5 728, 500 nM D
TV F =T 24 BERALER U 72 o LC-2/ad i O i@ s+ 3 AT 2 Illumina HiSeq
2000 next-generation sequencing {2 X Y fif#t L7z, ZOfEHR, 7 L7 F=7 I &
0 BRI SN B s T 0% < X, ERK 2 &ICHIET 5K 1T 5 DUSP64,
DUSP22, MAPK @ iRl Toh 5 ETVI, ETV4, ETV5, FOS3 &1 EREG* Th
-7- (data not shown), Z#L 5 ONEFREAIZRMEHTHE A4 HeE T 5729, &8 RT-PCR
T mRNABBURINT 21T o7 L 25, 7 V7 F=7WMIZ L% DUSP2, EREG, ETV5
KON FOS DEATHBLOIK TR 67z (Figure 33A), Suzuki 512X 5 &, LC-2/ad
Mino RETE %/ v 7 X352 & T, MAPK BE#Es 1 Th D DUSPE K
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Figure 33. Downstream signaling pathway in LC-2/ad cells harboring CCDC6-RET. (A) Levels of each
transcript were measured by quantitative RT-PCR. Data are shown as mean = SD (n = 2). Student’s t
test: *, p < 0.05, versus DMSO treatment. (B) Effects of alectinib on the expression levels of cleaved
PARP, BIM, MCL-1, and BAX in LC-2/ad cells. LC-2/ad cells were treated with alectinib (500 nM) for
24 hours at the indicated concentrations. The expression level of cleaved PARP, BIM, MCL-1, BAX, and

B-actin were detected by immunoblot analysis using the appropriate antibodies.
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EREG DRENMEI SNDHZ &b 48, 7L 7F =70 RETHEIZLY, LC-2/ad i
fid> MAPK BHEE R T OBAR TRBEN I S b 2 &R Sz, MAPK BEER
1Tl b DUSP6 %N EREG DFBLPIIHISD Z Lt 8, 717 F =70 RET [
FIZE Y, LC-2/ad Mk MAPK BHELEAR T OR BTG S 4D Z & MR S iz,
Fio, TV F=TRE LT LC-2/ad Mifdlci W Ty = A X v Tay T 4 T w75
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Figure 34. Antitumor activity of alectinib against RET-fusion driven tumors. (A) Mice bearing LC-2/ad
cells were administered alectinib or vandetanib orally at the indicated doses, once daily for 14 days.
Tumor volume and changes in body weight were measured for each dose group. Data are shown as
mean + SD (n = 5 per group). Parametric Dunnett’s test: *** p < 0.001; versus treatment with vehicle
of alectinib on the final day of the experiment. (B) Mice bearing Ba/F3 cells expressing KIF5B-RET
were treated with vehicle, 60 mg/kg of alectinib orally once daily for 10 days. Tumor volume was
measured for each dose group. Data are shown as mean = SD (n = 5 per group). Parametric Dunnett’s
test: *** p < 0.001, versus vehicle treatment on the final day of the experiment. (C) Mice bearing Ba/F3
cells expressing KIF5B-RET were orally administered a dose of 0 (vehicle) or 60 mg/kg alectinib, and
the tumors were collected and lysed at 4 hours post-dosing. The expression levels of phospho-RET and

RET were detected by immunoblot analysis using the appropriate antibodies.
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72l ZA, TV F=7I2K 5 PARP QUK L BIM OF R A ONTZZ Eb, T
L7 F=TIEMAPK v 7 F VR DOEZBL T, 7R F—Y 2AZFELTNLH &
MR X7~ (datanotshown), ZHHDZ D, 7L 7 F=71%, LC-2/ad fijaiz
%L, EGFRIGEMALZE R A T 2 Mlatkic x5 2 EGFR BREHI TR S 72 Big: & [Fkk
IZ, MAPK v 7 VRO EZBEL T, THRM—VAEZFELTCND I LIREBS
Uiz 46,

XD, TV F =T OhiERSRE, RET e BBk z ~ 7 20K T
ICBAE LT ET v E W CRMIE L7z, LC-2/ad ZBAl L7-~ v AZBWTIL, EEnNAE
ETDHDICEWEE 205 L L722%, RET break apart FISH 1512 L W RET @A &S
FEAHLTWDZ LRS- (data not shown), ZDETFT/LEHNTT LY F=
TOEBEFTMMLIZE Z A, WTNORAEICBWTHIEBOBMENRD SN, (KE
IR o 7= (Figure 34A), %72, KIF5B-RET & 8a 28 A L7
Ba/F3 filiz ~ U ACBM LT VB THLT L7 F=7 30 Esh 2R L7
(Figure 34B), ZDOETMIHBWT, RET OV UELEEEEZR L 24, T L
7F =71 RET OHCQY VigbzHELE, Dbz b, TL27F=71%, RET
DY UL ERET S 2 & T RETEEGEE 7B I U TS R4 =32 &
DRIR STz, RS FIRANOBEEMHEA T = AL L LTEL BN TNDF — b F—3
—BRIT L CIHEEE AR O Z &0, RAIGRDIREMERT 2D EETHD &
EZz bbb, RET ©F — F % — _—f0iE, hox-—8 L oFEHENS V804 &35
2 BN TH Y, RETV804L K TN V804M N T ENH LR TH S 47, £7°, RET V804L
JOVV804M % F W= ERFAEEBR NS, 7T L7 T =713 26 ORERO X — ik
ZERPLET D Z ENHL NS5 72 (Table 2), 2 HDOEREFT HHIEICHT D
M2 R 5 728, ~ 7 A Ba/F3 #ifiC KIF5B-RET V804L } (X V804M fl A i
2 BaFHA LI ZE B MR e ER L, MR 21T o728 25, 7
L7 F=T13 26 ORI L Col < Mg 2 R L7z (Figure 35A), 7 L7
F =7 OREFEML, B4R KIFSB-RET %3813 % Ba/F3 ffifld & ik L C, KIF5B-
RET V804L K 1 V804M %83 % Ba/F3 fild TIL 6.5-8.1 {5DHHITH Y, 7 — hF
— R RB AT DRI L OB R R SNkt L, AR F=T1%
15-25 %, N T H =71 B80-T5 (GDWHFHTH Y, b DEAIOD S — | F— —Z 5
29 DMKk L COEZEIZIE 2> 7= (Figure 35A), £7-, 7V 7 F=71%, %
AR KIF5B-RET %3813 % Ba/F3 #ifla & [FEk, KIF5B-RET V804L & () V804M %
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Figure 35. Inhibition of RET gatekeeper mutants by alectinib, vandetanib, or cabozantinib. (A) Effect
of alectinib, vandetanib, or cabozantinib against Ba/F3 cells expressing KIF5B-RET and its gatekeeper
mutations (V804L and V804M). Cells were seeded and then treated with various concentrations of
alectinib, vandetanib or cabozantinib for 2 days. The viable cells were measured using a CellTiter-Glo®
luminescent cell viability assay. ICso values were determined by plotting the drug concentration versus
the percentage of cell growth inhibition. Data are shown as mean + SD (n = 3). (B) Effects of alectinib
on the phosphorylation levels of RET in Ba/F3 cells expressing KIF5B-RET and its gatekeeper
mutations (V804L and V804M). Ba/F3 cells expressing KIF5B-RET were treated with alectinib,
vandetanib, or cabozantinib for 2 hours at the indicated concentrations. The expression levels of
phospho-RET, phospho-AKT, AKT, phospho-ERK1/2, ERK1/2, and B-actin were detected by immunoblot

analysis using the corresponding antibodies.

HI M2 0WTH RET OV UMbz RE LD, IR F=T RO
74 =7DRET ®V bl EL, MIEEEEORE L —&HL, LA LHEETE
2o 7= (Figure 35B), 4% KIF5SB-RET %% H3 % Ba/F3 fiffaiz VT, 717
F=71%, RET KXO'ERK ®V U LAEIZMNZ T, AKT ® VU UL HELE LDl
%L (Figure 35B), LC-2/ad MBI\ TiL, 7L 27 F=71L AKT ® VU V(b % [LE
Lo 7= (Figure 32B), = OHEH & LT, HWDHIlEH 2 WIXRET 5 RETHIA &
BT OFFHOENC LY, 532 Ty 7 T VRED R D[RR S H LB b
Do

44



RET RET V804L RET V804M

[

Figure 36. Structures of RET, RET V804L, and V804M with alectinib and vandetanib. The structure
models of RET, RET V804L, and V804M with alectinib and vandetanib were generated from RET with
vandetanib (PDB ID: 2IVU) using Discovery Studio 3.5 (Accelrys). The corresponding figures were
drawn using PyMol software. Alectinib (C in yellow) and vandetanib (C in cyan) are shown as stick

models. RET V804, 1.804, and M804 are shown as surface models.

RET V804L & T* V804M £ #(zx7 5 RET MLEAIDEZMEDE N EEET H720
2, 7L F=7L ALK Od4ER (PDBID: 3A0X) % J:\Z L7 in silico &7 VIRHT
BiTolmb A, N7 X =7 Tid RET V804L K O V804M (Zxf L CILARREFE D 2L
BTN, TVIF=TEEOREEZ TN ERfEE Iz (Figure 36), Zi
bEBETDHE, TV F=TIERET ¥ — b ¥ — —EREGT 5 M L THi
NEERZ~T MBI OND,

/BT B D D RET VAR 7233 A S CLok, RET BREIEM 269 514
DO~ NF X F—EBHEROBKHERD, RET fiaEnFBEE T3 2 18FE %R
ERHRDTZOIZED HILTW D, RWFFEICHWZ/N 7 % =7 (Trial registration I1D:
NCT01823068) °#RH¥ L F =7 (NCT01639508) (ZMz, A=F =7

(NCT01829217), L >3 F =7 (NCT01877083), Kt F =7 (NCT01831726) KL}
RFF =7 (NCT01813734) O RET Rl BIsFBEMENGE (263 2 BEARGER S D &
NTW D23, BIRER TEN S OFEM 723 B A RITHRE S Tuhigny, D5l ow®iE Tl
HDHN, DRV F =71, RETHAEEGFEIENEERE O 2 NITHSYZED, 1 AR
BEERR LI EPMES N TND Z EnD 48 RET EANT RETEVE B ST Btk
FfigE L U TRV ZRIBRIRIC R D ATREMER m N e B2 Hivd, L, Zihth 3 AR
FICHBWTC, Zb— N3DOFERERG (Y, 2"\ 7K, @il BERsh, 209
H 2 N\OBETIEIRGEOBELZ RGNS, 22T, 7Lr7F=7&L RETH
ERE /T DT T —BHEROENZEET 5720, BRILEEEZ EEC L

s

k=]
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X —VEIMEEZFME LTz, N T H =T, DRV F=T, A=F=7, VI T7x=
7, RFF=T, LUARF=T KON REF =71, RET OARLTMENREICEDLS
VEGF O 5K Th 5 KDR 58 < [HET 25—, 7127 F=70 KDR FHENFITE
73o 7= (Figure 37) 4950, FERIZI T, KDR FLEAZ & To i & 8 A L EA 2 #5345
LIk, 2N REPEMEDHERFRERIET H 2 LBARE SN TND 5152,
TV F =T D ALK RGBS TR A x5 L7 BB B ) T, IR
BEIERRO b T, F7- KDR BFICBEET 285 (¥ X7 REOE M) 13T & A
CEIE SN o, Uk Z s, KDR HESEOE W RET EANL, RETE
BB T HYEIEBE R L TRV R VRt 2 R~ 3 e & 0, KDR FHFIS
PEDERNT L7 F=T RN HREE N5,
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Alectinib Vandetanib Cabozantinib

(um) (um) (um)
10.000 0.100 0.001 10.000 0.100 0.001 10.000 0.100 0.001
ALK ALK ALK
" RET | RET | RET
| EGFR =EGFR ' EGF%
| KDR | KDR | KDR
| PDGFRD | PDGFRb | PDGFRb
FGFR2 EGFR2 FGFR2
kit G | KiT
| srC | src | src
| HER2 | HER2 | HER2
| MET | MET | MET
| RAFL | RAF1 | RAF1
MEKL MEKL MEK1
Sorafenib Sunitinib Ponatinib
(um) (um) (um)
10.000 0.100 0.001 10.000 0.100 0.001 10.000 0.100 0.001
[ ALK | ALK [ ALK
| RET | RET | RET
| EGFR‘ | EGFR I EGFI#
KDR KDR KDR
| PDGFRD [=PDGFRD i PDGQ‘Rb
=EGFR =FGFR2 FGFR2
L KiT I T KT
| SRc | SRC | SRC
| HER2 | HER2 | HER2
| MET | MET | MET
RAF1 RAF1 RAF1
| MEK1 [=MEK1 | MEK]J

Figure 37. Kinase selectivity of alectinib, vandetanib, cabozantinib, sorafenib, sunitinib, and ponatinib
against several kinases including RET. The in vitro kinase inhibitory assays of each purified kinase

fused to GST in the presence of each inhibitor were carried out as described in Materials and Methods.
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BE=H /NE

KRETIE, 7 V27 F =70 ALK BFEAILS OB 716 HHE & L TORTREM: & [T
7=, TV F =T ORI —BIEFEIEEA MM L, ToMRRAE ST LY
F=7® RET FFEHI & L TOEELZE Lz, 7 V27 F=71%, ALK HEEMECIT
%5600, RETIZxt L THIES HETE, CCDCE-RET Rl& 1 An1-Bh Mt i ik
LC-2/ad X" KIF5B-RET & 8154 ZEMNZH Bl S 72 Ba/F3 #iflaisx LTt <
AR A FLE T2 2 E BB LN o7, £70, TNLOMIE ~ 7 A DK T IZBAE
LIcET K LTI, 77 F=T 3N ENE R~ T 2 RN E o7z, S BIC
X, ¥ —EEENIC LIy FERFIAEICBW T, NS F—E s — % —/—%
BNERAESMPE S LT, MEICZR> TWDHZ b, RET O — hF— —4 0
V804L K N V80AM 2 AT 2 ET MK L CT LI F =T DR EFT=, ZDORER,
KIF5B-RET V804L & ! V804AM % I EH A EMNCH BT 5 Ba/F3 flllakkixt LT
LT L7 F =T3RS MR A E TE 5 2 E LN o7,

UbEDZ &int, 7V o F=71F, RET A BT BEmE T 7 Vs xh U CHilER
R AR, HAIMEZEE & U THEE 715 RET V804L & U V804M (Zxt L T 65 <
PHECTEX 5 Z LD, RETRGBS TBEMERE I3 LT bR o & RET BREAIC
0D AREMENE <, A% OBKRRR E MRS RS,
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woIE

TV F=T0E, 2014 FIZHARENTER SN ALK @6 BG-GB I
KT8 LWVERETH 5, oo ALK FHEHRZ U V' F=71%, 2011 4EIKET, 2012
FIZAARENTER I TV D2, EEMESBBEAE S TWD Z &b, RIFFETIE
7V F=TMEETNEERL, TV F=TOMEEFM LI, 7 VY F =7k
TFNE LT, 7 VY F =T EG5% 0 EML4-ALK & &S ERifET 7 L, ALK —
ROERET VR OMIEBET LV EBEL, TNUOOET MK LTT L7 F=7 035
WS 2R 2 E A LN LT, BIKRRICKENT, 7 Yy F=T7 Il itz R LT
ALK fhEE TN RS S L CT L7 F =T 3R e R Lo0ob DM, 4%0
E LR HBRRBROBENYHFINTND, TL7F=71%, 7 Uy F=7MmEicBEbd
HREZHDO ALK “IRINERZRIRTE 5 Z EARBIh/-—J, ALK G1202R (2%}
LTERERER o7z, iz, RIEOHBIZBWT, BIRICBIT L7 L7 F=7 Ofif
PEA T =X EPRH L NICEN 2250, ALK G1202R KON [1171T/IN/S 37 v 7 F=
TP 2 R LT BB D EITICFE S iz 5356, LoT, Zhbd ALK R
I\ L TROVDIIRZ R TEADRD LN TNDDIEE I ETHRY,

ALK B OB s B ERRERR S D 72 2 & 03D, EML4-ALK G318 A - B P it e 40 e
Pk JFCR-LC649 Z ML LTz, T Oflakkd EML4-ALK &8I 7%, 7vE®
KU R LT A YBARMETER A B = AL L VR SN2 2R L, 2Ok
fatkz~ 7 AOKE FIZBHE LIZET VK LTH T L7 F=T 13m0 R 2 &
BRGNP RoTc, 7 0E b T U R LT & OBEMEITEFEMIZIH~ S TRV
WS, Z78E N FURITED 12%RETELCTNDLZ RS> TND I b,
7 M) FURICERT S & TROFRKELFZFE L, FEnEEORIBICER T
XHAREMERH D, FTo, IS L7z JFCR-LC649 HMilatkz T ALK FHEH
DINRSME A T = XL EFHRD 2 LI, FEERMIZ & BRR A RO C5 25 9 2T,
HETHDLLEEZOND, R, ALK FAEARIOMIE A 7 = X LITBIRE AT~ TRiE
ENTIEE LT, £ OBEMIIEAIMNE 2R U2 B 06 2 8 LOIREOMES Otz
DRNDHEZEZBND, BRIZEIT 5 ALK BLEHRIOffittE A 71 =X L OfiEBi%, ALK i
FHANGROBREE T > TNV EANTITOIL TV DD, BEOME A B =X Lo A HEME
RS 5 Z L%, FHITE D IABICIRD BBV, ZORAEET Z LITBEED
AHDOHERIZORND, TOD, FEERIZI O TR 2 O 72 KA E A 5 = X 2
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ZIRT 5 2 & T, BIRD ALK [HERIOME A 1 = X L2 FHIT 25 2 L AERIZR D,
g O FE S ORI EBR T E 5,

7V F=7 0O ALK BHEDSNOIREDO PR AT T 5720, 7 V7 F=7OHFE
AR ¥ — B A MBEOICRRE Lz, TOME, 71V 7 F=7 X RET lEEEZET 5
ZEWHIICHA LT, TV F =T, RET BAEETEET VIS LT, ALK
LS AR B PEIE 7L & FARICIRW I 2 "3 2 L A BT o7, RET MG
BB LT, EEO~ T3 —EBHERORKRER N ED &1, D3]
TOHEHHWO LN TNDHD, T ODOHT RETREBAR IHVERRE I3 5 15
EUTRR SN EANIBRF LTI, £, 7 V27 F=70O RETMEBTBME
i DR ERER I IV E 2D i TunZenany, mEENEES S5 KDR HEA 1
ENEREZIRWRET ERITHH T V7 F =71, RETEEL TR I3 5
BHERIZRD ) D eEZOND, T, ALK EEE AN RETHE B I,
ROSI & AR T 203840 0 NTRKT Bl & BAR - 57722 73, il O AR R 1 & LTl
SNTWVD, ZIHMEDOIREEE T E2H T D OREIE L LT, HERObEWE
IRKFBRIZ LD ZDRZFHONTEY, BRV/HIFRITWD, 5% BH LW iiEo
JRREAR 73 FE S, B OTaE OB N T Z & A>TV 5,
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obsA
=R

ARG ST, R (2B 2 FARRIIGIRHE T V7 F=T1Cd 20 R L L
T, LT oA M2z 157,

1. 7V 7 F=71%, ALKIZH L TiEAO»omnSF—B@&iIR42H 7 25 ALK [HEH
ThY, o ALK FHER 2 U Y F =TTtz 7~ ALK “RIWERAZFT5ET /0
2K LT, BRVIEZh AR LTz,

2. TV F=T1L, 7V Y F=THBEFIIZ RO LN DLMMIEB LU L72ET v
2R LT HIRWEES 2R LTz,

3. EML4-ALK @&BETERIZIE, Z7aE ) TV REMEINDE —EBIOS ) LA X
Y MCEDRBEROTIEHEA =X L3> Tn5Z e x/AHL, Z7eE )7
VAL RV E N EML4-ALK @i &8s EEREE 7 vIickB W Th 7T Ly F
=T E R T ENHL N E ST,

4. TV F=T1L, ALK GBI THEEMEOA /2 57, RET @A B s 7B
T UCH L TCHIEE R LT,
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ES NN A0S

LB & AR

T V7 F=71E, W02010143664 O ERRFMEICHE > THIAMEK TG LI, 7 V>
F=71%, Selleck Chemicals t:2>HHEAN, & 5\ % W02006021884 DA LFNEIZHE
STHHRIETER LTz, DARYF o F =T RONTZ =71, Selleck Chemicals t:
NHEEA L, LDK378 i, Active Biochemicals #E/BEEA L7z, UC T L7 F=713,
PerkinElmer tEiZ X W Gk L7z, ¥ax T KO 3H a3 X, PerkinElmer £t
BN L7z, NCI-H2228 flifiaik & O' NCI-H522 fifa#kid ATCC 7»HlEA L, Ba/F3
MR, Caco-2 MR K& U8 LC-2/ad MIUBIARIZERMI 2> HEEA L7z, T OfifatkOR:
#IE, WATCOHESEIZHE > 7=, JFCR-LC649 MIfakKRIX, (L RIERTGHE O IE/ NI
BEOFHADO—E %, 10 ng/mL hEGF (R&D), 1XITS (F U 7472 7) k1%
AT~ FBS (Life technologies) % /%72 Medium 6052/DM160 (=2—3 >/ A %)
ZZRWTHEE L, B2 L7z, JFCR-LC649 MRS « 1L, 25 AMFGERT K O 4k
IO b MaPEE B R OKRE G- %RICE R Lz,

FEFEAET v A

Uar e MR ALK, 845 RET, #7451 RON, 285274 ALK (ALK 1151Tins,
L1152R, C1156Y, F1174L, L1196M, G1202R & (' G1269A), Z %A RET (RET G6918S,
Y791F, V804L, V804M, S891A K (8 MI18T) (X H T 3A AW A = 2tLd 5T
Merck 0 BHEA L7z, &% O X —B(Zxtd 5 R EEEIX TR-FRET assay (2 &
V, EHKRO30pM O ATP fFET T, EAF AL LT=HED Y Vb2 RIET 52 &
THli L7z, ICsofEl%, XLfit software (ID Business Solutions) % HVNCTHH L7z,

EML4-ALK % O KIF5B-RET % %514 % Ba/F3 i DO
B AT EML4-ALK F OV 58 EML4-ALK @& 38+ (1151Tins, C1156Y, F1174L,
L1196M, G1202R, S1206Y K& * G1269A) % & A L7777 A X K ¢cDNA3.1/hygro (Life

technologies) (%, QuikChange Site-Directed Mutagenesis Kit (Agilent Technogies)
EHWCHER LTz, F7z, B4R KIF5B-RET K OVERA KIFSB-RET R A5 T
(V804L }2 TN V804M) %ZiElAE A L7=77 A3 KX, Genecopoeia fL/HHEA LT-,
ZTNENDOTZ A3 Rid, Nucleofector device (Amaxa) % T Ba/F3 a2 & s 1
BAL, FEEFELEMNICHBLT 5 Ba/F3 Mtk Z s Uiz,
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N T =T —PaIEET % NCI-H2228 itk D 37

Luc2 L > F 7 A )V ADOHESEIZIE, EX-hLUC2-Lv105 plasmid (GeneCopoeia) K& O
Lenti-Pac™ HIV Expression Packaging Kit (GeneCopoeia) %\ 7=, 5 L 72
Luc2 L' > F U A /L 2% NCI-H2228 Mgl @i s, L7 =T —BE2REMITIHE
¥ % NCI-H2228 flifaik & #3r L7z,

A0l e 64 B . 7 SR

96-well plate (ZAlfElEEE L, bk & 720 BE O SKA 2 0N U 7=, FEAITRIN 48-120 K],
CellTiter-Glo Luminescent Cell Viability Assay (Promega) I A RN L, %
Envison (PerkinElmer) (Z &V E& L7z, ICs fEIE, XLfit software (ID Business
Solutions) # W CHE M L7z,

Caspase 3/7 itk

96-well plate (ZHIIAREEE L, FRa REOEFZEM LIz, EFIRN 48 KrfiE,
Caspase-Glo 3/7 Assay (Promega) REZ L, %)% Envison (PerkinElmer) (Z
IV ERLT,

DITARZ L TayT AT

10ecm 7 4 v ¥ 2 | 28 L, EA 2N L7z, #igiX, 1 mMPMSFE, 1%v/v

phosphatase inhibitor cocktail 2 (Sigma), 1%v/v phosphatase inhibitor cocktail 3
(Sigma), Complete Mini EDTA-free (Roche) % % ¢ Cell Lysis Buffer (Cell Signaling
Technology) THrIVA(L L7=, fMfRr[¥A Lk % SDS-PAGE 12 LV 7ylftk, # 08 %
AT L ZHRE LTz, Blocking One & AW = 7' 1 v & V' Entk, 1 REUA L LT,

anti-ALK (Life Technologies, #51-3900), anti-Phospho-ALK (Tyr 1604) (Cell
Signaling Technology, #3341), anti-STAT3 (Cell Signaling Technology, #9132), anti-
Phospho-STAT3 (Tyr 705) (Cell Signaling Technology, #9131), anti-p44/42 MAP
Kinase (ERK1/2; Cell Signaling Technology, #9102), anti-Phospho-ERK1/2 (Thr
202/Tyr 204; Cell Signaling Technology, #9101), anti-BIM (Cell Signaling Technology,
#2819), anti-MCL-1 (Cell Signaling Technology, #4572), anti-BAX (Cell Signaling
Technology, #2774), anti-PARP (Cell Signaling Technology, #9542) & %\ (3 anti-B-

53



actin (Sigma, A5441) %M\ TC 4°C THIARKIE S, ZDk, A7 L% TBS-T
(FHhIA4T A7) THE%, —IRPAKE LT, anti-rabbit HRP-linked antibody (Cell
Signaling Technology) & % )% anti-mouse IgG HRP-linked antibody (Cell
Signaling Technology) % i\ TR THAKIE S W72, £Dk, A7 L% TBS-T
THEF %, Chemi-LumiOne Super (&5 74 7 A7) ZHH L, LAS-4000 (& L7 A1 v
L) IR VR LT,

RNA ¥ —F oo Jfigkr

RNeasy mini-kit (Qiagen) % AT RNA ZHiti L, TruSeq RNA sample
preparation kit (Illumina) % VT, cDNA Z &k L7z, 1EfLL 7= cDNA library %
Mlumina HiSeq 2000 {Z X Y BBIfEdT L7z, 15 57-hl%% RSEM software® % Fu»
Ty B 7L, FBia OB EEZBREOICHRIT L,

RT-PCR fi#4T

RT-PCR f##71%, QIAGEN OneStep RT-PCR Kit (Qiagen) #HW\WTEfE L7z, 77
A ~—1%, EML4-ALK Fw (5-GATAGCCGTAATAAATTGTCG-3), EML4-ALKRv
(5-TCTTGCCAGCAAAGCAGTAGTTGG-3), EML4-ALK v1Fw (5-GACCTAAAGT
GTACCGCCGG-3), EML4-ALK v1,v3 Rv (5-GATGGTCGAGGTGCGGAGC-3),
EML4-ALK v1 Fw (5-CAGCCAAGTGTACCGCCGG-3) % H\ 7=,

E&ER RT-PCR f##T1X, QuantiFast Multiplex RT-PCR (Qiagen) } U LightCycler
System (Roche) Z W CTH i L7z, 74 ~—% > bix, DUSP2 Fw (5-
GACTCCAGGGCTCCTGTCTAC-3), DUSP2Rv (5-GCAGGTCTGACGAGTGACTG-
3), EREGFw (5-TTTTGGGCTATTGCATAAGGA-3), EREGRv(5’AGGAGCCTCC
CATAAAATCC-3), ETV5Fw (5-TGACTACACTGTTCCTCGTATGTG-3), ETV5Rv
(5-CAAAGCACGTGTCTCACACTC-3), FOSFw (5-TAGCAAAACGCATGGAGTGT-
3), &K FOSRv (5-GCCTGGCTCAACATGCTACT-3) % 7=, N2> hua—b
& L T Universal ProbeLibrary Human GAPD Gene Assay (Roche) % 7=,

< 7 AET L COINRER
SCID ~v A (HAZ L'7T) O FICHI I 2 B L7-%, BB 200 mm3 £
Bl (Day 0) T VA ~A AL, TVIF=TKONI V) F=T%—H—
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Rt G L, BRSARRE R OMRE 2 JE Uiz, IO R, 0.02 N HCL 10%
DMSO, 10% Cremophor EL, 15% PEG400, and 15% HPCD (2-hydroxypropyl-8-
cyclodextrin) & L7=, lEEARE (TV) 13X, BEEOERL) ROEE W) &L, TV=(L
xW2)/2 CHH L, vV ADOEEOERIL, 59 HOEKEIZKT 5 EHRA OKE
DIIZ XV R LT,

FHENB~ U 2 ET /L O

N7 =T —RilE A58 5 NCI-H2228 #ifi & %\ V% NCI-H2228 ik 2 ~
U ADIHEFNITBAE L, Fooh M OVEFAIIM 2780 U7z, RIR~% &, FRE T CRlE
L7c~ 7 A® bregma 7°5 1.0 mm %HHMIT, £ I H5MANT 2.0 mm DOALEIZERE
0.5 mm DRAEZEF, ZZIC, HE 3.0 mm CHEREREIK 2 KIMEEIZIHEA LTz, £ 0
%, R—r T v 7 AW TRERD %I, BOEEHWTEE L, 61T, Fil
BOERIETHL Y ~H AV b mglkg ZRTITHES Lz, BHIZL DA AT 7D
FHIE, ~ o ADOREFENIZ VivoGlo Luciferin (Promega) Z#5-L7-1%12, WE:F T
NightOWL II LB983 (Berthold Technologies) % W\ CiT~>7z, ~ v ADOAEFHIR %
FRREIC L7l CIE, NSRS Z Day 0 & L, 2 H Z & ITAT8) M OMatRE 2 574 L
7o

Z > bV 7o i3 R OK O SEAI R EE

MAFE R O CRIM K OVIMIK) (2381 2 3EANREORIEIX, 14C 7LV 27 F=7 1 mgkg
7w MO CTE L% 4 B 5 168 REftz O 7 L& Hviz, e ol ge
X, R TF L= a2 —E AW THIE L, IR O eI, A A
— b IVFTTT 4 —FAOTHE LTz, MBENOBSRIRE L, UWCT L7 F=TE
WPRR A 7 7 > 7 MR 2 TRl U 7o B S i s O BUN e IR BE & bele U, AH Ak
lgb7-V DT L7 F=7Dng Y& (ngeqlg) & L7,

P-gp #3819 % Caco-2 e 2 HIV 7= X5 1) 0D il e a5 itk gk

P51 D AR B2 1 55k 1 %, Transwell 24 (28678 L 72 Caco-2 Mifid z VN TREM L 7=,
S OBEIZIE, transport buffer (HBSS containing 10 mM HEPES and 1 % (w/v) BSA,
pH 7.4) ZfiH L7=, Caco-2 filgiZ “CT L7 F =7 1uM HDHWILH VIFH 1
uM %, P-gp BHEHFIZ /X3 100 pM F7E F & D WILIEFAE FTIRIML, 37°C T 2-
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SHEHIA ¥ aX— g v LIRS, ik T L—ra v w2 —% o CIAR
EEZRE Lz, YIF L OFHETIE, 30, 60, 90 XTN120 A v Fax— g
Lz 7k, 77 F=7 00 TIE, 90, 120, 150 KN 180 44 > % =~ —
var Lt IR EIC Wz, F5RM T TOZBYE OFiEE 2 fitihis, 1%
2 —3 g CIFRZ RN 7 e b DEHRENE L, £ O & 2 AR & 72 D ORig
ik E (nmol/s) & L, AT oFitsEr (Papp: apparent permeability coefficient) %,
Papp =dQ/dt x 1/(COx S) IZ XV R L7z, dQ/dt (XA T DFEiEEE (nmol/s), CO
IHIRE (hmol/mL), S IXHEHEOKEM (cm) ThHDH, 7z, Efflux ratio I3,
Efflux ratio = Papp basal to apical/ Papp apical to basal (Z & 0 FLH L7z,

FISH fi##HT

ALK break-apart FISH f#f o3\ T3, 4 JFCR-LC649 ¥/ 75 7 MEss
FFPE fifl & L, 4 nm OMMEIAF AT A REER LTz, ATA4 RERANT 7 10 U1,
ATALEE % 47\ Vysis LSI ALK Dual Color Break Apart Rearrangement 7' & — 7
(Abbott Molecular) % A7 A RIZIRM L7, 75°C T 10 /A S E7-%I12, 37°C T
ERNA TV EA B =g v SH/T, AT4 REWE%, DAPL 2508 ARIEZ X7 A
RIZH T LTz, &7 MTEOtBmE: (==, =27 Y 72 E600) 2 VTR LT,

e 5y L o> Yt (R AR 2 FI V72 FISH M <, &3 JFCR-LC649 Hifia ik
(22 X K (Life Technologies) # s/ L, 37°C THREA > FaX— 3 SH7,
Mz B U 7 LR, RIRBHELIR AT > 7o, IV 7 T BB A2 AV CRlE 2[5 E
SHRIZ, AT A FICH T L TRARMPERIEAZ R L, AT 2x SSC/70% <
NAT I REAWTEM,EEE, 7a—71% FITC Ei#kL7= ALK 7Yua—=7 (GSP
Laboratory) VAT R T LA LU U LTz 2 FYBKROE S o X7 58T
% 7'm—7 (Abbott Molecular) Ot > k, &AWL TF UEHRH L WVIZT ITF 5
=V LTz Table 3 IR L7e 7' m—7 8y Wz, 7'a—7 2B, A
2 F LT 37°C THRENA 7TV XA B —a &8, e F ik a—7%H0
7o FEBRTIE, SOEER L7 £ (Roche Applied Science) & Ov# Rk L7-pi7 &
YU bR (Vector Laboratories) # W Co 7zt Lz, I 7= L
e —T7EHWEERTIE, fiyax =ik (Roche Applied Science) &Y
Alexa 568 12 L 7-f1~ 7 A IgG (Molecular Probes) # AW Cv 7zt Lz, %
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TA RuEWE%I2 DAPL 25 e 5 AR Z AT A4 RIZH T Lz, 7 Ui, aotmamss
ZHAWTHEZE L,

Table 3. FISH probes on metaphase probe-FISH analysis to verify the evidence of chromothripsis

Probe name Sequence(5’—3’)
FISH probe#1-2F TTAACTAGACTCTGTTCATGCCAGTATTCC
FISH probe#1-2R TTCTACAGGTCAGGTTATCATCTTCTTCAG
FISH probe#1-3F GTATAAGATGGTCAATTACTTTGGTGCTTG

FISH probe#1-3R GCAAACAGCAGTACTCAACATTCTTACATAC
FISH probe#1-4F ACAGGTAAATTTTCTTAGACACGAAAGGAG
FISH probe#1-4R GTGACTAAAGACAGACACATTTTTCAAAC
FISH probe#4-2F TGACTTCTTAAAAGCTTATTTCAGCCTAGC
FISH probe#4-2R TCAGTATCAATAGCGAGACTTGGTTAACAG
FISH probe#4-3F TTGTACTAGTGCCTATAAACCCACAGTAAGG
FISH probe#4-3R AAATAAGAACTTACCGCCATTTCTTCTAGC
FISH probe#4-4F CCACTCAAATGAATAAAATGGTATGAACAC
FISH probe#4-4R AGGAAAGAACATTTGCAGTTTTATGATTTC
FISH probe#6-2F TCATGAGACATATTACGAAGTCAAAATTCC
FISH probe#6-2R CTCAGTCTACCTTTTGCCTCTAATTGAAAC

FISH probe#6-3F TCAGCGTGATTATTGGTTACATTCTAAAAG
FISH probe#6-3R TGACACCAAAGGTTTCTAATATGCTTAAATC
FISH probe#6-4F GAAGTTGATGAGTTTTGCTGATATAGCTTG

FISH probe#6-4R TCTCTTCTGTAAAAGTAGATGGGGGATATG
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THC fi#hr

ALK THC %, ALK detection kit (=F L) & W\ CHESE DYt 7RI eV T L
7zo JFCR-LC649 Z#F ¥ L /N—RZ T A N (L UF) THFEL, T0%~% / —/LZE T
[EE L7212, 0.2% Triton X100/PBS & HWCTiE#AE L7, D%, $i ALK Hilk
(5A4) ZHAWTEIRT 30 291 »F 2~—2 3 L7, HRP ik L7z— 30— #
ZHAWE#IZ, DABZ A IE T 7z L,

CGH f#bT

Cy5-dUTP % fv 7= PCRIZ LV, HMIOEMIEkD 7/ A DNA % Cyb fZi#k L 7=,
%72, Cy3-dUTP # fl\v /2 PCRIZ KV IEH S/ & DNA % Cy3 ik L 7o, 2 HHE0t
5k L7 DNA %, Human Genome CGH v 1 7 127 L A 244K & %\ % SurePrint
G3 human CGH ~ 7 17 L A 1M (Agilent Technologies) (Z/NA 7 U ¥ A X &H7=,
EH 7 2 DNA (235 HROMAakD 7 7 2 DNA Oty 7 Vi o bl
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