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ADP : adenosine diphosphate

ATP : adenosine triphosphate

ARG : autoradiography

BSA : bovine serum albumin

BnDTPA-EphA2-230-1 : benzyl diethylenetriamine pentaacetic acid-EphA2-230-1
CUR : cellular uptake ratio

CT : computed tomography

DTPA : diethylenetriamine pentaacetic acid

DIPEA : N, N-diisopropylethylamine

DMAP : 4-dimethylaminopyridine

DMSO : dimethyl sulfoxide

DTT : dithiothreitol

ESI-MS : electrospray ionization mass spectrometry

Eph : erythropoietin-producing hepatocellular

Ephrin : erythropoietin-producing hepatocellular ligand

EphA2 : erythropoietin-producing hepatocellular receptor A2

EDTA : ethylenediaminetetraacetic acid

FBS : fetal bovine serum

BE-FDG : F-fluorodeoxyglucose

GPI : glycosylphosphatidylinositol

HATU : 2-(7-aza-1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluroniumhexafluorophosphate
HPLC : high performance liquid chromatography

HRMS : high-resolution mass spectra

HRP : horseradish peroxidase

ICP-MS : inductively coupled plasma mass spectrometry

LBD : ligand binding domain

MALDI-TOF-MS : matrix-assisted laser desorption/ionization- time of flight mass spectrometry
MES : 2-(N-morpholino)ethanesulfonic acid

MOE : molecular operating environment

natin : natural Indium

NMR : nuclear magnetic resonance

PE : phycoerythrin

% ID : percentage of injected dose

% ID/g : percentage of injected dose per gram of tissue

PBS : phosphate-buffered saline

PET : positron emission tomography

p-SCN-BnDTPA : s-2-(4-Isothiocyanatobenzyl)-diethylenetriamine pentaacetic acid



RI : radioisotope

SD : standard deviation

SPECT : single photon emission computed tomography
THF : tetrahydrofuran

TLC : thin-layer chromatography

UV : ultra violet
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Figure 1 Annual changes in mortality rate per 100,000 population by major cause of death in Japan?
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T2 DR TENX, DADOBKIZHWD Z EBRIEEE 2D, £, REDRE SRR
PEDBUE D GEEFREPMOREFIEL D BENATWDHD, BEFHREICHND Z L0
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W DR D7D BAKIIICY Uk S ivTe BF-FDG 3EET D, ZOBGIIA X
RV w7 NI EVTEMENTEY, ZRF—FEEDHE LWEREIZE < O BF-FDG 23 &
254 —HTEL OIEFMIEIZIE BF-FDG NWERIZT 2 08ER L=, ¥F-FDG-PET
ERHODTHAZRET 2 ZENARETH Y, BKRBSGIZE O TR ADBENIIHEL T LT
%o LU, ®F-FDG IZIZFRE L AFET D, M AMIIEO I IIE O LY IAZR 23D 7200 A3 AUH
JObIFEL TRBY ., FEFEIZ BF-FDG Z AW =R ADOBEICB W T 13 I2H 7= DIERIT BF-
FDG DHLY iAF NV 72N IS AR STV D 4 I Z TRERE R DG 72 lidas CTd 5=
BE-FDG DOHEHEREEE T o 5 BI-CHEMICITmWERA R SN 5, £/, RIEFALITITAR
ERE LTHEPRERMTA2Z L 0HMONLTND, ZILD OB AFER RN ERITNEE E D=2
F T2 NEETSE, BWERICBEE £ I3 A RO TREME 24 U S B FEIA E 2> T
%4 Lieo T, FBONAOZKAERDICIE, DAICRFROICERET 2/MEEET 5
ZEBRDBND,

Z ZTCEFIL, AR LA AW CEENCHEEL L TV D ¥ X7 BEORERICER L
oo TNHZIERNC LIA A= 7T a—7ThiE, 25 AMN L E5 Mok CHERME
DENEC LD, BDAME EFEMRE D3 T2 NOEWEIEEZS5 2 & ASAHE & 72
Do T THEMET DX NI ERBRERGFTHICHIz> T, BRIZBWTHER S 1Lz5y
TREREEDOIEEIEN 2 25T LTz, 20224 1 H £ TIIHARIEBICHT 2 AEN AR S
T TREREE 77 O 9 5 MREREICHBLL TS X o RV B E L LTV A5 T1EK

1 50 (65.2%) &MIAEN, MEH D X Ry EREER AR L723EAI L 0 202 & A3
Sk ipot 5 AT, MR EICHE L TV D X o7 BTN S AN B H L
TWDEBALD B AIIAICAFAE T DEML 72 & BEREFFET D720, HEDA A=V 7T

0—7 %2RV CiHMliT 5 Z E N AEEIC R D, Lo T, ABFZEICE VT H ARSI L
TNWBE R BREN LT HA A= 7T —TOREEITH Z LI LT,

EF TR ZHBLL TV Z X7 EOR THHTRIER S F & LT EphA2 IZEH L
7=, EphA2 IZ Eph ZEMEDOY T Z A4 FDO—>Th %, Eph ZHIKIL 1987 Elc= Y 2 m R
T PELE R R R 2> © O v-fps fRRIEISI D A 7 U —= 0 F TR SN 6, D% O
ko THEEBMOZREAMFo L % F—FTHHZ ENHBHL, BEXTIC 14 Y7
H A TR BN THE STV 5 7 (Figure 2),
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Figure 2 Schematic diagram of the Eph receptor and ephrin’

Eph ZAKITHILE CTHER SN T A Fus v FF—Fn o b 25%% DT, Fuv
VX —BORTROFEEN L, Eph ZEAEO Y H 2 RiX Ephrin & FEEAL AR 5, B AU
N 3DV THEATITHEENTND 8, ARIL GPIFEAZ M L TIEICHES L TRBY, BRI
UH RZEDOLOBRREEIO X VXV EThHD &, Eph ZFRITZRRITHEST 2 Ephrin
DHEATIZHDLET AL BO OOV T XA FITHEEIND, Eph ZRIEEZDY A KT
& % Ephrin X & H IS EICHFET 5720, 20 ZOl3HifaR LR85 Z L2 X0k
BT DL ENARRICR D, o, A LIERICZRIE, VU REBICT T AR AESE
HZEBLHLMNI/> TS 90, L, UFHY KRBT HL T T ML > TRl ED
£ BN S D NI OWNTUTHER D72 < FEIT 620272 > TvZevy, —5 T Eph
SR Ephrin &fERT 5 2 & T Eph 2SR U R L S A, Al oD HE5E R0 A A i AE
D ERWEIN TS 112 Eph SAERITARGMD-CITR, B2 & CRBELTWnWbH Z &
NEAE ST Y 35w Tl 7 A DHIR DOIERIZ B\ CEE AR EE 2 H 5 T
LIEDHMESNTND B, Fo, TR A NVRRED—H DD A )L A7) Eph 24
K2 U THIRICR A LRGT 5 Z L0 h-Tnd U, S BTN Tl Eph A0 A
AV OGWITEELTHWAZ EbHEINTWS 5, —F, BRAMIEIZEBWTIRY T R’
Td D Ephrin ORBENE D L, 4D Eph ZHEEROBRBEENIML TWDEZ ERNmbR
THY., BDAMBOBTECES, 20 oL TTESE 2 Z LRMEIh TG 817
Nz T, Eph Z&KITRISARS A 18, BlisA 1, BiENA 20, 7V A —~< 22 PR A 2,
FER A B, IR B 72 EDOSERI N A TREENDHER I TEY | BITEDL N A & OREERMERN
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SN TWDS, EFITZTORTH, EphA2 ICE R L7z, EphA2 IR DETHONR AT
TEFPREBL L TWDH Z A INTERY 2528 (i ZEOEED A H RO D AHIIIZIE
FIFEBLL TND 2 EDRMERINTWD, FRICHEH T & AL EphA2 23, 23 A DN
DOTWDAREMENRIBINTWDHTH D, FEERITHN MO Z VT EphA2 @
SR AR LR, BIEOMIE L il L CEMEEOER WA TIE L W £ < @ EphA2 @
FENHER SN TND 2, 51T EphA2 Z 3B L TV ZRWELS AMIAEIC EphA2 2 EE A
LIoHESR, ERE~Y U ZASDONARBO ARG LZNEINT 2R RSz ¥, IZ TERR
BIGHZ B W THDB AL O D BEIZHB VT, EphA2 OFELNEFRIZEEG L TVWDH 2 En
Wi I TN D 332

EphA2 N < HELL T DB AT THEARR THOEFR LK -0, BIfE EphA2 Z1Ef
ELTeA A=V 7T u—T7 K ONREEDORIEDED 5TV D, EphA2 OIRIFEIED BT IR
PUZDWNT, FEECEEAVEAL, BRARBROA I OWTE L DR 4 Table 1 IZ7R7 %,
EphA2 DSt B A A 2 2RI & 5T F FROFUE, MIANOF T —8 FA A NfFHET
% ATP fEA L2 BLET 2180 LAY, flich CAR-T cell U 27 F U O LITHIT
B, BERABROGED LN TWD,

Table 1 Categorize therapeutics by type, target site, and clinical trial.

Name Type Target site Clinical trial
DS-8895a Antibody Fibronectin domain Completed
SHM16 Antibody LBD

Ephrin Peptide LBD

Ephrin-Fc Peptide LBD

BT5528 Peptide LBD Ongoing
Dasatinib Kinase inhibitor Kinase domain

ALW-11-41-27 Kinase inhibitor Kinase domain

MEDI-547 Kinase inhibitor Kinase domain Terminated
CAR-T cell CAR-T cell Ongoing
Vaccine Vaccine Active, not recruiting

Flo, A A=V T T —TDOREBITOILTWS, XTTF REREE L72&I)D EphA2
DIERIA A— 77 —71% Mudd Ge & #* |- THE SN TWVWD, MIZE Cu-64 T
Zr-89 THERk S U7z EphA2 (Zx T 28R A A—V v 77 a—7 L L THE SN TS B3
L)L, INHDA A=Yy 77 a—7 T3S & Bk E D=z N7 2 MBMEL, JEE5
ZHIBRIZ AL TE TV, HDAWIEAIHET 2 72 DICKFE D D302 D & o T2 RE A D &
D, A A= 7 7a—7L L THoREREEmRIZL TWRNWZ ENHLNERSTND,
Mz T, MIENO X T —8 RAAL NFET D ATP SN AAEN & LA A= 7T
0= IEREHE SN TV, &2 TEHIL EphA2 ZHE L3 58727 SPECT A A—
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YT =T BT HIEEENE LTHIEEITOZEE L, MAT, A A=V 7T
— 7 DFAME A H 1 EphA2 2353 AU OB RIS FTRE CTd D & 3l L 72,

BENA A= 7T a—T OFE#RIZ SPECT %8R L7- DIk, SPECT D 534
B OBWIE~DICHAN KRS TH D EE 212 TH D, PET EHEOLIZH A 71 k
nrEANTREIEI N TWD, Bt EDBENY A 71 b 2B @ L C PET &% s
T HI21F PET WIEHEZ T 2B S5 IV b LWEELZ 7 V7 THo0ERH H T
B, BATEDHMERBROND, L PET BT OE N 0% < BliE L Ok
FRIAHI 2 & > T D BF-FDG Ofth, Ga-68 R EDY = XL —X TAFTE 5 HDOLUSMIAET
MEF% CHGHERN R ORE N SATD T U banizd, BNV A 7ae ke z2H/ LT
W W ERE TSI T & 5 PET REORHEN KX <HIRSh 5, —JT SPECT EAfdIL PET
A XD & N B2, ®klc X SPECT A2 ATT5 2 ENARETH D,
ZDfER. SPECT fRfgd&iE D )58 PET #Rf2@E LV $exE B8, RE\EMK & HI2E <,
KRB BT D FEER @2 & D BERRISH~D N— R PET L0 HIRWZ &R T4
SNd,

% 1 FETIEP EphA2 FUAZ2 HWieA A= 7 Fu—7 %A% L, #Hli L7=, EphA2 i
® LU THERMICHE ST HHUATH % EphA2-230-1 % In-111 (2 L 0 #=5% L7, k%, EphA2
DFRBLEDHL 72 2 “RFHO )3 A (USTMG, HT1080) % H\V N CTHEAE~DEL Y A Z % FEAT L
Teo £ D%, UBTMG MARAHE T /L~ U X & W TR 8k &k O SPECT/CT #Rf% 21T
W, A A=V Fu—T L LTORMBMEEZFM L - R ERET D,

W2ET MEE/\%{I:/—\%@% A=V 7u—7 % L. EORMMEZFHE L7,
B FALE M ORRFHIITF BT EZ N TITWV, REFLIlbBaWE EphA2 LD Ry F o 7
YIal—ig /%E{TOf:o FEEIC AR LB e AW EphA2 ¥ —¥ T v A 1T
VN, EphA2 X —EBOREIEMEREZFHME L=, WRIZ, K baWz 1-123 IZ X ik L,
US7MG i & AV THEARER Y A 25288 K T USTMG M€ 7 v~ 7 A% WV CTIRIN Gy
Fi Bk K& O SPECTICT #4211\, A A=V 77 a—7 L LTCOAEMAMEFHE L 7= 5 5%
WwET D,
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EphA2 1ZZ < DEENATREIL TWDHZ LML NTEY . NAMIBIZEIT 5 EphA2
DFEBLED DA DEMEFEIZF LTV D Z ERHE SN TS, M2 T EphA2 OFBLNE
WIEENABEDOTENAETHDLZ ED EphA2 DI ETHA4 A= 7 a—T 0
EphA2 O T2 <. EphA2 DI BED LS AT RE THAUE N A DI TR <A
OMROFHMZIT O Z ENARRICR D EBZ xS, Lo TH—ETIL, HL EphA2 Hilk%
B L LA A=V 7T =T %L, ZOA A= 77 a—7RNRAMBICEIT
EphA2 OFBBANR LA A=V 7 Fu—7 L LTHHARETH L0 ZiMlid 52 & &
L7,

W DSAKIIIZEIT D EphA2 FEELOHETR

JeP M AMIMIZIT D EphA2 ORBLORER L. FEBRICH WD 03 AMIE A BRI L7z, AR0F
FETHRA L TVDRARMON, BEMEER SV & B2 03 AUMiiaz VT EphA2 D%
Bavx22r7nmy MOTHER LIEREER, MRRBER kO UBTMG Hifla, PIEH ko
HT1080 #Hfu, FLASAH¥D MDA-MB-231 flifld4CTIZH\\ T, EphA2 OFRBINFER TE 7
(Figure 3), M CINLOBAMIBERBEAREET L~ AL L CER LIZEESEICES
WTh EphA2 ORBIZHER TE T, /o, VZAZ T uyT 0 7 ORERN S EphA2/B
T 7T RSN AIBIZEB W TERD D T ERH LN E RS TR BNAKIEO B E
0. HEBNREETH D728, EphA2 OFBLE & 23 KO EME & OBEMEII A TH 5,
ZIZ T, ZNOHDORAFMIBON, EphA2 DIFFEIZZE < WV H LTV % USTMG iz VT
L1k DFHI 2 AT o 7o 383738,



fmAa UB7MG ~ HT1080  MDA-MB-231
(TUA-x) (REE) (AHA)

EphA2 (130 kDa) = wn o

BF7IF> (42 kDa) - o= -

EphA2/BF7OF 2t 115 1.30 0.94
JiESI=h1i)

US7TMG  HT1080 MDA-MB-231

EphA2 (130 kDa) W& - -

RI7UF> (42 kDa) WM - -

EphA2/BF7IF >t 0.89 1.02 0.82

Figure 3 Expression of EphA2 receptor. EphA2 receptor expression in U87MG, HT1080 and MDA-
MB-231 cells and tumor xenograft tissues. B-actin was used as a loading control.

A A=V 7T a—T7OREE L 22 550 EphA2 Hiikix, HEFEHFZEE TH D HEERFEO NN
FHIERZDMREE L CODHKT A4 77 U —0OW, EphA2 (ZxF L TREEMIZHEST 2 2 L 23
HENTWD EphA2-230-1 VWD L L L7 3, FREHRERELE LA AV 7T
— 7 H Gt T AT DI D SRR CE A BFT LT, 2 E TOMETIT PET Eiff L
L C Cu-64 <> Zr-89, SPECT #%ff & L T Ga-67 <° In-111, 1-125 &\ o 725 HE % F O 7 BFZE A3
EDHNTWD, KFFETIITZNHDN, SPECT ETH S In-111 #FHTH & & L,
Pik% In-111 TR T 272D, PURICENL 7 Ch D DTPAZE AT HNERH DH, ZD
BN 22395 2 L2 K0, In-111 7217 T BRIC Y < N A ¥ F U AR O N 4y
WNEIG OIERIZHW O TND LU-177 P OB AL FEETH D72, S RIOFFERERIA A —
DU 7T TR IBROME~OISH I TE S, LM LRRS, FURICEN 74358
AT D ZLiX, BUEROENA~OREEHICEERH L Z ERRESN TS B, LEanos T,
H1 EphA2 Hi{&IZ DTPA K& TF natln 235 A L, DTPA D A= natln D AR A 84 % & [[
i 2 EphA2 ~DFEGMEEZFHE+ 5 2 & & LT,

5= PuL~D DTPA U natin DA | 3E A L7=Hi{RD EphA2 &A1 D FFAM

PUA~o DTPA ?3E A% 0.1 M NaHCO; (pH 9.5) TITV, UGS THRIZF VAl H 7 LT
& 5 PD-10 & AV TREE D DTPA & Gtk DR Z B, FERLU 7=, ST E RIGH% OPt
KD 5y 1 &% MALDI-TOF-MS Z HWCHIE L, £ OfERDLHUAIZ DTPA 23 A ST
% 0% feRs Lz (Figure 4), ZOfER, KISRIOPUAD 5y 783 1473514, UL OHURD
A 1546707 £ 720 . DTPA NHUKIZEATE TWORRNI G LN, FenFEDOE
D OHUL— 73 F 872 0 1T DTPA 3R T3 FEA SN TV O N ZFHRE LR, Juik—54
FIZo&, DTPAN BBAGTHEAIITWD Z LN E o7z,

K12 BnDTPA-EphA2-230-1 (Z natln % # A L 7=, natln X 0.1 M MES (pH 5.5) &/ F Tk
S, RS 1E Amicon Ultra 0.5 mL, Ultracel-100K % W THs#L L 72, EphA2-230-1.
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BnDTPA-EphA2-230-1 } 0" natIn & )i 72 BnDTPA-EphA2-230-1 % ICP-MS % F\ CTHUA
IZEHEND natin DIREAZRIE LT, ZOREM %A Table 2 (2773, EphA2-230-1 &}
BnDTPA-EphA2-230-1 T natln 23F7E L TV Z EAURE 72— 5 C natln % i S 7=
BnDTPA-EphA2-230-1 i natln J2FE2% 1.5 ng/mL & 72V . BnDTPA-EphA2-230-1 ~® natin
DEANHERTE 1=, 721D MALDI-TOF-MS OfE R 5, PURICE A 7z DTPA
F_TIT natln 288 A Sz ERE L725A O natin OFGHIEEE S 1.56 ng/mL & B H ST,
BERRPDEAREZENT 5L 96.2% & 720, (T4 TO DTPA IZ natin 23 A TE TV
HZEDBHLMNE ST,

BnDTPA-EphA2-230-1

/

EphA2-230-1 154670.711

\

147432.740

|
160000

Figure 4 Molecular weights of EphA2-230-1 and BnDTPA-EphA2-230-1 were determined by
MALDI-TOF-MS.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure S1

Table 2 Concentration of natln in EphA2-230-1, BnDTPA-EphA2-230-1 and natin-BnDTPA-EphA2-

230-1
Sample Concentration of natln (ng/mL)
EphA2-230-1 N.D.
BnDTPA-EphA2-230-1 N.D.
natin-BnDTPA-EphA2-230-1 15




e\ T EphA2-230-1, BnDTPA-EphA2-230-1 /% U natin-BnDTPA-EphA2-230-1 % F T
EphA2 ~DfEAME A Rl L 7=, EphA2 MFEHL L T 5 USTMG MR &Pk Z B S8, &
A RBUA L LT PE 2§ S S 72 goat anti-mouse 1gG & S STz, stk D USTMG #l
fa % & Teiaik Z . FACS Caliber Z W THOGIRE ZHIE L, £ OFEJGRE & K0 7LD
%7 my b LTk R% Figure 5127”37, Z OfEE% GraphPad Prism 6 z FWCTREHNT L, fi#
Bt E A F 95 & EphA2-230-1=128.9 nM, BnDTPA-EphA2-230-1=401.8 nM, natIn-BnDTPA-
EphA2-230-1=529.5 nM & 72 0 . EphA2-230-1 ® EphA2 (254 % fEa i & i L T BnDTPA-
EphA2-230-1 } U® natln-BnDTPA-EphA2-230-1 @ EphA2 (254 % A PEITE TR LT\ 5
DAEEME DAL TV ZERHLMNE 572, L= > T, BnDTPA-EphA2-230-1 % i
WTHZRLREEEDDL L L,
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Figure 5 EphA2-230-1, BnDTPA-EphA2-230-1, and natin-BnDTPA-EphA2-230-1 were found to bind
at similar levels to EphA2 in U87MG cells.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 1

BT LR In-111 125

natin-BnDTPA-EphA2-230-1 7% EphA2 IZ kT 2 G MEZHERF L TV D Z &R B ETe o
7z7=®. BnDTPA-EphA2-230-1 ¢ In-111 {%5# 41T > 7= (Figure 6), EphA2-230-1 -~ DTPA &
OISR U728 0 ATV, 2 ORIC[MUN]INC % 5O& S ' 72, Stk Amicon Ultra 0.5
mL. Ultracel-100K % FWTHERIL, T2V —A—F 2 HWTIEZRIE L, B bsn
INRABEH L=, £7-. A% silica-TLC |23 F L. BEBI%EIC EDTA f2f0 MES buffer %
FAWCREB%. ARG OfER X 0 b FAOMEE 2R L7z (Figure 7), = OfEHE., b
FIIN =13 85.1% (n=2), b HIMiE L 98.5% & 72 > 7z,
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Figure 6 Scheme of the labeling of [*!In]In-BnDTPA-EphA2-230-1.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 2
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Figure 7 Analysis of [***In]In-BnDTPA-EphA2-230-1. Imaging data of TLC of [**!In]In-BnDTPA-
EphA2-230-1 (A) and TLC analysis of [**In]In-BnDTPA-EphA2-230-1 (B).
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure S2

FEILET ARER D A A R

FAELER V) SA S EBRIT UBTMG i 2 FIVy TAT > 72, [*!In]In-BnDTPA-EphA2-230-1 % 1 well
W72 1) 37 kB I L7, FRAEEE S LT AMIBEROIY AR %3+ % uptake BE, 723A
Hl~DOWNTE(L A F-li % internalization #£. [*'In]In-BnDTPA-EphA2-230-1 @ EphA2 FE4f
HI7R R IE T K DY A Z 59~ 5 blocking # 7% L. uptake. internalization #£1Z[*!In]In-
amwmfmmwm4%M%;D 1, 2, 4, 24Wsf#it%, blocking #Ei1 1, 2, 4 M OELY
iAZ R A FA L7, blocking BEIZ 35U\ TU, TRSEBRE1T - 72 BRI 24 BEHALTE 5 = & T/
fas —EREES S Z ENHEA L TV DD, SRIOERTIIFHEZITH R0z, #Rk%
Figure 8 (27”97, aFlifii & L C. AHIRIEMRIR N O KU RE & % [ U 7 VA & F 4 2 ket
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BEECHRLZMEIC L well 2 DX U R EE TR LIZME CTH 5 CUR%/Mg protein T3 L T
5, ZORERG uptake, internalization FEIZF VT, USTMG FfEIZ 351 5 [2Hn]In-BnDTPA-
EphA2-230-1 D HL Y JAZ LR HEAFAIZHIIN L. Nz CATE(LRIL 24 FFE]RE T 54.8% Cd
72, —J57C blocking #EIZ VT, [*UIn]In-BnDTPA-EphA2-230-1 ¢ USTMG Al ~D X V) A
B DOV NHER STz (s 4 K% T 90.9% D)), AIE~DHEY AL DFERNG |
USTMG #ifaiz 3317 5 [*In]In-BnDTPA-EphA2-230-1 D H Y 5A 1T EphA2 4B A1 T T
WD ZEDBHABNE ST,

25 -
=20 - ~-uptake
o
a 15 - internalization
£
10 - I —--blocking
o T
1
o 5/
P
O I I I I 1
0 5 10 15 20 25

Time (h)

Figure 8 Results of cell-binding assay. [*!In]In-BnDTPA-EphA2-230-1 (3.7 kBq/0.4 pg) was
incubated with U87MG cells at 37 °C for various time periods. In the internalization group,
the US7MG cells were washed with acid buffer (0.2 M CH;COOH, 0.5 M NacCl). In the
blocking group, [***In]In-BnDTPA-EphA2-230-1 and non-labeled EphA2-230-1 (6.25 pg)
were incubated with U87MG cells.

Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 3

F7-. USTMG il LV & EphA2 OIEBLE D%\ HT1080 #lfa (Figure 4) (Z[*In]In-
BnDTPA-EphA2-230-1 % i’ L TRl A HL V) JA A FEER 21T\, UBTMG Mz 3515 2 [*In]In-
BNnDTPA-EphA2-230-1 OEFEREORE R L il L7- (Figure 9), € OfER, USTMG fifid L v b
HT1080 fMIZ BT, HA~D[1n]In-BnDTPA-EphA2-230-1 DEL Y IAB BN L o722 &
225, [MIn]In-BnDTPA-EphA2-230-1 (% EphA2 DI H&E A KB L CHAAMMICE Y IAEN T
WD ATREME DS RIR S vz,
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Figure 9 Comparison of results of cell-binding assay in U87MG and HT1080 cells.

FONHET UBTMG Ml €7 /L~ 7 X & RT3l

UB7MG #ifuftiit 7 L~ U A% W TIRN AT EER 21T > 72, [**!In]In-BnDTPA-EphA2-
230-1 (37 kBq/1.2 ug/100 pL AP AR K) Z BEHIR) Db L, 5 24, 48, 72 R[] 4% (2 i L
Teo ERIZIZENZEN D, MikOEELREL, 20K, Ho~h o Z—2HOTH
SR APE L, MERRITRS LR RIC BT Dl 2 & O iR ORI & It
HECTHSTMETH L% IDIg TERLTEY, ZORER%E Figure 10 12737, FEBE~OEREN
MR T&, 5 T2 W1 TIX 14.6 £ 3.2% ID/g I L=, Oz TIXATIR (%5 72 B
T 9.0+ 1.3% ID/g), Mk (%5 72 BFRi]#& C 3.5 + 0.5% ID/g). fifi (5 72 B[ T 4.3 £ 0.4%
ID/g) 72 EIZHEMB A LN TWD, ZHIHRE R S LIZiZhoA A=V 7 a—7
IZH AL TH D 2%, F/-, SPECT #HRBIZHB VT, MR A5 7D DIEE &
L CHEE T iR te, BB OV STV 5, FRICHURIZIME T ~DME RN %< | &
TRt MR L AR NG SIS A LMD 2> F T 2 R MEL 72 0 BHBRZ2 B35 S /s
WZEDRRBEINTWD, & 2 CARERICKIT 2 IEE M2 B L7525 % Table 3 12
R, EOREE, Bh T2 REE% CIIES b2 1.7 & B4z~ L, ZOfE & BE#
® Mn-CHX-A”-DTPA-DS-8895a It MLk btk DFE IR & Hle 9% & MIn-CHX-A”-DTPA-
DS-8895a 23t 5 7 H1ZIZ 0.94 ThHo7=Z L5, [*n]In-BnDTPA-EphA2-230-1 ® J5 3 % 5
FHNC X0 BIR7: SPECT Mif% 215 H AL 5 Al REME A R S iv7z 30, N CHEES R P b b $%¢
57282 T 192 £ 2B 5 BIFRENE bz,
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Figure 10 Biodistribution results in U87MG tumor-bearing mice. Biodistribution of [tIn]In-
BnDTPA-EphA2-230-1 in US7TMG tumor-bearing mice 24, 48, and 72 h after injection in
normal tissues and tumor. Data are represented as the mean + SD; n=4.

Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 4

Table 3 Tumor-to-blood and tumor-to-muscle ratios in biodistribution.

Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Table 1
Time after injection (h)

Ratio 24 48 72
Tumor-to-blood 0.6+0.1 1.1+0.1 1.7+0.6
Tumor-to-muscle 76+1.3 11.0+1.1 19.2+4.6

Nz T, Bk U7-#6k. Bges~D["In]In-BnDTPA-EphA2-230-1 DOEFEA EphA2 HFEA 72
LT D0 ENT D72 OICHERZ W TENS A EREZIT o7, 2 hr— R
[*In]In-BnDTPA-EphA2-230-1 DA% #45-L ., blocking #£1X[***In]In-BnDTPA-EphA2-230-1 #
5. 24 FERATIZBAEA] & LT EphA2-230-1 2 —PLX47= v 10 mg /kg #% 5 L7z, Wi#EE &5 72
1B AT L7z, C VLA ORI AR 0 AT 928k & [RIARICAT o 7, A% Figure 11 (Z0R
T, JBERIRR G 72 BRI OIS IC 3 1T A [Mn]In-BnDTPA-EphA2-230-1 DAEFREIL = k11—
JURE & BT blocking BE T L TV DR 23R & 472 (control: 14.6 + 3.2% 1D/g, blocking:
6.3 + 2.5% ID/g), MEEXFMgLt, BEEch AL & RIER IS LTV D Z E b EGICRIT S
[***In]In-BnDTPA-EphA2-230-1 MEFEIX EphA2 ORBLZ KL TW\WD Z E R LN E 5Tz,
(MGt kb, 2> b —/L : 1.7 + 0.6, blocking: 0.6 + 0.1, fEEXFHALL, =22 o —
JL :19.2 + 4.6, blocking: 6.8 + 1.2, Figure 12), — 7 CiDlEEsizB VT, 22 ha— it
blocking #f & DRI EIT R B2 o 7=,
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Figure 11 Biodistribution result in U87MG tumor-bearing mice. Biodistribution results of [*In]In-
BnDTPA-EphA2-230-1 in U87MG tumor-bearing mice under control and blocking
conditions using non-labeled EphA2-230-1 72 h after injection. [**In]In-BnDTPA-EphA2-
230-1 uptake in normal tissues and tumors. Data are represented as the mean + SD; n = 4.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure S3

2.0
1.6
1.2
0.8
04
0.0

I

25.0
20.0
15.0
10.0
5.0
0.0

B

—

I

I

O control (72 h)

B blocking (72 h)

Figure 12 Tumor-to-blood ratio (A) and tumor-to-muscle ratio (B) in control and blocking groups.

Data are represented as the mean + SD; n = 4. *:p < 0.05, **:p < 0.01 by Student’s t-test.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 5

%12 UBTMG #ilIaREHEE 7 /L~ 7 A1 [MIn]In-BnDTPA-EphA2-230-1 (7.2 MBq/114 pg/120
ul A A K) 2 RERO&RG L, B5 72 FEE# (2 SPECT/CT #8217~ 7= (Figure 13A,
B), fEiHiL SPECT & CT OfRZHEAEDLE THERL TS, A KR OIEEIZ [ In]In-
BnDTPA-EphA2-230-1 2EFE L TE Y, EEOHR 2R A LICIh Lz, £/, HiE LT
BE#R > MIn-CHX-A”-DTPA-DS-8895a D %4 Figure 13C 1279, = SPECT #f& it F7»
5 b EE & MR E o3 T A M [MIn]In-BnDTPA-EphA2-230-1 D5 AMEN TV 5 =

EDRHBMNE R ST,
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Figure 13 SPECT imaging of tumor-bearing mouse. Representative [*'!In]In-BnDTPA-EphA2-230-1
SPECT/CT imaging in U87MG tumor-bearing mouse 72 h after injection. Dorsal view (A)
and caudal view (B) and *!In-CHX-A”-DTPA-DS-8895a SPECT/MR imaging in MDA-
MB-231 tumor-bearing mouse 7 d after injection (C). The tumor is indicated by the arrows.
Furukawa T., et al., ACS Omega. 2023, 8, 7030-7035. Figure 6
Figure 13C is taken from the following paper. Permission to reprint the article has been obtained
from the publisher. Burvenich, 1. J. G. et al, Molecular imaging and quantitation of EphA2
expression in xenograft models with 89Zr-DS-8895a. J. Nucl. Med. 2016, 57, 974-980.

15



O
EphA2 O ATP fi G ERL A 1ER) & LTz

K5 F SPECT A A — v 7 Fu—7 ORE%

B—E TP EphA2 ik 2R L LA A=V 77— 0, BDAMICET S
EphA2 ORI EZMHTE RN EGE LN, LU, EphA2 HFIARKE L TWb ol
EphA2 ODRBLETH V. ZREOKEEICE L TEiHMEd 25 2 LI EETH S, — 5T EphA2
DFF—X RAA U EMEHLTHA A=V 7T u—TThiE EphA2 OERER T DM
WHREIC 72D B 2, EphA2 OF T —8 KA A VTHFET D ATP G 22 L 354
A= 7 Ta—T O EKG Lz, EphA2 O FF—F R A A NAFET D ATP FEEHS
MEERETHICHIZ>T, A A=V 77— RN iaEZ2E®T 2 0ENH S, Z2T
ERIL, MEEOFEMEZZE L TR LB LR L LTcA A=V 77 —T7 O
e AL E LT

B B TEEMEREE Lt A=Y ST a—T Of%E

B FACAEMEREE LTcA A=V 7 u—T %%+ 51ChbT->T,. V—Ftahws
FTIZ EphA2 ¥ F—ElTxt L CHEEEAH T 5 2 E0HlE SN TV ARG FLam ot
MOBRTHZ L b L, ZOLAEMOAHI KR UREEZ Figure 14 (29 448, EFITZ O
TH EphA2 7 — 1% L TE W BREIEME (ICsE 1 11 nM)* Zor L. A OB
il OIS S STV D ALW-11-41-27 %2 U — R{Ea & L CRIR L7 %, Iz
T, &S FALEM~OREHET O ROBANEHE Lic, Bt v ROBALRE L H
E LTI, SRR Z B AT DTN T 2K T EWICE AT AN ER S H, £
DYGE . BT & OMHAAEA~ORENRKE | KO T LAY ORFHIR E el %24 U
L ENRTHREND, AT, ML ERT HICHz> T, KO FLEMOIEEEZ & 5
FREEHERF L7221 IR B 72 Ta D IKEMED @B T A8 AT 5 2 & TIREWRIRDOIKE
PERM BT 2 Z L IIAEOSLAEE LRV, —HFTHHMEI vRITEEHWEFTH LD,
ZH D BN T L ONREEEZZBE L2 TR b nn, BT L OMAERA~OR
BEWGET 2 Z L3RG TH D, MATIAUVHRLENLTARS FALEWIINEEMESHEINT 5
s 5, BREMED @RS T LA IO EEMN & BIF ChH L7, I UHEOEA
IR DRSS FALB MDA A= 0 F Fa—T OREFOHICEE L TWS, £/2, I U
FbH Rl & LT I1-123 A2, 11131 2WEEH O E L CERRBSG THERA I TWAH 720,
B LRRRICBR LA A= 77— 0B S IRREO M TSN RETH S, L
oo T, BEa v R EN LISHBULEW ORGHZMGE LTc, AFFEICIR VT,
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IURPEANLT-HHEEMERFT DI2HT= - T, AT EphA2 & ALW-I1-41-27 @ K v
XUV alb—ra a2 TV, EphA2 E DM AEERZHEE L, £ OfRERZ KLY
DRFHEITo T2,

cl H\[(EN\>—NH
N S Y
SeaNs

Dasatinib
(clinical trial)

/\ OH
NN Q i NH
-/ F5C HJ\©/\

NVP-BHG712

a O H
CF3
| ] H )
N

ALW-11-41-27

Figure 14 Chemical structures of previously reported EphA2 receptor inhibitors.
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 1

RyX o7 Ialb—3 3 02X MOE*® 2 v, EphA2 O i (X Protein Data Bank 7>
5 ID#F 5 : SNKIY D F — % & MOE IZFiAHiATA, & /X7 BIZE W TR LTV D E) % Al
9 structure preparation, 7K4>f%iB/14 % protonate 3D, VU W K & DFEEIC %7265’ VAV

BORI K OKGF2EET D tether BAEZIToTRIC Ry F 7o Iab—ra U afTo
7o RoF o7y a2lb—3 3 0% 5NKIIZBWT EphA2 AL TWD Y T RTH D
N-(2-chloro-6-methylphenyl)-2-((3-(methylsulfonyl)-5-morpholinophenyl)amino)thiazole-5-
carboxamide (Figure 15) OALEIZ ALW-11-41-27 %4 TiXd TV, FEREZ B CHER LT,
Ry r7vIalb—rva il EsHanzfEs 3D KO 2D T L=/ % Figure
16 (1R 3, 2D OFER S, EphA2 D 695 FH DA F A =1 & ALW-11-41-27 D E Y ¥ i
DEFFADPAKRFERETZTER L TV DORERPE LN, —FH T ALW-II-41-27 OF A7 =
F7S EphA2 & ORICH EAER & TER L T Wil RS BT,

T
AT A
L Oy

"o
Figure 15 Chemical structure of N-(2-chloro-6-methylphenyl)-2-((3-(methylsulfonyl)-5-morpholino
phenyl)amino)thiazole-5-carboxamide.

Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure S1
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Figure 16 3D (A) and (B) 2D results of docking simulations of EphA2 and ALW-11-41-27.

Z ZTEFIT. ALW-II-41-27 OFF 7 = 3 & 3 7 3 & M LI FiBUL A DRk & Rt
L7z, B L7y, 3 UvRFTEEWRFTH L0, DT Th D EphA2 & ORI

KEELZAE RN EHERTAIVNEND D, T2 CF A7 oL I 0FEDOLS TR L R
L 7= (Figure 17),

Figure 17 Comparison between molecular surface of ALW-11-41-27 (grey) and ETB (yellow).
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure S2

ZORR, GUVROTNTF A7 = L0 b FREDDRODFERPGEONZENDITUHE
AT DHZ LA X 0 R ENE U D ATRERIIIRW E B 2. ALW-I1-41-27 OFF 7 = 5
% 2RI L T- N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)carbamoyl)
-2-methylphenyl)-5-iodonicotinamide (ETB) % i%sl L7-, MAx T, ETB O F L EXT T 4
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WA TR GRS D 2 T EY KB OSEE B & Lz EFT-1. &K EFT-
1L aUFEONELEEZXDHZ LT EhA2 L DHAERAOZ\LOREZRZ B E Lz EFT-2 D =
OOFRHULEMERE L=, Bk & ot % Figure 18 1277,

N 0 N
L ETB ] )
EFT-1 EFT-2

Figure 18 Chemical structures of ETB, EFT-1, EFT-2.

IS DOHEILAEWE ALW-I1-41-27 [ZOWTHE Ry ¥ 7y 32— a3 U&7
EphA2 & O %2 L=, T ORI E%E Table 4127757, SIIZAG LR UMETH Y, fHD
INSTFHUE, EphA2 EDOBIFIERE NI EERLTWD, ZOMRENSL, FHLEHMDON,
ETB 23 b EphA2 & OFFMERE N ERH LN E IR o7z, F7o, EphA2 & ALW-11-41-27
KO ETB OfE A& bl U7- 455 % Figure 19 1283, Z DR 5 ALW-11-41-27 & ETB
25 EphA2 1% L TIRERDOFS AR Z R T Z LB E o T,

Table 4 Names and structures of compounds subjected to docking simulation with EphA2, and results
of stability evaluation of each compound with EphA2.

taH D RIFRVEE S1E (AG)
ALW-11-41-27

AN \’@YH cFs -8.41
s SN N NS
wH 0 \@/N\)
\O)‘L m( \@/ (\N/“\ ‘7.75

EFT-1 0 QYH -

AR “CL9 7.43
EFT-2 Ijﬁr SR

N -6.57

ET
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-
Figure 19 Comparison of binding modes of EphA2 with ALW-11-41-27 (purple) and ETB (green).

FF ALW-I1-41-27 X OVETB O, ¥ —8 7T v &A1 & A 7z BLETE YRR

XT—ET7 vEAICANDEZHIC ALW-11-41-27 KX ETB A LTz, ARAT— L%
Figure 20 {2779, ALW-11-41-27 KON ETB (X5 & 3CHK @0 2 THE SN TV D HFIETERKL
Too KFILT A VY TFIAT IV =T LML D 4-amino-2-(trifluoromethyl)benzonitrile 3%,
VT l-ethylpiperazine |2 X 2B L7 2 fkic k0, {bEW 2 2157, {LEW 2 & 4-
methyl-3-nitrobenzoic acid % <& S ¥ CTLE#) 3 24537, {LEW3 o=t riEiE L L LA
W) 4 57, D%, (LAY 4 L 5-thiophen-2-yl nicotinic acid & % \ M 5-iodo nicotinic acid (2
RDBOGIZE D . ALW-11-41-27 & ETB & ZNEia LTz, 2TOEMIE 'H-NMR, C-
NMR #HI7ZE & OV HRMS JITE 2170, BIIOEEW TH 5 Z & b L7,

~ BN
HO O:N CO.H

CF
HoN CF3  DIBAL-H |HoN CF3 PPTS HaN 3(\N/\ HATU, DMAP, DIPEA
- —_— —_—
THF toluene/AcOEt, N\) CH,Clp, 20-25°C, 24 h
cN CHO : '
1 then 19) 2 87.1%

102-110°C 20)
I

NaBH(OAc); /T
30.7% s ~COH \(j/COQH
| > or 7

MeOH, CH,Cl,, 20-25°C, 24 h

20-25%C, 20
aan 2 26.5% or 60.1% )

75.5%

S NN N NN N
SRR R eES oo

ALW-1I-41-27 ETB
Figure 20 Synthetic schemes of ALW-11-41-27 and ETB.

Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 3
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AR LTz ALW-11-41-27 }2 Y ETB % VT EphA2 & — P EIGVERESMI 21T o 7=, F2BriZ
Promega f1:> ADP-Glo™ & —BFHET v A 2 L TRl L7z, Figure 21 127" &L 912,
ETB IZ ALW-11-41-27 L [FIFEE D EphA2 ¥ —BILEEMGEEZ AT D Z ENHLNE 2o 72
(ICsofiti: ALW-11-41-27, 67.2 +18.9nM; ETB., 90.2 + 18.9nM),

1507
== ALW-I1-41-27

~ ETB
N
2 100
2
T
©
o
i oso-
¥

0 |'\4| P .

0 2 4 6

log(inhibitor) (nM)

Figure 21 Dose-dependent inhibition of EphA2 receptor kinase using ALW-11-41-27 and ETB.
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 4

Flo, BEIORyFX LTI ab—2a VORREPZYE LD TH LN EFHMIT 57289
ALW-11-41-27 KO ETB (22T, EphA2 & OFFIMEDORE R & % — VR EF: iamﬂﬂﬂ@ﬁ*
RAH# L7- (Table 5), & DOfER, EphA2 & OB RN O R & & — B EIFMERES ML O 4%
RICHBEBERER H D Z ERH LN LR D, SRO Ry X 7o Iab—va 0
FMIRY RO THY, SHOT o —T BRI TE 2 /RN TR ST,

Table 5 Comparison of ALW-I11-41-27 and ETB docking simulation results and evaluation of kinase
inhibitory activity.

{EEYIDBIREEE EphA2 & DFRFIE (AG) IC5,fIE (NM)
(kcal/mol)

ALW-I11-41 27

(’IUA e -8.41 67.2+18.9
OAD* o -7.75 90.2+18.9
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UG ETB OBURME S U FEEAL & OPIETB % 7z i 2 i ekl

ETB 2% EphA2 ) —BlTxt L CIHEEMREZ AT H Z RO E o779, ETB O
M 3 U R (1-123, 1-125) 21T o 7o, BUERERIN CFE 2 W72 SO S 38 U TR B
[RINLICSE DIRFEN B E DG & i U TR E TH 57280, @ OERIE T+ 72 It %
ERTER, T TERIL, LFAMEE THOIAEZRDIZE > THRE SN, X XHi|
BRI D DA R 7 BARWASE 2 T e 2 0 B A it L7 3, WIOICETB O a7
FE TIORTRIGRICHE ST R T FIRRESS 5 Z L TAXFBREEZEK L, F0%
[18)13 7{bF R U o A LR EHIE VT 3 — R X = WAL 2 88 TR YE 3 o A5k
Z{T- 7= (Figure 22A), Iti% ., HPLC & AW T, R ZITW, 2HiRE X2 U — A
— X THREZJIE L, BOHEZNEEZ R Lz, Iz T, BEZO(LEWZTFE HPLC

ST Ly TSR 2 B H L 7= (Figure 22B), MdHbRmgIR & LT, [*PIETB I
70.2 £ 1.8%. [*2I]ETB 1% 30.1 £ 5.0% CHARITHEEI L, W{bEW & b @ W B L a9 MUE
(>99%) TR OLNT-, ZDt%, [PIETB ILHIIEL Y IA A B & RN A EERIZ V., [F2IETB
IZ in vitro © M EZE E MR ER & SPECT/CT %12 =,

A
o (PPh3),PdCl, o
CF hexabutylditin
| N N SK\N —y> BusSn N nr CF3 N
| ] H 3 1,4-dioxane, \ N \@ NS
N 105°C,7 h N
79.1%

o m %1 or '25()Nal
CF. NCS CF
BuzSn 3 123| or 125] 3
X N N S
108 AU D I
N/ MeOH/CH3COOH =80/20
20-25 °C, 30 min

B
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Figure 22 Radiosynthesis scheme and HPLC analysis. (A) Synthesis scheme of labeling precursor and
[*211ETB or [**I]ETB and (B) HPLC analysis of nonradioactive ETB (UV), [**®I]ETB
(radioactivity), and [*2I]ETB (radioactivity).

Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 3, 5, S23
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F72. ZPIETB ZHW\W T~ A MAEFIZ BDEEREFHME L2, PIETB &~ 7 A ME
EIRA LT 37 °C Tn S, }iﬁi\?ﬁ o M‘ ULV ERA L TELTEEEITVY, 20k
1% % radio-TLC THEEBI L. ARG (2 CqFfi L 7= (Figure 23), = OfEHR., NS 4 FF#% T
[*RIIETB ML iz 945+15%§3%Z?L“Cb\6ﬁ*§'ﬁ75> BFoni, LEn-7T, [PRIETBIE~ Y
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Figure 23 Stability of [*2I]JETB in mouse plasma. Data are represented as mean + SD; n = 4.
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure S24
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Figure 24 Appearance of U87TMG cells after adding ALW-11-41-27 at various concentrations and
reacting for 3 h.
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Figure 25 Cell-binding assay. [**I][ETB CUR%/mg protein in U87MG cells. Data are represented as
mean = SD; n = 5. *: p <0.05 by Student’s t-test.
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 7
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FONHT  UBTMG M€ T v~ 7 A & W T 3ATh
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Figure 26 Biodistribution data in U87MG tumor-bearing mice. Ex vivo biodistribution of [*®I]ETB in
U87MG tumor-bearing mice at 30, 60, 120, and 240 min after injection. [*?°I]ETB uptake
in normal tissues and tumor. Data are represented as mean = SD; n = 5.
Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 8
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Table 6 Tumor-to-Blood and Tumor-to-Muscle ratios in U87MG tumor-bearing mice. Tumor-to-Blood
and Tumor-to-Muscle ratios of [!®I]JETB in U87MG tumor-bearing mice after injection.

Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 12381244, Table 1

Time after injection (min)

30 60 120 240
Tumor-to-Blood 56+08 |56+11 |84x14 |11.7+13
Tumor-to-Muscle 14+03 |18+03 |26+04 |42+08

B%IC[PINETB % UBTMG #iBAEEF L~ 7 2 |Z# 5. L C SPECT/CT #4417 -7,
[**I]ETB (33.6 MBq/140 pL) % US7TMG Ml A€ 7 /L~ 7 AIZERIRNT G- L, &5 205 531%
MBEA Y TNT U EFERLUEREET TS5 Mo CT A% v 2FEITL, TD% 60 /RO
SPECT A% % > %34T L7=, Figure 27 \Z/” T & 212, A KIS D USTMG FEE 0 B 72 {15

bz e LT,

Ventral

Left «———» Right

Figure 27 SPECT imaging of U87MG tumor-bearing mouse. Representative [*ZI]ETB SPECT/CT
imaging in tumor-bearing mouse at 205 min after injection: (A) dorsal view and (B) caudal
view image. Tumor (arrow) and the kidney (arrowhead) are shown.

Furukawa T., et al., ACS Med. Chem. Lett. 2021, 12, 1238-1244. Figure 9

26



EHFIX EphA2 BN E T HA4 A=V 7T a—T7 OB EENE LT E T 70, F
TARFED R M OF L2 LU T ICERT 5,
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Ta—7 L UTERBNRMEEEZE L WD Z R Iz, L, ETB IZ ALW-I1-41-
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B—EDHIE
Experimental procedures

Mouse monoclonal antibody against human EphA2 termed EphA2-230-1 was provided by co-
author Kazunori Kato. Additionally, p-SCN-Bn-DTPA was purchased from Macrocyclics, Inc. (Plano,
TX, USA), and MES was purchased from Sigma-Aldrich (St. Louis, MO, USA). [*In]InCl; was
purchased from Nihon Medi-Physics Co. Ltd. (Tokyo, Japan). Most chemicals were purchased from
Tokyo Chemical Industry Co., Ltd. (TCI) (Tokyo, Japan), Nacalai Tesque Inc. (Kyoto, Japan), and
Fujifilm Wako Pure Chemical Corporation (Osaka, Japan) and used without further purification.

Western blotting analysis

Cells and tumor tissues were homogenized in lysis buffer and the supernatant collected by
centrifuging at 10,000xg at 4°C for 10 min. Samples were diluted and mixed with NuPAGE™ LDS
Sample Buffer (4X) (Thermo Fisher Scientific, Massachusetts, USA) and NuPAGE™ Sample
Reducing Agent (10X) (Thermo Fisher Scientific), heated at 70 °C for 10 min. Samples were
separated electrophoretically with 4-20% Mini-PROTEAN® TGX™ precast gel at 200 V and
transferred to polyvinylidene difluoride membrane. After washing, samples were blocked with
Blocking one (Nacalai Tesque Inc.). Membranes were incubated with different primary antibodies
overnight at 4 °C and then incubated with secondary antibodies for 1 h at room temperature. Antigen-
antibody complexes were visualized using Western Lightning® Plus-ECL (Millipore, Massachusetts,
USA). EphA2 receptor rabbit mAb (1:1000), and Beta-actin Rabbit mAb (1:1000) were purchased
from Cell Signaling Technology (Massachusetts, USA) and goat anti-rabbit-1gG H&L (HRP) (1:5000)
was purchased from Abcam (Cambridge, UK).

DTPA conjugates and In incorporation into antibodies

EphA2-230-1 (200 pg) was diluted in 0.1 M NaHCOs (pH 9.5, 30 pL), then added to a 20-fold
molar excess of p-SCN-Bn-DTPA diluted in 0.1 M NaHCO; (pH 9.5, 30 uL), and mixed at room
temperature for 24 h. The reaction mixture was then purified by gel filtration chromatography using
PD-10 (GE healthcare, Little Chalfont, UK), and the appropriate fractions were collected and
concentrated using a centrifugal filter (Amicon® Ultra 2.0 mL, Ultracel®-100K, Merck, Darmstadt,
Germany). We observed the reaction progress using MALDI-TOF-MS. 3,5-Dimethoxy-4-
hydrocinnamic acid (TCI) was saturated with 0.1% trifluoroacetic acid solution/acetonitrile (1:1). The
antibody was dissolved in this aqueous solution and measured. BnDTPA-EphA2-230-1 (100 pg) was
diluted in 0.1 M MES (pH 5.5, 100 pL), then added to InCls (0.3 mg) diluted in 0.1 M MES (pH 5.5,

50 pL), and mixed at room temperature for 1 h. The reaction mixture was then purified and
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concentrated using a centrifugal filter (Amicon® Ultra 0.5 mL, Ultracel®-100K). We observed the
reaction progress using ICP-MS.

Flow cytometry measurement of binding affinity for EphA2

The reactivity of EphA2-230-1, BnDTPA-EphA2-230-1, and natin-BnDTPA-EphA2-230-1 to
EphA2 on the cancer cell surface was determined using flow cytometry. Approximately 1x10°
U87MG cells were incubated with various concentrations (1.6-100 pg/ml) of antibody in 20 ul of PBS
(pH 7.4) with 2% FBS (staining buffer) for 60 min on ice. The cells were then washed and stained
with PE-conjugated goat anti-mouse 1gG secondary antibody (Invitrogen, Waltham, MA, USA) for 30
min on ice. The cell suspension was washed three times with PBS and then analyzed using a FACS
Calibur flow cytometer (BD Immunocytometry Systems, Franklin Lakes, NJ, USA). Equilibrium
dissociation constants were calculated using GraphPad Prism 6 (GraphPad Software, San Diego, CA,
USA).

Radiolabeling

BnDTPA-EphA2-230-1 (100 pg) was diluted in 0.1 M MES buffer (pH=5.5, 200 uL) and then
added to [***In]InCl; (6.1 MBq) and mixed at room temperature for 1 h. After the reaction, the reaction
mixture was concentrated and purified using a centrifugal filter (Amicon® Ultra 0.5 mL, Ultracel®-
100K). Purified [*In]In-BnDTPA-EphA2-230-1 was analyzed using Radio-TLC (25 Aluminum TLC
silica gel 60 F254, Merck) with saturated EDTA MES solution. ARG was carried out using a Typhoon
FLA 9500 BGR (GE healthcare).

Cell culture

The U87MG glioma cell line was obtained from the European Collection of Authenticated Cell
Cultures (London, UK). The cells were grown in Eagle's minimal essential medium (Fujifilm Wako
Pure Chemical Corporation) supplemented with 10% FBS (Sigma-Aldrich), 2 mM L-glutamine
(Nacalai Tesque Inc.), 1 mM pyruvic acid (Nacalai Tesque Inc.), non-essential amino acid (Nacalai
Tesque Inc.), and penicillin-streptomycin (Nacalai Tesque Inc.). The cells were cultured under 5%
CO2 and 95% ambient air at 37 °C.

Cell-binding study
Uptake of [*In]In-BnDTPA-EphA2-230-1

The US7MG cells (approximately 5x10*well) were seeded in a 24-well cell culture plate (Corning,
Corning, NY, USA) containing growth medium and incubated at 37 °C under 5% CO, until 80%
confluence was achieved. The medium was aspirated and replaced with 1.5 mL of FBS-free medium.
After 10 min, the cells were treated with [***In]In-BnDTPA-EphA2-230-1 (3.7 kBq/0.4 ng). After 1, 2,
4, and 24 h of additional incubation, the radioactive medium was aspirated, and the plate was washed
twice with 0.5 mL of cold PBS. After washing, the cellular fraction was lysed with 0.1 M NaOH, and
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the protein concentration was calculated using a BCA Protein Assay Kit (Thermo Fisher Scientific,
Waltham, MA, USA). Radioactivity counts containing radioactive medium and PBS were designated
as Cout, and radioactivity counts of the lysis solution and PBS were defined as Ci,. The radioactivity of
each fraction was measured using a y-counter (1480 Automatic Gamma Counter, Perkin Elmer,
Waltham, MA, USA). CUR was calculated using the formula Cin/(Cin + Cou).

Internalization of [*In]In-BNnDTPA-EphA2-230-1

The procedure of cell culture was the same as that described above. The medium was aspirated and
replaced with 1.5 mL of FBS-free medium. After 10 min, the cells were treated with [*In]In-
BnDTPA-EphA2-230-1 (3.7 kBq/0.4 pg). After 1, 2, 4, and 24 h of additional incubation, the
radioactive medium was aspirated, and the plate was washed twice with 0.5 mL of cold PBS. After
washing, the cells were washed three times with acidic buffer (0.2 M CH;COOH, 0.5 M NacCl).
Finally, the cellular fraction was lysed with 0.1 M NaOH, and the protein concentration was calculated
using a BCA Protein Assay Kit. The radioactivity was defined, measured, and calculated as described
in the previous sections.

Blocking of [***In]In-BNnDTPA-EphA2-230-1

The procedure of cell culture was the same as that described above. The medium was aspirated and
replaced with 1.0 mL FBS-free medium followed by 0.5 mL FBS-free medium with unlabeled EphA2-
230-1 (6.25 ng) to determine nonspecific binding. After 10 min, the cells were cotreated with [*tIn]In-
BnDTPA-EphA2-230-1 (3.7 kBq/0.4 pg) and EphA2-230-1 (6.25 pg). After 1, 2, and 4 h of additional
incubation, the radioactive medium was aspirated, and the plate was washed twice with 0.5 mL of cold
PBS. After washing, the cellular fraction was lysed with 0.1 M NaOH, and the protein concentration
was calculated using a BCA Protein Assay Kit. The radioactivity was defined, measured, and
calculated as described in the previous sections.

Comparison cell uptake results with U87MG and HT1080 cells

The US7MG and HT1080 cells (approximately 5x10%well) were seeded in a 24-well cell culture
plate (Corning) containing growth medium and incubated at 37 °C under 5% CO; until 80%
confluence was achieved. The medium was aspirated and replaced with 1.5 mL of FBS-free medium.
After 10 min, the cells were treated with [**In]In-BnDTPA-EphA2-230-1 (3.7 kBg/0.07 nug). After 24
h of additional incubation, the radioactive medium was aspirated, and the plate was washed twice with
0.5 mL of cold PBS. After washing, the number of cells in each well was determined. Radioactivity
counts containing radioactive medium and PBS were designated as Cou, and radioactivity counts of the
cells were defined as Cin. The radioactivity was measured and calculated as described in the previous
sections.
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Animal model

The animal studies were approved by the Bioscience Research Center at Kyoto Pharmaceutical
University and performed according to the Guidelines for Animal Experimentation. Five-week-old
male BALB/c Slc-nu/nu mice were obtained from Japan SLC (Shizuoka, Japan). For each mouse,
2x10°® U87MG glioblastoma cells in 100 puL PBS were inoculated subcutaneously into the right thigh.
The tumor reached an approximate volume of 100 mm? after 28-35 days. The mice were then used for
biodistribution study and SPECT/CT imaging.

Biodistribution

Biodistribution study was conducted in U87MG tumor-bearing mice. [**In]In-BnDTPA-EphA2-
230-1 (37 kBg/1.2 pg/100 pL saline) was administered to the mice intravenously through the tail vein.
At 24, 48, and 72 h after administration, the mice were euthanized by exsanguination. The blood, brain,
heart, lung, liver, pancreas, spleen, Kidneys, stomach, intestines (small and large), skeletal muscles,
bones, and tumors were removed for analysis. The tissue samples were weighed, and radioactivity was
determined. Tissue radioactivity levels were expressed as % ID/g.

Blocking biodistribution

Blocking biodistribution study was conducted in U87MG tumor-bearing mice. [***In]In-BnDTPA-
EphA2-230-1 (37 kBq/1.2 pug/100 pL saline) was administered to the mice intravenously through the
tail vein. For biodistribution under EphA2 blocking conditions, 10 mg/kg of EphA2-230-1 in 100 pL
saline was injected intravenously 24 h before the radiotracer injection. At 72 h after tracer
administration, the mice were euthanized by exsanguination. The blood, brain, heart, lung, liver,
pancreas, spleen, kidneys, stomach, intestines (small and large), skeletal muscle, bone, and tumor were
removed for analysis. The tissue samples were weighed, and radioactivity was determined. The tissue
radioactivity levels were expressed as described in the previous section.

SPECT/CT

For the bolus injection study, tumor-bearing mice were intravenously injected with 7.2 MBq/114 pg
[***In]In-BnDTPA-EphA2-230-1 in 120 pL of saline. SPECT/CT images were obtained using X-
CUBE and y-CUBE scanners. The mice were anesthetized using isoflurane/O, (5% for induction,
2.5% for maintenance), and their body temperature was kept constant with an integrated heating
circuit. At 72 h after administration, CT imaging was performed for 5 min, and SPECT imaging was
performed for 60 min after CT imaging. The SPECT images were acquired using a helical-orbit scan
with linear-stage motion and step-and-shoot camera motion. A multi-lofthole collimator (GPmouse, 48
loftholes) was mounted in a heptagonal SPECT system, and the following parameters were used:
[***In]In energy window (26 keV +/- 10%, 171 keV +/- 10%, and 245 keV +/- 10%), 237 projections,
18° angle increment with a 1 mm bed step, and 60 min acquisition time. SPECT projection data were
reconstructed using a 3D maximum likelihood-expectation maximization algorithm (3 iterations) at an
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isotropic voxel size of 250 um. CT images were subsequently acquired using a helical scan with the
following acquisition parameters: X-ray source setting of 50 kVp/100 pA, 480 projections, 1.4 spiral
pitch, and 1 min acquisition time. CT projections were reconstructed using an ISRA algorithm that
yielded a 0.2 mm x 0.2 mm x 0.2 mm voxel size and 200 x 220 x 469 image volume. Image analysis
was performed using the VivoQuant software (version 4.0 patchl, inviCRO, LLC, Boston, MA, USA).

Statistics

Student’s t-test was performed for blocking distribution using XLSTAT (Addinsoft, New York, NY,
USA). The data points represent the mean of at least triplicate measurements with error bars
corresponding to the SD.

BE_EDHE, NMR, MS A7 kL
General

Most chemicals were purchased from Tokyo Chemical Industry Co., LTD. (Tokyo, Japan), Nacalai
Tesque Inc. (Kyoto, Japan) and Fujifilm Wako Pure Chemical Corporation (Osaka, Japan), and used
without further purification. Synthetic compounds were purified using Smart Flash EPCLC W-Prep
2XY (YAMAZEN, Tokyo, Japan). Analytical and preparative HPLC was performed using a Shimadzu
LD-20AD (Shimadzu Corporation, Kyoto, Japan) solvent delivery system at a flow rate of 3.0 mL/min
with SPD-20A (Shimadzu Corporation) UV detector (254, 220 nm) and y-survey meter TCS-172
(ALOKA, Mitaka, Japan) RI detector. A Cosmosil 5C18-AR-II column (10 x 150 mm, Nacalai Tesque
Inc.) was used for reverse phase HPLC. Conditions for HPLC are defined as water: methanol with
0.1% trifluoroacetic acid = initiated from 50:50, gradually adjusted to 10:90 (over 20 min), and
followed by 10:90. Molecular weight was analyzed by Agilent LC/MS 6130B (Agilent Technologies,
California, USA). HRMS were obtained on LCMS-IT-TOF (Shimadzu). Chemical shifts for *H-NMR,
acquired at JEOL ECS400ss (JEOL, Tokyo, Japan) and Ascend™ 500 (Bruker, Massachusetts, USA)
are given in ppm downfield from tetramethylsilane. For *C-NMR, the spectra were acquired at
Ascend™ 500 (Bruker) calibrated according to the respective solvent. (77.00 ppm for CDCl; and
39.51 ppm for DMSO). Because the half-life is long and handling is easy, 1-125 was used for the
biodistribution studies instead of 1-123. Sodium [*®I]iodide (Na[*?®I]l) (carrier free) solution was
purchased from MP Bio Japan K.K and sodium [*?*I]iodide (Na[*Z1]1) solution was purchased from
FUJIFILM Toyama Chemical Co., Ltd. (Tokyo, Japan). In cell binding assay and biodistribution
experiment, 1480 Automatic Gamma Counter (Perkin Elmer, Massachusetts, USA) was used.

Docking simulation and creating molecule surface using MOE

The binding poses of ALW-11-41-27 in the ATP binding site of EphA2 receptor were predicted by
MOE (Chemical Computing Group, Montreal, Canada). The crystal structure of EphA2 receptor with
N-(2-chloro-6-methylphenyl)-2-((3-(methylsulfonyl)-5-morpholinophenyl)amino)thiazole-5-
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carboxamide was retrieved from the Protein Data Bank ID: 5NKI® and prepared using the Quickprep
in MOE to remove non amino acid molecules, add hydrogen atoms, and assign the protonation states
for the polar residues. The scoring grid was generated by enclosing the residues 10 A around N-(2-
chloro-6-methylphenyl)-2-((3-(methylsulfonyl)-5-morpholinophenyl)amino)thiazole-5-carboxamide in
the binding site. The docking simulation was performed in refinement mode and the top ranked pose
by GBVI/WSA A G of each inhibitor was retained for visual analysis of interactions.

2
AG~c+a g(AEcoul + AEgo) + AEpqy + ﬁASAweighted

Formalism S1. Formalism of AG

Chemical experiment procedure
4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethylaniline (2)

A round-bottomed flask charged with 4-amino-2-(trifluoromethyl) benzonitrile (1.11 g, 6 mmol)
underwent three cycles of vacuum/filling with N2 gas. Dry THF (10 mL) was added into the flask, and
then a solution of diisobutylaluminum hydride (15 mL, 1.0 M in toluene) was added dropwise over 20
min at 20-25 °C. Upon complete addition, the resulting solution was stirred for an additional 30 min.
After the reaction was complete, the mixture was cooled to —10 °C and methanol (1.8 mL) was
carefully added. Then the mixture was stirred for an additional 120 min at 20-25 °C and an agueous
saturated Rochelle salt solution was added dropwise. After the quench was complete, the mixture was
stirred for 10 min. The resultant reaction mixture was extracted with chloroform, and organic layer
was concentrated in vacuo.

To a solution of 4-amino-2-trifluoromethylbenzaldehyde (1.13 g, 6 mmol) in ethyl acetate (35 mL)
was added 1 M hydrochloric acid (20 mL), and the mixture was stirred rapidly at 20-25 °C for 5 min.
An aqueous solution of sodium hydroxide (1 M, 15 mL) was charged to the mixture and stirred for
additional 5 min. The organic layer was separated, washed with brine (20 mL). To the solution was
added 1-ethylpiperazine (3.3 mL, 30 mmol), pyridinium p-toluenesulfonate (151 mg, 0.6 mmol), and
toluene (15 mL). The mixture was heated at 102-110 °C with Dean-Stark apparatus for azeotropic
dehydration. When 15 mL of distillate was removed, anhydrous ethyl acetate (15 mL) was charged to
the reaction mixture. This operation was repeated until total 45 mL of azeotropic mixture. The mixture
was cooled to 50 °C, and sodium triacetoxyborohydride (2.54 g, 12 mmol) was added in portions at
50-60 °C. The reaction mixture was cooled to 10-15 °C and quenched with water (25 mL) over 10
min while maintaining the batch temperature below 20 °C. The resultant reaction mixture was
extracted with chloroform, and organic layer was washed with water (2 x 25 mL), dried over MgSQsa,
and concentrated in vacuo. The residue was purified by flash column chromatography (inject: Silica
gel L, column: Silica gel L, YAMAZEN) using methanol in chloroform to give 2 as a white solid (793
mg, 30.7% yield). *H-NMR (500 MHz, CDCls) &: 7.47 (d, J =8.3 Hz, 1H), 6.92 (d, J = 2.5 Hz, 1H),
6.79 (dd, J =2.4 and 8.4 Hz, 1H), 3.77 (br, 2H), 3.53 (s, 2H), 2.51 (br, 8H), 2.44 (q, J = 7.2 Hz, 2H),
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1.09 (t, J = 7.4 Hz, 3H). C-NMR (126 MHz, CDCls) & 145.01, 131.88, 129.46 (q, J = 29.4 Hz),
126.73, 124.33 (q, J = 274.8 Hz), 117.75, 112.05 (g, J = 6.5 Hz), 57.80, 52.85 (2C), 52.81 (2C), 52.24,
11.84. MS (ESI*) m/z : 288.2 ([M+H*]) (calcd for C14H20F3N3: 287.2).
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Figure S1. *H-NMR spectra (500 MHz) in CDCl; of 4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)aniline
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Figure S2. *C-NMR spectra (126 MHz) in CDCl; of 4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)aniline
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Figure S3. Mass spectra of 4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)aniline

N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)-4-methyl-3-nitrobenzamide (3)

Compound 2 (144 mg, 0.5 mmol) was dissolved with dichloromethane (3 mL), and to the solution
was added 4-methyl-3-nitro benzoic acid (109 mg, 0.6 mmol), HATU (228 mg, 0.6 mmol), DMAP
(7.3 mg, 0.06 mmol) and DIPEA (0.26 mL, 1.5 mmol). The mixture underwent three cycles of
vacuum/filling with N2 gas and stirred at 20-25 °C for 24 h. The resultant reaction mixture was
extracted with chloroform, and organic layer was dried over MgSQ., and concentrated in vacuo. The
residue was purified by flash column chromatography (inject: Silica gel L, column: Silica gel L,
YAMAZEN) using methanol in chloroform to give 3 as a white solid (196 mg, 87.1% yield).*H-NMR
(500 MHz, CDCls) 6: 8.60 (br, 1H), 8.49 (d, J = 1.7 Hz, 1H), 8.08 (dd, J = 1.9 and 8.0 Hz, 1H), 7.89-
7.88 (m, 2H), 7.75 (d, J = 9.0 Hz, 1H), 7.47 (d, J = 7.9 Hz, 1H), 3.62 (s, 2H), 2.66 (s, 3H), 2.54 (br,
8H), 2.47 (9, J = 7.2 Hz, 2H), 1.11 (t, J = 7.3 Hz, 3H). *C-NMR (126 MHz, CDCl3) 5 163.63, 148.85,
137.71, 136.15, 134.14, 133.52, 133.35, 131.78, 131.32, 129.15 (q, J = 30.4 Hz), 123.90 (q, J = 274.0
Hz), 123.62, 123.22, 117.95 (q, J = 6.5 Hz), 57.70, 52.86 (2C), 52.76 (2C), 52.26, 20.59, 11.81. MS
(ESI*) m/z : 451.2 ([M+H*]) (calcd for C2H2sF3sN4Os : 450.2).
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Figure S4. H-NMR spectra (500 MHz) in CDCl; of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)-4-methyl-3-nitrobenzamide

FT-28-1.011.001.1resp  VerticalScaleFactor = 1
3%
S ©
= 8
0.45
z 040
§osﬁ §
B © S| h =
0.30 = 2 B
‘% E gy 8 5 7 ?
502 %lé S
0.20 ! IR
g 2 S8 8 B
015 e h
T AN o8 Blent i
010 > BlearT .
EERERE
0.05 K 1 )‘: z
Ll J |
R s S 7 R Ll Sl NS S AT - S S S S
Chemical Shit (ppm)

Figure S5. ®C-NMR spectra (126 MHz) in CDCls of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)-4-methyl-3-nitrobenzamide
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Figure S6. Mass spectra of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)-4-methyI-
3-nitrobenzamide

3-amino-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)-4-methylbenzamide (4)

Compound 3 (140 mg, 0.311 mmol) was dissolved methanol (5.6 mL), and palladium on activated
carbon (15.1 mg) were added. The mixture underwent three cycles of vacuum/filling with H; and
stirred at 20-25 °C for 24 h. The reaction mixture was filtered using Hyflo Super-Cel® (Wako), and
the filtrate was concentrated in vacuo. The reside was purified by flash column chromatography
(inject: Silica gel L, column: Silica gel L, YAMAZEN) using methanol in chloroform to give 4 as a
white solid (98.7 mg, 75.5% yield). *H-NMR (500 MHz, CDCls) 6: 7.88-7.83 (m, 3H), 7.73 (d, J = 8.4
Hz, 1H), 7.23 (d, J = 1.7 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H), 7.12 (dd, J = 1.7 and 7.6 Hz, 1H), 3.79 (s,
2H), 3.65 (s, 2H), 2.59 (br, 8H), 2.53 (q, J = 7.2 Hz, 2H), 2.23 (s, 3H), 1.15 (t, J = 7.2 Hz, 3H). *C-
NMR (126 MHz, CDCls) 6 166.11, 145.12, 136.94, 133.10, 132.95, 131.31, 130.57, 129.10 (q, J =
30.3 Hz), 126.60, 124.01 (q, J = 273.9 Hz), 123.16, 117.53 (g, J = 6.5 Hz), 116.40, 113.57, 57.71,
52.59 (2C), 52.43 (2C), 52.20, 17.41, 11.49. MS (ESI*) m/z : 421.2 ([M+H*]) (calcd for Cz2H27F3N4O:
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Figure S7. *H-NMR spectra (500 MHz) in CDCl; of 3-amino-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)-4-methylbenzamide
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Figure S8. C-NMR spectra (126 MHz) in CDClI; of 3-amino-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)-4-methylbenzamide
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Figure S9. Mass spectra of 3-amino-N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)-

4-methylbenzamide

N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)4-methyl-3-(3-(thiophen-2-
yl)benzamido)benzamide: ALW-11-41-27 (5)

Compound 4 (60.8 mg, 0.144 mmol) was dissolved dichloromethane (0.86 mL), and to the solution
was added 5-thiophen-2-yl nicotinic acid (35.5 mg, 0.173 mmol), HATU (65.8 mg, 0.173 mmol),
DMAP (2.1 mg, 0.017 mmol) and DIPEA (56.1 mg, 0.434 mmol). The mixture underwent three cycles
of vacuum/filling with N, gas and stirred at 20-25 °C for 24 h. The resultant reaction mixture was

extracted with chloroform, and organic layer was dried over MgSOa, and concentrated in vacuo. The
residue was purified by flash column chromatography (inject: Silica gel L, column: Silica gel L
premium, YAMAZEN) using methanol in chloroform to give 5 as a white solid (26 mg, 26.5%
yield).'H-NMR (500 MHz, CDCls) &: 9.27 (br, 1H), 9.08 (br, 1H), 8.92 (s, 1H), 8.88 (s, 1H), 8.34 (s,
1H), 7.86-7.83 (m, 3H), 7.63 (d, J = 8.5 Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H), 7.36 (d, J = 2.9 Hz, 1H),
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7.34 (d, J = 5.1 Hz, 1H), 7.06-7.04 (m, 2H), 3.56 (s, 2H), 2.50 (br, 8H), 2.45 (q, J = 7.4 Hz, 2H), 2.15
(s, 3H), 1.08 (t, J = 7.2 Hz, 3H). *C-NMR (126 MHz, CDCls) & 166.36, 164.57, 149.19, 146.53,
138.71, 136.91, 136.59, 134.98, 133.19, 133.08, 132.08, 131.05, 130.94, 130.45, 129.61, 128.86 (q, J
= 30.3 Hz), 128.46, 126.85, 125.57, 125.13, 124.01, 124.01 (q, J= 274.8 Hz), 123.41, 117.74 (q, J =
5.5 Hz), 57.68, 52.65 (2C), 52.59 (2C), 52.12, 17.90, 11.62. MS (ESI*) m/z : 608.3 ([M+H™]). (calcd
for CsoHs2F3NsO-S: 607.2).
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Figure S10. H-NMR spectra (500 MHz) in CDCls of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)4-methyl-3-(3-(thiophen-2-yl)benzamido)benzamide
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Figure S11. C-NMR spectra (126 MHz) in CDCl; of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)4-methyl-3-(3-(thiophen-2-yl)benzamido)benzamide
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Figure S12. Mass spectra of N-(4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)4-methyl-
3-(3-(thiophen-2-yl)benzamido)benzamide

N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)carbamoyl)-2-methylphenyl)-5-
iodonicotinamide: ETB (6)

Compound 4 (142 mg, 0.337 mmol) was dissolved dichloromethane (2 mL), and to the solution was
added 5-iodo nicotinic acid (101 mg, 0.406 mmol), HATU (154 mg, 0.406 mmol), DMAP (5.0 mg,
0.04 mmol) and DIPEA (175 pL, 1.01 mmol). The mixture underwent three cycles of vacuum/filling
with N2 gas and stirred at 20-25 °C for 24 h. The resultant reaction mixture was extracted with

chloroform, and organic layer was over MgSQO,, and concentrated in vacuo. The residue was purified
by flash column chromatography (inject: Silica gel L, column: Silica gel L premium, YAMAZEN)
using methanol in chloroform to give 6 as a white solid (132 mg, 60.1% yield).'H-NMR (400 MHz,
CDCl3) §:9.06-9.04 (m, 2H), 8.59-8.57 (m, 2H), 8.21 (s, 1H), 7.97-7.90 (m, 3H), 7.77 (d, J = 9.2 Hz,
1H), 7.71 (d, J = 8.3 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 3.64 (s, 2H), 2.54 (br, 8H), 2.44 (q, J = 7.3 Hz,
2H), 2.39 (s, 3H), 1.10 (t, J = 7.3 Hz, 3H). 3C-NMR (126 MHz, DMSO) § 165.02, 162.80, 157.73,
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147.39, 143.16, 138.22 (2C), 135.95, 132.38, 132.02, 131.49, 131.18, 130.54, 127.36 (q, J = 29.4 Hz),
125.99, 125.56, 124.34 (q, J = 273.9 Hz), 123.52, 117.25 (q, J = 6.5 Hz), 94.12, 57.47, 52.81 (2C),
52.37 (2C), 51.58, 18.03, 11.98. MS (ESI*) m/z : 652.2 ([M+H*]), HRMS (ESI*) m/z : 652.1398
(IM+H*]) (calcd for CasHsoF3INsO, : 652.1391)
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Figure S13. *H-NMR spectra (400 MHz) in CDClz of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)carbamoyl)-2-methylphenyl)-5-iodonicotinamide
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Figure S14. ®*C-NMR spectra (126 MHz) in DMSO of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)carbamoyl)-2-methylphenyl)-5-iodonicotinamide
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Figure S15. Mass spectra of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)
carbamoyl)-2-methylphenyl)-5-iodonicotinamide
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Figure S16. HRMS of  N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)
carbamoyl)-2-methylphenyl)-5-iodonicotinamide

0

N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl) phenyl)carbamoyl)-2-methylphenyl)-5-
(tributylstannyl)nicotinamide (7)

ETB (34.4 mg, 52 umol) was dioxane (1.5 mL), and hexabutylditin (60 pL, 114 pmol) and
bis(triphenylphosphine)palladium (II) dichloride (3.6 mg, 5.2 pmol) were added to the solution. The

mixture underwent three cycles of vacuum/filling with Ar gas and stirred at 105 °C for 7 h. The
reaction mixture was filtered using Hyflo Super-Cel®, and the filtrate was concentrated in vacuo. The
residue was purified by preparative thin-layer chromatography using hexane in ethyl acetate to give 7
as a clear oil (43.1 mg, 79.1% yield). *H-NMR (400 MHz, CDCls) &: 9.03 (m, 1H), 8.90 (br, 1H), 8.77
(m, 1H), 8.34 (dd, J = 1.4 Hz, 2.3 Hz, 1H), 8.26 (br, 1H), 8.14 (br, 1H), 7.93-7.90 (m, 2H), 7.74 (d, J =
8.3 Hz, 1H), 7.66 (dd, J = 1.9 Hz, 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 3.62 (s, 2H), 2.52 (br, 8H),
2.43(q,J =7.1 Hz, 2H), 2.33 (s, 3H), 1.59-1.51 (m, 6H), 1.38-1.29 (m, 6H), 1.16 (m, 6H), 1.09 (t, J =
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7.3 Hz, 3H), 0.89 (t, J = 7.4 Hz, 9H). *C-NMR (126 MHz, CDCl;) 8:165.95, 165.06, 158.89, 147.24,
143.26, 137.98, 136.91, 135.31, 134.69, 133.44, 133.39, 131.21, 131.19, 129.58, 129.06 (q, J = 30.3
Hz), 125.34, 124.06 (q, J = 273.9 Hz), 123.30, 122.29, 117.66 (q, J =6.4 Hz), 57.79, 52.95 (2C), 52.80
(2C), 52.25, 28.94 (3C), 27.25 (3C), 17.90, 13.61 (3C), 11.84, 9.76 (3C). MS (ESI*) m/z : 816.3
(IM+H*]), HRMS (ESI*) m/z : 816.3508 ([M+H*]) (calcd for CaoHs7F3NsO.Sn : 816.3489)

jHT-40-1-4_Proton-2-1.esp \fgticalScaleFactor = 1

0.89

1.0

Ten el sg | as | ab a5
Ghermical Shift (ppm)

Figure S17. *H-NMR spectra (400 MHz) in CDClz of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)carbamoyl)-2-methylphenyl)-5-(tributylstannyl)nicotinamide
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Figure S18. C-NMR spectra (126 MHz) in CDCl; of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-
(trifluoromethyl)phenyl)carbamoyl)-2-methylphenyl)-5-(tributylstannyl)nicotinamide
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MS Spectrum
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Figure S19. Mass spectra of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)
carbamoyl)-2-methylphenyl)-5-(tributylstannyl)nicotinamide
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Figure S20. HRMS of N-(5-((4-((4-ethylpiperazin-1-yl)methyl)-3-(trifluoromethyl)phenyl)carbamoyl)
-2-methylphenyl)-5-(tributylstannyl)nicotinamide

EphA2 receptor kinase inhibition assay

The inhibition of EphA2 receptor was examined by using an EphA2 receptor Kinase Enzyme
System (Catalog #:VA7441, Promega, Wisconsin, USA) and ADP-Glo™ Kinase Assay Kit (Catalog #:
V9101, Promega), which quantify the amount of ADP produced from the kinase reaction by depleting
the remaining ATP, followed by regeneration of the consumed ADP to ATP. The amount of regenerated
ATP is measured based on the luminescence signal from luciferin. The experiment was done according
to the Kinase Enzyme System protocol. In brief, inhibitor compounds in various concentrations were
combined with recombinant EphA2 receptor kinase (25.6 ng) diluted in a reaction buffer (40 mM
Tris—HCI, pH = 7.5, 20 mM MgCl;, 2 mM DTT, and 0.1 mg/mL BSA). After incubation for 10 min at
22-25 °C, ATP (10 uM) was added to start the kinase reaction. The reaction was done at 22-25 °C for
120 min in a total volume of 10 pL (2 pL of inhibitors, 4 pL of EphA2 receptor kinase solution, and 4
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uL of ATP). To stop the reaction, 10 uL of ADP-Glo Reagent was added and incubated at 22-25 °C for
40 min, following which 20 pL of Kinase Detection Reagent was added for a further 60 min of
incubation. Luminescence was measured by using a plate reader (infinite F200Pro, TECAN,
Mannedorf, Switzerland), and ICso values were calculated from the inhibition curve by using the
GraphPad Prism software (version 5.03 for Windows; GraphPad, Inc., California, USA).

Radiosynthesis of [**I1]ETB and [}ZI]ETB

Radioactive [**I]JETB and [*2*I]JETB were prepared from the corresponding tributyltin derivatives
by iododestannylation. After tributyltin derivatives (100 pg) was dissolved methanol (100 L), solvent
(methanol/acetic acid = 80:20, 50 puL) and N-chlorosuccinimide (1 mg) was added to the precursor
solution. Sodium [*?*l]iodide (4.3 MBq) or sodium [*ZI]iodide (155.9 MBq) was added and the
mixture was shaken at 20-25 °C for 30 min. After adding water (100 uL) for stopping the reaction, the
mixture was purified by preparative-HPLC (water with 0.1% trifluoroacetic acid: methanol with 0.1%
trifluoroacetic acid = 50:50, gradually adjusted to 10:90 over 20 min) to give [***I]JETB (2.9-3.1 MBq)
and [*ZI]JETB (25.6—59.1 MBq). After incubation at 20-25 °C for 1 min, sterile water was added to a
final volume of 100 mL, and the product was subsequently purified using a Sep-Pak Light C18
Cartridge (Waters, Massachusetts, USA). Diluted solution (100 mL) was applied to a Sep-Pak Light
C18 Cartridge activated with EtOH (10 mL) and water (10 mL). After washing with water (10 mL),
[*B1]ETB or [*2°I]ETB were eluted from the Sep-Pak Light C18 Cartridge with EtOH (400 uL). The
solvent was concentrated under N gas, and the [*?°I]ETB and [*2I]JETB solution were diluted with
saline. The isolated radiochemical yield was measured using a curiemeter. Radiochemical purity was
determined by analytical radio-HPLC using the same condition described above.

In vitro stability of [*2I]JETB in mouse plasma

Plasma was collected from 6-week-old male BALB/c Slc-nu/nu mice. [*2*I|ETB (1.2 MBq/3 uL)
was mixed plasma (25 pL) and incubated in 37 °C. The mixtures were incubated at 37 °C for 0, 120
and 240 min, and mixed acetonitrile and centrifuged at 2,300xg for 10 min at 4 °C. The supernatants
were analyzed by radio-TLC (25 Aluminium TLC silicagel 60 F2s4, Merck, Darmstadt, German) with
condition of chloroform: methanol = 5:1. ARG was carried out Typhoon FLA 9500 BGR (GE health
care, Little chalfont, U.K.).

Cell culture

The glioma cell line U87TMG were obtained from European Collection of Authenticated Cell
Cultures (London, UK). Cells were grown in Eagle's minimal essential medium (Fujifilm Wako Pure
Chemical Corporation) supplemented with 10% FBS (Biowest, Nuaillé, France), 2 mM L-glutamine
(Nacalai Tesque Inc), 1 mM pyruvic acid (Nacalai Tesque Inc), non-essential amino acid (Nacalai
Tesque Inc ) and penicillin- Streptomycin (Nacalai Tesque Inc) were cultured under 5% CO; and 95%
ambient air at 37 °C.
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Cell-binding assay (Uptake study, Blocking study)

UB7MG cells (approximately 5x10°/well) were seeded in 24-well plates containing growth medium
and were incubated at 37 °C under 5% CO,, until 60% confluent. Uptake study: The medium was
aspirated and replaced with 1.5 mL of FBS-free medium. Cells were then treated with [**I]JETB (3.7
kBq) 10 min later. Blocking study: The medium was aspirated and replaced with 1.0 mL of FBS-free
medium containing ALW-11-41-27 at a final concentration of 0.1 uM in DMSO (0.5 pL/well). Cells
were then cotreated with [*®I]JETB (3.7 kBq) and ALW-11-41-27 (0.1 uM) 60 min later. After 60 min
or 120 min of additional incubation, the radioactive medium was aspirated and the plate was washed
twice with 0.5 mL of cold PBS. Counts containing radioactive medium and PBS were designated as
Cout. The cellular fraction was lysed with 0.1 M NaOH, and the protein concentration was calculated
by BCA Protein Assay Kit (Thermo Fisher Scientific). Radioactivity counts of the lysis solution and
PBS were defined as Cin. Radioactivity of each fraction was measured using a y-counter. CUR was
calculated using the formula Cin/(Cin + Cour).

Animal model

The animal studies were approved by the Bioscience Research Center at the Kyoto Pharmaceutical
University and performed according to the Guidelines for Animal Experimentation at the Kyoto
Pharmaceutical University. Five-week-old male BALB/c Slc-nu/nu mice were obtained from Japan
SLC (Shizuoka, Japan). For each BALB/c Slc-nu/nu mouse, 2x108 U87MG glioblastoma cells in 100
puL consist of Matrigel Matrix (Corning Incorporated, Arizona, USA):PBS=1:1 were inoculated
subcutaneously into the right thigh. The tumor reached an approximate volume of 300 mm? after 28-
35 days. The mice were used for ex vivo biodistribution study and SPECT/CT imaging experiments.

Biodistribution study in U87MG tumor-bearing mice

Biodistribution study using [*?*I]JETB was conducted in U87MG tumor-bearing mice. 37 kBq
[**I]ETB in 100 pL saline with 0.1% Tween80 was administered to the mice intravenously
through the tail vein without anesthesia using a mouse holder. At 30, 60, 120, and 240 min after
administration, the mice were euthanized by exsanguination. The following organs were removed
for analysis: blood, brain, thyroid, heart, lung, liver, pancreas, spleen, kidneys, stomach, intestines
(small and large), skeletal muscles and tumor. Tissue samples were weighed, and radioactivity was
determined using an auto-well y-counter. Tissue radioactivity levels were expressed as % ID/g or % ID
of thyroid.

SPECT/CT Study

For SPECT/CT study, tumor-bearing mice were intravenously injected with 33.62 MBq [*ZI]ETB in
140 pL saline with 0.1% Tween80. [*2I]ETB (33.62 MBq/140 pL) was administrated intravenously to
non-anesthetized U87MG tumor-bearing mice, and the mice were maintained in a non-anesthetized
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condition for 205 minutes after administration. SPECT/CT images were obtained using X-CUBE and
y-CUBE scanners (MOLECUBES, Ghent, Belgium). Mice were anesthetized using isoflurane/O? (5%
for induction, 1.5%-2% for maintenance), and their body temperature was kept constant with an
integrated heating circuit. At 205 min after administration, CT imaging was performed for 5min and
SPECT imaging was performed for 60 min after CT imaging. The SPECT images were acquired using
helical-orbit scan with linear-stage motion and step-and-shoot camera motion. A multi-lofthole
collimator (GPmouse, 48 loftholes) was mounted in a heptagonal SPECT system, and the following
parameters were used for SPECT scan: an 2| energy window (27 keV +/- 20 % and 159 keV +/-
10 %), 237 projections, an 18° angle increment with a 1 mm bed step, and a 60 min acquisition time.
SPECT projection data were reconstructed using 3D maximum likelihood- expectation maximization
(ML-EM) algorithm (15 iterations) at an isotropic voxel size of 250 pm. CT images were subsequently
acquired using helical scan with the following acquisition parameters: an X-ray source setting of 50
kVp/100 pA, 480 projections, a 1.4 spiral pitch, resulting in a 1 min acquisition time. CT projections
were reconstructed using an ISRA algorithm that yielded a 0.1 mm x 0.1 mm x 0.1 mm voxel size and
400 x 400 x 975 image volume. Image analysis was performed using the VivoQuant software (version
4.0 patchl, inviCRO, LLC, Boston, MA, USA).

Statistics

Student’s t-test was performed for blocking distribution using XLSTAT (Addinsoft, New York, NY,
USA). The data points represent the mean of at least triplicate measurements with error bars
corresponding to the SD.
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