1ERR,BHH:SFf 844 H 28 H
RS PR B 252e0121009h0005

H A RS0 B FE A AR
KHARIGH - W EBL D2 D ORISR EIBAREE
(EBRBLSF 1 D b B R IARHUEE I M BLERATBA 5E)
HERRARES

I EAER

WFFEBRFEIRE S, (AAEE) HRPUREIES OB 2 IET 2 RIAERICEI T 5 AR B %S & RIAERGUA
= D 3 LTS
J<  §E) Practical study of a new antibody-radionuclide conjugate and development of

RI-labeling technology for accelerating R&D of next-generation antibody drugs
WFIEBAF i - S 34T H 1 H~SM 843 A 31 H

FZeBRAEE K4 0 (BAGE) 3 FEKED
(¥ &) Shoutaro Tsuji, Ph.D.

WHIERIZEREKE TR - 505 - &0
(AAGE) FRIENEBE TR B EREART: - EREAN T RN R - 8%
(¥ F&) Gunma University of Health and Welfare *+ Department of Medical Technology
& Clinical Engineering * Professor of Molecular Pathology

IT BFFERRR OBEE

P FEH G ESERAOEPE L, EELOLREREIRD AADERE X 2 5 LT, RAICEHT~&iH
D~ L E 25, a BHRO RIS UREIRIL, OPAER & AN TOROBE G RTHRIEDBHIFETE,
T AMERTAT 7> 5 IR FHEAE £ CE EWN OB EER O AT RBEICERET LN TED, ZORD,
BRI & MIEDEELZER LT VWEL U T 4 D—D L EZHND, AR T, Fox MBIR L dK
Rk L Ol A RARVE VR AR TE ) 7 o —F Uik SKM9-2 % VN C. SIEFERATIC L 531 A K
i (RIEFGUAEESD) O~ 0t 2 &/ 5 2 & % BEICHIZRBR D -,

WFZEEIIEE 1 © RI EEEFUAE KO ERLRFHI OV T, iR ELE 12 EFE CHO-MK #ifa% v Ce b
ft. SKM9-2 % @ilEAET D~ AX — AN 7 ZERLL | RS A IR S RS IR FEAL A CRASE S 7o
gL O RIRERIEE 2 VT, FHEAS—/L (200L), FEERRAF 7 L — F (non-GMP 7' L — F) TOHURFIEA:
PEICHE) LTz, &610, MR/ SR L 5 TEEE 2 T 18BR3E GMP 7' L — R RI A5#M Y
AP EHURD —KGEE TOAEFEICH I Lz, GMP #&2B L, PMDA XY #EHREICRB T 525 Xi5YR Y
A Tl EAT O BN D H LR S22 RIS Y o — O BFHEEHMRER 217  PDE 25 H L7,
F7-. ICH Q5A H A T A AZHEVy, BE TP ORKERL L 7 12kT 5 7 A NV A ERER 2 32406 L=,

1



U T O TR 12 o\ C BRI 2 072 L, —20°CEL FORAF4 M T Cibitste 11 22 B (i
SRR O REREL) £ TRETH o1, £io, MK 2 & O X 0 MR HED SE N &
7V, R A U o —ORIRLER Y o — NI L 2 B A B 2 3700 S 92 L, BB 5
NTOWREA %2 VT Lim.

RI B0V A —12i%, BB SN Mg EZ TES 58 L — b U —28 AL, 27
— Ty TRERE O E R X O ERBIEORF AT o T, KRR — L TofliE T a2 2N LT,
2DV 71— & non-GMP 6 X OV GMP $ihi&d RIAFEM U o B —fF & Hufkz v T RIEER@E e M SKM9-2 O
AREZ 1TV, RIS O GMP &5 GEBEEM) PR ETE 5 2 L 4R LT,

FERRIRFER IR DB D 9 b RI M U o 0 — & HUkZ vz 28 AR FFIRN K G-t (7 v
). GLP b Mz MG ER, FcR/IClq, ADCC/CDC JEMERHEiZ2 EDIEH 258 T Lz, £7-. RIE#IK
OFMEFHE FERTT & LT, 225Ac ik b hMb SKM9-2 25 L= EET L~ 7 A O#EHE A V7= B
AT o7, BB O R IEMEITIZE A EIR L T D —J5 T, EFESICEEZRZITERD 5T, 225Ac
Tk b MME SKM9-2 28 IEF A IC RIE T mIEITIRW e B2 bve, 61T, BRMICET2EERSEEE L L
T, 87r ikt Mb SKM9-2 Z W9kt MEREM (v—F &> b)) 1B 2D PET A A—V > 72X D IRNE)
REMAAT 24 FEhE L 72, & MbE SKM9-2 (35t HR & 72 2 KGR A HUA L 0 & IEFE MM~ OERMEN S IR < (RNE)
REICEND Z LB L0 LT olz, BIEE TICLEMEICEL L EIZA U T o3, Jiifdss LU SKM9-2 £/t
J7 (7 WL HEG1) (ZREEIFERD HALTUVRLY,

FRNFEHIZEI L Cld, SEN TR INTZHRF L — Y U —ofMIZ LY RI o%EFERSm EL, PET A
A=V IR0 ERNZEEE (89%Zr 155%) D in vivo POC DIFIZAEI LTz, S BT, TEHIE (225Ac 1F5k)
? in vivo POC (BUEIEZIR) OHUFIC OGRS L, K BIBE 2 HERRR TRl 2 52 T L7z,

LLEDRED G RLEE# e ME SKM9-2 (3A %72 RIFEFIUAEI L —XTH Y | BRAKRBRICETIZH -~ T
RSN DMERN RN LR I T,

WF9EBAFIE H 2 O RI BERRHUARE 3O AR BRSSO T, RIS UAE 3 O FRE RS ClE, RI O
BN 2 TS DRI L— MY U —0BRBICKRI L, LT, S50, ERGISARICK
BLEHHFL— ) o —0kGEHE | 2O REREN TR AR 2 2AOBFICH K L, b Mk SKM9-2
ORIk o h—E LTCERA L, &8 Rl &% L — bl OSSERUSEIT > T2 IChiikE Da v Vo —
NEIGEEATD TV IRY v 7 EET7a—r A MU —ITSH L, 205 R BRI £ i Sl 4~ 2 IR Rl
T HELE BT, FHIFL— MY U H—EFBEA LT RUEESRSUAD A RA~DIS I bk Lz,

THRERME (AT N E v 7)) BUKOBRREEITV, 2 AEREIEOREMN & H LRGSR 2 S L CRF IR 2
To70. E£72. SKM9-2 Z W e A T b ey ZHUREER L, FURONTE bR EE M LS5 Z LI H )
L7,

PRy — B OPBCIC TG T AEH AL V2 ha VBB RO LGB 217, FFFHEE T -, A
i ko BFURAFEEMROBSIORFIBIC T ET 5720 T < . ZEEREFUADOBRS CTEEZRHUA Fab %, /)
RECTHEN ORI HEET D Z LN algE L 72 o7,

F72. Rl EFPUAEROFH Y — XL R EmWEHIME 2 BT 20T/ 7o —F Bk 2 ERl L, o — &
W RABEHOra—r BRE LT,

PLEOREOERIZ L, WREED I BB 5 D R5038 ) AT S, RO T1% OUE B iRE S
N5, SHIC, FEEBIZHT 28 LOPUAS — XERM OB 2D, ARECAIH Sz RI RO T 7 v —
F a2 T D Z & T Hio e RIEGRIUAREROAIRIN G S D,



The domestic establishment of biopharmaceutical manufacturing technologies is an urgent priority to
ensure a stable supply of pharmaceuticals and to support future healthcare in Japan. Radiolabeled
antibody therapeutics using alpha-emitting radionuclides can achieve high efficacy at low doses and can be
manufactured in an integrated manner—from safety evaluation to therapeutic production—using small-
scale domestic facilities. Therefore, this modality is well suited for rapid development and domestic
production. In this project, we aimed to establish a manufacturing process for radiolabeled antibody
therapeutics using SKM9-2, a monoclonal antibody with exceptionally high specificity against

mesothelioma.

In R&D Item 1, we established a master cell bank of humanized SKM9-2 using domestic CHO-MK cells
and achieved antibody production at a commercial scale (200 L) under non-GMP conditions using a new
bioreactor. We also succeeded in GMP-grade production of linker-conjugated antibodies for investigational
use. In response to PMDA requirements, we conducted mutagenicity assessment of the linker and
calculated PDE, and performed viral safety testing in accordance with ICH Q5A. All products met release
specifications and remained stable for up to 11 months at —20°C. Detailed analyses confirmed linker

conjugation sites and post-translational modifications, and all manufacturing criteria were satisfied.

A newly developed chelating linker that enhances intracellular retention was applied and established a
clinical-scale manufacturing process. Trial production confirmed that GMP-grade radiolabeled SKM9-2 can
be manufactured without issues. Nonclinical studies with non-RI antibody, including toxicity, human tissue
cross-reactivity, and Fc-related functional assays, were completed. In mesothelioma model mice, 225Ac-
labeled SKM9-2 showed strong antitumor effects with no severe toxicity in normal organs. In non-human
primates, 89Zr-labeled SKM9-2 demonstrated lower normal tissue accumulation and favorable

pharmacokinetics compared to approved antibodies, with no safety concerns identified to date.

Pharmacological studies demonstrated improved radionuclide accumulation with the new linker,
achieving in vivo proof-of-concept (POC) for both diagnostic (89Zr) and therapeutic (225Ac) applications.
These results indicate that radiolabeled humanized SKM9-2 is a promising candidate with no apparent

barriers to clinical development.

In R&D Item 2, we developed and patented a novel chelating linker and its scalable synthesis process
and established a continuous manufacturing platform using flow chemistry and a pre-labeling strategy. We
also developed bispecific (biparatopic) antibodies with improved tumor targeting and internalization, and a
bicistronic expression system enabling efficient cell line generation and rapid Fab production. In addition,

multiple high-affinity monoclonal antibody candidates were generated as new seeds.

These achievements are expected to lead to the development of a breakthrough therapy for
mesothelioma and to facilitate the creation of new radiolabeled antibody therapeutics based on the

platform established in this project.



