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Development of foundational technologies for bispecific T-cell engaging antibodies utilizing cyclic

single-chain antibodies
WFERIRE £ : 644 A 156 A~Ff 843 H 31 H

WFEBHRARESE K4 & L&
Hiroshi Morioka

WHIEPHE RS PrEisRE - W08 - Bk
ERERZAENREAR S REGAMBANIER )  Bd%

Graduate School of Pharmaceutical Sciences, Kumamoto University

IT HrZEBHF OME
BUE, PURESE ORI - BARIIFEE ZMRD T\ D, FEC, @mE RN 2 29 2 IRIEARBIEUA DB R A R &
NTRY ., EROPURESRS CTITER T WIS N I T 5, —EEREFIRLZO—2TH D,
—AREHPUA (scFv) 1%, PR ZfEE (VB BLY VL RAA V) 2_X7F R v —CllfE S g n1 &
27,000 DR FHURTH D, scFv 1E, WHARPUEEX VT 4 &L LTHIRF SN TV DD, ZOEEMEDOR S 1D
IHECTEMAELREE L S Cune, RIFZERRTREDOREE HIX, T E TIZ, scFv O N R & C Kz~~~
F RV o — Tl S Bk —AREBUR BRIR scFv : CscFv) B2 2 & T, PR AEL K TIE5 2
&7 BEEEIEIC K D AT RO A AR T & DR 2 IEDOBRRRICAE) LTz, S BT, EEHUR (HER2) &
T AR EPUR CD3 2385k 5 EEHHA (Trastuzumab 38 XN OKT3) 2 I /ERL L7~ 2 FEFE DOBRIK scFv % PEG
U >k —CHlfE U7z CEAF RN T USSR (BRI scFv/PEG U > 7 — I BiTE (Bispecific T-cell Engager)
PUA : CscFvPB-BiTE Hifk) OIEZEEZ D T, Z @ BiTE HUADS in vitro EMIEHEFHBIZI W TR AMIKIZ KT 5
EWEAEREZ A L, BiTE HURIR BRI T AR OIEMAL S Z 5 Z & 2R LTz, — 5T, B scFv ZH
72 BiTE Pk 2 Hike# ) 7 4 & L CHENL L TV L TORRBE S AREIC /2 > TV D,
Z 2T, A ITBRIK scFv & Tz BIiTE HUA D BAEHANBAFE & FERHIR POC OBUGIZmF T, i (1) ~ (3)
DWFFEEAT > T2,
(1) CscFvPB-BiTE fU{R D7 Z h=ALd D YL e BARBRRE £ 1T o 72,
(2) CscFvPB-BiTE HUAIZ DWW T, B FORERB IO "AAMBEZBE L M~ XAET LR EZH NS
in vivo FEMNEMEFHIICE S < &G HEOHFT 21TV FERRIR POC OBAFIZ AT 72 FE & D 72,
(3)HOEARTIART T RY v J— % VTl U7 BRIR scFv B BiTE HUA DRI B3 2 BB AN 2170,
Bk scFv/-~_X7'F R BiTE Pl (CscFvSAP-BiTE HUik) #4572, Z @ CscFvSAP-BiTE HLikiz >\ T, (2)
& FRRICAETEMERG & #2507 152t U, FRERIR POC DBUFIZ AT 729 2 e 7z,



(1) FEEFEE POC OEAFIZIENT T, JeFIL PEG U > A1 —AU BiTE HURDAFEFIEDOE B 21T -7, BIR scFv DI
A ESEL70, schv HEER G2 LT L, —BEEROMHEHZ B E LEFRAATF RY v —
A BRI S AL U7, BARIIICIZ, de novo #%ENC X W VH-VL Ok AR B0/ E4
%2 LT VH-VL B EAER 2 B8R LS5 7F R U v —EF 2 BUG L. 5 FEIFRIEIC X 23, <=7
F RV A —IZEREAL, O TEFEC L VT 59 A 7 VB EHIETITV., BEREEN KD
REELIRD Y I —EF~E b Lie, 20X 5 2RI L 0BG LIEFE~7F KU o —EsIo
WL EBRIC HER2 ZAEAY & L7z scFy ITEA L2 & Z ASAMENIHI S5 2 & AR ST, D scFv
WZOWTHBANTF RY vh—%8AL, ZORAMEEZFGE L, S5IC, EEMOBRIR scFv 12201 T,
Glue U > —DUAMEZ MR L, MEE, INE, AFEDROUGENRRD bz, —H CRIBEEBR & I35
(2, LB R B R 2 O 728K scPv OFRl 2 7o, IR, B, & 2 R0 EiER X OWLERE AT
PEICBE T 2RI S & | BB OREILEIT o7, —BMERBRIC X > THHI S5 5 BRIR scFy
DUEI, BRIR scFv OFFFHIC L VXD 13d 523, BRI T 1L 720 ) 10~40mg FETH -7,
INEDOE 2D B2 B LT, BEREIFEOMG & ZERBIROBNLZED 5,

(2) HER2 ZFEBLT H~ T A X T/ —~#lifd BI6F10 #k3 L OVHER2 A 3881 L 72V BI6F10 BRA RIS LTz, 2 b %
C57BL/6 ~ U AT FRAH L 721212, HER2 ZAZH) & 35 CscFvPB-BiTE ik Z & 5L, EHFOKE S B LV
HEZEIE L LT in vivo EMIEMEEZ RN L7, ZOfER, CscFvPB-BiTE Hifk# GREICB W\ TO 4, [EE5
JE O B IHIATRD bz, & 5T, HER2 B5E BI6F10 MR OMEIREE 512 X 2 sk £ 7 Vg i
B RRFH ATV, CseFvPB-BiTE HUAD L 5-Z X 0 Ml Rk & V7= G OB IS § 25 2 &0 MibiSho
e ~ OGS L IH S AL TWD Z &R S Lo, & T, HER2 HUJF G M o I8 k25 A
(cholangiocellular carcinoma ; CCA) HBEF NGB IEET /L (patient—derived xenografts:PDX) <~
AR LT, b RIS MaZ B L, RO FERZ D=L Z 5, CscFvPB-BiTE fuikix GHEIZ IR0
TOH, FEGMREOF B IR L OB EZOK 2RO bz, 2T X V| CscFvPB-BiTE HifA43 PDX
EFETNAYTACBNCOPESEEEZE T2 2 B LNE o7z, £, CscFvPB-BiTE Hifkd~ o7 Ak
N3 % fRMT S 5 728012, CBTBL/6 ~ 7 A % VN C HER2 Z2E 36 5 B16F10 ffRREN AT VA2 BRI L, 1-
131 THE#k L 7= CscFvPB-BiTE Hifk & #¢ 5- L T, ~ 7 2K 0 « MR ATHE 2 fRAT L 7=, & O B CscFvPB-
BiTE Huifid, FEBGHAAR. o MR FET D72 O NICBIRICER L, —F CTIRICITIEE A EHERE LT
WU T B DA S 2T T o T ARER B CscFyPB-BiTE HUiA A~ o7 Z (KN CHUR 2 3 B4 2 ki ofm L.
B KBRS D Z ENRIE S LT, BLEDRER NG| CscFvPB-BiTE Huikix, 2725 in vivofUINER
BRICBWTHRE LI PUERES R A R T Z ERH LN E R0 | BRSO ATREM I RIS S iz,

(3) CscFyPB-BiTE HURIZZ B ME RS & 0 HTl9 5 72 ApErk Eo S TR D 5, £ 2 ¢, HOEAM
D E3 B LKL _TF R & HW 288 BiTE HUARHEIE DB 21T > 72, E3 £71L K4 X7 F R 2nti
MU 7z 2 FEEDBRIR scFv ZIRET 52 LIk V| E3/K4 XTF ROACERIC LY ~T v Z&EKE K
L. CscFvSAP-BiTE §iifk % U AR v b CTalfd L7z, ARFHHRIEIT, 162k D CscFvPB-BiTE HUADFRENEIZ o~
BACAEPFEMENR A 512 B L=, F72. SPRAFNTES LTV Pull-down 7 A2 XKV, CscFvSAP-BiTE Hiifi%
BiTE HUAROHERER L & 72 D BRIR scFv & RIRREOREGBAMEZREF L, “HFRMEA RO Z &P RSN,
X 5|2, C57BL/6 ~ 7 AR FBAEET /L& - in vivo FEBRIZI\N T, CscFvSAP-BiTE Hiki3 B /= hifE
BAEMEZ R L, K7+ —~ >y FOFNEEFEREL T2, AL, AERZ M ESE5 2 LT, BIR scfv &
FAg L U7 BITE SURDPEERMZAINESE 5D Th o7,

AWFZERAFEHIMTIL. HEORDPUREL S TIIMBR A NEETH o IR R LGS, FUEEX VT4 L LTO
RN SN D,



Currently, the use and development of antibody therapeutics are rapidly expanding. In particular, the development
of next-generation antibodies requiring advanced technologies is attracting attention, since they are expected to achieve
therapeutic effects that are undruggable with conventional antibody therapeutics. Bispecific antibodies are an example of
them.

A single-chain antibody (scFv) is a small size antibody fragment with a molecular weight of 27,000, in which the
variable regions (VH and VL domains) of the antibody are connected by a flexible peptide linker. While scFvs are expected
to be attractive molecules for constructing advanced antibody therapeutics, their application is limited due to their propensity
to oligomerize. We have so far developed an innovative method that solves the pharmaceutical challenges caused by
aggregation without reducing the antigen-binding ability by producing a cyclic single-chain antibody (cyclic scFv; CscFv) in
which the N-terminus and C-terminus of scFv are connected by a peptide linker. Furthermore, we constructed a bispecific T-
cell engaging antibody (BiTE antibody) by connecting CscFvs using a polyethylene glycol (PEG) linker, which was prepared
based on two therapeutic antibodies (Trastuzumab and OKT3) that recognize tumor antigen (HER2) and T-cell surface antigen
(CD3) respectively. We named this small antibody molecule CscFvPB-BiTE antibody. Based on in vitro biological analysis,
CscFvPB-BIiTE antibody was confirmed to exhibit a high antitumor effect and activated T-cell dependent on CscFvPB-BiTE
antibody concentration. However, problems in establishing BiTE antibodies using CscFvs have also become apparent.

We therefore conducted the following studies through (1) to (3) to develop fundamental technologies for BiTE
antibodies using CscFvs for therapeutic application, and to obtain non-clinical proof-of-concept (POC).

(1) We developed versatile techniques for efficient preparation of BiTE antibodies.

(2) We investigated in vivo biological evaluation and administration methods of CscFvPB-BiTE antibody using the human
immune system and a humanized mouse model system transplanted with human cancer cells, and advanced research
toward obtaining non-clinical POC.

(3) We developed fundamental technologies for preparation of CscFv-type BiTE antibodies using self-assembling peptide
linkers, and named CscFvSAP-BiTE antibody. We then evaluated in vivo biological activity and investigated
administration methods of CscFvSAP-BiTE antibody, similar to (2), and proceeded with research aimed at obtaining non-
clinical POC.

To obtain non-clinical POC, we first improved the protocol for preparation of CscFvPB-BiTE antibodies. To
improve the yield of CscFv, the novel peptide linker was invented based on computational chemistry methods. The novel
peptide linker was designed to increase VH-VL interaction to stabilize the scFv monomer structure and suppress its
oligomerization. In addition to the E. coli expression system, we also proceeded with the preparation of CscFv using a
mammalian cell expression system. Culture conditions were optimized to improve yield, purity, stability, and antigen-binding
activity. Further optimization of culture conditions and establishment of stable expression strains are ongoing to maximize
the preparation yield.

We established the transformed mouse melanoma B16F10 cell line expressing HER2. The transformed B16F10
cells were subcutaneously transplanted into C57BL/6 mice. Subsequently, the HER2-targeting CscFvPB-BiTE antibody was
administrated, and in vivo anti-cancer activity was evaluated based on tumor size and mass. Significant suppression of tumor
growth was observed only in the CscFvPB-BiTE antibody-administered group. Furthermore, in a lung metastasis model
induced by nasal vein injecting the HER2-positive BI6F10 cell lines into C57BL/6 mice, administration of the CscFvPB-
BiTE antibody significantly reduced the number of tumors formed in the lungs, as well as in other organs. Similar experiments
were conducted on HER2 antigen-positive cholangiocellular carcinoma (CCA) patient-derived xenografts (PDX) mice, and
resulted in significant suppression of tumor growth and reduction in tumor weight only in the CscFvPB-BiTE antibody-
administered group. To examine the distribution of the CscFvPB-BiTE antibody in mice, the I-131-labeled CscFvPB-BiTE
antibody was administered to C57BL/6 tumor model mouse established by the HER2-stable-expressing BI6F10 cell line. As
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a result, the CscFvPB-BiTE antibody was accumulated in tumor tissue, tissues containing immune cells, and the kidney, while
hardly accumulating in the brain. Based on these results, the CscFvPB-BiTE antibody exhibited stable antitumor effects even
in different in vivo tumor microenvironments, suggesting its potential for medical application.

Since CscFvPB-BiTE antibodies are prepared through a multi-step reaction, there are challenges in improving
productivity. Therefore, we developed a novel BiTE antibody preparation method using self-assembling pair, the E3- and K4-
peptides. By mixing two types of CscFv conjugated with either E3- or K4- peptide respectively, a heterodimer was formed
through the self-assembly of the E3/K4 peptides, and CscFvSAP-BiTE antibodies were produced in a one-pot reaction. This
preparation method resulted in approximately four times higher final productivity compared to the conventional method for
preparing CscFvPB-BiTE antibodies. Furthermore, SPR analysis and pull-down assays showed that the CscFvSAP-BiTE
antibody maintained a binding activity comparable to that of the CscFv that constitutes the BiTE antibody, demonstrating its
bispecificity. Moreover, the CscFvSAP-BiTE antibody exhibited excellent antitumor activity in CS57BL/6 mice
subcutaneously transplanted with HER2-positive B16F10 cell lines, suggesting the usefulness of this format in vivo. This
achievement was assumed to accelerate the industrial development of BiTE antibodies based on CscFv. The technology is

expected to overcome challenges that are undruggable with traditional therapeutic antibody format.



