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Development of Al design technology for creating high-performance middle molecule drugs

WFZEBRSs EMMI - SFfocaE 10 H L B~Sf 643 31 H

WHEBARIES K4 - Pz ik

Tetsuya Kadonosono

WHIEpAsEFE  PrmikBd - w8 - &k -
ENRFHENROU TR » B TP - IR
Tokyo Institute of Technology * School of Life Science and Technology * Associate Professor

IT BrouBdss OBE

PURESRITIRFEN RS E N — 5 T, M eE & K& 207 & (150kDa) ZFro7- O kP A T&E 7, Mikiz
BEPMERNTZOICEHEENROND Z &0, ME XA MREBEATH L Z L2 8 File i N (E L T\ 5,
PUREIEOZl 2 AREE L LT, o FEN NS UEFERDATRE T, ARG IEE AT 57 F FEIHEOBHHE
DHIFFSNTWD, LL, ZHETIENREEXT T RBZHAREINTODN, WTIOXTF Ryfifke
W32 EREGITORE RN < | EIRITE THEE LpliZievn, MFERRMAERE b1, B AE 7T 22
Gy I AIA T D b EZ@EUNTIET 5 2 & T, ROWES T 2R OfE 5 /0 Fluctuation-regulated Affinity
Protein (FLAP)Z A CT& 5 Z L /R L C& 7o, ABFEBITE Tl 7EKRD FLAP 7V A o Hiffi & e <8, s
BIZLD@EMEREAT v 7 H I ANVIZ FLAP A~ — T WA U AT AEBHE LT, £z, Av— ¥ A v
VAT LAOYMBEBEHRTHDH A7V —=v THEoeEENE AELE LT,

BRICEEIX, 7= ) A AT AT V==V TV AT AEREE LT, FLAP 74 77 U — L HUF 2/ ki
R SE, ZOH0LHEUESGTUA LRI L THRAS FLAP BEMELREST 2 AT AOWEZITU,
A7V == ZIERT DRk & e vy — 2 —I X DM Gtk 2 E LTz, S HIZ, FLAP 7477V —
HaA—RTDHTTAIRTIATT Y —%HE LT, £/, FLAP ORNEIEZ I3 2 72O O ET 2 fer L 7=,
FLAP D45 72 5 G TF RETMRNHNARE TR L, vV AR E L TERAN A=V T2 {Tole e 2
A, BEIREE S 85 2 VITIEENEE SO 85 5O HIETH 57 F ROERNEIREZ FRICEE TX 5 Z &R
O o7, Fio, BTFEIC K D EMERE FLAP THIEIN A faNc 272010, FHET L EFHEEZ R L
7o SATHFFE CHUS L2 FUiR-CMORSRENE 2 o RV B OTF — 2 I L, FHET NV E L TIERD A Xl

1



WCINZ T, =a2a—I)V%y NT—7 ZRat Uiz, FfaEs LT, ATF2e TR L7- T-scale 2 &3 10 FE¥ELL E
DRFEEZRGTT LT, TOREE, THRIRZRO X R 7 ERiEM ORI L2, R 7258 7 L -OR S &S e
LI EOMAEERET O LN TE T,

SM2EEX, T2 ) FAT ATV == TV AT ALEFLAP 94 75V —%a— RT575AI RT3 7
ZV—%FMALT, ILBA~—F—HER2 I[ZfEAT 5 FLAP Z s EIC B L Q2 BBk 2 EIR L, &k
R —o 21 K0 24D HER2 #6 FLAP BEOBZFBSN 2 FIE Lz, W T, # 72\ BExmb L
FLAP # BBl 5 7- DDA 7%, 2 BEFED PCRIZE W A TERT 2504 % it L, 2T FLAP FEOER T
AUz, ZOBGTREZR U CIEMRA R Y AT A THRBLSE, 165 ELISA T HER2 ~DO#EE 712 |
TE LTze B72IZBA%E L7z FLAP @& 8An T OWHIEREATT. KIGE 72 &2 W 21RO BI FH#R 2 L D
& FERIZERE M K = 2 Ffﬁfﬁ%ﬁi‘%ﬁ%f‘% b, SIHIZ, BMAERBLY AT A, 175 ELISA HIE & &b+
T. FLAP fEHiBECH OfEA HFHl &2 522 HEb 45 2 & b afelc o 7, AL, T 77 F FEEDY)
A7) —=2 72BN, mm%&&m&bfﬂ%fsé
WRIZ, FLAP BEO 7T X /[l & HER2 fEA &7 —2 & LT, B EIc L vksainm B 5 mike
FLAP % Tl L7z, RIFEEEICRE L7287 LV EFFEBEDO ) D, FLAP ICii7e Y AR L TIRRE LT
FEA. ZEOEMER FLAP 2 THIT 5 2 &N TE o, IDIT, REEIZEMERE FLAP OEEIZEMER L O
BRI T 57212, EAENOFHGEIN A fesr UTe, TSGR BRIV T, a0t R A L7z
7?F%HHQ%ﬁ@ﬁ®ﬁﬁh%?WV?XK%§L KRR A AR L CHOCBIE T 28I 2 fsL L7, &

« FENEHIIC B\ T, HER2 8BS AMIERR O BAFEMEIER 2795 > AT L2 HEEE L T-,

A3 T, AT E CICHUS L7007 — & 5 K OWeNT U738 2 KL 5 T 25 L, HER2 #%
ABFED TR L S V72 mPERE FLAP 2 Pl L7, Tl & iz BAL 2 FED EfERE FLAP (ML-R1 35 XUV ML-R2) & |
HENT — 2 BUS OB RES T D3R H - 7= EAL 2 FED FLAP (FS-R1 38 X OV FS-R2)Z (LA L, A4 LA Y —
FHEIZ LY HER2 ~OFEE N AWE LTz, £ORER, ML-R1 36 KON ML-R2 121 EURBEES 7% 10 nM 72
JE L8R < HER2 IZHEAT D 2 &R0 -T2, ZOfEIE, FS-R1XCFS-R2 K0 & 4500 E/h& < WFFEBIFETEC
HIEE LTCWERA I EZER LT, 20X, AYv— T WA UV AT LOEEIZKD LT, £, AT A
DAZEBEHZ AT TA 27 U —= 2 ZHEM O R 2 HFE L=,

AAEFLITE HIT, @VYERE FLAP O34, ik, fafgitk, (RINEIREZ 1M L 72, HER2 388103 AMMALiR o> HE 5l
FIE 2 E 3 2 FONFHMIZ VT SiitkRE FLAP IXHUARESE & RIRRE OMBIEM 2R Lic, ~ 7 ADREZEAL
R &3 5w Tl ﬁ@%HAP%@ﬁ@ﬁ@bf%ﬂyFD—W&%NT¢EKﬁ§L@&<\ﬁ@
TR SN2 Do T, ~ 0 AWML 1L-2 pEAE & 4 FEAE & 9 2 5% IR ERABR Tld, mitERE FLAP HIEIC X
IL-2 PEA B OGRS ST, fFrE i%;ém&#ot@Hmu%ﬁﬁhﬁ@ﬁ%&?%hbtﬁﬁh%
TN~ T ADERA A= 0 712 X DRNENEERE Tl @EERE FLAP OFEE~OEENRD LT, fiike
2 LSO OERDNELS . Z ORHEZTEN LT ERIBRE. &2 WITERFN TOREEEZ®mD DD Tk
NDUETHD Z ENRB ST,

BRAFEX, Av— b TS VAT L2OEEEZHRE LT, U HER2 IZHEG T 2 50 7 A M FIfs
Bl L CU 228 LA 2 ks BE L2 BN T 2 72 8O OB FR S 2 feitifb L7z, feVC L HURBURIME 2 3T 3 2 B lidk
firzBA%E L. 500 FEHLL B 05y #ED HER2 BAMEZ — 45 TRl 2 Z ISP LTz, E7o. Z OB %22
A7 —2 & LT BN e Ch D 2 L AR Lo, 61T, B3 1T\ THRE 7812 L 5 R4 Rl
T5HZ LT, PHKEZ 30%LL Em ES®25 Z LIk L, B, AT 20eEEHIZATTAZ Y —=
> 7B OREF A PCT [EBSHIFE L 72,

BRSEE T, A~v— TS VAT AOWRAD DI, a2 PICHEST 01 (BFX ) T 413
2



FRNRE D RIE T RT 4 PUAERERE 7 7 7 A 2 b (scFv), CEARRME T MG ENUA (BITE))
OFFERGEL 2 D T2, Ko Tioxt U CTEERHE S 2 7 A 2R L, IGTES R RIS 7 2 BRE % B - 72 48 1A
DFDOTHA 2B LTz, TORER, UL HER2 IR T 2 X7 F ROA~— M A TP L, UHMEE
AT ENTEIZ, —F, PURIC Ko I E S+ 28T — 2 #BG CERhoeflb b, 67k b
EERREDRMETH DL Z E b OMNICR 5T, ZOX DT, AFRIZE Y A~ — T A R T LOFHEOE
FITHE L, WHEIZAIT 72 A% OB BT XREREZPRIZT 5 2 LB TET,

AWFFEBATE DR & LT BFITHEE~T b AEE ORI IR 13 I, P& - Y URY U LEITBIT 5%
F 6T IE, FRRFHHEE 2 . ZEERR LT,



Antibody drugs are highly effective but face challenges due to their complexity, large size, limited tissue penetration,
and high production cost. Peptide drugs offer a cheaper alternative, being smaller, chemically synthesizable, and possessing
target-binding properties. However, existing target-binding peptides haven't reached antibody drug efficacy. Our previous
research demonstrated the creation of binding molecules with strong affinity, termed Fluctuation-regulated Affinity Proteins
(FLAPs), by grafting target-binding peptides from antibody drugs into scaffold molecules and appropriately reducing
fluctuation of the peptides. In this research, we constructed the FLAP Smart Design system using machine learning for creating
FLAPs comparable to antibody drugs. We also aimed to license Smart Design system technologies to companies.

In 2019, we established a phenotype screening system to identify FLAP-expressing cell populations bound to antigens.
This involved co-expressing the FLAP library and antigens on cell membranes, utilizing fluorescently labeled antibodies for
detection. We determined suitable cell lines and sorting conditions, and constructed a plasmid library encoding the FLAP.
Additionally, we developed a technique to evaluate FLAP pharmacokinetics in vivo using near-infrared fluorescently labeled
synthetic peptides administered to mice. For high-performance FLAP prediction via machine learning, we assessed learning
models and features, exploring Bayesian optimization and neural networks, along with over 10 features including T-scale.
Insights into optimal models and features were gained based on target protein type and activity.

In 2020, we used the phenotype screening system and FLAP library to isolate mutant cell populations expressing FLAPs
binding to HER2, a breast cancer marker. Next-generation sequencing identified gene sequences of many HER2-binding
FLAPs. We optimized gene synthesis via two-step PCR and expressed them using a cell-free system. Binding affinity to HER2
was measured via parallel ELISA, enabling rapid, cost-effective gene prep, and automation. Machine learning predicted high-
affinity FLAPs, yielding numerous candidates. Evaluation methods for tumor tissue penetration and efficacy were established,
including fluorescent observation of labeled peptides in tumor-bearing mice and assessing growth inhibition in HER2-
expressing cancer cell lines.

In 2021, using previous year's data and machine learning, we predicted and synthesized FLAPs (ML-R1 and ML-R2)
with high HER2 binding affinity. Bio-layer interferometry showed their dissociation constant of ~10 nM to HER2, indicating
that we got high-performance FLAPs and successfully established a Smart Design system. We have applied for the relevant
patent. Then, high-performance FLAPs were evaluated for efficacy, toxicity, immunogenicity, and pharmacokinetics. They
showed similar growth inhibition to antibody drugs, no toxicity in body weight, and no increase in IL-2 production, indicating
safety and lack of immunogenicity. In vivo imaging showed FLAP accumulation in tumors, but they disappeared faster than
antibodies, suggesting stability improvements are needed.

In 2022, we aimed to upgrade the Smart Design system by optimizing the conditions for recovering cell populations
expressing molecules that bind to the HER2 antigen. Additionally, we developed a new technology to evaluate the HER2
affinity of over 500 molecules in parallel and improved the accuracy in machine learning more than 30% by using features
from deep learning. Moreover, we filed a patent application for the screening technology under the PCT international system.

In 2023, we aimed to increasing applicable modalities in Smart Design system by optimizing the affinity of molecules
binding to various antigens, including peptides, small proteins, nanobodies, single-chain variable fragments (scFv), and
bispecific T-cell engagers (BiTEs). As a result, we succeeded in the Smart Design of peptides binding to the HER2,
demonstrating their versatility. However, in some cases, insufficient training data were obtained for certain antigens,
indicating the need for further upgrade of the system. Thus, this research successfully constructed the smart design system
and clarified points for future improvements.

As a result of this research, we achieved 13 published papers, 67 presentations at conferences and symposiums, and

filed 2 patent applications during 2019-2023.



