[tk A
REEEES 24nk0101111h0005  {ERL.~EH B 6 4 10 A 20 B

F AR A IE B S
AIFESTIRHEE T2 - FEEHEC 5 Wt FRASE AT BASE
A

NE:

I EAfEHR
WRFERREA © (AARGEE) &ehnd AL 2 Wic~ v F 2 —7 y b Tl EAEETR A G o T e fERY 22 Al
AT 7T > M7+ —LOB%E

(£ FE) Development of an integrated drug discovery Al platform combining multi-target

prediction and structure generation models using state—of—-the—art AI technologies
WS FEMLIR : SR 24E8 H 6 H~AF 743 A 31 A (FE)

WHEEE K4 - (RAGH) AR OtE

(= EE) Teruki Honma

WHEREE  PrEEES - 5155 - ik

(AAGE) ENCHFZERASE A NBML A0 ZERT Ambige Rl st o 7 — il FGHrEF—o F—2 U —
A

(J£ FE) Team Leader, Laboratory for Structure-Based Molecular Design, Center for Biosystems Dynamics

Research, RIKEN

11 HFREOE

APRIZB T D v BB M NI E D IBRORF 2 BRI SR TE OMEBAIEE AT 77 v F 7 4+ —
LZONWT, LB ICLDMERAE AL, 7T T7=a—F Ly hT—27 GNN)R KT U AT 4 —~—|25
S THIAL, #EA5E (Federated Learning, FL) FFDJehntifii 2B L. AIFEBY CIEHTE L L o1
FER T 52 A LT L=, 8T —XI2o0Tit, AT — 2z CRIEEMZE 17 thh 54t
ST 1600 HARA » MEEDA Y « A7 Z =5y b KOFEYERE - B (ADMET) O7 —& 2Ff|H3 2% &
iz, BURM¥ER L DB TFL 2E M TEX AV AT AZEEL, HNORET —4% b3EBIEHTE S
Kl & ~rH B C, AL,

MARIBEAL 77 v M7+ — A0, Tl AL EHEERAE AL A D ERLGHGMEE (T ey
NHERE) LTI AT OMEIE IS A AT 2 R E 72 1T E OIEE TG O CRIET 288 (7 — 27 7 1 —#ER) |
TR AT EAEERAE AL A TRy X 7%ORT )7 N EXGE - FHET D8R8, FL BIFE (fine
tuning) #17 O HRE. BIRFRET — X EDA I 7 AEFRICE S F—F v M PRI #EERAEEIT 2 DR
RIELT,

W LT HARIERAL 7T v b 74 —AlF, T T2 1T OB RICBEA TR L TR, 2—HF—»b

1



OFERITxHE LT, BERESRAL-CRIENE D) L 24T 5 72 DIc B M 6 FEERNIC 3 EDT v 77— v &{TH PET
bbH, Flo, MEFEEITIL, AT —AZ— BHIF, K, LAROAFES—F v N 8F—F > ML)
WX U THERAIZE AT 77 v b7+ — LR LIEREIRFEm I, TXTORAESY —5 > MZOWT,
T REE ARIEYE T A HYE L OREAITV, BINEPIREIC L2 9 2 T A 27 (reward)
T D TR TFIEDOBIR KL O fine tuning, HEERAEDFEM, AHILAEMOREETo72, 8 ¥—F v |k
THEMET, 5 ¥—4 v N TEEEOFTM E THEATEY . BEALEY & ODR\WEEZ (LG H D,
FHLEROFERICESTWD, BIfE, ¥ —57 v MERME, Mk, ADMET B AED T\W5, £/, 7rY =
7 METRICHOAFRREO R AITHT 572010, REO IT S¥ERFEMT M bEATEY, IT A
HEDORGI A FRRE DO R & T D720 DB b S LTV 5,

HAAIEAL 7T v b7 4 — A%, B L — 7128 DSR4 AT IS HBLAWIRE AL, K
N—=TICBTF DA« F 75 —7y FOVAMET TPl Z1T 2k a7 e 7 7 A )V FRIAL, A RI7NV—T12F
F A7 REREBOEWEET —F 2B LCAIEE AL 2O TR A ED =, UTIZZERENLD 7V
— 7 DM RO E 2R~ 5,

FHALAIRE AL OBRRICB VLTI, TV T Ve RBER LR =2 —F L%y FU—27 (RWN) (23
SEFHRNE « SRRV B L-AEER AN TE D ChenTS, EHG S LEZ AL U CREMAR A MR A
HHE D RS, BHEMAEZ HIE LB 7T LY X LZEES L X6 B0 3 FHOMEERE Al L%
W95 & LB, BEEOBIY TOFIEAMEZ R WD 5 72 DIZEE O B ORIR i b % S0 C % 5 F% (DyRAMO)
DB 24T > 72, DyRAMO 1%, Pl AT O 4P (Applicability Domain, AD) ZEET 52 L LARETH
0. AD ZANILZRWEEI CTRIE S ) B3 A A SIS IRIE T X D, EGFR &M & L7cMGET, Rk
EEDHERERAEICRI LTS, £, TOMIZHIITFEDO EHEKIZOWT, #IEe v Fa b ORGSR
B> TEFRZOL OGO LEEEELRAETED Z L E2RFAE L, Tl AT © AD FREEIC DWW T,
RPN TEZFE Y MO 2% =F MREIZ K DHRIECTIE, BESNTW 5 FE v MTITF
AT& Wi, ey NNOEIET 4 o7 —7"V » hO By MNIABEIZH-S< F9E (S00D) A BAF L
7o ZHICEKVRET —2 2y FOBATH AD 22T 5 Z ENA[REL 72 o 7=, TFHI AL @ fine tuning
K DKM B2 oW T, FEEHV FEEBCHS D FEOFIELRRE Lz, BELTZZ OBEND
BB ZAZL VAT O OREIEA T VT« T4V Z Y U TIZOWTE, B LS, ThiEE, R
HDFDMR EOFEZRFE L THE L, £lo. SRS EIZOW T, OW IZEES < SRR IRER Tk
RetRek & & $1Z, RetRek |2 L DA ARIRR DRI A2 X 2 7 b L7z RetRek score ZPA%E L72, RetRek
score 1%, BHEMENFITIC L DIEMEDT v r— MBI 2 A BHOZLYEOEHEREBER T
W22 EITBI LT 5,

&M~ a7 7 A TR ALIZBW T, AL 38 H 05— ~_—2 L LT ChEMBL, PubChem, DruMAP %
NIT—HEHE L, BET—XIZONTEXF 2 VT A ICRE LN FEETCEL VAT AR L,
FEFEOT—X L LTI, 500 FSERRE DAY - 47 X —74 v b, 30 FEFEFE O ADMET |22V THE-X 1500 J7
T—HRA v MEEORMEZ T, FEPIELE L UL, O IZESSHMAOFE TIETH D kMol % BH%
L. WAFRRYHE v VNFE—F VR EIToT-, v VFET—F AL HTH AL I2oWTIE, T
WG DA OERE X —5 > bOT XV BRESIZ AN ETHZ L TEEOX —5 > M 5 T
FREGDZENTE DO FEITHA LS00 LN D Z —7 Y MR L TH THIFETH D, iz,
AlphaFold2 BIDFIAR 7-=° Transformer RO FEE N CTE 2 FE G L TR Y, Hili/e N L0 & B4R T
BIREFE 2R Uz, BT —Z OBOGE L R¥ET — X ZMZI256 OB R OMGEEIT o TR R, HIBE
7 /b (ROCAUC i TLbl) K ONENRET L REFRETHEL) 128\ T, Z2< DX —Fy MW ThRET—
ZOBIMZE > THEREENRO b, —ITIIBEERLEL R Lic, BENCREINTWLIT—4%
FHEHTEDFLIZOWT, PyTorch ICE DV AT AZBHIE L, WESEITEALT, /¥ —xy MEHTIE
WICEMET D 2 L 2R LTz,



T AEREGDLIEET — 2 2 ZE LA AT IZHoWTE, 4 2 7 A E® BRI TRET— %)
WX =7y S TRIAL ZBI% L, KIBEMHTEICET > Y VO iEEEZ BN LT, R, LINCS 7 — & _—
AL EWERWTEBEEN 2 A2 ) o 7 L DA AEZE L TRIE T VAR LICRER, A7 X
T2 EHND Z LI Lo TLAWREEE IR GFEE T, =7y b TPRICEITH D Z LR ENT-, %
HF—x & LTE, LINCS 77— _X—R (T2 T, BIETHRET 77 7 A VOFHBEZITV, BF 6 4FHE
FTIZH 3000 FEOILAEMDOT —F ZHfS LTz, BIBTHELT 07 7 A WZESWTHEIER AT 5 FIEIC
DONWTE, F TR T =~ —ZBANLTHCIRIER S v R U —2 (GAN) Z VT % F1% (TransGAN)
LOESyA— hma—4 (VAE) & RN ZfiAa G b7 Tk (6x2Mol) ZBAR L, BEF Y I R& B E T
FESTEDHZENTEDLI L EMER LTz, £z, GRHRIKEZZBIE TX HERE AL Th D casVAE HEHFE L
Too B 7R UIREDRES I DNV AR—=ZADERIELZRRE L, WHESHEEDO T v 7 7 A VR RAFT
DT EEREELT,

The Integrated Drug Discovery Al Platform was developed to comprehensively support the drug
discovery process from hit identification to drug candidates. This platform incorporates
cutting—edge technologies such as Monte Carlo Tree Search, Transformer—based structure
generation AI, Graph Neural Networks (GNN) for predictive AI, and Federated Learning (FL) to
enable practical use in drug discovery. The system utilizes data from both public sources and
approximately 15 million on—/off-target, ADME, and toxicity data points provided by 17
pharmaceutical companies. Additionally, a secure system was established to perform FL,
allowing internal confidential data to be used for training.

Key functions of the platform include project-based drug design combining predictive and
structure generation Al, customizable workflows, management of scripts (such as docking), FL
and fine—tuning capabilities, and target prediction/structure generation based on omics data
like gene expression profiles. The platform has already been deployed to 17 pharmaceutical
companies, with three updates scheduled for fiscal year 2024 to enhance functionality based
on user feedback. It has been applied to design processes for eight or more drug discovery
targets from institutes like AMED, RIKEN, Kyoto University, and Nagoya University, resulting
in the synthesis and activity evaluation of new compounds

The platform development involved collaboration with several groups:

New Compound Proposal Al (RIKEN): RIKEN group developed ChemTS for novelty, RLS for drug—
likeness, and XGG for scaffold transformation, as well as DyRAMO for multi-objective
optimization considering the Applicability Domain (AD) of predictive AI. A method called SOOD
was developed to handle hidden data sets, improving AD identification for confidential
datasets. Fine—tuning techniques such as semi—supervised and self-supervised learning were
also implemented. Additionally, scoring methods for drug-likeness, rare scaffolds, and
synthetic feasibility (RetRek score) were created

Compound Profile Prediction Al (Kyoto University): Kyoto University group integrated public
databases like ChEMBL, PubChem, and DruMAP with pharmaceutical companies’ data for secure
training. The GCN-based learning system kMol was developed for multitask and multimodal
learning, allowing predictions for various targets. Performance improvements were observed
across multiple targets, with the successful implementation of FL using PyTorch.

Omics—Based Al (Nagoya University): Nagoya University group developed a target prediction

Al using gene expression data with tensor decomposition for data completion. Approximately
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3, 000 compounds’ gene expression profiles were collected, and Al models such as TransGAN and
Gx2Mol were developed to generate high-precision ligand structures. The casVAE model was also
developed to consider synthetic pathways in the structure generation process.

The platform’ s success in drug discovery has led to ongoing commercialization efforts by private

IT companies.



