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Development of a new drug discovery ecosystem by identification of disease modifying
drug candidates and realization of precision medicine in Parkinson’ s disease

by integration of academia and enterprise technology
fFFEBRFE S hE AR - SFoTE 6 A 1 H~SFf 543 A 31 H

MR AEE K4 R fnd
Wado Akamatsu

WHIEPHRENERE BB - iE - Bk
FHRGENNER . NARERSE RFGEEFAITER T b AR HE280%

Juntendo University School of Medicine, Center for Genomic and Regenerative Medicine, Professor

IT WFERRF OBEE

WFFEBRZE DR L O O FE 5

AWFFRIRETIE, HEEOLAMIRO L Y ICZNETIRET AT I 7 B TSR L C & 2@tk - M PD-
iPSHRRD U V) — R « S3bifhs & KRBT X OVNERAISER 7 U —= 7 (a1 baw) - R SRR
DFEIZ, BERENFONA AN—T v NA TV —= 0 FREZIRD ANE SICHEEIRL - S EL
L iPS MR & Ao R—=3 0 LRI RS 2 BRI O T O O RBUER 7 V) — = 7 (BUi k&)
T BEAREN BT AR R G AT 5 2 L2 AR L T 5, IR SHEEENEERICHIE R OB LAY
(BER A T — N Ao T B E T2 IZ AT — Y OFmWIEERRIL G & 5 i) R EIBF A W L7 b A
2T 0T ITNE T HEAENE -+ AN PD-1PS Ml A W CEHET % (Clinical trial in a dish) Z &
2 & o TEMEANEDE T RERB L OEOEHIb~— I —%2 RWET 22 HEET5, AXFRr—
DIRHTIIAMIZE THREET 5 Precision Medicine % A5 L7-3AIBHFEITIUNT, 1PS Mlifa 2 FIV T2 fifAT s SR
TREOBILIMTONI-ZICIE, AERE=4 ) 7 ERTOBEBENEELEEZ CWDIN, F~—T—
[FIE DT DI THETH S, HE OFAKIBE MIE A & R v — AR R 2 2R TR TR if
D D~ TAZ R — LRI ST BRIRD 7 ) AEHRIT 2 HE OMILIZ L > TTF— 2 =2k &
ND, & OITHEEMILE THORDPHERL SNTIGREGEMZ in vivo TRHET 272012, B OLE S M
SMLTWbHvauvaunzmEwT L SEFOREHEOLNALTWD PD 7V~ 7 AL D3R % H
Wb, ZOX I ICARFIFNIERE KT EBEEENZNETNOHEMNE ) Y —2EHEL, ZRETTHT



TR - BERSAEBTTIIAT O 2 ENEE L o T mE TE I RARE Y v — OS2 AIE T L O TH D,
FHFFEE AT DRI T O,

1)

2)

3)

4)

BN - MEBEHENS—F 2 Y 9K IPSHIRT A 75 U —OfE

EARPERIARIZES L Cid PARK2(2 fiifH). PARK4, PARK6, PARK9, PARK14, PARK22 ® 7 fifd|Z R
L CIIEBEOEBRANT OFER NG LN TR Y . ZOERITSEEEL HF IR TWD, BEEEITH
L CHArgeimRIcifaoft 5217572, SRR TOMITIC X o> TREROERIE LN D 2 & DR
v, £ iPS IR OFHA & B TR OMAT TN L VEFER L O LR N—=F VY iPS Hifaz H
W FRHT DEFEPERS RDNCE D RER & 2o Tc, IVBEHIEFIZIB W TS, iIPS MO L 57 L fig
B« REVBRURAT 2D 72, £ 200 JEFI Z N L, Z 0 9 BERBBEN 1858 T L CODIEFNITR 70 1l & 72
> THR Y EEAFKITHHFTREZR L-ULIZi > T D, REVBUEHT KT L T2 IV 70 JEFIIZ-DW T
(33— Y IRBIEIC R KT TR OB T 3T LT D,

BHEEEDEORIER 7 Y —= 2 FEMDOEANIZ K 5 PD-1PS MlaRBHAURNT O =Rk
BEETIZAT ) == T DA AN—Ty MbZBIEELTEAT v 7O E > TE T, A7V —
= TR DO NA ZN—TF  MED T2, fEk 96well ZHWTWEREARH S 2T 405 b, KKK
WCHERY — 7T bO—2>Th HMMFEDERIZEI L T 384-well plate TEJEATRENMRFT L., ZiE
TOMF TR D 96well Z MW= FIELFHEMEDOEWRRZ/DL LN TETND, N Z—T "y
MbED 7= ORI FIRDOfEilg{k & LT, S EaN— 2O FIEO—H 240t L AR — 2 — 7 & T
Wb oA & LT, BEFEOEOE L RN — 2 — 21 L 7ol R O it 2170, I b3 U T HRE
P A E BRI T 5 Z LITE LT,

SHE{EEIE O PD IREREMAIL S OREMLM - IMFEME PD-1PS MIFRIZ I3 2 FEhFHm

SR L OB L QIR ENFEFER & L UBERZIZEEEL, A7 ) —=2 7V AT AOHI
Biin L AR DO 12D OREIb 21T -T2, 2021 4E 2 A SIXHAEFWIFEE N SETEE L S—F 0 Y v
Ji5 iPS MR~ D ORI 715 & b BiE Ol b 21T > 7co ZNETHWOLN T E 2FEREZE O =
22— B A7 =T kAT DRI | BEERE AR OPRRERTERANIL 2 % 9 D 0 bER A A BT T (TS
L7c, FfFEETH~A M7 7 O—RE RO EZ L E L CTRIETE 52 L 2R L TW\WD, ~v1 b7
7 DR AR T FEIRME S P iPS I E o VXV LA U ER A R T FERME S~ 2 9 iPS
ARz VT, ZNENORBI AR & LTSl 2L U700 100 FEOL &M OVER 25 Hii3 2%
ZLICEYI LIz, A P77 V—RBERB LW VX LA U ERBAWET AL ERIET S Z LI
KEHLTWD,

PD /BRI ML AW OB E T VBT 5 3SRl

T a Y g UARTET LI L TIE, PARKS (LRRK2) &7 /L CTORIY T 7 ADFBRA A 512 L, PARKS &
HIR N AR 2B D /83— % 0 Y IR IBIR T OBIR PRI EBMR A B H M Lz, ZAUC kv BB
P PD-1PS HEfE & OHISERI 72 RS DMEIEFERL L 7o, M2 T, PARK2 (Parkin), PARK6 (PINK1), PARK9(ATP13A2)
TV a U a N OERGRHEHERA A MEST U=, PARK2 (2B LTk, A AN—T v R R
U —= ZIZHIH Al #E 7% EGFP-Parkin &% ERIIZFEBLT 5 1PSCs R & MINL L7z,

~ U AGESDE -+ FEBICa VX7 LA v v— REERE UIEHRR EMR S I MERE L2 2 & 2 iR
L7z, — /T, HIRTEHNL E 5725 HMT~DEFEHR TE R ol, S UABER~D v X7 LA v
= FEANIOWTIE, EA 6 #lHF LT 12 HH#ZOBETT, BRERD bR D & 2 AiieZ, ZURE

2



5)

6)

. R, RANRE~OEF 2R Lz, BHEMBL VLN a X7 LA v — FOERFEHRAIZT S
— %V UIRBE K & L RREME R A TR D Z LAV L, WREMRI SRR A T
LELTExDZ Eas LTz, BIfE, Nature Medicine 36l fa L~ A F—U A 2P TH D,

PD BE MEED A & R v — AT & A A~ — I — 8RR

de novo /N—F% Y IR 25 SEBI DO~ IVTF A I w7 AR ETET Uiz, IMEA 2 AN m— LTI K0 FRR
JRAE MR, ENIEE B EREAME T LTV D Z LR &7z, T2 ¥ Y — AH%E miRNA b
T A7 YT b= M & SR O IE A Z AR m— MMENTIZ KD~ VT A X 7 ZfEHTIZ T PPAREPEDS
KTFLTWAZ E&EZEX LT, in vitro FBRIZ X 0 FFEIIZ T 2 IEMERAEH LR AET D &V D —5t
B 7ol B A B = X L2 e LT,

PD BEMEED X ¥ R o — AT L BEEE L OF —FILFIZ L BHIE

IR=F 2 ARIRIRT — 2 DIMEIRET — % « =D A 2R —Lb7—4% « MIBG Ly v F 2777 4
—7 —4& (BRI OIMERRE L, FRRIRAERRLL) 2 W TSR 2 8D 7=, PD B3 CTIT RO/
FiEhR L & AR IRAERE L I A B2 EOMBNGRO b d Z & 2R Uiz, R O 2 AR
BARMEDRIRIBITE S, PD Wi A A~ —H—ZR 0B H LR LT, BEEELO/—F Y
B D300 £ 85 ORRBFIOBIZIZ L 57 — X R—AfFHTIC L 0 | 16 4 OFERIETT N RVVEGIREZ FFET 5 2
ENRTE T, RUEGIREDO T Y — LFENTIZ KV . GBABIGTEREFFOBREN 24 EI N, ZOEHE
(ZDUWT iPS M@ sl RS i 2 ESRL L 7=,



This research proposal aims to establish a basis for large-scale screening for the development of innovative new drugs
for Parkinson's disease using iPS cells by incorporating the high-throughput screening methods of the participating
companies into the cell resources and differentiation-inducing phenotype analysis methods that have been established by
the applicant and his colleagues. The goal of the project is to establish a platform for large-scale screening for the
development of innovative new drugs for Parkinson's disease using iPS cells. The project will develop a system to
evaluate candidate compounds under development by the participating companies using iPS cells. At the same time, the
results of plasma metabolome analysis will be made available to all samples, and the genome information of the samples
used for metabolome analysis will be compiled into a database. In addition, an evaluation system using Drosophila and
mouse models will be established for in vivo evaluation of therapeutic drug candidates whose efficacy has been
confirmed in cultured cell systems. Juntendo University and participating companies will share their technologies and
resources to establish a highly accurate and multifaceted drug discovery system, which has been difficult for academia
and pharmaceutical companies alone. The results of each research project are as follows.

1) Establishment of familial and sporadic Parkinson's disease iPS cell libraries

Multiple phenotyping results were obtained for the familial specimens, and this information was shared with the
participating companies. iPS cells were also provided to the participating companies during the research period. The
analysis by the participating companies confirmed that the same results could be obtained, and the linkage between the
phenotype and genotype of each iPS cell became more reliable. In sporadic cases, establishment of iPS cells and genomic
and phenotypic analyses were also conducted. Phenotypic analysis has been completed for approximately 70 of these
cases, so that they can be used for corporate drug discovery.

2) High efficiency of PD-iPS cell phenotyping by introducing drug screening technologies of companies

To achieve the high throughput of screening technology, we have examined the possibility of using 384-well plates for
quantification of cell death, which is one of the final essential readouts in the phenotypic detection system that has
conventionally used 96-well plates and have obtained results that are highly similar to those of the conventional 96-well
method.

3) Evaluation of the efficacy of PD drug candidate compounds from participating companies in hereditary and
solitary PD-iPS cells

Using familial Parkinson's disease iPS cells showing abnormal mitophagy and a-synuclein accumulation, we evaluated
the effects of approximately 100 compounds provided by the participating companies using each phenotype as an
indicator. As a result, they have identified candidate compounds that improve mitophagy abnormalities and a-synuclein
accumulation.

4) Evaluation of drug efficacy of PD therapeutic candidate compounds in animal models

Concerning the Drosophila model, we established phenotypes of PARK2 (Parkin), PARK6 (PINK1), and PARK9
(ATP13A2) model Drosophila cells for drug evaluation. Concerning the mouse model, we confirmed that a-synuclein
seeds were administered to the stomach and duodenum into the mouse intestinal tract and propagated to the dorsal
nucleus of the medullary vagus nerve. On the other hand, we could not confirm propagation from the hypothalamus to
the other ascending line. In the case of a-synuclein seed injected into the olfactory bulb of mice, we confirmed
propagation from the olfactory bulb to the anterior olfactory nucleus, pisiform cortex, amygdala, and entorhinal cortex
with neural connections at 6- and 12-weeks post-injection.

5) Metabolomic analysis of plasma from Parkinson's disease patients and biomarker discovery

We have completed a multi-omics analysis of 25 cases of de novo Parkinson's disease. Plasma metabolome analysis
confirmed that thyroid hormone and fatty acid B-oxidation was decreased in Parkinson's disease patients. Multi-omics
analysis of serum exosome-derived miRNA transcriptome, and plasma metabolome analysis revealed decreased PPAR
activity in Parkinson's disease patients.

6) Drug discovery through metabolomic analysis of plasma from PD patients and data sharing with participating
companies

Statistical analysis of Parkinson's disease clinical data using blood test data, some metabolome data, and MIBG cardiac
scintigraphy data were conducted. Selective shedding of post-sympathetic ganglion fibers in the middle cervical ganglion
was shown to be a potential PD diagnostic biomarker. Database analysis of nearly 300 patients with Parkinson's disease
with the participating companies allowed us to identify a group of 16 patients with rapid progression of symptoms.



