H A RS0 B FE A AR
WHARIEHE - BWEBLO O ORIKEBEINAREZE
(BEEINL~ — I —ERREI DBHZE)
HERARES

I EAFEHR
WFZEBRRERES © (AAREE) MR ANA A~ — 0 —I2 X D BHEDORKABIERIE > AT L DOR%S
(Z% FE) Development of an integrated stratification system for dementia using blood-based

biomarkers
FFEBRZE Eha AR - S FocdE 10 H 30 H~5Ff 6 43 A 31 H (F7/E)

e ARE K4 (AARE) AT B

(3% FE) Akinori Nakamura

WRMBIRE  FRHEE - HE - -
(RAH) ESCHFEBsE A ENRBERIR ¥ — BFRHT -  A~— 0 — BRI, - ik

(3% §%) National Center for Geriatrics and Gerontology * Department of Biomarker Research

IT HFFEBAFE DBE

FRHIE DN R 72 IBFRIEC T L2 B T 272 DI12iE, WRICH D MOFFER - JRREZHE 2, FIECHET T
DY ATZIZFESNTHRHRE Z BN TGN T D~ — I —DUETH D, FFIZ PET BAESHIRRA &\ o
oo @A A RN, HDOWVIIREEOESWIECHA, RERETRAKIC OB TR MR L ~N— A & L
TEEICR e ==X EE > TV D, £ 2 TAIEIL. Fx BBFEITHE) L7277 VY A ~ —JiF(AD)
DT IuA FBAREBERR D2/ A A~ —A—% T, BEOMENA A~ —I—%lArabET, &
HUE, ROREVEY 27 263 5 minE OmaEILS AT L 2RBE T2 2B E L, ROBEIC
B0 #ATZ,
1)K AR A F~— A — D FERIT BRI TR 21TV, FERAAGRORBIN# 2 BT,

SRS, M OMRBRIGEZ B8 L. GCP YEHLO K E B IRAFZE (CUPAB 3 : Clinical utility of plasma
Amyloid beta biomarker: a multicenter validation study) % . [ENZRFEFEMEE ¥ — HOLEHERE R 53R
s — ERKFEFO 3 ek L E THERE L7z, xtgE, FBEE (AD R OYE AD BURAVE) | BRAERR
HFEE (MCI) | KROGEHBEREIER milnd (CN) T, AB-PET fif. MRIFA, MOBRIL « MRRAF2 24
FEEA L Lz, BIAXBIEE, FlaaF A L ZAORC T I v 7 OFBCYYIOHE LY bFEERR
TR, 2022 4F 9 AN AAERRE A B L. BeRMIC 194 Bl IERX B SR T — 2 M HTe, L LE D,
A COMBAA A~ —T—ES AT LIEE LTEERD N T 7 AR AE L, JENMEH ST

1



5o G0 TARMFICHARIE T & LR 2 ke L. 2025 R ORIESE T, 2026 £ D PMDA H
TPTELTWD,

5
A
—|

2)% DM OFEBFIEBHE D IMAE S A A~ —T1— (F 7R, MRREME, ZOMOFREE) O —X T2 T
B A e, BRIRAYA MEZ MEET 5.

FRFNEIC B U 7o iR/ A A~ — I — DOMGEEA 1T 9 72 121X, Standard of Truth (SOT) & L CTHIH ATREZR
FBHOBT DN A~ —T—FERBUNHATH D, TD=H, AB-PET, Tau-PET, FDG-PET, MRI % O {§ %
BT —HROLERA T — & LR 7V & B TR 2R R R X PSR A CUPAB #RBR & WPAT L CTEEML, 3
Jii 5% HFEC 530 FILL E DGR AER Lz, 2DV Y —Z% T AD OFEERFZED frame work & L CH1 D
15 ATX()N (A: Amyloid, T: Tau, X: others (I: Neuroinflammation), N: Neurodegeneration) A7 AZxfis L7z
Mo A~—T—& LT, AB,pTaul8l/217, GFAP, NfL IZOW T, & DERKEA M & et Lz,

fENT OFESE, MR A B & pTau2l7 IZHITINN A B IREED A M4 JET IS EVEE CHEE T 281267 5
Z & pTaul8l, pTau2l7, GFAP, NfL [ZJRREDHETT 2 KT 5 A A~ —J1— & L THM T, pTaul8l &
pTau2l7 X% VIR OETE LN H D Z L. GFAPIIRIE (F U A —TR) X VIRE, RT7 Kok
RO TELEENRSHDH 2 & NL (X AD HELO A HE & (TBIFR722 < | FBEERE DX T O ZEME & B
D EENRH LN ST,

W2, T ARSRERE & M 5 A A~ — B —1{gEAf & L C Neurogranin (Ng)IZ B L 72 245 4y 1l
Z PRSI U725 . Ng WA {b~<7"F F okt (Ng ratio) 255BHVE DIRREHEST 2 Sk~ 5 A F~— T —
LLTAEMHTHL Z e RENT, Fio, MK R 2 KT 513 F~——IZO0" T bt %
#H, LOX-1, MMP-9, TIMP4 SR emmis LCTHiENniz, LaL, ZhBIZ oW TIXEZR HIRGE
WLETH D,

—J5. AD LIS OFRHE DSERNA 7231 d~— I — i OMGE b D 72, L e —/MERIERAE
(DLB) =% Y9 (PD) OFKTHD o VX7 LA VTR MERPICEZRBICEEND -0, ZhE
TR CORENREE L SNTWER, ~EZBE U EDHERD ZLICK VS F~—h—& LTHA
TE LR R ENTZ, T2, BFEDO~A 7 a RNAREL 727 7 A VR DLB ONNA F~—H—L LT
BLTHDHZ EM, ML LT —% &y FTHIES L7z, ®IZ, DLB X° PD O HEMEST & AL D iR O IR
S Fv— T —THRAEICTHI T& 5 Z &%, DLB TIEIMiED 7 =1 > OEEENZE LT D 2 L5 4 344
REEHTIC X VBB E o T,

72, FTLD O—#X°, LATE (KIMGURRENRIZFEH] TDP-43 IMiE) DRI Td 5 TDP-43 Z ik CTHl
ETDVAT LONY F— g UM Thi, BBRAREL RSN, B, vV T4 v 7 g (7
n7A—2nh, UE R—5A, AFRa—2A) 12X DBFEDHRERNT-CHEIT T HICAH A A A~—T1—0
RREITV, WL ODDEMNRET I TWDR, 0 RGEERE R A G D IITE R DT RLETH D,

3) I N B DI NSA A~ —h—F MG, BEED Y A7 CH#EIT PRI, REVES A 7T HEE2HETE
5. MENEINLY AT L EB¥ET D,

AFEDMIEAA A~—H—I12 L% ATXN (A = AB, T = pTaul8l or pTau2l7?, X = GFAP, N = NfL) %/
W Rt &2 A, AB-PET, Tau-PET, MRI, FDG-PET OY-ERANEMEEZ AW EE A A~—T—I2 kD
ML E LR LT & 2 A g A, A~ — I —IZ K DA A~ — T — 2 Hnic@hilik & oz —
BT I L ER LT, BT VAR UIRGE LR R, 2 oMk A 4~ —h— 4 FEOMA B HET,
AD continuum (A B BEHEREEIBEREIE 5 =CNp, AD (Zf1: O BEERRANFEE=MCIp, AD) & A B 2O IEH Siln (CNn)
D 4 FEDOREIR IR 2K 65%DFEE CERML TE 5 Z LN b b o7z, BT, AB-PET, Tau-PET, FDG-PET
TAIN ZNENZ +/—DNFRZEIL L7256, F v o AL-UL 12.5% T 2 DITx L, 8% DK Tlg

2



BUETE D Z LRSIz, AT, VIR T DIREIRICHEEL 525 LB 2 55 Tau JHEOAF HEC
SWNWCERET 2720, ATZ+/—DAETEINL LIS A0 EREIL69% L Em< . AFRARERE 250
REMED VR STz,

AWFFEORRIL, RAED RHIZE, PR, DR THICET 260 THY | EHRSHOMERICEE
BRI ERETEBEZBbND, Flo, AR, (RREO MIRREIC X VEEED Y R 7 #EECZBNIAZL
THHDOTHY, FHEMORAMICER D LB bND, BT, VIRV T DL 7 AD OFFENRHL L, £
7o BRBIRTHED B B 2NI2 0 20 b HBUE, IKEEOMRE TG L 725 N et 2 @RHEEIRIEK
WIZHEH=—XZKHN T2 b D TH L.



Summary

To develop effective treatments and prevention methods for dementia, it is crucial to identify biomarkers that capture the
underlying neuropathology and pathophysiology, enabling appropriate stratification of individuals based on the risk of
onset and progression. There is a growing global demand for blood-based methods that are less invasive and applicable to
large populations, compared to high-cost or invasive techniques such as PET scans and cerebrospinal fluid tests. Our study
focuses on a biomarker we successfully developed for detecting amyloid-beta (AP) accumulation in Alzheimer's disease
(AD), aiming to develop an integrated stratification system for dementia and at-risk elderly individuals by combining
multiple blood biomarkers. We addressed the following tasks:

We conducted a prospective study necessary for the practical application of the blood AP biomarker, aiming for
regulatory approval and inclusion in health insurance coverage. We pursued a GCP-compliant specific clinical study
(CUPAB trial: Clinical utility of plasma Amyloid beta biomarker: a multicenter validation study) in collaboration with the
National Center for Geriatrics and Gerontology, Tokyo Metropolitan Institute of Gerontology, and Kindai University
Faculty of Medicine. The study included individuals with dementia (AD and non-AD types), mild cognitive impairment
(MCI), and cognitively normal elderly (CN), requiring AB-PET scans, MRI scans, and blood sample collection as essential
components. Despite delays due to the COVID-19 pandemic, we reached our target enrollment by September 2022,
obtaining data from 194 registered cases. However, subsequent issues related to the blood biomarker measurement system
at Shimadzu Corporation have postponed measurements. The collaboration will continue beyond the end of the research
period, with measurement completion expected by FY 2025 and PMDA application completion by FY 2026.

We also advanced the development of other dementia-related blood biomarkers (tau pathology, neurodegeneration, and
other pathologies) and evaluated their clinical utility. Verification of these biomarkers requires reliable Standard of Truth
(SOT) biomarker information. Therefore, we conducted a prospective study alongside the CUPAB trial, achieving over
530 registrations across three facilities. Using these resources, we examined AP, pTaul81/217, GFAP, and NfL as blood
biomarkers corresponding to the ATX(I)N system (A: Amyloid, T: Tau, X: others, I: Neuroinflammation, N:
Neurodegeneration) known as a framework in AD pathology research. Results indicated that blood AP and pTau217
accurately estimate the presence of cerebral AP pathology, while pTaul81, pTau217, GFAP, and NfL are useful markers
reflecting disease progression, with pTaul81 and pTau217 correlating with tau pathology progression. GFAP is related to
inflammation (gliosis), tau lesions, and local glucose metabolism decline, while NfL correlates with cognitive decline and
brain atrophy, independent of AD pathology. Furthermore, analysis of Neurogranin (Ng) and its fragments (Ng ratio) as
markers reflecting synaptic dysfunction demonstrated their utility in indicating disease progression. Biomarkers reflecting
blood-brain barrier abnormalities, such as LOX-1, MMP-9, and TIMP4, were identified as potential candidates, though
further validation is required. Additionally, biomarkers useful for differentiating non-AD dementias were investigated,
including a-synuclein in red blood cells for distinguishing Lewy body dementia (DLB) and Parkinson's disease (PD), and
specific microRNA expression profiles as potential biomarkers for DLB. Comprehensive evaluation of DLB and PD
progression using various blood and urine biomarkers, and changes in serum caffeine metabolism in DLB, were clarified
through detailed analysis. Validation of a system for measuring TDP-43, involved in FTLD and LATE (limbic-predominant
age-related TDP-43 encephalopathy), demonstrated its clinical utility. Exploration for biomarkers useful in dementia
pathology analysis and progression prediction through multi-omics analysis (proteome, lipidome, metabolome) identified
several candidates, requiring further analysis for conclusive validation.

By combining these blood biomarkers, we aimed to develop an integrated stratification system capable of estimating
dementia risk, progression, and types. Utilizing four blood biomarkers (AP, pTaul81 or pTau217, GFAP, NfL) for
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stratification in the ATXN framework and comparing with imaging biomarkers (AB-PET, Tau-PET, MRI, FDG-PET), we
demonstrated similar patterns of stratification. Machine learning models validated that combining these four biomarkers
could stratify clinical spectra into four groups (CNp, MClIp with AD, AD continuum, and CNn) with approximately 65%
accuracy. Further, stratification into eight groups based on ATN (+/-) through AB-PET, Tau-PET, FDG-PET showed 58%
accuracy, surpassing the chance level of 12.5%. Moreover, stratifying based on tau pathology's presence for assessing
lecanemab treatment effects showed a 69% estimation accuracy, indicating its potential utility.

The outcomes of this research are significant for early diagnosis, understanding pathology, and contributing to treatment
and prevention in the medical field, marking a critical advancement in medical science. Furthermore, these results pave
the way for the creation of new technologies through minimally invasive blood tests, aiding in dementia risk estimation
and diagnosis. The development of stratification technologies to identify individuals for low-invasive tests meets a
significant societal need, especially with the emergence of new AD drugs like lecanemab and the increasing clarity of

effective prevention methods.



