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The NULISAseg™ CNS panel in

Alzheimer’s disease clinical trials
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Multiplex circulating proteins analysis platform

<. PhileKorea

Table 1. Platforms for Multiplexed Analysis of Circulating Proteins (Excluding Antibodies)”

provider platform specific characteristics features  batch size read-out system source
Alamar Bioscience  antibody-based proximity assays 250+ 80 NGS https://www.alamarbio.com/"°
Biognosys depletion for ultradeep analysis 2700 NA MS https://www.biognosys.com/ "
BioTechne semiautomated microfluidic system (ELLA)  1-8 16—72 fluorescence https://www.bio-techne.com/
Encodia amino acid degradation ok ok NGS https://www.encodia.com/
Luminex®#:# bead-based immunoassays 1-384 96—384 flow cytometer https:/ fwww.luminexnr:orp.ccunl'*1’LSZ
MesoScale sandwich immunoassays 1-10 96—384 electrochemiluminescence  https://www.mesoscale.com/
Nautilus Bioscience  cycling of antibody binding 20000% e protein array https://www.nautilus.bio/"**
Olink antibody-based proximity assays 24-5300  44-88 gPCR, NGS https://www.olink.com'®
Quanterix bead or disc-based nanowell assays 1-10 88 chemiluminescence https://www.quanterix.com/ "
Quantum§i amino acid degradation *E *E own system https://www.quantum-si.com/"**
Resyn Biosciences ultrafast and shallow 4000 96 MS https://www.resynbio.com/ 121
Seer nanoparticle enrichment 6000 40 MS https:/ Swww.seer.bio/17°
Siscapa immuno-affinity capture of target peptides 200 96—384 MS https:/ ,f’s‘.is‘.c-eg-aa.corn]"‘*'I
SomaLogic aptamers with slow off-rates 11000 80 DNA array, NGS* https:/ fwww.s:)r~nalcrgic.nr::)1n“'L5T

“Stars indicate whether information was recently announced (*), is currently unknown (**), or if several providers of other kits and assays are
present or have been developed by users (#%¥%).

Geyer et al. The circulating proteome technological developments, current challenges, and future trends. J. Proteome Res. 2024, 23, 5279-5295




Olink PEA (proximity extension assays) <. PhileKorea

Next generation plasma proteome profiling to " Part of Therm Fisher Scintific
monitor health and disease
NATURE COMMUNIC ATIONS | (2021)12:2493
T ) " ) ailte,
. ZYHE S Ho DR HEH pEA VP o bk S,
oligonucleotide probesZ HEX| ...2_.. Q Qi% ok % §
= 28 uLo TS PEA probelf TetEl A ‘.':._.-""-. ' ='"'""-.. '@ . A &k
oF B +4°COIA B2 S0t B2 > L ; .
. B YIS s AU AT ANYEE B Mo s S barcode
=2 pooling DIIITEIIEEIIENIENIEENNNNNNINNIY
= Pooling &, lllumina2| NovaSeq 6000 7|7 2.8 plplasma J ——— R R -
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& A F IHE AMESIY sequencings = ) r . s f I i NGS
= 2T HIEE MEQl V& QC U Htst £ i i - )~
82 &3l normalized protein expression [ _).t' s 2y qPSC;Q O;ir:ap
(NPX) 9|2 g1z e g8
& &
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AlamarBio NULISA (NUcleic acid Linked Immuno-Sandwich Assay)

NULISA: a proteomic liquid biopsy platform
with attomolar sensitivity and high

ALAMAR

atton BIOSCIENCES
multiplexing Nature Communications | (2023)14:7238
= ZbEXNO| Cfsll, 22 U HAE SHE 22 polyAS ZESHE oligonucleotide @t biotin modified oligonucleotideE Zetst= ££ 0|F 7+t DNAO & et
= OM 2B Z= A HE S ZHEHUS Zotsts B30 10 uLel @ES AFESHR, HY NS FE5H| st 220M 1412 SO B
= 10H{ dT HIEE HII5t0 H201M 1A1ZE St HiY5H0] H|E #EHO| HY ZetH S £25td HEE AEH=Z +=5t1 33| MH
= O SENO AYE dTHIEE 85 FEYCE 7|10 102 =2 HIYSI0 HIE BHO|M HY S3tHE 22
= Ligation &, reporter &A= A20| X streptavidin HHERZREH 8&
= dT HIEE M52 8F WS 10x streptavidin H| =L S| 2 201M 1022t HiZ3H0] bioting BRdts A& M M E 0/85+0 1H=ZE
= M&A F, streptavidin H{E=& ligation A| 21t 274 20| 1027 BHZSHY ligated reporter oligonucleotideE 4 A
= Ligation &, reporter £XH= & 20f A streptavidin HHEZ R E 8E 5|1 NGS £ qPCRE {8 =
1. Immuno-complex formation 2. Capture 1 3. wash1 }: i ’ rylinto - 4. Antibody-specific barcodes --
- 2 Low-plex readout High-plex readout 3. Briggier‘lj?ﬂocj‘l?g:“?ﬂfures
* ¢ 9 v N
o X, r ‘ r il . -
d it b in N
%, Ul ‘ Mp\...N\
b OligodT bea \ \ Vi p (Y
] ™ S8R R 2. Biotinylated V V 2. PolyA-tailed oligo
4 5.6 o & G- L g oligo for for sequential
. Release 1 . Capture 2 & Wash 2 . Ligation & Release 2 sequenha\ \ , Immunocomplex
L\ l l capture purification
# / %\ N 7 l l 1. Dual epitope recognition by
+£ A C ~§\/, verified antigen-specific
i N antibody pair

Oligo dT bead Streptavidin bead Streptavidin bead
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Comparison of PEA and NULISA <. PhileKorea
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L L ] L IF I3
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in red if PEA detectability were <50% whereas NULISA detectability were >50%
in blue if PEA detectability were >50% whereas NULISA detectability were <50% 7
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CH 2 A L0 A Alzheimer's disease (AD)S! H| AD CHHAHEI S AES = Qs SRS biomarker THE 2 BIOSCIENCES
UM EHHO| WEHH S EMI MZ2 biomarker $EO| ZHSI FA0| It5
/= SYNUCLEIN & SYNAPTIC VASCULAR & . o

Abeta38 (ap38) CD63 | pTaul81 AGRN IL6R (IL6Ra) SNCB (B-Syn) METABOLISM Designed with input from
Abetad0 (aB40) CST3  pTaul81-BD* ARSA  MDH1 SOD1 FLT1 (VEGFR1) PGK1 pharmaceutical and
Abetad2 (ap42) IGFBP7 pTau217 BONF  NGF TDP43 HBAT:HBA2  POSTN academic KOLs,,

ACHE KLK6 | pTau217-BD* DDC 0ligo-SNCA (Oligo-a-Syn) pTDP43-409 KDR (VEGFR2) |PTN

APOE PSEN1 pTau231 FABP3 ' PARK7 UCHL1 MME SAA1

APOE (APOE4) 'SFRP1 'pTau231-BD* FOLR1 ' /pSNCA-129 VGF PDGFRB VEGF-A Enabled by NULISA’s
BACE1 totalTau HTT SNCA (a-Syn) VSNL1 (VILIP-1) PGF(PLGF) VEGF-D combination of ultra-sensitivity
BASP1 totalTau-BD* and high-plex using 25 pL

*Brain-Derived
NEURODEGENERATION INFLAMMATION

ANXAS NPTX2 CCL2 (MCP1) CSF2 (GM-CSF) IL4 PRDX6 Covers key biomarkers of
CALB2 NPTXR CCL3 (MIP1a/CCL3) CX3CL1 (Fractalkine) IL5 RUVBL2 hallmarks of

CNTN2 NPY CCL4 (Mip1b/CCL4) CXCL1 (GROa) IL6 S100A12 neurodegenerative

ENO2 NRGN CCL11 (Eotaxin) CXCL8 (IL8) IL7 S100B diseases

FGF2 (FGF basic)  PDLIM5 CCL13 (MCP4) CXCL10 (IP-10) IL9 SFTPD

GDI1 REST CCL17 (TARC/CCL17) FCN2 IL10 SLIT2

GDNF SMOC1 CCL22 (MDC) GDF15 IL12AlIL12B (IL-12p70) | TAFAS High Detectability:

GOT1 SNAP25 | CCL26 (Eotaxin-3) GFAP IL13 TEK (Tie-2/TEK) ~98% in plasma

MSLN SQSTM1 | CD40LG (CD4OL/TNFSF5) |ICAM1 IL15 TIMP3 .

NEFH uBB CHI3L1 (YKL40) IFNG (IFN-gamma)  IL16 TNF (TNF-a) ~88% in CSF

NFL YWHAG CHITT IGF1R IL17A TREM1 (sTREM1) « KOL: key opinion leader
NPTX1 YWHAZ CRH IL1B(IL-1 beta) IL18 TREM2 :

CRP IL2 IL33

VCAM1(CD106) 8



ARGO™ HT System <. PhileKorea

ALAMAR
BIOSCIENCES

Fully Automated Workflow with ARGO™ HT

1 2 3 4 5
CREATE LOAD RUN NGS ANALYZE
Design run and Prep sample and High throughput 8 hour sequencing Integrated, cloud-based
gueue for ARGO load instrument sample to pooled NGS run on illumina analytics
library in <8 hours run systems

SIS
/ / bl

. / ALAMAR
Q Rretetetatatatates D { @ ’
Comnﬁw%o(:emer 2 :88: Analyh;r;LSlSoﬁware
: ¢ OO0 b
HOGO000O00
Sensitivity Dynamic Range Multiplex Automation
(fg/mL) (up to 12 logs) (up to 250 plex) (<30min total

hands-on time) 9
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Challenges in developing Alzheimer’s disease treatments
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Treatment response monitoring
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= UXGO|HY X=X JHEOM X2 S ZL|E{ R (treatment-response monitoring)&

=]

o=

e 523 A2 &
= E5| Y A3 E= T X|HE S8E St EA 7|8 XIEH (Of: Lecanemab, Donanemab, Aducanumab)?| 42, 21tet
UStA F=HdfjoF &

QIX| 7|5 "7} (Clinical Outcomes)

= CDR-SB (Clinical Dementia Rating-Sum of Boxes): 2/X| & ¢4 7|2 =&
= JADRS (Integrated Alzheimer's Disease Rating Scale): 7| AD SI7L0j|A{ 2IZ
» MMSE (Mini-Mental State Examination), ADAS-Cog14 (Alzheimer's disease assessment scale-cognitive subscale): #

Hfo| 207 7|8t F7} (Biomarker-Based Monitoring)

* PET Imaging
+ Amyloid PET (OtZ20|E E2t3 A &9Ql): Lecanemab, Donanemab 25 E2t3 A &1t 4F
« Tau PET (tau &2| & £ FH): MEIR SXHZ0M X2 21t FEig

U H HHO| 204

« AR42/40 (OILZO|E= Ha|): &
« p-Taul181/p-Tau217 (tau &
- GFAP (MAMM|Z g+
« NfL (&

Al)

o 21ltE E7totn K= X[ O

7(
=

OIX| A A}
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Treatment response monitoring
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Olot 2AHE (ARIA: amyloid-related imaging abnormalities) EFX|
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X2 Y2 0= 29! (Predictive Factors)

» Ef2 HE| @k (PET): X225 98 £3 (Donanemab2 £9| TIZ)
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» K2 X7 ANE 27| BRI N 20 £
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Patient stratification
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Patient stratification <. PhileKorea

X ASet 527
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AD biomarkers and the AT(N) classification system <. PhileKorea

= AT(N) 2&: ®% AD2| W= TICH2 CSFOIM AEEl= M 7HA] SF 2| biomarker 58 E& k| &2 &3l AB deposition ("A"), tau H2|
(“T"), neurodegeneration ("N )2 F3st= A2 7|4t

= HE|SH GIF0|| [MEH | AB-PET St CSF AB1-42 & 25 | AR E2|o| ME|E 5= U= biomarkerO|H tau-PET F4 &= CSF
hyperphosphorylated tau isoforms (p-tau217, p-tau181, p-tau231, p-tau205 S MTBR-tau243)0| ZIEH Sl A& Z1t ofF ZHO|A tau H2|2

rir

Al

BEH 2l biomarker

* Neurodegeneration2 volumetric MRIZ &3l THM A =4 & 2|&F S 5751, [18F]fluorodeoxyglucose (FDG) PET &2 &3l &l regional
glucose O| &2 F’J5I7{LL, neuroaxonal 42| X|E Q! neurofilament light chain (NfL)2| CSF 5 =& F7J5I0] 2UtXo 2 =X

= AT(N) HEE{A= AT ATX(N) A[ABICE SR lon, "X's A EESS Zattt OHE MBS T4 240 tigt biomarker [EHSd
astrocytosis2| glial fibrillary acidic protein (GFAP) K& microglial %* 22| soluble triggering receptor expressed on myeloid cells 2
(STREM2)], EE= Al &4 OFAHQl (neurogranin £ &% #tH A 43 = neuronal pentraxin =&K& Zgtet CHE MZHEE|SH A {4
240 Ci3t biomarker

= Xt 10 S0 A I8 AD biomarkerZt WY O ZEOM SS 2| AD 8}, 7| AD AL J2[1d QX H 22 FHY0|X|2HAD i 2|0

A= SAE Y22 F-LASH HAE

il
£

» AD E biomarker= CSFL} A4 biomarker 2Lt HN & HSZ{0| 0 H|E0| MHIN U Ao A BtE HAL 75

= AT(N) B (AB1-42/AB1-40H| &, p-tau isoforms, NfL)O| CHot 722t &N biomarkerZt 2 QIL| 11 " " £ neuroinflammation (GFAP) biomarker
E LIEtL = ATI(N) A|2E0] X2t

» ST A0 =™ M AD biomarker= AD2| A& S S O|F5t0 2™ 7| BHA O U= 2XAE AESt= O =80 2 5= U0 |7}
AHQI MY B[ Mo X2 JHU0| 7+s5tH L&A IH0| Eolsts SHAtE A H 3t K7 g FH5t= Mo R&
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Pathological mechanisms involved in AD and their associated fluid-based biomarkers <. PhileKorea

Blood 8

ABA42/AB40 0|

p-Tau ¢ Reactive astrocytes

=

Neurodegeneration

. L
v @ & Activated microglia STREM2

STREM2 YKL-40

Synaptic loss

NPTX NPTX

Amyloid plaques

X snd X
@27
.2

Imbimbo BP et al. Are we close to using Alzheimer blood biomarkers in clinical practice? Neural Rege. Res. 2024 719(12) 2583-2585
16
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The potential clinical use of the ATI(N) classification system
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Intended uses for imaging, CSF,

and plasma biomarker assays

<. PhileKorea

Intended use
Diagnosis
A: (A proteinopathy)

T;: (phosphorylated and
secreted AD tau)

Hybrid ratios

p-tau181/AZ42, t-tau/Ag42, AB42/40

Staging, prognosis, as an indicator of biological treatment effect

A: (Ag proteinopathy)

T1: (phosphorylated and
secreted AD tau)

Hybrid ratios
T,: (AD tau proteinopathy)

N (injury, dysfunction, or
degeneration of neuropil)

I {inflammation) Astrocytic
activation

Identification of copathology

N (injury, dysfunction, or
degeneration of neuropil)

V vascular braininjury

Sca-synuclein

p-taul81/AB42, t-tau/AB42, AG42/40

MTBR-tau243, other p-tau forms (e.g.,
p-tau205), non-phosphorylated
mid-region tau fragments

NfL

GFAP

NfL

aSyn-SAA

Plasma

p-tau217

%p-tau217

p-tau217

%p-tau217

MTBR-tau243, other
p-tau forms (e.g.,
p-tau205)

NFL

GFAP

NFL

Imaging

Amyloid PET

Amyloid PET

TauPET

Anatomic MRI,
FDG PET

Anatomic MRI,
FDG PET

Infarction on MRI
or CT, WMH

Jack Jr CR et al. Revised criteria for diagnosis and staging of Alzheimer's disease: Alzheimer’s Association Workgroup. Alzheimer’s Dement. 2024 20 5143-5169

18



Selecting participants for AD clinical trials <. PhileKorea

=
3) ZIEF biomarkersE AtE310] AD ®E|C] =X E SIEHE S}

F|F

Zdo| =&t

AN HOIXt MY

- AB H2l(A+/T)E 2Ol CU E AD Hal(A+/T+)E B0l CUE 242t tau H2] O i ZAS I8t anti-AB L= anti-tau 24t
NEERET

- OIX| FOhQt AR B2IBH QUi BRHS ABSE tau 0/2I2] HalZt HXY 4O F2 UAY 50| £7| HE0| anti-AB = anti-tau
OIAI-Alo-I()-” pSkels ‘ﬂ- :]_E_ol oful

- BNl tau Y PET ATHOZ Q15 AT+l QX FOh7h QU= JHOIS FZ0| M|BH HalSHS AIABID, AAX| 7|5 Kot7t k4
SlEloE ¢ WA 2lE BER SHe YMAIH M
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Selecting participants based on various neurodegenerative diseases
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Selecting participants based on various neurodegenerative diseases
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Blood biomarker-based patient stratification
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Imbimbo BP et a/. Are we close to using Alzheimer blood biomarkers in clinical practice? Neural Rege. Res. 2024 719(712) 2583-2585
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Insights from new AD blood tests
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Case study: Donanemab <. PhileKorea

Association of Donanemab Treatment With Exploratory Plasma Donanemab in Early Symptomatic Alzheimer Disease

Biomarkers in Early Symptomatic Alzheimer Disease The TRAILBLAZER-ALZ 2 Randomized Clinical Trial
A Secondary Analysis of the TRAILBLAZER-ALZ Randomized Clinical Trial
JAMA. 2023;330(6):512-527.

JAMA Neurol. 2022;79(12):1250-1259.
» Brain Amyloid, Plasma Phosphorylated Tau217(P-tau217)

= Change in Plasma Levels Following Donanemab Treatment
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Case study: Lecanemab
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Lecanemab in patients with early

Alzheim

er's disease: detailed results

on biomarker, cognitive, and clinical effects
from the randomized and open-label extension
of the phase 2 proof-of-concept study

= Change in A plasma AB42/40 ratio and B p-tau181 by treatment group in

study 201 core based on standardized value
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Alzheimer’s Research & Therapy

(2022) 14:191

Population correlations between amyloid PET using centiloids and
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e
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Appendix:

Recent clinical studies using NULISAseq™ CNS panel



Karikari group (University of Pittsburgh School of Medicine, USA), | ¥<. PhileKorea

Multi-analyte proteomic analysis
identifies blood-based neuroinflammation,
cerebrovascular and synaptic biomarkers

in preclinical Alzheimer’s disease Molecular Neurodegeneration (2024) 19:68

» Correlation of protein levels measured using NULISA and Simoa
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Karikari group (University of Pittsburgh School of Medicine, USA), I
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Diagnostic accuracy (ROC analysis) of NULISA and Simoa biomarkers for A PET positivity

AUC (95% Cl) ROC AUC with Biomarker only ROC AUC with Biomarker +risk factors
NULISASeq Simoa p-value NULISAseq Simoa p-value

p-tau217 0.905 (0.841-0.969) 0.880 (0.800-0.959) 0.625 0.930 (0.878-0.983) 0.925 (0.874-0.977) 0.891
p-tau237 0.718(0615-0.822) 0.632(0.517-0.746) 0.274 0.806 (0.709-0.903) 0.790 (0.689-0.891) 0.822
p-taul87 0.576 (0.468-0.684) 0.669 (0.560-0.778) 0.237 0.780 (0.678-0.882) 0.793 (0.662-0.893) 0.867
GFAP 0.732 (0.640-0.825) 0.743 (0.653-0.834) 0.867 0.808 (0.717-0.899) 6 (0.725-0.908) 0.901
NEFL 0.565 (0.442-0.688) 0.599 (0.480-0.719) 0.695 0.766 (0.655-0.878) 0.791 (0.682-0.901) 0.755
AB40 0.539 (0.409-0.669) 0650 (0.530-0.771) 0.221 0.773 (0.670-0.875) 0.816 (0.719-0.913) 0.547
AR42 0.531 (0.411-0.650) 0.550 (0.432-0.667) 0.826 0.779 (0.671-0.886) 0.789 (0.691-0.887) 0.884
- I 200ls At HEE MO A, =24 A o), APOE ¢EN (APOE e4 2 RAt L= HE {7 Zg
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Karikari group (University of Pittsburgh School of Medicine USA), Il ¥<. PhileKorea
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Karikari group (University of Pittsburgh School of Medicine, USA), IV
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= Association of NULISA targets with tau pathology

Cross-sectional association
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Cruchaga group (Washington University School of Medicine, USA), |
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Benchmarking of a multi-biomarker low-volume panel for
Alzheimer’s disease and related dementia research

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

» Correlations between NULISA and other quantification methods

Quazemers | Alzheimer’s &@Dementia
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Cruchaga group (Washington University School of Medicine, USA), I ¥<. PhileKorea

» Performance of each platform and protein to predict amyloid positivity assessed by brain PET
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(A) =/ HH0| M AB42/40E Lumipulse (AUC=0.91), NULISA (AUC=0.94); p-tau217-= IP-MS (AUC=0.92), NULISA (AUC=0.93); p-tau1812 Lumipulse (AUC=0.89),
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Zetterberg group (University of Gothenburg, Sweden), |

<. PhileKorea

Biomarker discovery in Alzheimer’s and neurodegenerative
diseases using Nucleic Acid Linked Immuno-Sandwich Assay L R

azemers | Alzheimer’s &@Dementia’

= Differential protein changes between biologically determined AD compared to non-AD
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Zetterberg group (University of Gothenburg, Sweden), Il <. PhileKorea

* MCI related to AD, LB+ compared to LB-, and GRN mutation carriers compared to non-carriers
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Malpetti group (University of Cambridge, UK), I <. PhileKorea

Novel blood-based proteomic signatures across multiple |y —— g E—y————

neurodegenerative diseases assoshnon e e e Alzheimer's Dement. 2025:21:e70116.

* Blood-based proteomic biomarkers
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Malpetti group (University of Cambridge, UK), Il

<. PhileKorea
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Reyes group (University of Wisconsin School of Medicine, USA), | ¥<. PhileKorea

Targeted proteomic biomarker profiling using NULISA in a
cohort enriched with risk for Alzheimer’s disease and related
dementias
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Reyes group (University of Wisconsin School of Medicine, USA), Il <. PhileKorea
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Reyes group (University of Wisconsin School of Medicine, USA), I ¥<. PhileKorea
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