CSF and Blood biomarkers
for AD and MCI
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Biological markers for AD

Imaging marker
— Structural /Functional

MTL atrophy

Molecular marker

— CSF/Blood/Urine/Genetic
CSF markers

Functional imaging

Abeta-deposition marker
— CSF Abeta/ PIB-PET
Genetic proof

Neurodegeneration marker
— CSF tau/ FDG-PET/ st-MRI

cf. Behavioral markers for AD



Biomarkers are pathogenesis-specific
& temporally ordered

Abnormal AB
—=== Tau-mediated neuronal injury and dysfunction
s Brain structure
T === Memory
=== Clinical function
a
> Glucose
=z Metabolism
O
<
=
o VELVET
w CHURCH
é DAISY
<
=
O
m
Normal

Cognitively normal MCI Dementia

messs CLINICAL DISEASE STAGE =



Biomarkerl/ =24
e CSFmarker9 =24

— BrainZ/direct interface

— AD pathology %/ hallmarks & £&
» Abeta metabolism or deposition
* Tau metabolism and phosphorylation
- Z'B9temporal status Bt FE IS5 &

« Peripheral marker 8/ &L24&

— Sampling 0/ 0/
& HE 54 AHEE

- W EL2PV?

— AD EF XK E FEtof
. T Bjorol 2
. L}HE Aoj2tel 2

— X[ Btxfat A& (preclinical AD)
- A2 ZL2 YA YA HE
« Disease-modifying effect & 22 &



=0 T 0p 22 M2l =P

CASE 1 CASE 2
. 2 HEE g~ 190/ ||- “28 HL2E 2~ 7/90/
OHFOAICF” SHECAICH

« CSFAbeta=172.3ng/L ||+ MMSE =16
« CSF T-tau =620.4 ng/L - CDR=1.0




&F1: AD XE 0 =50/ &=

X0 O B E ZEHOHE 2 (?)
— clinical vs. biological entity

CHE X/ 0§ OF OFLI2FAD dementiadlE 2 NEEHE 2 (?)

— Probable AD dementia with/without bio-evidence
— Possible AD dementia with/without bio-evidence
— Dementia-unlikely AD dementia with/without bio-evidence for AD

- bio-evidence & £=0/ }2} clinical diagnosis &/ A/E/& 0/ =0tA1E 2X
(NIA-AA)



IEZOFAD EHAF0) O 8 CSF marker 24/ 9 sensitivity £ specificity
= 2 75-85% & F 450/ &8 XA 22/}

— Abeta 78-100% sensitivity, 47-81% specificity

— T-tau 70%, 92%

— P-tau 77%, 87%

— Abeta/tau ratio 71%, 83% (Hampel, 2004)
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LIE X OH2rS 2t & oAl = 0/ 2
— LBD;

* Abeta37,38,40 slightly higher in AD > Abeta42/Abeta37 ?
« alpha-synuclein, conflicting results

— FTD;

« Abetad2, FA 20 &7, ADELHE =L
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Differential Diagnosis
among cognitive disorders
with CSF biomarkers
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&Z2: MCI & E 0l =50/ E=IF

« MCI state & & Et5/E= 2 - clinical

— Cognitive status in continuum from normal aging to dementia
— Preclinical AD identification

« MCltraitZ A&Hof= X 2 bio-evidence

— MCI due to AD vs. stable MCI & #2&
(AD conversion prediction)

— MCI due to AD vs. MCI due to other causes & 2Z&
(MCI subtype)



Conversion from MCIl to AD Is
only time(state)-dependent?
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Conversion from MCI to AD Is also
trait-dependent?

Schizotypal

Genetic?
Environmental?




CSF reflects cognitive status
(as a temporal marker?)

CSF AD profile = ratio AB,,:(240+[1-18*T-tau]) < 1

Controls Subjective cognitive Non-amnestic =~ Amnestic MCl

(n=89) impairment (n=60) MCI (n=37) (n=71)
Age (years) 67-1(6-4) 66-0 (7-9) 70-0(7-7)S.491 70-0 (7-7)*9
Years in education 11-8 (4-1) 10-7 (3-7) 10-4 (3-3)
Women 48 (54%) 29 (48%) 17 (46%) 34 (48%)
MMSE score 293(09)  28:8(1-2) 276 (2-2)% 25.9 (2-8)1**+t
CDR-SOB 0-7 (0-7) 13 (0:9)9 1.7 (1-2)**
Depression 7 (13%) 2 (6%) 2 (3%)
Delayed recall (z score) 0-46 (0-94) -0-49 (0-77)** -1-97 (0-74)**S§§
Carrier of APOE €4 29 (53%) 11 (36%) 37 (53%)S§
AB., (pg/mL)9q9 703 (194) 653 (268) 583 (272) 493 (254)F||+1
T-tau (pg/mL)919 329 (133) 360 (200) 401 (278) 539 (375)+1T
P-tau (pg/mL) 53 (20) 62 (27)5 67 (33) 84 (54)%
CSF AD profile 28 (31%) 31(52%)t 25 (68%)t 56 (79%)#||

Visser et al. Lancet Neurol 2009; 8: 619-27




‘CSF AD profile’ also identifies ‘stable MC/I’

MMSE score

(as a trait marker?)
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I
Table 3. Concentrations of AB42, Total Tau (T-Tau), and Phosphorylated Tau (P-Tau) in
Cerebrospinal Fluid Obtained at Enroliment?

Group P':tzéﬁ’]:s AB42, ng/L T-Tau, ng/L P-Tau, ng/L
Controls 304  675(182-1897) 280 (42-915) 51 (16-156)
AD 529 370 (85-1354)P 559 (85-2782)P 82 (17-279)P
MCIAH 750 467 (96-1420)PC¢ 380 (31-2483)PC 61 (15-183)bC
Stable 420 589 (121-1420)0c 208 (31-1580)¢ 54 (15-163)°
Incipient AD 271 356 (96-1075)bd 582 (83-2174)bd g1 (15-183)P.d
All other MCI 59 487 (158-857)°C¢el 275 (40-2483)%¢ 47 (22-163)%¢
Vascular dementia 28  512(190-825)%C¢€ 319 (86-2483)°° 51 (24-163)%°
Dementia with Lewy bodies 14 427 (199-654)P9 329 (40-1010)9h 55 (25-125)3:N
Frontotemporal dementia 7 600 (366-857)9N 275 (237-347)C€ 45 (41-58)ch
Other 10 585 (158-760) 149 (58-828)%€¢ 39 (22-81)ce
Stable MCl plus all other MCl cases 479 579 (121-1420)Pc€ 294 (31-2483)¢€ 53 (15-163)¢:€

Abbreviations: AD, Alzheimer disease; MCI, mild cognitive impairment.
aData presented as median (range), data from normalization model.

bp <001 vs controls.
CPc:: .001 vs AD.

dp <. 001 vs stable MCI.
ePc:: .001 vs incipient AD.
Tp< .01 vs stable MCI.
9p<.01 vs AD.
Np< .01 vs incipient AD.

Mattsson et al. JAMA, 2009




CSF markers predict AD conversion

N siteO M 2] (582 g5 &2 A2 2L 2L (60-100%),
Multi-center studyt M= ZL =2 S0[E7F83%, 72% =2 ZH| 20 E[RAC

Figure 1. Percentage of Patients With MCIl Who Developed Alzheimer Disease by Quintiles of CSF T-Tau and CSF Ap42/P-Tau Ratio
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CSF markers may identify ‘stable’ MCI

2-11 years
DEMENTIA

n =330

Cerebrospinal Fluid AB42:P-Tau Ratio
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MCI criteria incorporating biomarkers
Albert et al. 2011

Diagnostic Biomarker probabil | Abeta Neuronal injury

Category ity of AD etiology | (PET or CSF) (Tau, FDG, sMRI)

MCI Uninformative Conflicting/ Conflicting/

Core clinical criteria indeterminant/ indeterminant/
untested untested

MCI due to AD Intermediate Positive Untested

-intermediate

likelihood Untested Positive

MCI due to AD Highest Positive Positive

-high likelihood

MCl- Lowest Negative Negative

unlikely due to AD
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X/ 23: Pre-clinical AD &80 S&5+7/?
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Concept of preclinical AD

The continuum of Alzheimer’s disease
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Sperling et al, Alzheimer’s & dementia, 2011 From NIA-AA



Proposed staging framework for preclinical AD

Sperling et al, Alzheimer’s & dementia, 2011 From NIA-AA

N
N\
N\

Stage 1 \
Asymptomatic amyloidosis

-High PET amyloid tracer retention

-Low CSF AB,.4;

Stage 2

Amyloidosis + Neurodegeneration
-Neuronal dysfunction on FDG-PET/fMRI
-High CSF tau/p-tau

-Cortical thinning/Hippocampal atrophy on SMRI

Stage 3 3
Amyloidosis + Neurodegeneration + Su

-Evidence of subtle change from baseline leve |
-Poor performance on more challenging cognitive test:

-Does not yet meet criteria for MCI




gZ4 NS0 =50/ H=IF

AD LY 0) A disease progress £ /& 6f7/ 5 &
sensitivity = &2 X2 F Z£175/ 2 F (Sunderland, 1999; Vemuri, 2010)
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Since there 1s significant vanation in CSF biomarker levels between studies,
there iIs an urgent need to standardize and validate AD biomarkers

Study design: All studies on CSF T-tau with >25 AD cases
Innogenetics T-tau ELISA
34 studies, 2600 AD cases
Comparison of: mean level of CSF T-tau
1000
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=
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1234567 89101123 4151GITHPBAHNEZEMNERITEDIN NN
Study no.

— Meed for standardization: C5F sampling / handling procedures

laboratory procedures

External control program




Univariate results: Prediction of conversion

Baseline Hazard ratio p-value
Conversion to
249  p=0.04 = AD
Episodic 468 b= 0.01
memory

Jagust, PET core http://www.adni-info.org



Multivariate results: Prediction of conversion

Baseline Hazard ratio p-value
F.DG_I?ET 2.95 p = 0.02
Imaging
> Conversion to
AD
Episodic 508 0= 0.01
memaory

Jagust, PET core http://www.adni-info.org



ORIGINAL ARTICLE

Utility of Combinations of Biomarkers, Cognitive
Markers, and Risk Factors to Predict Conversion
From Mild Cognitive Impairment to Alzheimer
Disease in Patients in the Alzheimer’s Disease

Neuroimaging Initiative

Jesus J. Gomar, PhD; Maria T. Bobes-Bascaran, MA; Concepcion Conejero-Goldberg, MD, PhD; Peter Davies, PhD;
Terry E. Goldberg, PhD; for the Alzheimer’s Disease Neuroimaging Initiative

Context: Biomarkers have become increasingly impor-
tant in understanding neurodegenerative processes as-
sociated with Alzheimer disease. Markers include re-
gional brain volumes, cerebrospinal fluid measures of
pathological AB1-42 and total tau, cognitive measures,
and individual risk factors.

Objective: To determine the discriminative utility of dif-
ferent classes of biomarkers and cognitive markers by ex-
amining their ability to predict a change in diagnostic sta-
tus from mild cognitive impairment to Alzheimer disease.

Design: Longitudinal study.

Participants: We analyzed the Alzheimer’s Disease Neu-
roimaging Initiative database to study patients with mild
cognitive impairment who converted to Alzheimer dis-
ease (n=116) and those who did not convert (n=204)
within a 2-year period. We determined the predictive util-
ity of 25 variables from all classes of markers, biomark-
ers, and risk factors in a series of logistic regression mod-
els and effect size analyses.

Setting: The Alzheimer’s Disease Neuroimaging Initia-
tive public database.

Outcome Measures: Primary outcome measures were
odds ratios, pseudo-R’s, and effect sizes.

Results: In comprehensive stepwise logistic regression
models that thus included variables from all classes of mark-
ers, the following baseline variables predicted conversion
within a 2-year period: 2 measures of delayed verbal memory
and middle temporal lobe cortical thickness. In an effect
size analysis that examined rates of decline, change scores
for biomarkers were modest for 2 years, but a change in
an everyday functional activities measure (Functional As-
sessment Questionnaire) was considerably larger. Decline
in scores on the Functional Assessment Questionnaire and
Trail Making Test, part B, accounted for approximately 50%
of the predictive variance in conversion from mild cogni-
tive impairment to Alzheimer disease.

Conclusions: Cognitive markers at baseline were more
robust predictors of conversion than most biomarkers. Lon-
gitudinal analyses suggested that conversion appeared to
be driven less by changes in the neurobiologic trajectory
of the disease than by a sharp decline in functional ability
and, to a lesser extent, by declines in executive function.

Arch Gen Psychiatry. 2011;68(9):961-969

Gomar, et al. Arch Gen Psychiatry 2011



Table 5. Clustered Logistic Regression Models of Conversion During 2 Years

Variable OR (95% CI) AR? P Value
Demographic characteristics and APOE (y* = 14.17/P < .001; AUC = 0.61)
APOE 2.51 (1.55-4.09) 06 <.001
Cognitive markers (x* = 106.15/P < .001; AUC = 0.80)
ADAS memory 1.07 (1.01-1.14) 18 =.001
Logical Memory delay 1.01 (0.96-1.06) 06 <001
Clock Drawing test 0.95 (0.85-1.07) 05 <001
AVLT delay II] 80 (0.70-0.91) 04 =.001
Trails A 99 (0.98-0.99) 03 <.001
Brain volumetric measures (x* = 50.15/P < .004; R*=0.27; AUC = 0.77)
Left middle temporal lobe 0.02 (0.01-0.09) A8 =001
Left hippocampus 0.022 (0.006-0.087) 09 <001
CSF biomarkers (y* = 12.36/P < .001; AUC = 0.64)
Taw/Ap1-42 ratio 0.03 (0.03-0.22) A =001

“Winners” model, ie, including only previous significant measures
(x"=29.45/P < 001; AUC = 0.80)

Logical Memory delayed total 0.80 (0.67-0.95) 18 <001
Left middle temporal lobe thickness 0.04 (0.01-0.27) A0 <001
AVLT delayed 0.77 (0.64-0.92) 06 02

Abbreviations: ADAS, Alzheimer Disease Assessment Scale; APOE, apolipoprotein; AUC, area under the curve; AVLT, Auditory Verbal Learning Test;
Cl, confidence interval; CSF, cerebrospinal fluid; OR, odds ratio.

Gomar, et al. Arch Gen Psychiatry 2011



CSF marker Z&

- BrainZf Z&E2 A/ZZ hallmark pathology & S& 5L/
— PET 20 H& ot
— Disease-modifying drug H&'0) 0/t
— MCI progress (conversion) #ZIts

 Limitations
— Acceptability of patients

— Inter-intra-regional & inter-individual variance
* Need for standardization of sampling and measurement

- SE& REL IO OIE SALY FIOIELZE Z 25 R
« cutoff & 26f7/ & S} cognitive marker & §J/olE REL 2 0tF /9 &



Peripheral biomarkers

 AD pathology related
— Abeta
— Tau
— Oxidative stress

— Mitochondrial function (blood cell 0/&)
— Inflammatory markers (cytokines)

- Hypothesis-proving

 Explorative
— Application of omics tool

- Hypothesis-generating



Plasma Abeta

« Plasma tau = detection limit 0/ 5f

« [MIofA == Abetadf FPE (0ldlE 2 0/75)

— Sink theory of Abeta: A/& 0 @}t 220 OFE

— Abeta S S7F. S50 U/CfCSFLF LIE &

— Abeta9/binding: albumin &0/ binding form 2 =AY
— Abeta/generation site: brain 2/9/ Z'=J/2Z At

— Detection method 9/ 0/2/ . CSF detection 2L} 0/ =



Sink Theory of Abeta
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ZX 5 Al =2 plasma Abetad2 s f
= IS =30 =2 L/

Table 2. Relation of initial Ap peptide levels to incidence of AD

Hazard rate,

Hazard rate,

ApB levels No. at risk AD, n (%) model At model B*
Quartile of AB 40
9.0-349 281 21 (6.7) 1.0 (reference) 1.0 (reference)
35-73.35 281 31(10.6) 1.3(0.7-2.4) 1.3 (0.6-2.7)
72.5-113.2 282 25 (9.3) 1.0 (0.5-2.1) 1.0 (0.5-2.1)
113.6-588.1 279 27 (10.9) 1.4 (0.7-2.9) 0.9 (0.4-2.1)
Quartile of A 42
9.0-18.8 282 15 (5.1) 1.0 (reference) 1.0 (reference)
18.85-33.4 281 27 (9.2) 1.9 (0.9-3.8) 2.1 (0.9-4.6)
33.45-49.25 281 31(11) 2.2(1.1-4.7)* 2.3 (1.0-5.4)*
49.3-198.7 281 31(12.1) 3.4 (1.6-7.6)** 3.5 (1.4-8.6)**
Quartiles of AB 42/A8 40 ratio
0.07-0.3530 281 23 (8.2) 1.0 (reference) 1.0 (reference)
0.35-0.51 281 24 (8.5) 1.1 (0.6-1.9) 1.2 (0.6-2.2)
0.51-0.75 281 30 (10.7) 1.2 (0.7-2.0) 1.6 (0.8-2.9)
0.75-7.40 279 27 (9.6) 0.9 (0.5-1.7) 0.9 (0.5-1.7)

*, P << 0.05; ==, P < 0.01.
Cox proportional hazards model and 95% confidence interval, with Ag 42 and Ag 40 in the model, unadjusted.
*Cox proportional hazards model and 95% confidence interval, adjusted for age at baseline, cohort membership,

sex, ethnicity, education, BMI, and the presence of the APOE £ 4 allele.

Schupf et al., PNAS, 2008
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Table 3. Relation of change ApS peptide levels to inddence of AD

Odds ratio, Odds ratio,

Change in AS levels Mo. at risk AD, n (%) model A* model B*
Change as a continuous variable

Change in AS 40 1123 104 (9.3) 1.003 (0.99-1.01) 1.002 (0.99-1.01)

Change in AS 42 1125 104 (9.2) 0.98 (0.97-0.99)* 0.98 (0.97-0.99)*

Change in A8 42/A8 40 ratio 1123 104 (9.3) 0.77 (0.55-1.08) 0.7 (0.47-1.01)
Change in AS 40 by group

Increasing 626 59 (9.4) 1.0 (reference) 1.0 (reference)

No change 434 a1 (9.4) 0.9 (0.6—1.4) 0.7 (D.4-1.3)

Decreasing 58 4 (6.9) 06 (0.2-1.7) 0.5 (0.2-1.7)
Change in Ag 42 by group

Increasing 493 39 (7.9) 1.0 {reference) 1.0 (reference)

No change 502 41 (B.2) 1.1({0.7-1.8) 1.5 (0.7-2.0)

Decreasing 130 24 (17.6) 2.8 (1.6-5.1)*** 2.6 (1.3-5.1)**
Change in Ag 42/A8 40 ratio by group

Increasing 93 3 (2.9) 1.0 (reference) 1.0 (reference)

No change 692 65 (9.4) 3.1 (1.0-10.1) 32 (0.9%-11)

Decreasing 333 36 (10.8) 36 (1.1-12.1)* 34 (1.0-11.E)*

*, P < 0U05; »+, P < QU0 »oe P <0 0D
Logistic regression model, with A8 42 and AL 40 in the model, unadjusted.
Logistic regression model, adjusted for age at baseline, cohort membership, sex, ethnicity, education, EMI, and the presence of the

APOE = 4 allele.

Schupf et al., PNAS, 2008



Plasma Abetad42/Abeta40 ratio

I

Tertiles of AB,_,;

Figure: Hazard ratios for dementia by concentrations of A, ,, and Ap, .
R=reference category (low levels of both of AR, _and AR, ,.). *p<0-0001.

van Oijen et al. Lancet Neurol 2006; 5: 655—-60



Methodology for searching new
peripheral markers
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Proteomics
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http://mbel.kaist.ac.kr/lab/research/proteomics_en.html

Table 2 Proteins idendfied in plasma from Alzheimer's disease and age-matched controls

Spot Me.  Rank  Pwvalue  Fold change  State change  Protein ID Accession no.
196 I 0.0003 .78 T AD Desmoplakin P15924
lg kappa chain C region PO1834
lg kappa chain V4| region TEVW PO1BIT
Serum amyloid P-component precursor (SAP) PO2743
171 2 00013 211 T AD lg kappa chain C reglon PO1B34
Serum albumin precurser PO2768
Galectin-7 P47929
2 3 00014 13.75 T AD Complement factor H (CFH) precursor PO8&03
Serum albumin precurser PO2768
a-y-macroglobulin (a-,M) precurser PO1023
Ceruloplasmin precursor POO450
184 4 00054 243 T AD Ig lambda chain C reglons POl1842
Ig lambda chain ¥-lll region LOI PB0748
Serum albumin precurser PO2768
CFH related protein 2 precursor P36%80
177 5 0.0054 1.92 T AD lg lambda chain C reglons POl1842
Serum albumin precursor PO2768
Ig lambda chain ¥-lll region LOI PB0748
Ig kappa chain C reglon PO1B34
4 & 0.0060 8.a3 T AD al-macroglobulin (a-,M ) precursor PO1023
170 7 0ol17 1.58 T AD lg lambda chain C reglons POl1842
lg kappa chain C reglon PO1834
Serum albumin precurser PO2768
lg lambda chain V-Il region TRO POI707
lg kappa chain V4 region Lay PO1&05
lg kappa chain V4V region Len POI625
13 8 00155 4123 1 AD Inter-alpha-trypsin inhibivor heavy chain H4 precurser Q14624
Ceruloplasmin precursor PO0450
165 9 00183 1.58 1 AD Serum albumin precurser PO2768
164 10 00206 2.03 L AD Complement C4 precursor POI028
lg garnma-1 chain C region PO1857
14 1 00250 10.82 L AD Serum albumin precursor PO2768
Histone H2Balg'hik/| P&2807
126 12 0.02%0 L& 1 AD CD65 antigen-like precursor 043866
Serum albumin precurser PO2768
lg mu chain C reglon POIBTI
176 13 00291 L.75 TAD lg lambda chain C regions POIB42
Serum albumin precurser PO2768
Ig lambda chain V-Ill region LOI Pa0748
123 14 00314 1.36 T AD Serum albumin precurser PO2768
I 15 00347 132 T AD =3 precursor PO1023
Ig alpha-1 chain C region POIB7&
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t-tests of the metabolites which are considered to play important role to separate AB group and Control group
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t-tests of the metabolites which are considered to play important role to separate AB group and Control group
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Association of Plasma Clusterin Concentration
With Severity, Pathology, and Progression

in Alzheimer Disease
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Context: Blood-based analytes may be indicators of
pathological processes in Alzheimer disease (AD).

Objective: To identify plasma proteins associated with
AD pathology using a combined proteomic and neuro-

imaging approach.

Design: Discovery-phase proteomics to identify plasma
proteins associated with correlates of AD pathology. Con-
firmation and validation using immunodetection in arep-
lication set and an animal model.

Se#ting: A multicenter European study (AddNeuroMed)
and the Baltimore Longitudinal Study of Aging.

Participants: Patients with AD, subjects with mild cog-
nitive impairment, and healthy controls with standard-
ized clinical assessments and structural neuroimaging.

Main Ovtcome Measures: Association of plasma pro-
teins with brain atrophy, disease severity, and rate of clini-
cal progression. Extension studies in humans and trans-

genic mice tested the association between plasma proteins
and brain amyloid.

Results: Clusterin/apolipoprotein J was associated with
atrophy of the entorhinal cortex, baseline disease sever-
ity, and rapid clinical progression in AD. Increased plasma
concentration of clusterin was predictive of greater fi-
brillar amyloid-{3 burden in the medial temporal lobe. Sub-
jects with AD had increased clusterin messenger RNA in
blood, but there was no effect of single-nucleotide poly-
morphisms in the gene encoding clusterin with gene or
protein expression. APP/PS] transgenic mice showed in-
creased plasma clusterin, age-dependent increase in brain
clusterin, as well as amyloid and clusterin colocaliza-
tion in plaques.

Conclusions: These results demonstrate an important
role of clusterin in the pathogenesis of AD and suggest
that alterations in amyloid chaperone proteins may be a
biologically relevant peripheral signature of AD.

Arch Gen Psychiatry. 2010;67(7):739-748



Discovery Phase Proteomics
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Protein ID O Accession Number
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Clusterin concentration (ug/mi)
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Wrap-up
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