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Neurodegenerative Disorders

All share
common
racteristics

M. Flint Beal, AC. Ludolph (2005). Neurodegenerative Diseases: Neurobiology, Pathogenesis and Therapeutics,
Cambridge University Press.
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Pathological Features of
Neurodegenerative Disorders

Prion disease

Location: diffuse conrtical
Macro: cerebral atrophy

Micro: spongiosis, PrP-deposits

Frontotemporal Dementia
a3 = Location: fronto-temporal
Macro: cerebral atrophy

= e Micro: tau-deposits. Pick bodies

Alzheimer's disease
Location: temporo-parietal
Macro: cerebral atrophy
Micro: Ag-plaques, tangles

Lewy-body dementia

-~ Location: fronto-temporal
jﬁ Macro: cerebral atrophy
S e Micro: Lewy-bodies

Parkinson’s disease

Location: midbrain

Macro: pallor of substantia nigra
Micro: Lewy bodies

Huntington’s disease
Location: basal ganglia

Macro: neostriatal atrophy
Micro: neuronal loss, astrocytosis

Amyoirophic Lateral Sclerosis

Location: motor cortex, brainstem, spinal cord
Macro: atrophy of motor neurcons & muscles
Micro: inclusions (Bunina bodies. Lewy-body like)

Bertram and Tanzi, JCZ, 2005
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AD Prevalence in China
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Change of Prevalence of Major Diseases
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Preclinical AD

i

« Signs of AD are first noticed in the

ﬁ{, r‘\f( : entorhinal cortex, then proceed to
\

the hippocampus.

F  Affected regions begin to shrink as
e - nerve cells die.

 Memory loss is the first sign of AD.




=
Mild to Moderate AD

www) * The cerebral cortex begins to shrink
as more and more neurons stop
working and die.

« Mild AD signs can include memory
loss, confusion, trouble handling
money, poor judgment, mood
changes, and increased anxiety.

 Moderate AD signs can include
problems recognizing people,
difficulty with language and thoughts,
restlessness, agitation, wandering,
and repetitive statements.
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Severe AD

 In severe AD, extreme shrinkage
occurs in the brain. Patients are
completely dependent on others for
care.

* Symptoms can include weight loss,
seizures, skin infections, groaning,
moaning, or grunting, increased
sleeping, loss of bladder and bowel
control.

« Death usually occurs from aspiration
pneumonia or other infections.
Caregivers can turn to a hospice for
help and palliative care.
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Preclinical Alzheimer’s Disease?
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Hypothetical timeline for the onset and

Genetic
miLtation and
risk factors

progression of AD

Misfolding and Crxidative and
aggregation of AR inflammatory damage
and tau followed by

Cell
plagues and tangles
death Clinical diagnosis
I
Definite AD
J BACI Probable AD at autopsy
Preventative
Syrmptomatic
| | 1 |
Birth 10 20 40 50 &l ELX a0 20 100

Years

Shaw LM, Korecka M, Clark CM, Lee VM.-Y, Trojanowski JQ. Nat Rev Drug Discovery, 6:295-303, 2007.
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Five Year Delay in AD Onset Halves
Prevalence & Incidence

Delay (years)

U.S. Prevalence of Alzheimer Disease (millions)

Year

From Claudia Kawas
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Molecular Classification of AD

ApoE4, CLU, CR1,
and PICALM

Genetic Testing
B-amyloid plaques Neuromaging

Mild clinic features Biomarkers

Subtle clinic Cognitive
features function tests

Full clinic features

@ Genetic risk @ Disease biomarkers @ Full clinic features
variants carrier @ Non-specific feature
@ Environmental @ Early MCI or MCI

risk exposures



N
ldentifying Individuals at-Risk

m Susceptible:

carry a mutation that causes disease or have
positive family history or genetic and environmental
risk factors

m At-Risk:
Pre-symptomatic: with profile of risk biomarkers.
Asymptomatic: with prodromal risk features-MCI
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Genes Associlated with AD

' AD Causal genes | I AD Risk genes ‘
APP, PSEN1, PSENZ APOE, CLU, PICALM, SORL1, ...
dominant/recessive mutations - commaon variants K
- missense - rare variants 8
- insertions/deletions - CNVs? E
- duplications - structural variants? =

regulatory mutations
'Pmmc:rtur JUTR \

& / Neurﬂdegeneratwe :

'Epigenomics? diseases risk genes
Transcriptomics?
Proteomics? PGRM

Environmental Factors?
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Mean Cortical Thickness Change
over 12 Months

Diagnosed as AD
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PIB in Controls, MCI, AD

Chet Mathis, U Pittsburgh

Control MCI Patients AD
Subject MCI-1

feay University of Pittsburgh . . [11 ]
i PET Amyloid Imaging Group Min Max C P I B

Some MCI’s have control-like PIB retention, some have
AD-like retention, and some have intermediate retention

Price et al., JCBFM 2005
Lopresti et al., J Nucl Med, in press



PiB-Positivity in Predicting
Clinical Conversion in MCI

Melbourne Cohort
N=28, 21 mo. follow-up

Pittsburgh Cohort
N=23, 24 mo. follow-up

PiB(-) 13
Convertersto AD 1

PiB(-) 10
ConverterstoAD O

PiB(+) 15
Converters to AD 12

Villemagne et al., SNM 2008

PiB(+) 13
Convertersto AD b5

Wolk et al., AAN 2008
Neurology, in press
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Predictors of Longitudinal Change In

Hippocampal Volume - AD

Predictor of

Univariate Model

Multivariate Model*

(UCB)

change/yr p-value Coefficient p-value
Apoe4+ 0.087 -29 0.18
Yrs of education 0.79 -3.4 0.18
CSF AP 0.002 -1.3 0.92
CSF tau 0.031 -8.7 0.046
FDG-PET ROl-avg 0.73 10.2 0.75

* Sample size is very small for multivariate models (1/4 of overall sample)




ADNI Stugy AD Progression

ABNORMAL
Best outcomes across a broad

range are MRIjand FDG-Eiuse s
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. New Criteria for Pre-clinical AD

Staging categories for preclinical AD research

Markers of neuronal injury Evidence of subtle
Stage Description AR (PET or CSF) itau, FDG, sMRI) cognitive change
Stage 1 Asymptomatic cerebral Positive Negative MNegative
amyloidosis
Stage 2 Asymptomatic amyloidosis Positive Positve Megafive
+ “downstream” neurodegeneration
Stage 3 Amyloidosis + neuronal injury Positive Positive Positive
+ subtle cognitive/behavioral
decline
B Abnormal -
T —— Amyloid-g accumlation (CSFIPET)
e . ey
Asymptomatic amyloidosis - —a el

= Clinical function

-High PET amyloid tracer retention

 Stage 2 .
Amyloidosis + Neurodegeneration ™
-Neuronal dysfunction on FDG-PET/fMR!
-High CSF tau/p-tau T
-Coartical thinning/Hippocampal atrophy on sMRI

Preclinical 1 "' Mcl | Dementa

Clinical Disease Stage

Stage 3
Amyloidosis + Neurodegeneration + Sub
-Evidence of subtle change from baseline
-Poor performance on more challenging co:
-Does not yet meet criteria for MCI




Evolving therapeutic areas

m New symptomatic therapies

m Treatment of prodromal/mild AD
m Disease modification

m Treatment of advanced dementia
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Disease Modification

m Targeting amyloid
m Targeting tau
m Combined approaches

m Others
Mitochondria
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Biomarkers for Selection of the Target
Population for Clinical Trial

m Disease modifying therapies may be most effective in the earlier
stages of the disease

m Recent MCI disease-modifying trials have failed because
the disease was too advanced
study population (defined by clinical criteria) was too heterogeneous

m Future development of clinical trial for AD
before onset of clinical symptoms

New criteria for prodromal AD as a continuum to AD with biomarkers as
the new measures of disease modification

drug-target specific population
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Elderly with Less Leisure Activity Tend to Have a
Decreased Cognitive Function (MMSE)
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Daily Sometimes Rarely
*Adjusted for financial status Leisure activity (1992)
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Integrated Geriatric Service Network

¢ “Gate Keeper”: Establishing and train community clinic professional team
(including social worker, nurses and doctors) and medical care registry for the
community elderly

¢ “Referral”: Establishing referral system between “gate keeper” and
specialists at hospitals
€ “Web-based EMR”: Establishing web-based Community Health

Management System (CHMS) that aids collection of medical records,
comprehensive assessments, disease screening and management

(=]

Special Clinics

Community Team

referral
< _____________________

EMR Website b
'“\§l\
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