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World War AD!

e Currently caling: ur ersons ith§d€mentia world
wide costsEsE0AIMlION

e 70% of theSEe e enti ¢ nmought to have AD!
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Amyloid Hypothesis

A Mutationsin Amyloid Precursor Protein (APP) or
APP processing genes cause AD in humans and
animal models

i Extracopy ofAPPgen2 Yy / KNP Y2a2YS HM
syndrome cause8D

I Rare variant in APptrotectsagainst AD

A Riskmodifying genes for sporadic AD are involved in
the amyloid cascadé\pog

A A aggregates are toxic to synapses, neurongli&



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Pbo

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Rinne et al., Lancet Neurology 2010



Anti-Ab Monoclonal Antibodies

Rinne et al., Lancet Neurology 2010



Failure of Amyloid Therapies:
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Failure of Amyloid Therapies:

~

| KSAYSNXA t NBOSYyuAz2zy Lo
I Registry of AD mutation carriers for longitudinal biomarker
studies and preventive trials

I First trial crenezumal

AS2YAYlyité LYKSNAGSR ! 1]
| f

A Anti-Amyloid treatment in Asymptomatic AD (A4)
I Asymptomatic individuals over age 70 with positive amyloid F
I First trial 6olanezumab
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Failure of Amyloid Therapies:
Wrong Target?
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Support for Tau Hypothesis

A Tau is important for microtubule health

A Clinicalsymptoms in AD correlate better with
tau tangleghanamyloidplagues

A Knockingout tau in AD mouse model
ameliorates behavioraleficits

Al 3a3NB3IFGSa IniBousi2EANOS



Tau as a Prion

A Strains of tau spread from one cell to
next

A Moving along specific circuits

A Can be removed by monoclonal
antibodies
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TDP-43

A TransactivdResponse DNAinding Protein 43

AT
A

AT

DPRA43 Is the most common pathology seen In
| S

PDP43 seen In >50% patients AD neuropathology

A Association TDRB3 & cognition independent of
plaque,hippocampakclerosis (Nelson 2008)



So Why FTD?

Al ft AYyAOILftes 11 KSAYS
a complicatednultiproteinopathy
I Any cure will likely require a cocktail approach

A FrontotemporalLobar Degeneration (FTLD)
syndromes offer cleaner/simpler systems
| soletauopathies
I sole TDRI3opathies




Frontotemporal Dementia

A Selective degeneration of frontal and
temporal lobes producing a behavioral
dysexecutivesyndrome and two language
syndromes

A Common cause prsenile dementia
I 1:1 with AD 4664 years RatnavalliHodges 2002)

I More common than AD below 60 ytsnHopman
2004)

I 3% clinical prevalence of FTD;80 (2003Skoog

A Highlygenetic



[FrontotemporalDementia (FT[})
| |

Language varlants

~45% are FTERQuU
~45% are FTEDDP
~10% are AD

Often FTLEEDP Type C Many tau but can be TDP




International Research Criteria

A Early (23 yrs) behavioral disinhibition
A Early (23 yrs) apathy or inertia

A Early (23 yrs) loss of emotional reactivity/ sympathy
and empathy

A Perseverative, stereotyped or compulsive/ ritualistic
pehavior

Hyperorality and dietary changes

~-TD neuropsychological profile

—rontal and/or anterior temporal atrophy on MRI
Presence of known mutation

Do To o Do
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Tau-Immunopositive Inclusions

PSP 4R tau Pi c BR®tau CBD 4R tau
Globose tangle Pick body Coiled tangle

neurons

astrocytes

Tufted Dystrophic



Harmonized Classification for
TDP-43 Pathology

Clinical
Pathological
Correlation

Cortical
Path

Dystrophic
Neurites

”~

.

—
P

Neuronal
Cytoplasmic
Inclusions

o

.

Neuronal
Intranuclear
Inclusions

\

Type A

(formerly Type 3 Sampathu
and Type 1 Mackenzie)

PGRN, PNFA,
bvFTD

Predominantly
layer 2

+ + +

Short Dystrophic Neurites

+

Inconsistent feature
Frequently present
but not neccesary

Type B

(formerly Type 2 Sampathu
and Type 3 Mackenzie)

FTLD-MND,
bvFTD

All layers

+

+ +

Type C

(formerly Type 1 Sampathu
and Type 2 Mackenzie)

PPA-SV,
bvFTD

Predominantly
layer 2

+ + +

Long Dystrophic Neurites

+

Type D

(formerly Type 4 Sampathu
and Type 4 Mackenzie)

VCP

All layers

+ + +

Short Dystrophic Neurites

+

Images adapted from Manuela Neumann, et al. Science 2006
Schema from lan Mackenzie, et al. Acta Neuropathol 2011




Mutation

Ave age oDx

Clinical
presentation

MRI features

The Big Three

Crf72

56

bvFTDALS,
FTDALS

Mild, dorsal,
occipital,
cerebellar

Unique clinical ALS, odd

features

Biology

psychiatric
presentation

TDPR43, RNA
mediated

GRN MAPT

62 Sy

bvFTDPPA, AD, DbvFTDPSP, CB
CBS

Asymmetric Classical
frontotemporal frontotemporal

Overlap with AD  Suicideand
addiction

TDP43,linksto AD, 4Rtauopathy
haploinsuffciency



Gene Positive Cases at
UCSF Memory and Aging Center

PSEN1TDP43

5% 2% COFTDALS
53%

m COFTD/ALS

m GRN

m MAPT
PSEN1

m TDP-43



North American Network for
Genetic forms of FTD

A Recent NIH funded 2 initiatives to study
Genetic forms of FTD and conditions with high
clinicopathological correlation to FTLD

I Pts with family histories
A Known gene status (big 3: C9, GRN, MAPT)
A Unknown gene status

I Clinical presentations of FTD-MND
A Near 100% TDP-43

I Clinical presentations of PSP
A Almost always 4R tau



Tauopathies

ATrauma, mutations, polymorphisms, & aging
predispose



Tauopathies

ATrauma, mutations, polymorphisms, & aging
predispose

APureTauopathies

-t AO1 Qa4 RA a-Ebriicébasal -Progressive
degeneration (CBD) supranucleampalsy
(PSP)
- Argyrophilicgrain - Globularglial

disease (AGD) tauopathies(GGT)



Tauopathies

ATrauma, mutations, polymorphisms, & aging
predispose

APureTauopathies

-t AO1 Qa4 RA a-Ebriicébasal -Progressive
degeneration (CBD) supranucleampalsy
(PSP)
- Argyrophilicgrain - Globularglial
disease (AGD) tauopathies(GGT)

A Secondaryfauopathies
-1 £ 1T KSAYSNXORAumidum BokicityS - NiemannPickC

- GuamALSPD - ChronicTraumatic - Postencephalitic PD
Dementia Encephalopathy



Tau Drug Targets

Microtubules
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Tubulin monomer

Stamelou, et al. Brain 2010: 133; 1578-1590
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Stamelou, et al. Brain 2010: 133; 1578-1590
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PGRN and FTD

A Approximately 20% of inherited FTD results
from an autosomal dominant mutation in the
progranulin GRN gene

A Producesa haploinsufficiency state with
disease associated with serum PGRN levels C
less than 50% of normal and results In
underlying TDH3 pathology



PGRN and FTD

Finch et al, 2009
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Mean NC

Finch et al, 2009



No NC or GRN- cases below Y2 Mean

Mean NC

Finch et al, 2009



And all GRN+ cases below 2 Mean

Mean NC

Finch et al, 2009



PGRN trials

A Current trials geared towards increasing
serum PGRN

I Nimodipine
I HDAC inhibitors

A Potential future trials looking at modulating
Immune response

I My own research focus



Inflammation and
Neurodegenerative Disease

A Inflammatory changes evidenced in original
pathologicaldescriptionsof t T KSA Y S N.

A Lower prevalence AD and PD, respectively, in
persons on antinflammatory medications

A Genetic mutations associated with AD risk
play iImmunological roles (TREM2, CD33,
/P mxZ 11T XD
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FTD and Inflammation

A Sjogren et al., 2004 noted increased TNR
CSF of FTD patients

A In 2006 Mutations irGRNwere identified as a
major cause of familial FTHDP

A PGRN is known to have wide ranging effects
on wound healing and inflammation

A svPPA least genetic FTD syndraymeaking it
the best target for environmental insult



Table 1

Addison disease

Ankylosing spondylitis

Autoimmune haemolytic

anaemia
Behcet's disease
Coeliac disease
Chorea minor

Chronic lymphoaytic
colitis

Chronic rheumatic heart

disease
Crohn's disease
Dermatomyositis

Discoid lupus
erythematosus
Graves’ disease

Screen of autoimmune conditions

Hashimoto thyroiditis
Immune thrombocytopenic
purpura

Localised scleroderma

Lichen sclerosis
Lupoid hepatitis
Multiple sclerosis
Myasthenia gravis
Pemicious anaemia
Polyarteritis nodosa
Polymyalgia rheumatic
Polymyositis

Primary biliary cirrhosis

Psoriasis
Reactive arthritis

Rheumatoid arthritis

Sarcoidosis
Sjogren’s syndrome

Systemic lupus
erythematosus

Systemic sclerosis

Type 1 diabetes
medlitus
Ulcerative colitis
Vitiligo
Wegener
granulomatosis

Modified listing of autoimmune conditions screened from Rugbjerg et al.'®

Miller et al., 2013



Brief discussion of autoimmune dz

A Particular conditions cluster in families and co
occur within the same patient

A Some exist on a spectrum of pathological and
diagnostic criteriag Rhupus

A Modern genetic analysis helped to delineate
the interrelationships
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Not All Autoimmune Diseases are
the Same

A While increasing evidence shows connections
between autoimmune disorders, not all
autoimmune diseases are the same

A Some conditions appear to be inversely
correlated

I Sirotaet al., 2009 showed that alleles
specific toRA had an inverselationship to
autoimmune thyroid disease



sVPPA NC AD
n=129 __ n=186 . n=158 .

4%

> 4%
n=
6%
prvoll n=156
84%
16 Others: 8 Others: 6 Others:
Chronic Lymphocitic Colitis & Thyroid (n=1) Ankylosing Spondylitis (n=1) Celiac & Type 1 Diabetes Mellitus (n=1)
Discoid Lupus & Systemic Lupus Erythematosus (n=1) Psoriasis (n=2) Rheumatoid Arthritis (n=3)
Lichen Sclerosis (n=1) Rheumatoid Arthritis (n=2) Rheumatoid Arthritis & Sjégren’s Syndrome (n=1)
Psoriasis (n=1) Sarcoidosis (n=1) Ulcerative Colitis (n=1)
Rheumatoid Arthritis (n=3) Ulcerative Colitis (n=2)

Sarcoidosis (n=2)

Sjégren’s Syndrome (n=2)

Sjogren’s Syndrome & Systemic Lupus Erythematosus (n=1)
Type 1 Diabetes Mellitus & Thyroid (n=1)*

Vitiligo (n=1)

Vitiligo & Thyroid (n=2)

M Other Autoimmune [ | Thyroid Only [7] Nothing Mentioned

Miller et al., 2013



n=106**
82%

16 Others: 5 Others:

Chronic Lymphocitic Colitis & Thyroid (n=1) Celiac (n=1)

Discoid Lupus & Systemic Lupus Erythematosus (n=1) Psoriasis (n=2)

Lichen Sclerosis (n=1) Sarcoidosis (n=1) )
Psoriasis (n=1) Type 1 Diabetes Mellitus & Thyroid (n=1)*
Rheumatoid Arthritis (n=3)

Sarcoidosis (n=2)

Sjégren’s Syndrome (n=2)

Sjogren’s Syndrome & Systemic Lupus Erythematosus (n=1)

Type 1 Diabetes Mellitus & Thyroid (n=1)*

Vitiligo (n=1)

Vitiligo & Thyroid (n=2)

M Other Autoimmune [ | Thyroid Only [7] Nothing Mentioned

Miller et al., 2013
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Autoimmune clusters in svPPA &
PGRN

l. Inflammatory Arthritides

A Rheumatoid Arthritis A{ 21 3 S\yBdyoma
A Sarcoidosis A Systemic LupuBrythematosis

lI. Cutaneous Disorders

A Discoid Lupus A Psoriasis
A Lichens Sclerosis A Vitiligo

Ill. Gl conditions
A Celiac A Chronic Lymphocytic Colitis



Table 4 Comparison of autoimmune prevalence

PGRN+svPPA Estimated general
Autoimmune cohort population Estimated
disease prevalence prevalence OR
Thyroid (hypo and ~ 102% (n=17*) 89%-10.3%"9 2° 0.99-1.15
hyper)
Psoriasis 1.8% (n=3) 0.1%" 18
Rheumatoid 1.8% (n=3) 086%™ # = 2.1
arthritis
Sjogren’s 1.8% (n=3) 0.014%-0.32%'62*  5.6-107.14
Sarcoidosis 1.8% (n=3) 0.001%—0.04%2° 45-1800
Vitiligo 1.8% (n=3) 049%™ * 4.5
Systemic lupus 12% (n=2) 0.024%'® 50
erythematosus
Coeliac disease 0.6% (n=1) 0.83%-0.03%"’ 0.72-20
Chronic 0.6% (n=1) 0.06%2 10
lymphocytic colitis
Discoid lupus 0.6% (n=1) 0.4%~0.8%" 0.75-1.5
Lichen sclerosis 0.6% (n=1) Unknown'® NA
Type 1 diabetes 0.6% (n=1%) 0.19%"° 3.16
mellitus

*Patient with dlinical swWPPA and PGRN carrier who has type 1 diabetes mellitus and

thyroid disease.

PGRN, progranulin; svPPA, semantic variant primary progressive aphasia.

Miller et al., 2013
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Validation?!

A Since closing our data set we continue to
observe more cases of the same autoimmune
conditions within oursvPPAohort
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Validation?!

A Since closing our data set we continue to
observe more cases of the same autoimmune
conditions within oursvPPAohort

ita2NAlFaAaz w! ZVijli@X INBY

A Turner et al., 2013 publishelutoimmune
disease preceding amyotrophic lateral
sclerosis: An epidemiologic study



ALS and some forms of FI'D are unified by the
presence of Cytoplasmic inclusions of the transactive
response DNA—binding protein 43 (TDP-43). A case-

control study of the prevalence of autoimmune diseases

across the phenotypic range of TDP-43-associated

FTD revealed significant associations among those with
semantic variant primary progressive aphasia, and famil-
ial cases linked to PRGN mutations. Although small
numbers of patients were involved, several of the auto-
immune diseases we describe in association with ALS
were specifically noted, including diabetes, celiac dis-
ease, Sjogren syndrome, systemic lupus erythematosus,

thyroid disease, and colitis.*
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control study of the prevalence of autoimmune diseases
across the phenotypic range of TDP-43-associated
FTD revealed significant associations among those with
semantic variant primary progressive aphasia, and famil-
ial cases linked to PRGN mutations. Although small
numbers of patients were involved, several of the auto-
immune diseases we describe in association with ALS
were specifically noted, including diabetes, celiac dis-
ease, Sjogren syndrome, systemic lupus erythematosus,

thyroid disease, and colitis.*




ALS and some forms of FI'D are unified by the
presence of cytoplasmic inclusions of the transactve
response DNA-binding protein 43 (TDP-43). A case-
control study of the prevalence of autoimmune diseases
across the phenotypic range of TDP-43-associated
FTD revealed significant associations among those with
semantic variant primary progressive aphasia, and famil-
ial cases linked to PRGN mutations. Although small
numbers of patients were involved, several of the auto-
immune diseases we describe in association with ALS

were specifically noted, including diabetes, celiac dis-

ease, Sjogren syndrome, systemic lupus erythematosus,

thyroid disease, and colitis.™






