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Alzheimerôs Disease

Amyloid

plaques

ÅExtra-cellular

ÅAmyloid- (̡A̡ )

Neurofibrillary
tangles

ÅIntra-cellular

ÅTau



Amyloid Hypothesis

ÅMutations in Amyloid Precursor Protein (APP) or 
APP processing genes cause AD in humans and 
animal models
ïExtra copy of APP gene ƻƴ /ƘǊƻƳƻǎƻƳŜ нм ƛƴ 5ƻǿƴΩǎ 

syndrome causes AD

ïRare variant in APP protectsagainst AD

ÅRisk modifying genes for sporadic AD are involved in 
the amyloid cascade (ApoE)

ÅA a̡ggregates are toxic to synapses, neurons, & glia
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Failure of Amyloid Therapies:

Too Late?

Jack et al., Lancet  Neurol  2010
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Å5ƻƳƛƴŀƴǘƭȅ LƴƘŜǊƛǘŜŘ !ƭȊƘŜƛƳŜǊΩǎ bŜǘǿƻǊƪ ό5L!bύΣ 
!ƭȊƘŜƛƳŜǊΩǎ tǊŜǾŜƴǘƛƻƴ LƴƛǘƛŀǘƛǾŜ ό!tLύ

ïRegistry of AD mutation carriers for longitudinal biomarker 
studies and preventive trials

ïFirst trial (crenezumab)

ÅAnti-Amyloid treatment in Asymptomatic AD (A4)

ïAsymptomatic individuals over age 70 with positive amyloid PET

ïFirst trial (solanezumab)

Failure of Amyloid Therapies:

Too Late?
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Failure of Amyloid Therapies:

Wrong Target?
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Support for Tau Hypothesis

ÅTau is important for microtubule health

ÅClinical symptoms in AD correlate better with
tau tangles than amyloidplaques

ÅKnocking out tau in AD mouse model 
ameliorates behavioral deficits

Å!ƎƎǊŜƎŀǘŜǎ ŀǊŜ ǘƻȄƛŎΣ ŀƴŘΧ
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Tau as a Prion

ÅStrains of tau spread from one cell to 
next

ÅMoving along specific circuits

ÅCan be removed by monoclonal 
antibodies
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TDP-43

ÅTransactiveResponse DNA-binding Protein 43

ÅTDP-43 is the most common pathology seen in 

ALS

ÅTPD-43 seen in >50% patients AD neuropathology

ÅAssociation TDP-43 & cognition independent of 

plaque, hippocampalsclerosis (Nelson 2008) 

ÅBoth tau and TDP-43 major proteins in chronic 

traumatic encephalopathy (CTE)



FTD?

Å/ƭƛƴƛŎŀƭƭȅΣ !ƭȊƘŜƛƳŜǊΩǎ ƛǎ ŀŎǘǳŀƭƭȅ ƳŜǎǎȅ ŀƴŘ 
a complicated multiproteinopathy

ïAny cure will likely require a cocktail approach

ÅFrontotemporalLobar Degeneration (FTLD) 
syndromes offer cleaner/simpler systems

ïsole tauopathies

ïsole TDP-43opathies



Frontotemporal Dementia
ÅSelective degeneration of frontal and 

temporal lobes producing a behavioral 
dysexecutivesyndrome and two language 
syndromes

ÅCommon cause pre-senile dementia
ï1:1 with AD 45ς64 years (Ratnavalli, Hodges 2002)

ïMore common than AD below 60 yrs (Knopman
2004)

ï3% clinical prevalence of FTD 80ς90 (2003 Skoog)

ÅHighly genetic



FrontotemporalDementia (FTD)

Behavioral variant
bvFTD

Language variants

Semantic variant 
svPPA

Nonfluent variant
nfvPPA

R L R L R L

~45% are FTLD-tau
~45% are FTLD-TDP
~10% are AD

Often FTLD-TDP Type C Many tau but can be TDP



International Research Criteria

ÅEarly (2-3 yrs) behavioral disinhibition

ÅEarly (2-3 yrs) apathy or inertia

ÅEarly (2-3 yrs) loss of emotional reactivity/ sympathy 
and empathy

ÅPerseverative, stereotyped or compulsive/ ritualistic 
behavior

ÅHyperorality and dietary changes

ÅFTD neuropsychological profile

ÅFrontal and/or anterior temporal atrophy on MRI

ÅPresence of known mutation
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Harmonized Classification for 

TDP-43 Pathology
TDP-43 Clinical 

Pathological 

Correlation

Cortical

Path

Dystrophic 

Neurites

Neuronal 

Cytoplasmic 

Inclusions

Neuronal 

Intranuclear 

Inclusions

Type A
(formerly Type 3 Sampathu 

and Type 1 Mackenzie)

PGRN, PNFA, 

bvFTD 

Type B
(formerly Type 2 Sampathu

and Type 3 Mackenzie)

FTLD-MND, 

bvFTD

Type C
(formerly Type 1 Sampathu 

and Type 2 Mackenzie)

PPA-SV, 

bvFTD

Type D
(formerly Type 4 Sampathu 

and Type 4 Mackenzie)

VCP

+

+ + + + + + +

+ + + + + +

+ +

+ + + +

Short Dystrophic Neurites

Predominantly

layer 2

All layers

Short Dystrophic Neurites

Long Dystrophic Neurites

Predominantly

layer 2

All layers

+ +
Inconsistent feature

Frequently present

but not neccesary

Images adapted from Manuela Neumann, et al. Science 2006

Schema from Ian Mackenzie, et al. Acta Neuropathol 2011



The Big Three
Mutation C9orf72 GRN MAPT
Ave age of Dx 56 62 52

Clinical 
presentation

bvFTD, ALS, 
FTD-ALS

bvFTD, PPA, AD, 
CBS

bvFTD, PSP, CBS

MRI features Mild, dorsal, 
occipital, 
cerebellar

Asymmetric 
frontotemporal

Classical
frontotemporal

Unique clinical 
features

ALS, odd 
psychiatric
presentation

Overlap with AD Suicideand
addiction

Biology TDP-43, RNA-
mediated

TDP-43, linksto AD,
haploinsuffciency

4R tauopathy



C9FTD/ALS
53%

GRN
26%

MAPT
14%

PSEN1
5%

TDP-43
2%

C9FTD/ALS

GRN

MAPT

PSEN1

TDP-43

t

Gene Positive Cases at 

UCSF Memory and Aging Center



North American Network for 

Genetic forms of FTD

ÅRecent NIH funded 2 initiatives to study 

Genetic forms of FTD and conditions with high 

clinicopathological correlation to FTLD

ïPts with family histories

ÅKnown gene status (big 3: C9, GRN, MAPT)

ÅUnknown gene status

ïClinical presentations of FTD-MND

ÅNear 100% TDP-43

ïClinical presentations of PSP

ÅAlmost always 4R tau



Tauopathies

ÅTrauma, mutations, polymorphisms, & aging all 
predispose

ÅPure TauopathiestƛŎƪΩsdiseaseorticobasaldegeneration 

()

ïProgressive supranuclearpalsy (PSP)

ïArgyrophilic grain disease

ïGlobular glial tauopathies(GGT)

ÅSecondary Tauopathies
- !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ- Aluminum Toxicity - Niemann-Pick-C

- Guam-ALS-PD-
Dementia

- ChronicTraumatic 
Encephalopathy

- Post-encephalitic PD

-tƛŎƪΩǎ ŘƛǎŜŀǎŜ- Corticobasal
degeneration (CBD)

-Progressive 
supranuclearpalsy 
(PSP)

- Argyrophilicgrain 
disease (AGD)

- Globular glial
tauopathies(GGT)
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PGRN and FTD

ÅApproximately 20% of inherited FTD results 
from an autosomal dominant mutation in the 
progranulin (GRN) gene

ÅProduces a haploinsufficiency state with 
disease associated with serum PGRN levels of 
less than 50% of normal and results in 
underlying TDP-43 pathology



PGRN and FTD

Finch et al., 2009
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No NC or GRN- cases below ½ Mean

Finch et al., 2009
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And all GRN+ cases below ½ Mean

Finch et al., 2009

Mean NC

½ Mean NC



PGRN trials

ÅCurrent trials geared towards increasing 
serum PGRN

ïNimodipine

ïHDAC inhibitors

ÅPotential future trials looking at modulating 
immune response

ïMy own research focus



Inflammation and 

Neurodegenerative Disease

ÅInflammatory changes evidenced in original 
pathological descriptions of !ƭȊƘŜƛƳŜǊΩǎ

ÅLower prevalence AD and PD, respectively, in 
persons on anti-inflammatory medications

ÅGenetic mutations associated with AD risk 
play immunological roles (TREM2, CD33, 
!./!мΣ !./!тΧύ



FTD and Inflammation

ÅSjögren et al., 2004 noted increased TNF- ihn 
CSF of FTD patients

ÅIn 2006 Mutations in PGRN were identified as 
a major cause of familial FTLD-TDP

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

ÅsvPPA least genetic FTD syndrome ςthus best 
target for an environmental insult
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ÅSjögren et al., 2004 noted increased TNF- ihn 
CSF of FTD patients

ÅIn 2006 Mutations in GRN were identified as a 
major cause of familial FTLD-TDP

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

ÅsvPPA least genetic FTD syndrome ςmaking it 
the best target for environmental insult



Miller et al., 2013



Brief discussion of autoimmune dz

ÅParticular conditions cluster in families and co-
occur within the same patient

ÅSome exist on a spectrum of pathological and 
diagnostic criteria ςRhupus

ÅModern genetic analysis helped to delineate 
the interrelationships 
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Not All Autoimmune Diseases are 

the Same

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

ÅSome conditions appear to be inversely 
correlated

ïSirotaet al., 2009 showed that alleles 
specific to RA had an inverse relationship to 
autoimmune thyroid disease
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Autoimmune clusters in svPPA & 

PGRN

Å{ƧǀƎǊŜƴΩǎSyndrome

ÅSystemic Lupus Erythematosis

ÅCu
ÅPsoriasis

ÅVitiligo

ÅGI conditions
ÅUlcerative Colitis

I. Inflammatory Arthritides
ÅRheumatoid Arthritis

ÅSarcoidosis

II. Cutaneous Disorders
ÅDiscoid lupus

ÅLichens Sclerosis

I. GI conditions
ÅCeliac

ÅChronic Lymphocytic Colitis
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Validation?!

ÅSince closing our data set we continue to 
observe more cases of the same autoimmune 
conditions within our svPPAcohort

ïtǎƻǊƛŀǎƛǎΣ w!Σ {ƧǀƎǊŜƴΩǎ ǎȅƴŘǊƻƳŜΣ ±ƛǘƛƭƛƎƻΧ

ÅTurner et al. 2013 published Autoimmune 
disease preceding amyotrophic lateral 
sclerosis: An epidemiologic study
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