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ldentification of PGRN mutations

nature Published online July 16th 2006 (442, 916)

Mutations in progranulin cause tau-negative
frontotemporal dementia linked to chromosome 17
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positive frontotemporal dementia linked to
chromosome 17q21
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Mutations in MAPT (tau) and Progranulin
explain histopathological subtypes in FTDP-17

- p-tau (MAPT mutations)
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Ubiquitin/TDP-43 (PGRN mutations)
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A, B — intracytoplasmic inclusions
C,D,E — intranuclear inclusions

NO MAPT mutations in families with ubiquitin-
positive inclusion pathology




PGRN mutations in FTDP-17

1243C>T

1252C>T

1294C>T (R432C)
1354delG

1395_1396insC

1402C>T
1477C>T (p.R493X)

1414-15_1590del

813_816delCACT
835 835+1insCTGA 1232_1233insGT
836-1G>C 1231 _1232delGT
910 _911insTG

911G>A 1095_1096delCT]
933+1G>A | 1145delC

759_760delTG
743C>T (P248L)

102delC 388 391delcAGT  403-1G>A

PGRN mRNA
593 codons

= All mutations cause partial loss of functional PGRN (haploinsufficiency)
- 47 mutations reported to date

B 2 Kozak sequence mutations (p.M1?)

B 3 Missense changes — (loss of protein function)
B 10 Splice site mutations

Bl 23 Small in/del mutations that cause frame shifts

B 9 Nonsense mutations (most common mutation is p.493X)




Penetrance and clinicopathologic features
associated with PGRN mutations

= Frequency 5.4% (10/185) in Mayo Clinic ADRC referral FTD series
= 13.1% in cases with positive family history

= Mean age at onset 59 + 7 years (range 48-83)

= FTD and Primary Progressive Aphasia most frequent initial clinical diagnoses
= ~80% of carriers develop progressive language impairment during course
= ~70% of PGRN mutation carriers develop Parkinsonism during disease course
= Motor neuron disease features are very rare

= Ubiquitin/TDP-43 cytoplasmic and intranuclear inclusions in all with autopsy
100
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PGRN is a pluripotent
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PGRN is reported to be a 68.5 kDa secreted aranuln consensus sequence

growth/mitogenic factor composed of 7.5 tandem
repeats of a 12 cysteine motif (granulins, GRNs)

PGRN can be processed to 6KDa GRNs peptides by
extracellular protease (elastase)

Regulates cell cycle progression and cell motility in

multiple tissue remodeling processes including TS AL AL A
develo pme nt and wound healin g [CPDGQFCPVACCLDPGGASYSCCRP - paragranulin (P)
- = - -LLDKWPTTLSRHLGGP-
" PG R N a_n d G R N S h ave o p p_OS In g aCtI ons in [CQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADGRSC] - granulin 7 (G)
regulation of wound repair FQRSGNNSVGAIQ-

[CPDSQFECPDFSTCCYMVDGSWGCCPMPQASCCEDRVHC CPHGAFCDLVHTRC] - granulin 6 (F)
1 I 1 I TPTGTHPLAKKLPAQRTNRAVALSSSVM-
PGRN overexpression associated with ‘
. . . . [CPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHCCPQDTVCDLIQSKC]- granulin 2 (B)
tumorigenesis (growth and invasion) | SKENATTDLLTKLPAHTVGDVK.
[CDMEVSCPDGYTCCRLQSGAWGCCPFTQAYCCEDHIHCCPAGFTCDTQKGTC]- granulin 1 (A)
i i i i iq i -EQGPHQVPWMEKAPAHLSLPDPQALKRDVP-
PGRN is upregulated in activated microglia in ,
. . ICDNVSSCPSSDTCCQLTSGEWGCCPIPEAVCCSDHQHCCPQGYTCVAEGQC - granulin 3 (C)
neurodegenerative disease QRGSEVAGLEKVPARRASLSHPRDIG-
[CDQHTSCPYGQTCCPSLGGSWACCQLPHAVCCEDRQHCCPAGYTCNYKARSC]- granulin 4 (D)
-EKEVVSAQPATFLARSPHVGVKDVE-
[CGEGHFCHDNQTCCRDNRQGWACCPYRQGYCCADRRHCCPAGFRCAARGTKC|- granulin 5 (E)
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PGRN is expressed in neurons and microglia but not in astrocytes
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Mouse Dentate Gyrus Mouse hiﬂ)campﬁs
PGRN - green PGRN —immunogold labelling
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Hum. Hippocampus (endplate) Mouse brainstem : : _
PGRN — green, GFAP - red PGRN — green, IBA1 (microglia) - red




PGRN in spinal cord in tau (P301L)
transgenic mice (JNPL3)

2 mo (unaffected) 12 mo (severe)

Massive upregulation of PGRN
in microglia observed with
development of tau pathology
and neurodegeneration in
JNPL3 mice (12months)

Increase in neuronal PGRN
expression with aging in Non-

INPL3
(P301L)

Non-Tg
mice Tg mice (note darker staining

in gray matter)

Jason Eriksen http://mayoresearch.mayo.edu/mayo/research/hutton_lab




PGRN accumulates around amyloid plagues In
Alzheimer’s disease and transgenic mice
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PGRN IR Is predominantly localized to microglia
around amyloid plaques in human AD

APP
(dystrophic neurites)

Tau
(dystrophic neurites)

Ubiquitin
(dystrophic neurites)

HLA-DR
(microglia)

Amy Innes
zeshan Ahmed




PGRN is localized to lysosomal structures in
activated microglia
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Low power of Senile plague
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Dystrophic neurite (DN)
- Diffuse cytoplasmic staining

Activated microglia (MG)

- Gold particles over
lysosomal endosomal
structures

Wen-Lang Lin




PGRN may regulate repair/inflammatory
response to brain injury — as in periphery

T
Neurotrophic/anti-inflammatory Pro-inflammatory

Neuron Ramified Ameboid

microlgia microlgia

e I CNS injury
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Ahmed et al. J. Neuroinflamm. 2007




Ubiquitinated TDP-43 in .
Frontotemporal Lobar Degeneration SClence
and Amyotrophic Lateral Sclerosis  (2006) 314, 130 - 133
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Indicates that FTLD-U (including
PGRN cases) and ALS belong to a
clinicopathologic spectrum of
neurodegenerative diseases.




Progranulin Mediates Caspase-Dependent Cleavage of TAR
DNA Binding Protein-43
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Microarray analysis in Progranulin null mice
(Masugi Nishihara University of Tokyo)

= PGRN -/- mice display abnormalities in gender-specific brain function and behavior (Kayasuga
et al., Behav. Brain Res. epub July 2007)

= No obvious progressive neuropathological changes up to 8 months of age in -/- mice

= ldentifying progressive gene expression changes linked to PGRN haploinsufficiency (+/-), can
then test if treatments that increase PGRN reverse this shift

Volcano Plot of Gene Expression in Hippocampus
Heterozygous (HET) vs. Wild Type (WT) Mice

n All Transcripts
= Transcript with p < 0.05
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Mutations in PGRN cause tau-negative FTDP-17

|
= Loss of function (mostly null) mutations in PGRN account for all tau-negative FTDP-17
families

s PGRN lies within 2Mb of MAPT (1.7Mb)

= Clinical phenotype similar to idiopathic FTLD but language disorders are prominent
= Frequency is 5% in unselected ADRC FTD patient series

= Penetrance is high (90% by 70yrs) but with wide age at onset (40s-80s)

= PGRN localized to neurons and microglia in normal brain
= PGRN IR increased in activated microglia in neurodegenerative disease
= Localized to microglia/dystrophic neurites around amyloid plagues
= Localized to lysosomes in activated microglia — role in phagocytosis?
= Consistent with role modulating brain repair/inflammation (similar to chemokines, lipoxins)

= PGRN null mutations may deplete normal neurotrophic support leading to
neurodegeneration and/or cause defective response to initial neuronal injury

= TDP-43 is a major component of Ubiquitin-ir inclusions found in FTLD-U

= Progranulin haploinsufficiency leads to caspase-like cleavage of TDP-43 which may cause
mislocalization and seed aggregation (Petrucelli and colleagues)

= PGRN -/- mice are viable. -/- and +/- mice show no obvious neuropathological changes
to 8 months
= Microarray analysis reveals altered gene expression patterns at 3months
= May provide pharmacodynamic model to test compounds that increase PGRN expression
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