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Premessa
Aspetti generali

• Componente genetica rilevante
• Storia familiare positiva nel 40-50% dei 

pazienti

• Trasmissione di tipo autosomica dominante 
nel 20-50% delle famiglie

• Penetranza elevata

• Differenze significative tra le varianti
• bvFTD: fino quasi al 50% dei casi (> nei casi 

con MND)

• SD: >20% dei casi

• ≈ 60% dei casi familiari presentano 
mutazioni di MAPT, GRN, C9orf72, 

• <5%... VCP, CHMPB2, TARDBP, FUS, 
ITM2B o BRI2, TBK1, TBP

• Geni «modificatori»… TMEM106B

• Diagnosi non sempre agevole…
• AD (memoria, abilità visuospaziali)

• LBD (allucinazioni, parkisonismo, 
fluttuazioni)

• VaD (decorso «a scalini», segnj
pseudobulbari)

• … HD (movimenti involontari)



Premessa
Geni coinvolti
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Geni coinvolti



Premessa
Geni «maggiori»



Premessa
Geni «minori»

GENE FREQUANCY AGE OF ONSET SIGNS MRI

TARDNA <20 cases described 29–77 Behavioural

FUS FTLD-U Very rare 30 bvFTD, Frontal, temporal 
atrophy

Intermediate filament 
inclusion

40–50 Rapidly progressive 
bvftd + pyramidal/extra
pyramidal

Asymetric frontal and 
temporal atrophy

Basophilic inclusion 
body disease

Early onset ALS

VCP 1.6% Mean 40 Musculoskeletal 
symptoms in 80%

Wide spectrum

Range 40–60 Paget’s disease 45% No atrophy

FTD 38%

CHMP2B Very rare Mean 55 Behavioural

Range 46–65

TBK1 1.1% in Belgians Mean 63.3% Behavioural,

Range 56–70 Extrapyramidal

Psychiatric



Premessa
Pattern neuropatologici



Premessa
Pattern neuropatologici C9orf72

GRN
C9orf72

Sporadici
C9orf72

VCP



MAPT (microtubule-associated protein tau)

• Inizio anni ‘90…

• Linkage sul locus 17q21 
inizialmente descritto in 13 
famiglie

• FTDP-17: disinibizione, demenza, 
parkinsomismo, amiotrofia

• 1998: mutazioni di MAPT in 
alcune famiglie
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Thirteen families have been described with an autosomal domi-
nantly inherited dementia named frontotemporal dementia and
parkinsonism linkedtochromosome17(FTDP-17)1–9, historically
termed Pick’sdisease10. Most FTDP-17 casesshow neuronal and/
or glial inclusions that stain positively with antibodies raised
against themicrotubule-associated protein Tau, although theTau
pathology varies considerably in both its quantity (or severity)
and characteristics1–8,12. Previousstudieshavemapped theFTDP-
17 locusto a2-centimorgan region on chromosome17q21.11; the
tau gene also lieswithin thisregion. We have now sequenced tau
in FTDP-17 families and identified three missense mutations
(G272V, P301L and R406W) and three mutationsin the 5 splice
siteof exon10. Thesplice-sitemutationsall destabilizeapotential
stem–loop structurewhich isprobably involved in regulating the
alternativesplicingof exon10 (ref. 13). Thiscausesmorefrequent
usage of the 5 splice site and an increased proportion of tau
transcriptsthat includeexon 10. Theincreasein exon 10+messenger
RNA will increase the proportion of Tau containing four micro-
tubule-binding repeats, which is consistent with the neuro-
pathologydescribedinseveral familieswithFTDP-17(refs12, 14).

FTDP-17 is a condition characterized clinically by behavioural,
cognitive and motor disturbance1. At autopsy all patients with
FTDP-17 have pronounced frontotemporal atrophy with loss of
neuronal cells, grey and whitematter gliosisand superficial cortical
spongiform changes. Variable Tau inclusions are observed in the
brainsof most FTDP-17 patients. Tau isalso themajor component
of the paired helical filaments15 that make up the characteristic
tangles seen in the brains of patients with Alzheimer’s disease and
with other neurodegenerative disorders. The Tau isoforms that
predominate in human brain are encoded by eleven exons11. A

total of six different major tau mRNA transcriptsaregenerated asa
result of alternativesplicing and encodeproteinsof 352–441amino
acids16. Alternativesplicing of exon 10 generatesTau protein with 3
or 4 microtubule-binding motifs that areimperfect repeatsof 31 or
32 residues15.

Previous studies1,3–5 found no evidence of mutations in the tau
gene that were associated with FTDP-17, but these were done on
individual families and weremainly restricted to thecoding region
of the gene. We have now extended the analysis of the tau gene to
additional families with FTDP-17 and to other regionsof thegene.
The11 tau codingexonsand flanking intronic regionswereinitially
sequenced in 40 individuals from families with frontotemporal
dementia from Scandinavia (9 families)17, the Netherlands (3
families), the USA (5 families), Australia (1 family; Fig. 1a) and
from Greater Manchester in the UK (22 families)17. Eight of these
families had previously displayed evidence for linkage to chromo-
some 17 (refs1–3, 7).

We detected two missense mutations (G272V and P301L,
numbered from the longest Tau isoform) that occur in two of the
microtubule-binding repeat domains of Tau15,18. The P301L muta-
tion (Fig. 1b) in exon 10wasfound in two families(Table1): alarge
Dutch kindred hereditary frontal temporal dementia I (HFTDI)7,
and a small kindred from the United States (FTD003). This
substitution occurs in a highly conserved region of the Tau
sequence, whereaprolineresidueisfound in all mammalian species
from which tau has been cloned so far. The P301L mutation will
only affect the 4-repeat Tau isoforms because exon 10 is spliced
out of mRNA that encodes the 3-repeat isoforms11. Analysis
of Tau aggregates in affected brains from the FTD003 family
(P301L) reveals that these consist mainly of 4-repeat isoforms,
consistent with a mutation affecting exon 10 (P.D., manuscript in
preparation).

TheG272V mutation wasfound in asecond largeDutch kindred
HFTD2 (Table 1), originally described as having hereditary Pick’s
disease7. This mutation also affects a highly conserved residue
within the microtubule-binding domain, encoded by exon 9.
Within the imperfect repeat sequence that makes up the four
microtuble-binding domains, the G272V and P301L mutations
affect positions that are separated by only one residue. Thus, for
P301L the invariant PGGG motif in the binding repeat becomes
LGGG, and for G272V it becomesPGVG. In contrast to theP301L
mutation (exon 10), theG272V mutation (exon 9) will affect all Tau
isoforms. TheG272Vand P301L mutationssegregatewith diseasein
each of therelevant families. Both mutations wereabsent from 192
Dutch controls and the P301L mutation was also absent from 150
UScontrols. These results indicate that the G272V and the P301L
mutations areprobably pathogenic.

A third tau missensemutation (R406W) wasdetected in exon 13
in asingle family from theUnited States (FTD004)19 which altersa
highly conserved residuenear thecarboxy terminus. Thismutation
segregates with the disease in this family and was absent from 150
UScontrols. Thedistribution of Tau-positive inclusions in FTD004
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Table 1 Families with segregating mutations in the tau gene

Family Origin

(founder)

Affecteds* Generations Mean onset

age

Mutation

HFTD2† Netherlands 34(15) 7 47 G272V

HFTD1† Netherlands 49(14) 5 50 P301L

FTD003 USA 3(2) 2 45–50 P301L

Man19 UK 3(1) 2 65 Ex10 splice + 13

DDPAC† Ireland 13(7) 3 44 Ex10 splice + 14

AusI† Australia (UK) 28(5) 5 53 Ex10 splice + 16

FTD002† USA 3(1) 2 40 Ex10 splice + 16

Man6 UK 2(1) 1 48 Ex10 splice + 16

Man23† UK 10(2) 3 51 Ex10 splice + 16

FTD004 USA 10(2) 4 55 R406W
.............................................................................................................................................................................

* Confirmed post mortem in brackets.
†Families with prior evidence of genetic linkage to chromosome 17.
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MAPT (microtubule-associated protein tau)

Mutazioni missense: esoni 9-13

Mutazioni introniche: splicing esone 10

Molto più rare in altri segmenti del gene



MAPT (microtubule-associated protein tau)

• Inclusioni intraneuronali di 
proteina tau iperfosforilata
(corpi di Pick)

• Fenotipi clinici
• bvFTD

• PNFA

• Altre taupatie
• PSP

• CBD

• AGD



MAPT (microtubule-associated protein tau)

• Alterazioni del comportamento, 
demenza e/o segni 
extrapiramidali
• Esordio abbastanza precoce… 

anche intorno ai 45 anni

• Disinibizione, ritiro sociale, 
iperfagia, deficit memoria, 
amiotrofia

• Ideazione paranoide

• Bradicinesia, rigidità, instabilità 
posturale



MAPT (microtubule-associated protein tau)

• Parkinsonismo e distonia senza 
alterazioni cognitive e 
comportamentali
• Donna, 39 anni, parkinsonismo, 

aprassia dell’apertura delle 
palpebre, distonia craniocervicale



C.D., maschio, a.n. 1949

• Ricovero in SPDC nel 2012 (TSO per 
crisi psicotica).

• Decadimento cognitivo esordito da 
almeno 2 anni con disturbi 
comportamentali  e deficit mnesici.

• Già obiettivati deficit mnesici e di 
linguaggio.

• Proposto ricovero per rachicentesi, 
rifiutato.

• Il padre sembra aver avuto disturbi 
simili alla stessa età.

g1330G>GT pG336H (esone 12)





GRN (granulin)

• Diverse famiglie 
con linkage su 
17q21 ma senza 
mutazioni di 
MAPT

• Inclusioni 
ubiquitina-
positive ma tau-
negative



GRN (granulin)



GRN (granulin)

• Fattore di crescita ubiquitario

• Implicato in molteplici processi
• Infiammazione
• Riparazione delle ferite
• …
• Tumorigenesi
• Funzione neurotrofica

• «Perdita di funzione»

• Aploinsufficienza
• Dosaggio plasmatico di GRN

• Possibile fattore di rischio per AD

• Penetranza età dipendente
• 50-60% a 60 anni
• 90-95% a 70 anni 

• Fino a ¼ dei pazienti con 
mutazioni di GRN vengono 
diagnosticati come FTD 
sporadiche



GRN (granulin)

• Numerosi neuriti 
distrofici ed inclusioni 
citoplasmatiche di 
TDP43, scarse inclusioni 
intranucleari (Tipo A)

• 40% dei casi con 
pattern Tipo A hanno 
mutazioni di GRN



GRN (granulin)

• Fenotipi clinici differenti (bvFTD, PPA, 
parkisonismi)
• Apatia, ritiro sociale, disturbi del 

linguaggio
• Segni extrapiramidali tardivi (40% dei 

casi)
• Sindrome cortico-basale
• Segni parkinsoniani asimmetrici
• Occasionalmente risposta alla levodopa
• Distonia

• Disturbi di memoria
• Segni parietali
• Allucinazioni visive
• Raramente segni di MND(circa 5%)
• Afasia logopenica



GRN (granulin)
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Fig. 1. Sequencing chromatograms of the described GRN variations: p.T272SfsX10 (A), p.R110X (B), p.C149LfsX10 (C), and

p.W304C (D).

Here we present in detail the case reports for

the two unknown genetic variants: p.C149LfsX10

(Fig. 1C) and p.W304C (Fig. 1D).

Case report carrying the p.C149LfsX10

The p.C149LfsX10 is a novel loss-of-function

mutation (according to the validated haploinsuffi-

ciency mechanism of the known GRN mutations,

thus considered pathogenetic) identified in a female

patient with an age at onset of 62 years. The first neu-

ropsychological evaluation was carried out in 1997

at the age of 64 years, two years after onset of symp-

toms. Spontaneous speech was characterized by slow

rate, with pauses due to anomic problems, repeti-

tive prosody and grammatical errors such as deletions

or substitution of morphemes. Deficit of verbal flu-

ency was detected both for phonemic and semantic

stimuli, and sentence repetition resulted impaired.

Other cognitive domains were normal. Computed

axial tomography (CT) resulted negative for vascular

lesions. In 1997, a clinical diagnosis of a focal variant

of AD was made and the genetic analysis on the three

candidate AD genes was negative.

After two years, speech difficulties had progressed

and were associated with buccofacial apraxia and

ideomotor apraxia; however, functional autonomy in

everyday life was still preserved. At 68 years of age,

a formal evaluation was not applicable due to severe

language deficits, characterized by absence of sponta-

neous speech and severe comprehension impairment;

the patient was dependent for everyday life activities.

A family history of dementia was positive (FLO

46, Fig. 2). In fact, a generic diagnosis of “dementia”

had been made in her mother (I-2) and brother (II-2).

Moreover, up to now, her son (III-1) at the age of 63

years shows the first symptoms of apathy, cognitive

impairment, and aphasia. It was not possible to ver-

ify the presence of the variant in the affected family

members as I-2 and II-2 are deceased and III-1 did



C9orf72

• Associazione tra FTD e MND
• Linkage su 9q21 (2006)

• Espansione GGGCC su C9orf72 (2011)

• Soggetti normali: 2-24 ripetizioni
• <25 unità in popolazioni Europee e Nord-Americane

• <15 unità in popolazioni Asiatiche

• Soggetti «patologici»: 102-103 ripetizioni

• Non è nota la minima espansione «patologica»

• In vitro correlazione inversa tra entità dell’espansione ed espressione 
del gene

• Mutazioni più frequenti nel Nord Europa (Scandinavia)



C9orf72

• Pattern neuropatologici variabili
• FTD-TDP: Tipo A ≈ Tipo B >> Tipo C
• Raramente FTD-UPS

• Quadri clinici variabili
• Eterogeneità inter- e intra-familiare
• FTD e MND frequentemente isolati, 

coesistenza nel 17-30% dei casi 
C9orf72
• bvFTD in ≈ 2/3 dei casi FTD
• PPA (nfv-PPA)

• Sintomi psichiatrici
• Ideazione patologica, stereotipie
• Associazione con segni extrapiramidali
• Sintomi tipo OCD
• Iperfagia generalmente assente

• Fenotipi non FTD
• AD
• Corea di Huntington

• Età di esordio estremamente 
variabile (da <30 anni a >80 anni)

• Descritta «anticipazione»
• <80 ripetizioni: in media 53 anni
• >80 ripetizioni: in media 62 anni
• Esordio più precoce nelle generazioni 

più giovani
• Differenza anche di circa 1000 

ripetizioni tra generazioni successive
• Differente metilazione della regione 

CpG al 5’ di C9orf72



Geni «minori»

CHMP2B (3p11.2)
• Sistema endosoma/lisosoma, 

autofagia

• Mutazioni rare, STOP codon

• Pattern FTD-UPS

• bvFTD (tipo Pick)
• Parkisonismo
• Distonia
• Segni piramidali
• Mioclono

• Meno frequentemente
• PPA
• MND

• Esordio 45-65 anni

VCP (9p11.3)
• Sindrome specifica (IBMPFD)

• FTD (30%)
• Miopatia a corpi inclusi (90%)
• Morbo di Paget (50%)
• Esordio dei sintomi cognitivi più tardivo

• bvFTD o svPPA
• Sintomi psichiatrici precoci

• Altre entità nosologiche
• PD
• AD
• CMT2
• HSP

• Esordio 45-65 anni
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