
14 I ACNR • VOLUME 7 NUMBER 2 • MAY/JUNE 2007

Genetic Causes of Dementia

D
ementia is a syndrome encompassing many
intellectual domains that can be broadly defined
as an overall decline in intellectual function,

including difficulties with language, simple calculations,
planning and judgment, motor skills as well as loss of
memory. A genetic cause is identified in only a minori-
ty of patients, but patients and their family members are
frequently concerned about the possible genetic basis of
dementia and potential risk to relatives. This article
reviews the main genetic causes of dementia. These are
summarised in Table 1.

Genetic testing for dementia is a relatively young field
and the consensus of expert guidance is that genetic
testing should not be used routinely in diagnosis but
that, where appropriate, patients should be referred to
specialist centres for genetic counselling.1

Alzheimer’s disease
Alzheimer’s disease (AD) is the commonest cause of
dementia, typically causing progressive impairment of
episodic memory with more general intellectual decline
such as impaired judgment, decision-making, and ori-
entation. Pathologically, AD is characterised by beta-
amyloid neuritic plaques, intraneuronal neurofibrillary
tangles and amyloid angiopathy.  About 25% of patients
with AD have one or more first-degree relatives with the
disease. Early-onset AD (EOAD), arising before the age
of 60, accounts for about 3% of cases.2 In contrast to AD
as a whole, about 60% of EOAD is familial, with 13% of

EOAD cases showing autosomal dominant inheritance.2

The clinical characteristics of familial and non-familial
AD appear to be identical.3

Familial early-onset AD
Three single genes, PSEN1, PSEN2 and APP, are respon-
sible for the majority of cases of early-onset autosomal
dominant AD (Table 2). PSEN1 and PSEN2 encode the
proteins presenilin-1 and presenilin-2 respectively,
while APP encodes the amyloid beta precursor protein.
The three proteins are closely involved in AD pathogen-
esis: presenilins form the catalytic core of the gamma-
secretase enzyme complex that produces amyloid beta
from amyloid precursor protein. Mutations in PSEN1,
PSEN2 and APP increase the relative quantity of the
most pathogenic form of amyloid beta, Aβ-42.4

Mutations in PSEN1 account for about 65% of famil-
ial EOAD cases. Causative mutations are essentially fully
penetrant by age 70; 90% of individuals undergo disease
onset before the age of 60 and the mean age of onset is
35 with relatively rapid progression.2 While the identifi-
cation of a causative mutation in an affected patient is
sufficient to make the diagnosis, counselling of unaf-
fected individuals is more difficult. Ideally, an affected
family member should be tested first to confirm the
mutation in the family. Testing of presymptomatic indi-
viduals only predicts an individual’s lifetime risk of
developing AD but cannot predict age of onset, severity,
type of symptoms or rate of progression.5
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Disorder Gene (protein) Clinical test available

Alzheimer’s disease PSEN1 (presenilin-1) •

PSEN2 (presenilin-2)    •

APP (amyloid precursor protein) •

ApoE (apolipoprotein E)

Frontotemporal dementia MAPT (tau)   •

PGRN (progranulin)

VCP (valosin-containing protein)

CHMP2B (chromatin-modifying protein 2B)

Huntington’s disease IT15 (huntingtin)   •

Familial prion disease PRNP (prion protein)   •

CADASIL Notch3 (notch 3)   •

FBD BRI (integral membrane protein 2B)   

Table 1: Genetic causes of dementia.

Gene Percentage of familial cases Mean age at onset Comments

PSEN1 65% 35 Rapid progression. Fully penetrant by age 70.

PSEN2 < 2% 55 Slower progression. 95% penetrance.

APP
Mutation 15% 51 May show vascular pathology.

Duplication 8% 52 Strong association with cerebral amyloid angiopathy.

Table 2: Genetic causes of familial early-onset Alzheimer’s disease (EOAD). 
Familial EOAD accounts for less than 0.5% of all AD.

Abbreviations
AD - Alzheimer’s disease • CADASIL - Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy • 
CJD - Creutzfeld-Jakob disease • EOAD - Early-onset Alzheimer’s disease • FBD - Familial British dementia with angioid angiopathy • 
FTD - Frontotemporal dementia • fvFTD - frontal-variant frontotemporal dementia • HD - Huntington’s disease • 
LOAD - Late-onset Alzheimer’s disease • PrP - Prion protein
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Mutations in PSEN2 are rare, accounting
for less than 2% of cases of familial EOAD.
Age at onset tends to be later than in PSEN1-
associated AD, with a mean of 55 years.
Disease duration is longer and there is more
clinical overlap with the sporadic form of AD.
Penetrance is nearly complete (95%) but
there have been reports of individuals unaf-
fected over the age of 80.6 PSEN2 testing is
available clinically, but counselling should
warn that the onset is even more variable than
for PSEN1 mutations.

APP mutations account for around 15% of
familial EOAD cases. Clinical genetic testing
is not available for APP mutations but may be
performed on a research basis. The mean age
at onset is 51 years.2 Though most cases of AD
associated with APP mutations are typical,
there may be amyloid angiopathy causing vas-
cular features such as white matter infarcts.7

As well as within-gene mutations, APP dupli-
cations have recently been found to cause
early-onset AD with vascular features. Such
duplications, which appear to account for
about 8% of autosomal dominant EOAD, are
not detected by mutation screening and must
be sought specifically.8

Late-onset AD
Symptoms of AD begin after the age of 60 in
about 97% of cases. Late-onset (LOAD) is
referred to as AD type 2. Familial clustering is
found in about 25% of cases of (LOAD),
although only a small fraction are caused by
PSEN1, PSEN2 and APP mutations making
population genetic testing inadvisable.1 Only
one genetic locus, ApoE-ε4, has been consis-
tently shown to be associated with age-at-
onset in LOAD. Between 34 and 65% of indi-
viduals with AD carry at least one copy of the
ApoE-ε4 allele (rather than ε2 or ε3), which is
present in only about 25% of the population.
Most subjects homozygous for the ApoE-ε4
allele will develop AD by the age of 80, while
26-50% of heterozygotes will develop AD. The
presence of the ApoE-ε4 allele is moderately
specific for AD and a strong predictor of a
diagnosis of AD in a subject with memory
impairment. However, the risk of the ApoE-ε4
allele remains relative and open to distressing

misinterpretation and it is advised that test-
ing, though clinically available, should not be
used in asymptomatic individuals.

Frontotemporal dementia
Frontotemporal dementia (FTD) is the sec-
ond commonest cause of early-onset demen-
tia after AD. It is a neurodegenerative illness
encompassing three clinical syndromes char-
acterised by behavioural and language distur-
bance: frontal-variant FTD (fvFTD), progres-
sive non-fluent aphasia and semantic demen-
tia. There is also clinical overlap between FTD
and corticobasal degeneration, progressive
supranuclear palsy and motor neurone dis-
ease. Pathologically, FTD usually causes intra-
cellular inclusions that either are composed of
tau protein or are tau-negative, ubiquitin-
positive. 

Thirty to fifty percent of FTD patients have
a positive family history, with autosomal
dominant inheritance in 10-40%. About 18%
of those with autosomal dominant inheri-
tance are found to have mutations in the
MAPT gene encoding tau protein.9 Clinical
testing for MAPT mutations is available. Most
cases of FTD due to mutations affecting tau
result in either fvFTD or FTD with parkin-
sonism; primary language impairment is
unusual in such cases.10 Genetic causes of FTD
are summarised in Table 3.

Mutations in the PGRN gene, encoding
progranulin, were recently described as a
cause of ubiquitin-positive FTD.11

Interestingly, the intracellular inclusions in
progranulin-mutation cases of FTD contain
not progranulin, but TDP-43, a protein
involved in transcriptional regulation. The
link between progranulin and TDP-43 is not
yet known.12 Genetic testing for progranulin
mutations is not available clinically, but early
analyses suggest that progranulin mutations
are common in FTD, accounting for about
10% of cases overall, and 23% of those with a
positive family history.13

Several other genetic loci have been impli-
cated in rare subtypes of FTD but cannot yet
be tested for clinically.  Inclusion body
myopathy associated with Paget’s disease of
bone and frontotemporal dementia is caused

by mutations in VCP; mutations in CHMP2B
have been found in a large Danish FTD pedi-
gree; and FTD with motor neurone disease
has been linked to two separate loci on chro-
mosome 9.14

Huntington’s disease
Huntington’s disease (HD) is a fully penetrant
autosomal dominant disorder caused by CAG
triplet repeat expansions in the gene encoding
the huntingtin protein. It classically produces
a triad of chorea, dementia and behavioural
disturbance, but the phenotype is highly vari-
able and cognitive changes can precede the
movement disorder by several years. The
dementia of HD is usually of the subcortical-
frontal type, with impulsivity, irritability and
poor planning but normal memory. The
behavioural phenotype encompasses depres-
sion, anxiety, irritability and psychosis.15 HD
genetic testing is widely available and should
be accompanied by detailed genetic coun-
selling.

Familial prion disease
Familial prion diseases are caused by muta-
tions in the PRNP gene encoding the prion
protein (PrP). Abnormal PrP promotes the
conversion of normal PrP to the pathological
form, resulting in aggregation and spongi-
form neurodegeneration. The vast majority of
prion disease (about 80%) is sporadic, name-
ly sporadic Creutzfeld-Jakob disease (CJD).
Acquired forms (variant CJD) are rarer. About
10-15% of prion disease is familial.

Familial prion diseases were traditionally
classified into three forms: Gerstmann
–Straussler–Scheinker syndrome is charac-
terised by slowly progressive ataxia followed
by dementia; fatal familial insomnia causes
insomnia, hallucinations, autonomic dysfunc-
tion and motor impairment; and familial CJD
causes rapidly progressive dementia,
myoclonus and electroencephalographic
abnormalities. These clinical categories are
increasingly replaced by the general term
‘familial prion disease’, with specific muta-
tions identified by genetic testing. Over 30
different PRNP mutations have been
described: some cause specific phenotypes,
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Gene Percentage of autosomal dominant cases Comments

MAPT 18% Tau-positive cases. Associated with frontal variant or Parkinsonism.

PGRN 23% Tau-negative cases with TDP-43 protein inclusions.

VCP Rare Inclusion body myopathy, Paget’s disease and FTD

CHMP2B Rare Danish pedigree

Chromosome 9 loci Unknown FTD with motor neurone disease

Table 3: Genetic causes of frontotemporal dementia (FTD). Autosomal dominant cases account for 10-40% of FTD.

Patients with genetic dementia represent a small fraction of the
total dementia caseload, but possible genetic risk causes great
concern among patients and relatives
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others a broad range of abnormalities.16 PRNP
gene sequencing is available clinically.

Inherited vascular dementias
Cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoen-
cephalopathy (CADASIL) is caused by muta-
tions in Notch3. It is the most common genet-
ic cause of stroke and produces progressive
dementia with stepwise deteriorations, partic-
ularly in executive function, with onset in the
30s-60s. Dementia often precedes other
symptoms of stroke and 30-40% of subjects
also have migraine headaches. Magnetic reso-
nance imaging invariably reveals white matter
T2 hyperintensities and lacunar infarcts.

Clinical genetic testing identifies mutations in
90% of affected individuals. Skin biopsy, to
look for small vessel abnormalities, is reserved
for gene-negative cases.17

Familial British dementia with amyloid
angiopathy (FBD) also produces vascular
dementia but with progressive spastic tetra-
paresis and cerebellar ataxia. It is caused by
mutations in the BRI gene. Clinical genetic
testing is not available but it causes abnormal
MRI findings typical of vascular dementia. 

Conclusion
Dementia is a significant and increasing prob-
lem in neurology. Patients with dementia with
a clearly identifiable genetic cause represent a

small fraction of the total dementia caseload,
but possible genetic risk causes great concern
among patients and relatives. In the coming
years, we can expect clinical genetic tests to
become available for the genes discussed, as
well as the discovery of further causative and
modifying genes in dementia.

Knowledge of the genes causing the com-
mon dementia syndromes, their relative fre-
quencies and the associated clinical pictures is
useful in evaluating patients with dementia.

The consensus of expert advice is that
genetic testing should be avoided if a given
diagnosis is unlikely on clinical grounds and,
where performed, should always be preceded
by detailed, expert genetic counselling.1
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