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Dementia is primarily a phenomenon of
later life and, as life expectancy improves,
is becoming increasingly important in
epidemiological and health economic
terms. In general, the common, late-
onset disorders causing dementia tend to
be multifactorial in aetiology, while
early-onset dementia is rare and more
likely to follow Mendelian inheritance.
The genes responsible for a number of
these rare inherited forms have been
identified and progress made towards
uncovering those genes which influence
predisposition to the late-onset forms.
This article summarises the main causes
of dementia from a genetic viewpoint
and highlights some important issues
relating to genetic counselling and
testing for this group of disorders.

Huntington’s disease

Huntington’s disease (HD) is a progres-
sive neurodegenerative disorder, charac-
terised by a combination of motor
abnormalities, cognitive deficits and neu-
ropsychiatric problems. Inheritance is
autosomal dominant, so each child of an
affected individual (regardless of gender)
has a 50% risk of inheriting the gene. Age
at onset varies from early childhood to
old age, but most become symptomatic in
their fourth or fifth decade. Thus, most
affected individuals have completed their
families before discovering that they too
have the illness. The responsible mutation
is a (CAG)n triplet repeat, located in the
first exon of the gene which is expanded
in affected individuals.! The resulting
expanded polyglutamine sequence in the
huntingtin protein causes the accumula-
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tion of intranuclear inclusion bodies
(mutant protein fragments) in affected
neurones.” The age at onset of HD is
inversely proportional to the number of
repeats.

One unusual aspect of the inheritance
of HD is the phenomenon of anticipation
when the gene is paternally transmitted.
Some of the children of affected fathers
have an earlier onset of symptoms
because they have inherited a larger
expansion than their parent. This insta-
bility of the CAG expansion is also seen
with repeat lengths towards the upper
end of the normal range and is thought to
be the basis of new mutations emerging
in previously unaffected families.

Diagnosis

The diagnosis of HD is usually based on
the characteristic motor abnormalities in
an individual with a known family his-
tory. The involuntary movements usually
begin as abrupt, random movements of
short duration (chorea) affecting mainly
the distal extremities, but as the disease
progresses they tend to become more
proximal and increase in duration (dys-

tonia). Together with the involuntary
movements, there is progressive slowing
and impairment of voluntary movement
leading to clumsiness, gait abnormalities,
falls, dysarthria and dysphagia.’> In the
later stages there is often severe weight
loss, partly due to dysphagia but possibly
also to a generalised effect of the
abnormal gene product on mitochon-
drial function. Cognitive changes are
characterised by slowing of mental
activity, impaired attention and executive
dysfunction. The more variable and
non-specific neuropsychiatric manifesta-
tions include mood disturbances, irri-
tability and aggression, and a severe loss
of drive and motivation which progress
in tandem with the cognitive changes.?
The behavioural aspects of the condition
are often more distressing and disrup-
tive for patients and carers than either
the motor or cognitive manifestations,
but fortunately are more amenable to
symptomatic treatment.°

Genetic testing

It is normal practice to confirm the clin-
ical diagnosis with genetic testing, but it is
important to do so only in cases exhibit-
ing motor abnormalities consistent with a
diagnosis of HD to avoid the risk of inad-
vertent predictive testing (see below).
Genetic testing can be very useful in iso-
lated cases, for example when the patient
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was adopted or when both parents died
young from other causes. The differential
diagnosis of HD includes benign senile
chorea, chorea-acanthocytosis, dento-
rubral pallidoluysian atrophy and some
kinds of dominant spinocerebellar ataxia
(notably SCA 17).

Predictive testing. All cases of HD have the
same genetic cause so testing for the
mutation responsible is simple and inex-
pensive. The delayed onset means that
offspring of affected individuals have to
live with the knowledge of their 50% risk,
imposing a considerable psychological
burden given the almost uniquely
unpleasant nature of the condition. Some
at-risk individuals request genetic testing
to discover in advance whether they will
be affected (predictive or presymptomatic
testing), considering that the certainty of
a test result is preferable to continuing at
50% risk, even if the
unfavourable. There are, however, many
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potential disadvantages of such a deci-
sion, including the psychological effects of
an unfavourable result, the emotional
impact on the spouse and extended
family, and the potential for discrimina-
tion in the workplace or difficulty
obtaining life insurance.

There is general agreement that pre-
dictive testing should be provided only
after appropriate genetic counselling,
following ethical guidelines drawn up in
consultation with the lay organisations.®
Predictive testing does not appear to be
associated with an excess of serious
adverse consequences if these guidelines
are followed.” However, only a minority
of those at-risk actually proceed with
predictive testing after genetic coun-
selling, most choosing to live with the
uncertainty.?

Prenatal testing. Genetic testing can also
be performed prenatally by direct muta-
tion analysis of fetal DNA (obtained by
chorionic villus biopsy) or by prenatal
exclusion testing. In the latter, linked
genetic markers are used to determine
whether a fetus at 25% risk has received
from the at-risk parent the chromosome
inherited from its affected or unaffected
grandparent. Exclusion testing therefore
allows the couple concerned either to ter-

minate a pregnancy at 50% risk or to
continue a pregnancy at very low risk
without simultaneously undertaking a
predictive test on the at-risk parent. It
has recently become possible to combine
both these approaches with in vitro fertil-
isation in the form of pre-implantation
genetic diagnosis, removing the need to
terminate a high-risk pregnancy.

Alzheimer’s disease

The most common cause of dementia is
Alzheimer’s disease (AD). The preva-
lence is age-dependent: approximately
3% are affected by age 75, rising to
almost 50% in those over 85 years.’ It is a
primary neurodegenerative disorder of
the cerebral cortex. The diagnosis rests
on the presence of characteristic extracel-
lular deposits of amyloid (plaques) and
intracellular neurofibrillary tangles, and
can only be made with certainty at
autopsy.

Diagnosis

There is no completely reliable labora-
tory test for AD. In practice, the diag-
nostic criterial® are based on clinical
features and neuropsychological tests
indicating a dementia syndrome pre-
dominantly affecting memory, language,
perceptual skills and constructive abili-
ties. There is relative preservation of
social skills and personality, at least in the
early stages. These clinical features reflect
the predominance of neurodegeneration
in the parietal and posterior temporal
regions. It has recently been suggested
that the addition of functional imaging
techniques and selected biomarkers
might enhance the existing diagnostic
criteria.!!

Genetic mutations

To date, three genes have been associated
with autosomal dominant early-onset
Alzheimer’s disease (EOAD):

1 Missense mutations in the amyloid
precursor protein (APP) gene are
causative in up to 15% of autosomal
dominant families, with duplication
of the APP locus on chromosome 21
causing AD with associated cerebral
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amyloid angiopathy (CAA) in an
estimated 8% of families.!?

2 Patients with trisomy 21 also
develop premature AD with CAA in
their 40s and 50s due to gene dosage
effects.

3 The presenilin 1 (PSEN1) gene'® on
chromosome 14q is associated with
particularly early onset and is
estimated to account for up to 66%
of families manifesting dominant
inheritance,'* while mutations in the
PSEN2 gene on chromosome 1 is a
rare cause.!

Up to 30% of families with EOAD and
a pedigree consistent with dominant
inheritance do not have a mutation in
any of these three genes,'® suggesting that
other loci remain to be discovered.
Unlike HD, multiple mutations have
been identified in all three of these genes,
so predictive testing is possible only
where the mutation is already known in
the family. Testing is probably clinically
justified in the investigation of an
affected person only when there is
unequivocal early onset and a pedigree
suggesting dominant inheritance.

Susceptibility

Familial clustering is also seen with the
common, late-onset form (LOAD) due to
multiple genes each making a small con-
tribution to susceptibility. The risk of
developing LOAD for the offspring of an
affected person is three to four times the
general population risk at any given age
(ie a risk of ca 10% by age 75). Many
genes have been implicated as possible
susceptibility factors but the only one
firmly established to date is apolipopro-
tein E (ApoE). Relative to the common
€3 allele, possession of an &4 allele
increases the risk of LOAD at any given
age, while the €2 allele is protective.l”
€4 homozygotes surviving into their ninth
decade or beyond have a very high risk
of being affected. ApoE genotyping
is unsuitable for use as a predictive
genetic test because the probability of an
e4/e4 homozygote developing AD before
the average life expectancy is about
40-50%, thus increasing rather than
decreasing uncertainty.
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Dementia with Lewy bodies

The onset of dementia with Lewy bodies
(DLB) is usually in the sixth or seventh
decade. It is distinguished clinically from
AD by the presence of prominent visual
hallucinations, marked fluctuations in
cognitive function, sensitivity to neuro-
leptic medication and associated parkin-
sonism.!® Lewy bodies are distributed
widely throughout the brain (in contrast
to Parkinson’s disease (PD) where they
are mainly subcortical), often in associa-
tion with the plaques and tangles of AD.
Autosomal dominant inheritance can
occur. In some families DLB is caused by
mutations in the alpha-synuclein (SNCA)
and beta-synuclein (SNCB) genes, both of
which are also associated with familial
PD. The &4 allele of ApoE is also thought
to increase susceptibility.

Frontotemporal lobar
degeneration

Another primary degenerative disorder
of the cerebral cortex is frontotemporal
lobar degeneration (FTLD). The clinical
picture varies depending on the precise
anatomical localisation of the neurode-
generative changes, but the predominant
features are personality and behavioural
changes (apathy or disinhibition), with
impaired executive function and lan-
guage. Three broad clinical presentations
are recognised:

e frontotemporal dementia

e progressive aphasia, characterised by
impaired speech production without
loss of comprehension, and

e semantic dementia, where the
meaning of words and ability to

name objects is lost.!”

Depending on the nature of associated
neuronal inclusions, cases may be
categorised as:

e ubiquitin-positive
e tau-positive (Pick bodies), or
e lacking distinctive histology.

This classification does not correspond
clearly to distinct clinical presentations.
Ubiquitin-positive cases are sometimes
associated with motor neurone disease,
while parkinsonism may be a feature of
those with tau pathology.
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Genetic mutations

Up to 60% of patients with FTLD have a
positive family history, usually consistent
with autosomal dominant inheritance.?’
Two genes on chromosome 17 account
for many of these dominantly inherited
families. Tau-positive cases are associated
with missense or splice site mutations in
the gene encoding microtubule-associ-
ated protein tau,?! while families with the
ubiquitin-positive form have mutations
in the progranulin gene.?? Two other
genes on chromosome 3 and 9 account
for a small number of additional families.

CADASIL

The onset of cerebral autosomal dominant
arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) is usu-
ally in the third decade, with complete
penetrance by the age of 40. Clinical fea-
tures may include migraines, neuropsy-
chiatric manifestations, seizures, recurrent
strokes, progressive dementia, gait abnor-
malities and pseudobulbar palsy.
Characteristic changes are seen in the
anterior frontal and temporal lobes and
in subcortical structures on magnetic
resonance imaging. CADASIL is caused
by mutations in the NOTCH3 gene on
chromosome 19.%

Conclusions

Other causes of dementia than those dis-
cussed above include the prion diseases,
PD, and multi-infarct dementia, all of
which are subject to some degree of
genetic susceptibility. Diagnosis is crucial
for accurate genetic counselling, but the
vast majority of those seeking genetic
counselling for a family history of
dementia face the relatively reassuring
risks associated with multifactorial
rather than single-gene inheritance.

References

1 A novel gene containing a trinucleotide
repeat that is expanded and unstable on
Huntington’s disease chromosomes. The
Huntington’s Disease Collaborative
Research Group. Cell 1993;72:971-83.

2 Davies SW, Turmaine M, Cozens BA et al.
Formation of neuronal intranuclear

11

inclusions underlies the neurological
dysfunction in mice transgenic for the

HD mutation. Cell 1997;90:537—48.
Kremer B. Clinical neurology of
Huntington’s disease. In: Bates G, Harper P,
Jones L (eds), Huntington’s disease, 3rd edn.
Oxford: Oxford University Press, 2002:
28-61.

Craufurd D, Snowden JS. Neuro-
psychological and neuropsychiatric aspects
of Huntington’s disease. In: Bates G,
Harper P, Jones L (eds), Huntington’s
disease, 3rd edn. Oxford: Oxford University
Press, 2002:62-94.

Craufurd D, Thompson JC, Snowden JS.
Behavioral changes in Huntington disease.
Neuropsychiatry Neuropsychol Behav Neurol
2001;14:219-26.

Guidelines for the molecular genetics
predictive test in Huntington’s disease.
International Huntington Association
(IHA) and World Federation of Neurology
(WEN) Research Group on Huntington’s
Chorea. Neurology 1994;44:1533-6.
Almgvist EW, Bloch M, Brinkman R,
Craufurd D, Hayden MR. A worldwide
assessment of the frequency of suicide,
suicide attempts, or psychiatric
hospitalization after predictive testing for
Huntington disease. Am J Hum Genet 1999;
64:1293-304.

Harper PS, Lim C, Craufurd D. Ten years
of presymptomatic testing for Huntington’s
disease: the experience of the UK
Huntington’s Disease Prediction
Consortium. | Med Genet 2000;37:567—71.
Evans DA, Funkenstein HH, Albert MS

et al. Prevalence of Alzheimer’s disease in a
community population of older persons.
Higher than previously reported. JAMA
1989;262:2551-6.

McKhann G, Drachman D, Folstein M

et al. Clinical diagnosis of Alzheimer’s
disease: report of the NINCDS-ADRDA
Work Group under the auspices of
Department of Health and Human Services
Task Force on Alzheimer’s Disease.
Neurology 1984;34:939—-44.

Dubois B, Feldman HH, Jacova C et al.
Research criteria for the diagnosis of
Alzheimer’s disease: revising the NINCDS-
ADRDA criteria. Lancet Neurol 2007;6:
734-46.

Rovelet-Lecrux A, Hannequin D, Raux G
et al. APP locus duplication causes
autosomal dominant early-onset Alzheimer
disease with cerebral amyloid angiopathy.
Nat Genet 2006;38:24—6.

Sherrington R, Rogaev EI, Liang Y et al.
Cloning of a gene bearing missense
mutations in early-onset familial
Alzheimer’s disease. Nature 1995;375:
754-60.

Raux G, Guyant-Maréchal L, Martin C

et al. Molecular diagnosis of autosomal
dominant early onset Alzheimer’s disease:
an update. ] Med Genet 2005;42:793-5.

Clinical Medicine Vol 8 No 6 December 2008
© Royal College of Physicians, 2008. All rights reserved.



15

16

17

18

19

20

21

22

23

Levy-Lahad E, Wijsman EM, Nemens E
et al. A familial Alzheimer’s disease locus

on chromosome 1. Science 1995;269:970-3.

Campion D, Dumanchin C, Hannequin D
et al. Early-onset autosomal dominant
Alzheimer disease: prevalence, genetic
heterogeneity, and mutation spectrum.
Am ] Hum Genet 1999;65:664—70.

Corder EH, Saunders AM, Strittmatter W]
et al. Gene dose of apolipoprotein E type 4
allele and the risk of Alzheimer’s disease in
late onset families. Science 1993;261:921-3.
McKeith IG, Galasko D, Kosaka K et al.
Consensus guidelines for the clinical and
pathologic diagnosis of dementia with
Lewy bodies (DLB): report of the
consortium on DLB international
workshop. Neurology 1996;47:1113-24.
Neary D, Snowden JS, Gustafson L et al.
Frontotemporal lobar degeneration: a
consensus on clinical diagnostic criteria.
Neurology 1998;51:1546-54.

Goldman JS, Farmer JM, Wood EM et al.
Comparison of family histories in FTLD
subtypes and related tauopathies.
Neurology 2005;65:1817-9.

Hutton M, Lendon CL, Rizzu P et al.
Association of missense and 5'-splice-site
mutations in tau with the inherited
dementia FTDP-17. Nature 1998;393:
702-5.

Baker M, Mackenzie IR, Pickering-Brown
SM et al. Mutations in progranulin cause
tau-negative frontotemporal dementia
linked to chromosome 17. Nature 2006;
442:916-9.

Joutel A, Corpechot C, Ducros A et al.
Notch3 mutations in CADASIL, a
hereditary adult-onset condition causing
stroke and dementia. Nature 1996;383:
707-10.

CME Genetics

Acute presentations of inherited

Philip J Lee DM FRCP, Reader in Metabolic Medicine

Robin H Lachmann PhD MRCP, Consultant in Metabolic Medicine

Charles Dent Metabolic Unit, The National Hospital for Neurology and Neurosurgery, Queen

Square, London

Clin Med 2008;8:621-24

It has been over a century since Sir
Archibald Garrod first recognised the
existence of inherited metabolic diseases
(IMD).! Technological and scientific
advances have gradually led to greatly
increased understanding of their aeti-
ology and pathogenesis, and have ulti-
mately resulted in effective therapies.
Treatment has dramatically altered the
natural history of metabolic disorders.
Examples include:

e the phenylalanine-restricted diet for
phenylketonuria?

e uncooked cornstarch for the hepatic

glycogenoses®

e cobalamin for vitamin B12-
responsive methylmalonic acid*

e nitisinone for tyrosinaemia
type 1°

e enzyme replacement therapy for
Gaucher disease.®

Not only can more than ever before be
done today for patients but, as laboratory
technology improves, more individuals
with IMD are being diagnosed. Thin layer
chromatography, high-peformance liquid
chromatography, gas chromatography-
mass spectrometry and tandem mass
spectrometry (TMS) have successively led
to easier screening (both primary and
secondary), making diagnoses that were
previously missed.

Paediatric metabolic medicine has
achieved its aims:

e to prevent untreatable disease with
genetic counselling and antenatal
testing

e the provision of effective therapy to
children with IMDs so that they can
survive childhood and integrate into
society.
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Affected individuals can also present
for the first time in adulthood. It is
important for clinicians working in the
adult sector to be aware of these disor-
ders, not only to manage survivors of
childhood but also to recognise patients
presenting in adulthood. This article
describes some acute clinical scenarios in
which IMDs need to be considered. As
they are genetic diseases, missing the
diagnosis may have implications both for
the affected individuals and for their
families.

Encephalopathy/coma

IMD is high in the differential diagnosis
when infants present with encephal-
opathy, but in adult medicine the
emphasis tends to be on acquired condi-
tions such as infection or poisoning.
Even though most patients will have
blood glucose and arterial blood gas
measured, hypoglycaemia and acidosis
are often (and often rightly) thought to
be secondary features and are treated but
not investigated further. It is important
to remember that in the unconscious
patient metabolic disturbance can some-
times be the primary cause.

In any patient with metabolic acidosis,
it is important to calculate the anion gap.
A raised anion gap suggests the presence
of an abnormal metabolite and needs
further investigation. Measuring plasma
lactate or detecting urinary ketones by
dipstick will often be helpful. Plasma
ammonia concentrations should be
readily available in all acute settings but
are rarely measured on the adult inten-
sive therapy unit. They should form part
of the assessment of any unconscious
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