
Chapter 1
Clinical Features of Huntington’s Disease

Rhia Ghosh and Sarah J. Tabrizi

Abstract Huntington’s disease (HD) is the most common monogenic neurode-
generative disease and the commonest genetic dementia in the developed world.
With autosomal dominant inheritance, typically mid-life onset, and unrelenting
progressive motor, cognitive and psychiatric symptoms over 15–20 years, its
impact on patients and their families is devastating. The causative genetic mutation
is an expanded CAG trinucleotide repeat in the gene encoding the Huntingtin
protein, which leads to a prolonged polyglutamine stretch at the N-terminus of the
protein. Since the discovery of the gene over 20 years ago much progress has been
made in HD research, and although there are currently no disease-modifying
treatments available, there are a number of exciting potential therapeutic develop-
ments in the pipeline. In this chapter we discuss the epidemiology, genetics and
pathogenesis of HD as well as the clinical presentation and management of HD,
which is currently focused on symptomatic treatment. The principles of genetic
testing for HD are also explained. Recent developments in therapeutics research,
including gene silencing and targeted small molecule approaches are also discussed,
as well as the search for HD biomarkers that will assist the validation of these
potentially new treatments.
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1.1 Introduction

Huntington’s disease (HD) is one of the most common causes of dominantly inherited
neurodegenerative disease [1]. There is typically adult onset, with irreversible pro-
gression of motor, psychiatric and cognitive symptoms over 15–20 years, followed
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by death [2]. The condition was first described in the USA by George Huntingtin in
1872, himself a newly qualified doctor at the time, and his original descriptions of the
disease remain true today.

As yet there are still no disease modifying treatments available, but an intensive
international research effort is underway with many clinical trials currently
on-going. In this chapter we will first cover the epidemiology, genetics, and
pathogenesis of HD and then discuss clinical aspects of the disease and the latest
developments in HD therapeutics research.

1.2 Epidemiology

The prevalence of HD had been thought to be 4–10/100,000 in Western populations
[3], though a more recent study in the UK suggests a figure of 12.3/100,000 [4].
The true prevalence of HD may have been underestimated in the past due to the
stigma that has traditionally been attached to the diagnosis; in recent centuries,
sufferers have even been accused of witchcraft, pressuring families into hiding the
condition [5]. The wider availability of genetic testing may also have contributed to
an apparent increase in disease prevalence [6].

The disease is thought to have migrated from North-West Europe to other parts
of the world, and there is global variation in prevalence, with naturally low rates in
Japan, Hong Kong and Taiwan [7]. One of the highest rates of HD occurs in
Venezuela where communities living near the edge of Lake Maracaibo see a
prevalence of 700/100,000 people. It was in this population that genetic linkage
studies led to the discovery of the causative genetic mutation in HD [8, 9].

1.3 Genetics of Huntington’s Disease

HD is a single-gene disorder with autosomal dominant transmission and so the
presence of the mutation on either allele leads to the disease. Therefore an affected
parent has a 50% chance of passing it on to their child. The mutation is an expanded
CAG triplet repeat near the start of exon 1 of the Huntingtin gene (HTT), which lies
on the short arm of chromosome 4. On translation, this leads to the presence of a
polyglutamine (polyQ) stretch at the N-terminus of Huntingtin protein (HTT).

The wild-type gene carries 10–35 CAG repeats, with a mean value of 18 CAG
repeats across the population (although this mean value is greater in populations
with higher disease prevalence) [7, 10]. The mutation is fully penetrant at 40 or
more repeats. Between 36 and 39 repeats there is reduced penetrance; carriers may
develop HD symptoms in later life or not at all [11]. HTT with 27–35 CAG repeats
is referred to as an “intermediate allele”.

Intermediate alleles in the general population are thought to arise from stepwise
expansion of the CAG repeat over many generations. People who inherit

2 R. Ghosh and S. J. Tabrizi



intermediate length alleles have long been thought to be unaffected, but a beha-
vioural phenotype has now been identified in this group [12]. During meiosis it is
possible for intermediate alleles to expand further, leading to offspring who may
carry a disease gene with 36 or more repeats. The risk of this is as high as 21% for
those with 35 CAG repeats [13].

This intrinsic instability of the CAG repeat during meiosis especially affects the
disease gene, leading to expansions (and sometimes contractions) in repeat length
inherited by successive generations [14]. As longer CAG repeat length correlates
with earlier age of onset, symptoms may develop at progressively younger ages as
the condition is passed down the family tree. This is known as anticipation. Due to
differences between spermatogenesis and oogenesis this is more likely to occur
when transmission occurs through the paternal bloodline [15]. In rare cases large
increases in CAG repeat length above 55 can occur, leading to Juvenile HD (JHD),
when the age of onset is less than 20 years old. 90% of JHD cases result from
paternal inheritance [16, 17].

As with all genetic conditions a detailed family history is essential to help make
a correct diagnosis. However 6–8% of patients with newly diagnosed HD have no
family history [18]. As mentioned above, de novo mutations may arise from
intermediate length alleles, leading to sporadic cases. Seemingly sporadic cases may
occur following non-paternity, misdiagnosis in prior generations, or when deaths of
family members occur from other causes before development of neurological
symptoms thus masking the presence of the HD gene.

1.3.1 Effect of CAG Repeat Length on Disease Phenotype

Disease onset is defined clinically as the presence of unequivocal extrapyramidal
motor signs suggestive of HD. In typical mid-life onset HD with CAG repeat 40–55,
the length of the CAG repeat accounts for *56% of the variability in age at motor
onset [19]. A recent genome-wide association (GWA) study has identified genes
involved in DNA handling and repair mechanisms, includingMLH1, as contributing
to further variation in the age of disease onset [20]. Remaining variation is likely
determined by other genetic and environmental modifiers [21].

Taking into account the CAG repeat length as well as the number of disease free
years already lived, a conditional probability model was developed by Langbehn
et al. which is able to estimate the chance of on-going disease free survival over a
number of years [22, 23]. However, models based on population data cannot be
applied in a one-to-one clinical setting and it is not possible to accurately predict an
individual’s age of onset of disease from their CAG repeat length.

Patients often experience psychiatric and cognitive symptoms, as well as very
subtle motor disturbances for many years before their official disease onset. CAG
repeat length correlates much less strongly with age of onset of psychiatric symp-
toms, but does show some correlation with rate of disease progression [24, 25]. The
duration of disease from diagnosis to death is independent of CAG repeat length.
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1.4 Pathogenesis of Huntington’s Disease

Huntingtin is a large 350 kDa protein comprised of multiple repeated units of 50
amino acids, termed HEAT repeats, which assemble into a superhelical structure
with a hydrophobic core. Compared to the wild-type protein, the mutant protein
contains an expanded polyglutamine stretch starting at residue 18 [26]. This triggers
a pathogenic cascade, with both cell autonomous and non-cell autonomous
mechanisms involved which are summarised in Table 1.1.

Table 1.1 Pathogenic mechanisms in Huntington’s disease

Mechanism Role of mutant Huntingtin

Proteolysis and generation of
mHTT fragments

Multiple lines of evidence support the “toxic fragment
hypothesis” that proteolytic cleavage of mutant HTT liberates
toxic N-terminal fragments containing the expanded polyQ
tract, which contribute to cell death through accumulation and
additional activation of further proteolytic caspases [27]. HTT
is cleaved by multiple proteases including caspases, calpains,
cathepsins and matrix metalloproteases (MMPs), and mutant
HTT fragments have been detected in many animal models
[28]. Recent evidence also raises the possibility that these
short N-terminal fragments may arise from alternative splicing
of exon 1 of HTT [29], and mHTT exon 1 fragments cause
neurodegeneration in HD model systems [30, 31]

Inclusion formation Intranuclear inclusions of mutant HTT are a pathognomic
feature of HD. Inclusions also form in the cytoplasm,
dendrites and axon terminals, though to a lesser extent.
Inclusions are heterogeneous population comprising different
forms of mHTT [32], and their definitive role (whether toxic
or protective) has not yet been established [33]

Post-translational modification
of mHTT

HTT undergoes extensive post-translational modification at
multiple sites through phosphorylation, SUMOylation,
acetylation, ubiquitination and palmitoylation. All these
modifications can exert an effect on mHTT pathogenicity, but
their full significance, interdependence and exact role in any
pathogenic mechanism remains largely unknown [28]

Loss of neurotrophin (BDNF)
support

There is loss of brain-derived neurotrophic factor (BDNF)
support from cortico-striatal projections, as mHTT is known
to interfere with both the expression and trafficking of BDNF
that promotes survival of striatal neurons [34]

Transcriptional dysregulation Transcriptional dysregulation occurs before symptom onset in
HD, and affects a large number of different transcription
factors and regulatory DNA target sequences (e.g. the
CREB-binding protein (CBP) [35] and repressor element 1
transcription factor (REST) [36]). This has been confirmed by
DNA microarray studies [37]. Mutant HTT has also been
shown to inhibit histone acetyltransferase activity, thus leading
to the condensation of chromatin and a downregulation of gene
transcription. This paves the way for histone deacetylase
(HDAC) inhibitors as a potential therapy [38]

(continued)
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Table 1.1 (continued)

Mechanism Role of mutant Huntingtin

Inflammation Microglial activation has been demonstrated in HD patients,
both in manifest [39] and premanifest disease [40]. Recent
evidence suggests that this is at least in part a cell-autonomous
effect, as microglia that express mHTT have been shown to
have enhanced transcription of pro-inflammatory factors [41].
A peripheral inflammatory response has also been shown with
raised levels of pro-inflammatory cytokines found in blood
samples of manifest and premanifest HD patients [42]

Trans-neuronal spread Recently evidence for the non-cell autonomous,
trans-neuronal spread of mHTT has come to light. mHTT was
shown to spread to wild-type human neurons within an HD
mouse model. This was blocked by botulinum neurotoxins,
suggesting the involvement of synaptic machinery [43].
Furthermore, post-mortem studies of HD patients who have
received experimental treatment with neural stem cell
transplantation have revealed the presence of huntingtin
inclusions in the grafted donor tissue [44]

Cytoskeleton signalling and
vesicular trafficking

Through its interactions with huntingtin-associated protein 1
(HAP1), huntingtin-associated protein of 40 kDa (HAP40)
and dynein, HTT regulates vesicle transport and recycling
[45]. Expression of mHTT disrupts this transport, including
vesicular trafficking of BDNF [46, 47]. mHTT aggregates can
also physically obstruct subcellular transport due to their large
size [48]

Mitochondrial dysfunction Mutant HTT affects the axonal transport of mitochondria and
also has a direct effect on mitochondrial function.
Mitochondrial calcium handling is impaired, and transcription
of nuclear genes responsible for the proper functioning of this
organelle is affected, leading to impaired respiration [49]. An
increase in mitochondrial DNA mutations has also been found
in neurons from the cortex of HD patients [50]

Excitotoxicity Injection of quinolinic acid (an NMDA receptor agonist) into
the striatum of mouse models recapitulates many aspects of
the HD phenotype [51]. In addition it has now been shown
that alterations in glutamatergic signalling occur through
changes in glutamate release [52], overactivity of glutamate
receptors [53], decreased levels of glutamate transporters and
reduced glutamate uptake [54]. Increased MSN excitability
has also been shown to result from decreased potassium
channel expression in mHTT expressing astrocytes [55]

Clearance of mHTT Two major cellular pathways for degradation of misfolded
proteins are the ubiquitin-proteasome system (UPS) and
autophagy. Impairment of the UPS has been noted in HD
mouse models and human post-mortem brain tissue [56]. In
addition, mHTT can interfere with target recognition and
impair autophagic clearance [57, 58]

Somatic instability of CAG
repeat

CAG repeat expansion in germline cells has already been
described, and can result in cases of juvenile HD. Somatic
expansion has also been shown to occur in the human striatum
[59] and is associated with younger onset, thus may contribute
to disease pathogenesis [60]. Impairment of DNA repair
pathways has been implicated in this [61]
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Ultimately there is massive striatal degeneration in the patient brain, as revealed
by post-mortem studies. Up to 95% of the GABAergic medium spiny neurons
(MSNs) that project to the globus pallidus and substantia nigra are lost, and there is
atrophy (though less so) of the cerebral cortex, subcortical white matter, thalamus
and hypothalamic nuclei [27].

1.5 Clinical Aspects of Huntington’s Disease

Huntington’s disease is characterized by a triad of progressive motor, cognitive and
psychiatric symptoms. The average age of onset is 45 years and the disease is fatal
after 15–20 years [62].

1.5.1 Natural History and Disease Progression

As mentioned above, onset of “manifest” HD is said to occur when patients develop
definitive motor signs suggestive of HD, which have no other explanation.
However prior to this, patients may have a “prodromal” phase of HD for many
years, during which subtle motor signs, psychiatric or cognitive symptoms may be
present. The TRACK-HD study found differences in speeded tapping (a fine motor
task) over 36 months between control and premanifest patients who were predi-
cated to be over 10.8 years from disease onset. During this time a corresponding
change in neurobiology, with loss of corticostriatal connectivity and striatal atro-
phy, is seen (Fig. 1.1).

Prior to development of manifest HD, patients who carry the HD gene mutation
are referred to as “premanifest”. Around 10–15 years before disease onset, pre-
manifest individuals are indistinguishable from controls. However as disease onset
approaches, patients are no longer completely asymptomatic and so the term “pe-
rimanifest” disease is used by clinicians to describe patients who are suffering from
prodromal HD symptoms, and are thought to likely develop the concrete motor
signs of manifest HD in the near future (Fig. 1.2).

1.5.1.1 Rating Scales and Disease Progression

The Unified HD Rating Scale (UHDRS) is comprised of motor, cognitive, beha-
vioural, emotional and functional components and is the most common rating scale
for HD [65]. It is widely utilised in HD research, and some of its component parts
are also useful in a clinical setting. The total motor score (TMS) subscale is helpful
in diagnosing disease onset; based on the score and their overall clinical impression,
the clinician assigns a diagnostic confidence score (DCS) between 0 and 4, which
reflects their belief that the motor signs are representative of HD.
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Fig. 1.1 Parametric maps showing regions with statistically significant atrophy in grey and white
matter at baseline, 12- and 24 months (from left to right in each frame). PreHD-A and preHD-B
are premanifest Huntington’s disease gene carriers with estimated time to clinical disease onset
greater than and less than 10.8 years, respectively. HD1 and HD2 are patients with early manifest
disease who have no functional impairment and mild functional impairment, respectively. The
striatum is affected early on, with more widespread atrophy at later stages. Adapted from Tabrizi
et al. [63] from Elsevier publishing group
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Fig. 1.2 Natural history of clinical Huntington’s disease. Adapted from Ross et al. [64] from
Nature Publishing Group

1 Clinical Features of Huntington’s Disease 7



Diagnosis of disease onset can be a difficult and emotional time for patients and
their families, as they are faced with the prospect of inevitable decline, and will
have often witnessed other family members suffering the same fate. There are also
implications for patients in terms of their employment, insurance and driving, the
exact rules of which will vary between countries.

Following disease onset, there is progression through five disease stages, orig-
inally described by Shoulson and Fahn (Table 1.2). These stages also correspond to
Total Functional Capacity (TFC) subscale score of the UHDRS, which is based on
the same functional domains. In a clinical setting, the more general terms of early,
moderate and advanced disease are used (Table 1.3).

1.5.2 Clinical Presentation

HD displays much clinical heterogeneity, even within families, in terms of the
balance of motor, cognitive and psychiatric features that predominate.

Motor symptoms are comprised of both involuntary movements, seen in
early-moderate stage typical adult onset disease, and impaired voluntary movement
seen in more advanced stages. Chorea is one of the most striking features, and is

Table 1.2 The Shoulson-Fahn Staging system

Stage
of
disease

Engagement
in
occupation

Capacity to
handle
financial
affairs

Capacity to
manage domestic
responsibilities

Capacity to
perform activities
of daily living

Care can be
provided
at…

I Usual level Full Full Full Home

II Lower level Requires
slight
assistance

Full Full Home

III Marginal Requires
major
assistance

Impaired Mildly impaired Home

IV Unable Unable Unable Moderately
impaired

Home or
extended
care facility

V Unable Unable Unable Severely
impaired

Total care
facility

Table 1.3 The Total
Functional Capacity
(TFC) score and its
relationship to Shoulson-Fahn
stages and clinical descriptors

Total Functional Capacity (TFC) Stage

Early 11–13 I

7–10 II

Moderate or mid 4–6 III

Advanced or late 1–3 IV

0 V
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defined as short-lived, involuntary, excessive movements, which are
semi-purposeful. Chorea progresses from occasional, low amplitude twitches of the
face and extremities to constant, large amplitude movements of the entire body.
Head turning, eye closure and tongue protrusion occur following activation of facial
and neck muscles and back extension results from involvement of axial muscle
groups. Chorea may not always bother the patient, even when quite severe. It can
however cause problems with writing, eating and maintaining balance.

Other motor features include dystonia, myoclonic jerks and tics. Dystonia is the
most common of these and is caused by inappropriate, sustained muscle contrac-
tions that lead to abnormal postures such as torticollis (neck turning) and opis-
thotonos (back arching).

As disease progresses, bradykinesia, akinesia, rigidity and impaired postural
reflexes dominate. This can cause particular problems with gait and falls, especially
on uneven terrain. Motor symptoms can also rapidly deteriorate in the event of
intercurrent infections, stress and anxiety, but with appropriate treatment, this is
usually temporary.

Cognitive symptoms are universal in HD. Subtle cognitive impairments may
occur years before disease onset [66], and can progress to frank subcortical and
frontal dementia in advanced disease. The TRACK-HD study found early deficits in
visual attention, psychomotor speed, and visuomotor and spatial integration [25],
though patients themselves are often unaware of any problems. Executive dys-
function, with development of concrete thinking is very common. Other cognitive
problems include general slowing and impaired short-term memory.

Psychiatric symptoms affect a large proportion of patients; depression is the most
common feature, which has a prevalence of 40% in HD patients [67]. Anxiety is the
second most common psychiatric condition. Neither depression nor anxiety relate to
disease stage and can occur in premanifest HD [68]. Apathy, which is characterised
by a general loss of interest, difficulty with initiating activities and passive beha-
viour, is a common and disabling symptom that is related to disease stage and
worsens over time. It has been shown to be a significant predictor of functional
decline [25], and is resistant to medication.

Other psychiatric symptoms include irritability and aggression, obsessive,
compulsive thoughts and behaviours, and more rarely, psychosis in later stages.
Hyper- and hyposexuality can be a problem in early and late HD respectively [69].

Suicide is the second most common cause of death in HD [70]. Risk of this is
highest when premanifest patients start to develop manifest disease, and again when
loss of independence starts to occur in advanced HD. In a study of 4171 HD
patients, 10% had made a previous suicide attempt, and 17.5% had been affected by
suicidal thoughts [71]. Risk factors include depression and impulsivity [72].

1.5.2.1 Other Neurological Symptoms

In addition to the triad of characteristic motor, cognitive and psychiatric symptoms
described above, patients may have problems with their speech, swallowing and

1 Clinical Features of Huntington’s Disease 9



sleep. Speech difficulties arise from a combination of dysarthria (from incoordi-
nation of the tongue and orofacial muscles) and word finding difficulties. In
advanced disease, some patients may develop complete anarthria. Swallowing
problems also result from incoordination of oral and pharyngeal muscles, and can
lead to choking episodes and, in severe cases, aspiration pneumonia.

Sleep disturbance may result from primary dysfunction of circadian rhythms,
leading to reversal of the sleep-wake cycle [73]. Low mood, anxiety and night-time
chorea also contribute to insomnia and can significantly impair quality of life.

1.5.2.2 Peripheral Symptoms

HD is primarily a disease of the central nervous system (CNS) but cells throughout
the body express Huntingtin protein, and consequently, a range of systemic
symptoms are seen in HD [74]. Severe weight loss, secondary to an underlying
catabolic state, is common and may lead to cachexia. This may begin during
prodromal HD, and HD patients usually have very high calorie requirement in order
to simply maintain their weight. There is an association between higher body mass
index at disease onset and slower rate of disease progression [75].

Other peripheral symptoms include osteoporosis and skeletal muscle atrophy.
Heart failure occurs in 30% of patients (compared to 2% of age-matched controls)
[70]. Endocrine dysfunction in the form of impaired glucose tolerance, hypothy-
roidism and low male testosterone levels, also occurs. Testicular atrophy with
abnormal seminiferous tubules and reduced numbers of germ cells is noted, but
does not affect fertility.

1.5.2.3 Juvenile Huntington’s Disease (JHD)

As mentioned previously, JHD is defined by an age of onset less than 20 years old,
and generally arises in those who have inherited >55 CAG repeats [76]. The
clinical presentation differs from adult onset disease in that rigidity, bradykinesia
and akinesia are present from the outset, with fewer hyperkinetic movements.
Seizures occur in 30–50% of patients and there may be learning difficulties and
behavioural issues whilst at school [76]. This rigid phenotype of HD is also known
as the Westphal or akinetic-rigid variant (on rare occasions, adult onset disease may
present with this form).

1.5.3 Diagnosis and Investigations

Clinical findings including definite motor signs, combined with a family history
suggestive of autosomal dominant transmission are suggestive of the diagnosis,
which is confirmed through genetic testing to determine CAG repeat length [77]. As
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mentioned above, in some cases a family history is absent, so a high index of
suspicion is required if the clinical picture is otherwise consistent with HD. MRI
and CSF testing do not currently play a role in the diagnosis of HD, other than to
rule out alternative diagnoses.

Around 1% of patients who are thought to have HD, subsequently test negative
for the HD gene mutation. These patients may have different underlying genetic
mutations that are collectively known as “HD phenocopies” [78]. The most com-
mon cause is the C9orf72 hexanucleotide repeat expansion mutation, which is also
a major cause of sporadic and familial frontotemporal lobar degeneration and
amyotrophic lateral sclerosis [79]. Known causes of HD phenocopies are shown in
Table 1.4. In the majority of cases however, the diagnosis remains unknown.

Table 1.4 Diseases that can manifest as HD phenocopies, and their corresponding genetic cause

Disease Mutation

Familial amyotrophic lateral sclerosis
(ALS) and frontotemporal dementia (FTD)

C9orf72—hexanucleotide repeat expansion in
chromosome 9 open reading frame 72 protein

Huntington’s disease like syndrome (HDL) 1 PRNP—octapeptide insertion in gene
encoding prion protein

HDL2 JPH3—triplet repeat expansion in gene
encoding junctophilin-3

HDL3 Causative mutation as yet unknown

Spinocerebellar ataxia (SCA) 17 (HDL4) TBP—triplet repeat expansion in gene
encoding TATA-box binding protein

SCA1/2/3 ATXN 1/2/3 0 triplet repeat expansion in gene
encoding Ataxin-1/2/3 respectively

Dentatorubral-pallidoluysian atrophy
(DRPLA)

ATN1—triplet repeat expansion in gene
encoding atrophin-1

Chorea-acanthocytosis VPS13A—mutation in gene encoding chorein

McLeod Syndrome XK—mutation in XK gene on
X-chromosome, encoding a supporting
protein for Kell antigen on surface of red
blood cell

Neuroferritinopathy (NBIA2) PLA2G6—mutation in gene encoding ferritin
light chain

Neurodegeneration with brain iron
accumulation (NBIA1) or
Pantothenate-kinase associated
Neurodegeneration (PKAN)

PANK2—mutation in gene encoding
pantothenate kinase 2

Inherited prion disease PRNP—mutations in gene encoding prion
protein

Friedreich’s ataxia FXN—triplet repeat expansion in gene
encoding frataxin
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1.5.4 Management of HD

A multidisciplinary approach involving neurologists, psychiatrists, general practi-
tioners, physiotherapists, occupational therapists, speech and language therapists,
dieticians and nurses, is required for the management of HD [80]. This is best
achieved through specialist HD clinics, where representatives from local HD sup-
port groups can also attend to give help with practical, emotional and social matters.
Such clinics are also useful for recruiting patients into research studies or clinical
trials if appropriate; taking part in research can be of great psychological benefit to
patients and their carers.

1.5.4.1 Drug Treatments

Although there are no disease-modifying treatments available currently, there are
medications to alleviate symptoms [81, 82].

Chorea may not always require treatment as it often does not bother patients, but
when function is impaired as a result then medication should be considered.
Tetrabenazine (TBZ) is a dopamine-depleting agent that has proven efficacy at
reducing chorea. It can trigger or worsen depression and should be avoided in those
with a history of severe depression or current low mood [83]. Patients must be
warned of this side effect and monitored. TBZ must not be prescribed with cyto-
chrome P450 2D6 inhibitors (such as fluoxetine and paroxetine) as this is required
for its clearance [84].

Although a Cochrane review concluded that only TBZ showed clear benefit for
chorea, in practice other medications are also used [85]. Atypical neuroleptics such
as olanzapine, risperidone and quetiapine are very useful, especially if there is
coexistent irritability, agitation or anxiety. Older typical neuroleptics such as sul-
piride and haloperidol are also used, but there are greater side effects associated. All
neuroleptic use warrants an ECG review prior to starting the prescription, and
regular monitoring of blood glucose and cholesterol whilst on treatment.
Clonazepam is useful if chorea is combined with dystonia, rigidity or myoclonus.
Sodium valproate or levetiracetam can be useful if there is significant myoclonus
alone.

In later disease, anti-chorea medications may need to be weaned and stopped as
rigidity and spasticity develop. Tizanidine and baclofen may be helpful at this stage
and botulinum toxin injections are used for targeted muscle spasm. In JHD, a trial
of levodopa may be helpful.

In terms of psychiatric symptoms, depression may be treated with selective
serotonin reuptake inhibitors (SSRIs) such as citalopram. Mirtazapine, a sedating
antidepressant, is useful when insomnia is also a problem. A specific risk assess-
ment with respect to suicide should be carried out when evaluating psychiatric
symptoms.
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SSRIs may also be useful for the management of anxiety. Irritability and
aggression may be treated with atypical neuroleptics (as for chorea). Higher doses
may occasionally be needed for the treatment of psychosis. For sleep disturbances,
a short-term course of zopiclone could be tried, or melatonin can also be useful to
address the reversal of the sleep-wake cycle.

1.5.4.2 Non-Drug Treatments

Physiotherapy is useful to optimise gait and balance for as long as possible, and in
later stages physiotherapists can offer walking aids if needed. Occupational thera-
pists adapt the home environment in order to prolong independent functioning and
increase safety.

Speech and language therapists can improve communication, both verbally up to
a point, and later with communication aids. They can also assess swallowing and
advise on appropriate diet. In advanced HD, enteral nutrition via a gastrostomy may
be needed to maintain adequate nutrition. The feeding tube may be inserted as a
percutaneous endoscopic gastrostomy (PEG) or through radiological guidance
(RIG) if endoscopy cannot be tolerated. Dieticians can then set up enteral feeding
regimens, and also give more general advice on calorie supplementation.

It is essential to liaise with local community mental health teams that provide
psychiatric care and regular follow up or monitoring close to home. Cognitive
behavioural therapy (CBT) can be administered by psychologists to appropriately
selected patients, and can help with anxiety, depression and OCD symptoms.

Social workers are able to arrange home care when patients are no longer fully
able to care for themselves, and if necessary to co-ordinate moving into a residential
or nursing home. HD support organisations, e.g. the Huntington’s disease associ-
ation (HDA) in the UK, are invaluable with helping patients and carers with a range
of issues from legal matters, employment issues, and claiming any entitlements, to
organising local discussion/support groups.

One important issue that it is essential to address with patients is that of driving.
By law, patients must notify the driving authorities once they have a diagnosis of
manifest HD, and it is inevitable that at some point during the disease course, their
driving licence will be revoked. It can cause patients a great deal of distress when
this happens, particularly if they do not recognise that their driving ability is
impaired.

1.5.4.3 End of Life Care

Inevitably as HD is a progressive condition, end of life care is important for all
patients. Though discussion around this subject can be difficult, it is worth
addressing these issues whilst patients retain capacity to make decisions, and before
significant cognitive or psychiatric deterioration takes place.
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As swallowing difficulties progress, oral feeding may become very risky. Whilst
some patients are keen to establish enteral feeding under these circumstances,
others do not want this under any circumstances. In the event of potentially terminal
medical deterioration, patients also differ in the levels of care they would want in
terms of antibiotics, hospital admission, resuscitation etc.

In the UK patients can draw up an advanced directive, which outlines the care
they would want under particular circumstances should they lose capacity in the
future. Alternatively patients may nominate an individual to have lasting power of
attorney (LPA), who can make decisions on their behalf if it becomes necessary. In
either case, these decisions must be made whilst the patient still has capacity to do so.

In advanced disease, home care may no longer be possible and a residential or
nursing home may be necessary. At the very end of life, some patients may not
want to go to hospital, preferring instead to be cared for at home or in a hospice
setting. Community palliative care teams, district nurses and GPs can help provide
symptomatic relief in these circumstances.

1.5.5 Genetic Testing

There is a readily available genetic test that determines the CAG repeat length in
each allele of the HTT gene, which can be carried out on a standard blood sample.
The relative ease of performing the actual test belies the complexity of the issues
surrounding the genetic testing process [77].

1.5.5.1 Diagnostic Testing

Diagnostic genetic tests are requested by neurologists in order to confirm the
suspected diagnosis in those patients who are already displaying motor signs of HD.
Informed consent from the patient must be obtained prior to testing. The implica-
tions of a positive result for the patient and their family must be clearly outlined.
Both the nature of HD itself and its autosomal dominant inheritance must be
explained. It should be made clear that if they test positive for HD, any of their
children would have a 50% chance of inheriting it. Their siblings would also be at
risk with a 50% chance of having inherited the mutation themselves (and some may
already be developing signs of HD).

Test results must be given in person at a follow up appointment, and in the case
of a positive result, referral to a specialist HD clinic should be offered. Details of
HD support groups should be given, and family members should be offered referral
for genetic counselling if they wish.

It is worth noting that patients who have psychiatric or cognitive symptoms in
the context of a positive family history of HD, but who do not have motor signs,
must be referred to a clinical geneticist for testing as this would qualify as predictive
rather than diagnostic testing.
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1.5.5.2 Predictive Testing

Predictive testing refers to genetic testing that is carried out in asymptomatic
individuals, who are at known to be at risk of inheriting the mutation due to a
positive family history. There are international guidelines for predictive testing in
HD [86–88]; testing must take place in specialist centres by a clinical geneticist.
There must be at least one session of pre-test counselling, followed by a period of
reflection, and a second counselling session. Written consent must be given, and as
always, strict confidentiality observed. Results must be given face-to-face with
further post-test counselling available.

As with diagnostic testing, it is essential to explain the dominant inheritance of
HD and its potential impact on the whole family. A positive test result means that
an individual will get HD at some point in the future, but it is not possible to predict
their specific age of onset or rate of progression [22]. Patients who have CAG
repeat lengths of reduced penetrance (36–40) or intermediate repeat lengths (27–35)
should have a full explanation of the implications of this [89] (see Sect. 5.3.
Genetics of Huntington’s disease).

The personal consequences of either a positive or a negative result should be
explored with individuals prior to testing. Following a positive result, patients will
know that they are going to develop an incurable neurodegenerative disease in the
future, and they may have already witnessed first-hand the devastating impact of
this on their own relatives. A negative test result can also cause enormous feelings
of guilt when other family members are affected, and lead to strain within family
relationships. Difficult situations can also arise if certain family members do not
wish to know their gene status. For example the grandchild of an affected individual
may wish to undergo predictive testing, when their own parent does not. In this case
a positive test result in the grandchild would necessarily mean that their at-risk
parent was in fact carrying the mutation also.

It is not legal to carry out predictive testing in children under the age of 18.
Children cannot give informed consent, and no one can consent on their behalf
because they have a right not to know their gene status as an adult. Growing up with
the knowledge of a positive test result would in any case be very damaging for the
psychological development of most children.

5–20% of at-risk patients proceed with predictive genetic testing [90]. Common
reasons for proceeding include planning for the future, especially in terms of careers
or deciding to have children.

1.5.5.3 Reproductive Options

Pre-implantation genetic diagnosis (PGD) is available for HD gene carriers in many
countries, including the UK. A number of embryos are created using in vitro fer-
tilisation (IVF) techniques, and then screened for the mutation. Negative embryos
are then selected for implantation into the uterus. Multiple cycles of IVF are
sometimes required before a successful pregnancy results, and the process can
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therefore be emotionally and physically demanding. There are also high costs
associated with PGD, although in the UK a certain number of cycles are usually
funded by the national healthcare system.

It is possible for at-risk patients to undergo PGD without finding out their own
gene status. Linkage analysis to look for genetic markers linked to the HTT genes of
the parents of the at-risk patient, can identify embryos that have a 50% chance
or <1% chance of carrying the mutation. Some private clinics also offer
non-disclosure testing when the at-risk prospective parent is tested for HD in order
to make a decision on embryo selection, but then the same IVF procedure is
followed and the genetic test results are not disclosed to the patient.

Another option is antenatal testing during pregnancy. Chorionic villous sampling
(CVS) can be carried out at 11–13 weeks of gestation, or amniocentesis after
16 weeks, to obtain foetal tissue for genetic testing. Detailed counselling must be
given prior to this, as parents need to be certain that they would terminate a
pregnancy in which the foetus was positive for the mutation. If the pregnancy is
continued in the face of a positive test result than the resulting child would effec-
tively have had a positive predictive test to which they never consented. Other
reproductive options include using a sperm or egg donor, or adoption.

It is worth discussing with patients who wish to become parents that although
they may well be symptom free or many years (or lifelong if they are in fact gene
negative), there is a chance that they may develop symptoms whilst their children
are still young, or even during pregnancy. Patients may wish to see a neurologist for
examination before making their decision to proceed with having children, which is
of course a highly personal decision. Indeed some patients who have had positive
predictive testing in the past, or who know they are at risk, may simply choose to
start a family without seeking further medical help or any intervention at all.

1.6 Huntington’s Disease Therapeutics Research

1.6.1 Disease Modifying Therapies

There is an urgent and as yet unmet need for a treatment which can slow, prevent or
even reverse the symptoms of HD in mutation carriers. A number of promising
approaches, including the reduction of Huntingtin expression and targeted small
molecule therapeutics are currently under investigation in research studies and
clinical trials (Fig. 1.3).

1.6.1.1 “Gene Suppression” or Reduction of Huntingtin Expression

Mutant HTT primarily exerts a dominant toxic effect, and so a reduction in its
expression should reduce any downstream pathology. Strategies to lower HTT levels
include both post-transcriptional inhibition such as RNA interference (RNAi) and
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anti-sense oligonucleotides (ASOs), and genome editing techniques such as zinc
finger proteins (ZFPs) and CRISPR/Cas9.

Administration of complementary small interfering RNA molecules (siRNAs)
results in Argonaut-2 mediated cleavage and degradation of mature, spliced HTT
mRNA in the cytosol. ASOs have a more upstream site of action and recruit
RNaseH1, an endogenous enzyme that recognises RNA/DNA duplexes and
degrades HTT pre-mRNA [91].

siRNAs [92, 93] and ASOs [94] designed to lower total HTT levels have both
been shown to improve disease symptoms in rodents. In humans there is potential
concern with regards to the long-term effect of reducing wild-type HTT, although
reduction of endogenous HTT has been shown to be well tolerated in non-human
primates [95, 96].

It has been challenging to achieve allele-specific lowering of mutant HTT.
However ASOs complementary to the expanded CAG have recently been produced
which have selectivity for mHTT over wild-type HTT, and have led to phenotypic
improvement in rodent models [97]. siRNAs designed to target single nucleotide
polymorphisms (SNPs) that reside only on the mutant HTT allele could also be
used to achieve allele specific suppression [98, 99]. ASOs targeting mutant-allele

Fig. 1.3 Therapeutic targets under investigation in Huntington’s disease. Reproduced from Ross
et al. [64], Nature Publishing Group
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linked SNPs have also been designed that lead to even greater (up to 50-fold)
selectivity of the mHTT allele over the normal allele [100, 101]. Such compounds
will soon proceed to clinical trials, and involve screening potential trial subjects for
the presence of specific SNPs prior to drug administration.

Reduction of Huntingtin expression can also be achieved at the transcriptional
level, using zinc finger proteins (ZFPs). These contain a zinc finger domain that can
be synthetically manipulated to bind HTT DNA, fused to a functional domain such
as a nuclease. Drug delivery is through the use of viral vectors, and this approach
will also be proceeding into clinical trials in the near future.

Another recently discovered genome editing technique is through manipulation
of the endogenous clustered regulatory interspaced short palindromic repeat
(CRISPR)/Cas9 system which recognises and destroys foreign DNA in prokaryotic
cells. The mutant allele is inactivated by a synthetic guide RNA (gRNA) strand that
targets a particular DNA location for cutting, followed by the insertion of a desired
DNA sequence (for example stop codons) [102]. The technique has been suc-
cessfully demonstrated in HD patient-derived fibroblasts, leading to the dramatic
reduction of mutant HTT RNA and mHTT protein [103].

A seminal Phase 1/2a clinical trial (IONIS-HTTRx) is currently being carried out
by Ionis Pharmaceuticals to test the safety and tolerability of an ASO targeting
human HTT, delivered by lumbar intrathecal bolus administration to early stage HD
patients [104]. Encouragingly, a recent clinical trial of intrathecal infusion of an
ASO targeting SOD1 mRNA in patients with amyotrophic lateral sclerosis
(ALS) has demonstrated the safety and tolerability of this general approach [105].
Furthermore, patients with spinal muscular atrophy (SMA) Type 1 (infantile onset)
have been treated with lumbar intrathecal bolus injections of an ASO (Nusinersen)
that alters mRNA splicing, and have shown dramatic improvement [106].

1.6.1.2 Targeted Small Molecule Approaches

Mutant Huntingtin has been shown to exert its toxic effect through many different
pathological pathways. Therefore a number of potential targets for disease modi-
fication exist that have been or are currently being tested in animal models and in
some cases, in clinical trials.

One approach is to target the post-translational modifications of mHTT, for
example by increasing phosphorylation at certain neuroprotective residues.
Administration of the ganglioside GM1 causes reversal of disease phenotype in HD
mice, which is thought to occur by increasing beneficial phosphorylation [107].
Acetylation of mHTT promotes its clearance by autophagy, and the inhibition of the
deacetylase sirtuin 1 by selisistat has been shown to have benefit in various HD
models and more recently, has been found to be safe and tolerable to human
patients [108].

Inhibition of phosphodiesterase (PDE) 10A (which is a major modulator of
striatal synaptic biology regulating cAMP and cGMP signalling and synaptic
plasticity) led to multiple phenotypic improvements in HD mice [109]. However,
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the recently completed Pfizer “Amaryllis” trial of PDE10A inhibition in patients has
not found any beneficial effect on motor function, or other HD symptoms that were
tested [110].

Potentiation of the neurotrophin BDNF (which is depleted in HD), through
agonism of the tyrosine receptor kinase B (TrkB), was initially thought to be a
promising approach [111]. Agonism by monocloncal antibodies is currently under
investigation [112]. However cysteamine, which is also thought to act through
increasing BDNF levels, has not demonstrated efficacy in a recent clinical trial
(CYST-HD) [113].

Inhibition of kynurenine 3-monooxygenase (KMO) improves the balance of
neuroprotective over excitotoxic tryptophan metabolites produced by microglia.
The peripherally administered KMO inhibitor JM6 has shown benefit in HD mouse
models [114]. However more recently this has not been replicated using the novel
KMO inhibitor CHDI-340246, although electrophysiological alterations were
restored [115].

There is hyperactivity of the innate immune system in HD. The immune mod-
ulator laquinimod, which has been shown to reduce NFkB activation in astrocytes
[116] and has demonstrated potential in the treatment of multiple sclerosis [117], is
currently being tested in LEGATO-HD [118]. Its effect on motor function and brain
imaging in early HD is being assessed.

Cellular metabolism is known to be affected in HD; the PPARc agonist
rosiglitazone has been shown to reduce mHTT-induced toxicity in striatal cells and
improve motor function in HD mice [119]. The mitogen-activated protein kinase
(MAPK) signalling pathway is deranged in HD and presents many therapeutic
targets for potential amelioration, however this area is complex and not yet fully
understood [120]. Counteracting excitotoxicity caused by mHTT has been tested
using ceftriaxone, which upregulates the expression of the EAAT2 glutamate
transporter, and has been shown to be beneficial in mouse models [121].

Other therapeutic targets that have shown potential success include the upregu-
lation of chaperone proteins to reduce mHTTmisfolding and aggregation [122, 123].
Inhibition of histone deacetylases (HDACs) in an effort to reduce the transcriptional
dysregulation caused by mHTT has also been shown to be of benefit in HD models,
although the mechanism by which it exerts its effects were different to that expected
[124].

1.6.1.3 Stem Cell Therapy

There have been a number of small trials of foetal striatal transplantation in HD
patients over the last 15 years in the UK [124−126], France [127, 128], Germany
[129], Italy [130] and the USA [131], but the outcomes form these trials have been
mixed. Improvement or stabilisation of motor, functional and neuropsychiatric
symptoms has been reported by some [128], but not all the groups. Variability in
results may be accounted for by the small sample size of patients at each centre and
the heterogeneity between studies in terms of patient selection. There were also
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differences with respect to the type of tissue transplanted (cells from whole gan-
glionic eminence versus lateral ganglionic eminence, and the foetal gestation), as
well as the preparation of the donor tissue and numbers of cells transplanted [125].

Post-mortem studies have shown poor long-term graft survival, possibly due to
allograft immunoreactivity, excitotoxicity or microglial responses directed against
donor tissue [132]. More recently, aggregates of mHTT have been found in the
grafted donor cells, implying the spread of mutant protein between neurons, and
calling into question the feasibility of foetal striatal transplantation therapy as a
strategy to treat HD [44].

1.6.1.4 Other Current and Recent HD Clinical Trials

Thus far there have been no completed Phase 3 clinical trials of potentially disease
modifying therapies with a successful outcome. Trials of vitamin E, idebenone,
baclofen, lamotrigine, creatine, coenzymeQ10 + remacemide, ethyl-eicosapentanoic
acid and riluzole have all had negative results [133].

Trials aimed at improving overall function for people with HD include 2CARE
and CREST-E, but both were recently terminated prematurely on the grounds of
futility [134, 135]. 2CARE evaluated coenzyme Q10 at a dose of 2400 mg/day for a
planned duration of 5 years, and CREST-E evaluated creatine at doses of up to
40 g/day for a planned duration of 3 years. Assessment of overall function was
based on the Total Functional Capacity (TFC) score, but this may not have been a
sensitive enough tool to detect any potential impact on disease progression [62].

Pridopidine, which is thought to act as a dopamine stabiliser in the CNS, failed
to reach its primary endpoint in two clinical trials: HART [136] and MermaiHD
[137]. However, both trials showed an improvement in motor symptoms as eval-
uated by the Total Motor Score (TMS) and so this drug was re-evaluated for its
effect on TMS in the PRIDE-HD trial. Unfortunately, once again the drug did not
differentiate from placebo, although there was some beneficial effect on TFC at
lower doses [138]. This highlights the need for sensitive markers of clinical pro-
gression when designing clinical trials.

Deutetrabenazine (SD-809), designed for the treatment of chorea, has been
shown in the FIRST-HD trial to result in improved motor signs over a period of
12 weeks when compared to placebo [139]. The ongoing, open-label extension of
this study (ARC-HD) has shown that overnight conversion from tetrabenazine to
deutetrabenazine is safe and effectively maintained chorea control [140]. A trial of
deep brain stimulation for treatment of motor symptoms, HD-DBS [141], is also
underway.

Non-motor features of HD have also been a target of clinical trials. The
Reach2HD trial tested the drug PBT2 (thought to reduce metal-induced aggregation
of mutant Huntingtin) in patients with early and moderate HD. The drug was found
to be safe and well tolerated in patients, and a potential benefit on cognition
(executive function) was observed, which needs to be followed up with a larger
study [142]. Other trials targeting non-motor features of HD are Action-HD, which
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has recently reported no significant effect of the drug bupropion on apathy (though
there was a large placebo/participation effect in this study), and the ETON-Study
[143], which is looking at the effect of epigallocatechin gallate on cognitive
function. Finally, NEUROHD [144] is comparing the effect of olanzapine, tetra-
benazine and tiapiride on overall function as assessed by the independence scale of
the UHDRS.

1.6.2 Biomarkers

Objective biomarkers that accurately track disease progression are essential in order
to detect any beneficial effects of potential therapies in a trial setting. Commonly
used clinical scales such as the UHDRS might not be sensitive enough to detect
subtle changes, and are susceptible to inter- and intra-rater variability. Furthermore,
once effective therapies exist, preventing or delaying neurodegeneration in pre-
manifest patients would be the goal; biomarkers are key in helping to decide when
to time such interventions.

Longitudinal observational studies, including TRACK-HD [25] and
PREDICT-HD [66] led to a more detailed understanding of the natural progression
of HD from premanifest through to manifest disease. Structural MRI has demon-
strated significantly faster rates of decline in striatal volume in premanifest and
manifest individuals compared with age-matched controls, even in those estimated
to be >15 years from estimated disease onset [23].

Other imaging modalities that have potential as biomarkers include diffusion
tensor imaging (DTI)which has shown abnormalities in neuronalfibre orientation and
integrity in white matter and subcortical grey matter structures in both premanifest
andmanifest HD, functionalMRI techniques, and [18] F-fluorodeoxyglucose (FDG)-
PET [145]. Magnetic resonance spectroscopy (MRS) also demonstrates abnormal
metabolic activity, indicative of neuronal health and could be used to assess response
to a therapeutic intervention [146].

Cognitive biomarkers are often limited by floor and ceiling effects, and con-
founded by educational level and mood. One potential measure is the Huntington’s
disease cognitive assessment battery (HD-CAB) [147]. Deterioration in emotion
recognition is found in premanifest HD, and in early HD, performance on the
Stroop test and indirect circle tracing also tracks clinical decline. Quantitative motor
tasks such as the speeding tapping task (which is affected in premanifest HD), grip
force variability and tongue force measures may also be of use in HD drug trials
[25].

An ultrasensitive single-molecule counting (SMC) mHTT immunoassay has
been developed that can quantify very low levels (in the femtomolar range) of
mHTT in the cerebrospinal fluid (CSF). The level of mHTT detected was associated
with proximity to disease onset and diminished cognitive and motor function, and is
a new biomarker being taken forward into clinical trials [148]. Levels of tau in the
CSF also show promise as a biomarker in HD [149]. Recently the level of
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neurofilament light protein (NfL) in plasma, has demonstrated potential as a
prognostic blood biomarker of disease onset and progression in Huntington’s
disease [150].

1.7 Conclusion

Thanks to intensive, collaborative, international research efforts spanning the last
few decades, we now know a great deal about the genetics, pathogenesis and
natural history of HD. Clinical presentation is with progressive motor, cognitive
and psychiatric features for which there are currently only symptomatic treatments.
Management is best achieved through specialist multidisciplinary clinics, which are
linked to a wider research team that patients can access if they wish to. There are
currently many exciting therapeutic developments in the pipeline, giving hope for a
potentially disease modifying treatment in the near future.
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