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			Abstract

			Huntington disease (HD) is a progressive, fatal, neurodegenerative disorder caused by an expanded (Cytosine, Adenine, Guanine) CAG repeat in the huntingtin gene, which encodes an abnormally long polyglutamine repeat in huntingtin protein. HD is characterised by unwanted choreatic movements, behavioural and psychiatric disturbances and dementia. HD is an autosomal dominant inherited disease caused by an elongated CAG repeat (36 repeats or more) on the short arm of chromosome 4p16.3 in huntingtin gene. The longer the CAG repeat, and then the onset of disease is earlier. 

			The mechanism by which neuronal degeneration and cell death are being generated in HD may include excitotoxicity, energy deficit, oxidative stress, inflammatory process and protein aggregation. In the brain, the basal ganglia are highly affected which organize motor movement. The disease is characterised by a primary progressive loss of medium spiny projection neuron in basal ganglia. When the disease develops before age 20, the condition is called juvenile HD. Management should be versatile and is based on treating symptoms with a view to improving quality of life. Medication and non-medical care for depression and aggressive behavior may be required. 
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			Introduction 

			The first description of disease was given by waters in 1842. But it was not until 1872, after the lecture and description of the disease by George Huntington, then it known as Huntington’s chorea. It is a neurodegenerative disorder passing within families from generation to generation with onset in middle age and characterised by unwanted choreatic movements, behaviour, psychiatric disturbances and dementia [1]. Death occurs an average of 15 to 20 years after symptom first appear, with some patients dying earlier from falls or suicide and others surviving for 30 to 40 years. Clinically signs and symptoms usually begin between the ages of 35 and 50, with death typically following 15-20 years later [2]. 

			It is monogenic, fully penetrant and like other neurodegenerative diseases- a disorder of protein misfolding. HD is caused by CAG triplet repeat expansion in Huntingtin protein (HTT) which encodes an expanded polyglutamine stretch in HTT [3]. The disease is inherited in autosomal dominant manner with age dependant penetrance associated with nearly full penetrance by age 65 years [4]. Huntington disease causes movement disorders, cognitive deterioration and psychiatric disturbances. Symptoms begin insidiously, usually between the ages of 35 and 50, but the age of onset can vary from early childhood until old age. The disease is progressive and fatal some 15-20 years after symptom onset. 
In patients with juvenile-onset HD, the signs and symptoms are 

somewhat different; they include bradykinesia, rigidity and dystonia, and chorea can be completely absent. 

			Involuntary movements can take the form of tremor and affected children often develop epileptic seizures. HD is characterized by a striking specificity of neuronal loss. The most sensitive region is striatum, with about 57% loss of cross-sectional area from caudate nucleus and about 65% loss of the putamen in typical postmortem samples. There is also loss of neurons in the thalamus, substantia nigra and in the subthalamic nucleus. Cerebellar atrophy is most frequently reported in cases with juvenile onset disease [5]. The HD gene is located on chromosome 4p16.3 and the genetic alteration which causes the disease is an increase of the no. of repetitions of three nucleic acids (C, A and G) in the coding region of the first axon of HD gene. This CAG “triplet” is normally repeated about 20 times, but an approximate doubling in the no. of repeats to 40 or more results in the expression of disease [6]. 

			Epidemiology 

			Huntington disease is a rare neuropsychiatric disorder with a prevalence of 5-10 per 100,000 in the Caucasian population [7]. HD has a prevalence of 10.6-13.7 individuals per 100,000 in western populations. Japan, Taiwan and Hong Kong have a much lower incidence of HD with a prevalence of 1-7 per million; in South Africa lower rates are seen in black populations compared to white and mixed populations. The difference in disease prevalence across ethnic groups relates to genetic differences in Htt gene [8]. The highest frequencies of HD are found in Europe and European countries. The lowest frequencies are documented in Africa, China, Japan, and Finland [9]. The generality in most European countries ranges from 1.63-9.95 per 100,000 people. A study on the distribution of CAG repeats in normal population suggests a higher prevalence of HD in India closer to that seen in Western Europe. Based on the results, haplotype analysis suggested the presence of a founder mutation in a subset of families and provide evidences for multiple and geographically distinct origin for HD mutation in India [10].

			Neuropsychological and Clinical Description of Hd 

			A broad range of symptoms portraying a chronically progressive course and fluctuating clinical picture are reported as neuropsychiatric features of HD. The characteristic behavioural changes in early stage HD including depression, irritability, mental inflexibility and apathy have been described as “choreopathy” [11].

			Motor Signs and Symptoms 

			The characteristic motor changes are involuntary, unwanted movements. The movement disorder of HD consists of two components: involuntary movements and abnormal voluntary movements. Chorea consists of continuous and irregular jerky or writhing motions. The disordered voluntary movements observed in HD include: abnormal eye movements, hypometric saccades and catchy pursuit, uncoordinated, arrhythmic and slow fine motor movements, dysphagia and dysarthria, rigidity and gait disturbance [12]. Movement disturbance in HD can be split into a hyperkinetic phase with prominent choreain the early stages of disease, which then tends to plateau [13]. The hypokinetic phase is characterized by bradykinesia, dystonia, balance and gait disturbance. The hypokinetic movement disorders show association with disease duration and CAG length [14].

			Behaviour and Psychiatric Symptoms 

			These signs and symptoms have a highly negative impact on functioning and on the family because of their impact on daily life. The most frequently occurring sign is depression. The diagnosis is difficult due to occurrence of weight loss, apathy and inactivity in HD. Suicide occurs more frequently in early symptomatic individuals and in premanifest gene carriers [15]. The most recent study from cohort includes both premanifest and manifest participants, shows that apathy is most common occurring in 28% while depression, irritability and obsessive compulsive behaviour occur in around 13%. Psychosis is occurring in 1% [16]. Apathy is related to disease condition whereas anxiety and depression are not. Psychosis may appear, mainly in later stages of disease. In most cases it goes together with cognitive decline. The clinical picture is comparable to schizophrenia with paranoid and acoustic hallucinations. In the early disease, hyper-sexuality can cause considerable problems in a relationship [11]. 

			Dementia 

			Cognitive decline is the other main symptoms of HD. The term “cognitive” refers to tasks of the brain that involve knowing, thinking, remembering, organizing and judging [17]. Cognitive changes in HD may be due to distruption of striatal- frontal circuits [18].

			Cognitive Impairments Often Associated with HD Include

			
					Difficulty organizing, prioritizing or focusing on tasks. 

					Lack of flexibility or the tendency to get stuck on a thought, behaviour or action. 

					Lack of impulse control that can result in outbursts, acting without thinking and sexual promiscuity. 

					Lack of awareness of one’s own behaviours and abilities. 

					Difficulty in learning new information.   

			

			Secondary Symptoms and Signs 

			An unintended weight loss has been reported in all patients. As more attention is now paid to this phenomenon, the loss seems to be a little less severe, the cause being diverse. Although it seems that chorea should play the main role in weight loss, it has been shown that there is no relation between weight loss and chorea or other movement disorders [19]. More practical issues, such as slower functioning, decreased appetite, difficulty handling food and swallowing certainly play a major role. But hypothalamic neuronal loss is also a causative factor [20]. 

			Pathogenesis 

			Mutant huntingtin results in neuronal dysfunction and death through several mechanisms. These include direct effects from the exon 1 of Mhtt fragment, the propensity of Mhtt to form abnormal aggregates and its effects on cellular proteostasis, axonal transport, transcription and translation, mitochondrial and synaptic function [3]. Medium spiny neurons (MSNs) of the striatum are selectively vulnerable to the effects of Mhtt [21]. The cause for the selective vulnerability of indirect pathway MSNs is unclear; however, dopamine D2 receptors may be a factor as they are expressed by indirect but not direct MSNs and have been implicated in HD pathogenesis [22]. Other hypotheses include the loss of brain derived neurotrophic factor, glutamate excitotoxicity from cortico-striatal projections and toxic effects of repeat associated non-ATG translation proteins [23] (Figure 1).

			HTT is a very large protein predicted to consist mainly of repeated units of about 50 amino acids, termed HEAT repeats. These repeats are composed of two antiparallel α-helices with a helical hairpin configuration, which assemble into a superhelical structure with a continuous hydrophobic core [24].  Most available evidence-including dominant genetic transmission, presence of abnormal aggregated proteins, and findings of biochemical, cell and mouse model studies suggest that HD arises predominantly from gain of a toxic function from an abnormal conformation of mutant Htt. 

			[image: ]

			The RNA might also have toxic properties, and loss of function of Htt could also contribute to disease pathogenesis, perhaps entailing antisense RNA [25]. Key features of HD pathogenesis have been described. First, mutant Htt has the propensity to form abnormal confirmations, including β-sheet structures. Second, systems for handling abnormal proteins are impaired in cells and tissues from HD patients or models. Third, Htt is cut off and gives rise to toxic N-terminal fragments. Fourth, post-translational modifications of Htt influence toxicity, via conformational changes, aggregation propensity, cellular localization, and clearance. Fifth, nuclear translocation of mutant Htt enhances toxic effects of the protein, in part via transcription related effects [26]. 

			Juvenile HD

			When the disease develops before age 20, the condition is called juvenile HD. An earlier emergence of the disease often results in a somewhat different set of symptoms and faster disease progression [27]. Behaviour disturbances and learning difficulties at school are often the first signs. Motor behaviour is often hypokinetic and bradykinetic with dystonic components. In 75% of the juveniles the father is the affected parent [28].

			Disease Development 

			The course of the life of a person with one parent with HD can be divided into at risk, a preclinical (A) and a clinical (B) stage. The clinical course is roughly divided into three parts indicating a decrease in independence and increase in the need for care. The clinical stage with clear manifest signs is preceded by the premanifest gene positive stage, and the transition phase, when more and more doubt about manifestations of signs emerges. During periods of stress, irrespective of whether this is physical or psychological, it is not uncommon for clinical signs to become manifest. These signs can fade away provisionally when the circumstances normalize. In the past, the first symptom was always a motor sign. Dependant on the family and doctor experience with the disease a diagnosis was suggested. However, over the last 20 years it has become clear [29] that psychiatric as well as cognitive changes can be the first signs, many years before motor signs become visible. If the non-motor signs are less specific, it can be very difficult to make a diagnosis. In retrospect, many patients mention a gradual change in behaviour and performance at work. They stayed home for sometimes with a burn-out or a depression [30]. 

			Management Including Treatment 

			The most commonly used therapies in HD patients are symptomatic drug therapies and no therapies has been developed that effectively modifies disease progression. Even though the pathogenesis of HD has still not been resolved and a cure is not available, many therapeutic options are available for treating symptoms and signs with a view to improving quality of life. Treatment consists of drug prescription and non-medication advice [31]. 

			Dopamine Blocking Medications 

			Abnormal movements in HD occur as a result of increased activity via the direct circuit and decreased activity via the indirect circuit, both mediated by dopamine. The atypical neuroleptic clozapine binds to dopamine receptors and blocks dopamine binding and subsequent signalling. When tested in a double-blind placebo controlled clinical trial [32]. Clozapine was only effective in reducing dyskinesias in patients that had no prior exposure to neuroleptics [33]. Tetrabenazine is a drug that is available clinically in many countries which acts by preventing the packaging of dopamine into vesicles, thereby suppressing its presymptomatic release [34]. It also prevents dopamine signalling by blocking postsynaptic dopamine receptors. Drowsiness, depressed mood, parkinsonism, and akathisia were the most commonly reported adverse effects.

			Glutamate Antagonism- NMDA Receptor Antagonists 

			Increase in glutamate release activate the NMDA receptors and increase the level of calcium and cause neurotoxicity. The drugs which block the NMDA receptors may be useful to decrease the symptoms of HD [35]. The moderate effectiveness of antidopaminergic therapies may be outweighed by debilitating side effects like Parkinsonism, tardative dyskinesias, and severe depression. It has been thought for some time that levodopa-induced dyskinesias in Parkinson disease occur as a result of increased NMDA sensitivity and are reduced by treatment with NMDA receptor antagonist [36]. 

			Multiple daily doses of amantadine were successful in reducing dyskinesias by upto 56%. Memantine has also been tested in clinical trial for HD [33]. GABA mimetic drugs and GABA transminase inhibitors are also used in clinical trial for the treatment of HD [34]. Remacemide is a non-competitive NMDA-receptor antagonist. Patients receiving remacemide 200mg/day dose showed an overall improvement in chorea level [37]. Riluzole is a glutamate release inhibitor. Two double-blind, placebo-controlled RCTs were found that investigate its effect on chorea in HD [38]. 

			Cannabinoids receptor agonists: Cannabinoids receptors behave as neuromodulator in the brain, in a variety of processes, such as the regulation of motor behaviour, cognition, learning and antinociception. Cannabinoids receptors are destroyed in the basal ganglia [39]. Antioxidants: One component of excitotoxicity in HD is oxidative stress and antioxidants may therefore have therapeutic utility. A novel antioxidant, BN-82451 improved motor ability and survival and ameliorated neurodegeneration in R6/2 HD mice [40]. Neuroprotective agents: Fluoxetine, atomoxetine, and modafinil were effective in cognitive, behavioural and motor symptoms [41]. 

			Developing Novel Therapies 

			Agents that inhibit mutant huntingtin aggregation: These agents inhibit mutant huntingtin from aggregation would provide a way to prevent the progression of the disease. These direct aggregation inhibitors have been tested in various HD models such as cell culture and transgenic HD mice [42].  Transglutaminase inhibitors: Transglutaminase (TGase) can use huntingtin as a substrate to cross-link huntingtin molecules. TGase provides an additional mechanism for the formation of aggregation of mutant huntingtin. It suggests that TGase plays a major role in HD pathogenesis [43]. Cystamine is an inhibitor of TGase showed a significant neuroprotective effect [44]. 

			Protease Inhibitors

			Huntingtin can be cleaved by proteases, including Caspase, calpain, and aspartyl protease. Caspase and calpain-mediated partial cleavage of mutant huntingtin promotes huntingtin aggregation and cellular toxicity, inhibitors of huntingtin partial cleavage might have therapeutic value [45]. Neuroprotective approaches: Coenzyme  Q10 Targeting enzymes or cofactors that play a role in energy production could help to reduce cell death. CoenzymeQ10 is a molecule in the electron transport chain that carries electrons from complex I and II to complex III [46]. Coenzyme Q10 reduces formation of reactive oxidative species and oxidative stress. 

			Creatine

			Creatine has been hypothesized to be effective as a therapy for HD because it is capable of buffering ATP levels in cells. When creatine is ingested it is converted into phosphocreatine and stored. In the face of an energy deficit, phosphocreatine can donate its phosphate to ADP in the presence of creatinekinase, producing the high energy ATP molecule. Creatine has been shown to be effective in diminishing motor and cognitive symptoms in the 3-NP toxin induced rat model of HD [47].
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Figure 1: HTT is a very large protein predicted to consist mainly of repeated units of about 50 amino acids, termed HEAT repeats.
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