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Abstract
Huntington’s disorder is an incurable genetic neurodegenerative disorder that affects many people’s day-to-day lives, and in the United Kingdom alone, affects an estimated 8,000 people (Balogun et al., 2022). Its prevalence worldwide depends on the lineage of those afflicted – for example, ~10 people of European descent per 100,000 are affected, whereas it is rarer in those of Japanese descent (Frank, 2013). Symptoms include those that are psychological, such as difficulties with concentration and memory, mood swings, and those that are physical, such as chorea, dysphagia, speaking impairment, sluggishness, and breathing problems to name a few. Patients with late-stage Huntington’s disorder may require full-time nursing care because of the severity of these symptoms. Research is ongoing into the biochemistry of Huntington’s disorder as well as possible treatment pathways. In 2020-21 alone, the National Institute for Health and Care Research dedicated £77 million of its £1.2 billion budget towards the research into neurodegenerative disorders such as Huntington’s (Balogun et al., 2022; NIHR, 2022), which shows how these disorders are a research hot spot. This analysis aims to present and explore the main topics – what is Huntington’s disorder? What are the symptoms? What causes it? How prevalent is it? How is it diagnosed and treated? What kind of research is being conducted both in the United Kingdom and worldwide? – in a format that is easier to digest for novices to the field – whether they are patients who were recently diagnosed, or scientists new to the disorder.
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Huntington’s disorder (HD) is an inherited condition of the brain that affects 2.71 individuals per 100,000 worldwide, varying by region and an individual’s lineage, making it a very rare disorder (Pringsheim et al., 2012). It stops parts of the brain from working normally over time due to damage to and death of neurones, making it a neurodegenerative disorder. This results in psychological symptoms such as cognitive decline (memory and learning difficulties), behavioural impairment (e.g., mood disorders), and physical symptoms of motor impairment such as chorea (uncontrollable jerky movements), dysphagia (swallowing difficulties), speaking impairment, sluggish movements, and breathing problems. These symptoms gradually worsen over an individual’s lifetime until they’re fatal, with median survival being 24 years from diagnosis and 35 years from symptom onset, and mean age at death being 58 years (Rodrigues et al., 2017).
HD, much like Alzheimer’s, is a disorder that causes dementia, which is characterised by an impaired cognitive ability to concentrate, remember, and make everyday decisions (CDC, 2019). HD and Alzheimer’s also have similar mechanisms of disease, meaning that a better understanding of HD’s pathology could potentially lead to advancements in the research of Alzheimer's and other dementia-causing disorders with similar mechanisms. Alzheimer’s affects over 850,000 people in the UK alone and is predicted to double by 2040. Unlike HD, 99% of cases are caused by aging instead of inherited genetic risk factors (Alzheimer’s Society, 2020; Alzheimer’s Society, No Date; Tanzi, 2012). Therefore, any advancements in the study of HD that lead to advancements in Alzheimer’s research will impact a significantly larger population than only those with HD.
HD is autosomal-dominant, meaning it is caused by a mutation in a non-sex chromosome gene that has a 50% chance of being passed on if one parent has the mutated gene. The mutation is in the HTT gene that codes for the protein huntingtin (Figure 1). Specifically, it occurs in the CAG repeats of the gene, which consists of a cytosine-adenine-guanine repetitive DNA sequence that codes for a polyglutamine amino acid sequence, with glutamine being the corresponding amino acid for these triplet bases. This mutation causes an expansion of these repeats, leading to the production of abnormal, misfolded huntingtin protein (Nopoulos, 2016) (Figure 2).
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Figure 1. Structure of Native Huntingtin Protein Produced by X-Ray Diffraction. The protein used was produced from the genome of Homo sapiens. The three domains of the cyclic homotrimer protein are coloured green, orange, and purple respectively (Kim et al., 2009).
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Figure 2. Diagram Showing the Differences in the CAG Repeat Region Between a Healthy and Disease-Causing HTT Gene. The yellow boxes show parts of the CAG repeat region and its expansion in the disease-causing HTT gene (labelled “Huntington’s Disease Gene”). Normal and misfolded / disease-causing proteins are portrayed by yellow (non-repeated) and red (repeated) circles which represent individual glutamine molecules. Arrows show how each “CAG” codes for a single glutamine molecule (NIST, 2011).

The accumulation of these mutant huntingtin (mHTT) proteins leads to a breakdown in regular motor function, cognition, and behaviour (Pagan, Torres-Yaghi and Altshuler, 2017). The mHTT proteins were found to play a key role in mitochondrial dysfunction and the impairment of the electron transport chain, which is a key component of metabolism and energy production in cells. This leads to higher oxidative stress and the release of reactive oxygen species, such as hydrogen peroxide, which ultimately damages cellular machinery and destroys neurones (Liu et al., 2017). It was also found that larger mHTT proteins – with significantly longer polyglutamine sequences – may undergo cleavage and produce shorter protein fragments due to structural breakdown. This leads to the aggregation of these protein fragments to form inclusion bodies in the nuclei (Figure 3), which will disrupt neural activity once reaching neurotoxic levels, eventually leading to cell death (Rubinsztein and Carmichael, 2003).
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Figure 3. Diagram Showing the Misfolding and Subsequent Aggregation of Mutant Huntingtin Fragments to Form an Inclusion Body (de Pril, 2011).

The disruption of neural activity, and later cell death, leads to the expression of the hallmark symptoms of HD. Late-stage HD can require full-time nursing care because of the severity of these symptoms, which onset most commonly around the age of 40 – though they can rarely start even earlier or later (NHS, 2022).

Prevalence and Inheritance 
HD’s prevalence can be higher or lower for a given population depending on the lineage of the population in question. For example, in Europe, North America, and Australia, the overall prevalence is 5.70 per 100,000, with Europe alone having ~10 per 100,000. In Asia, the overall prevalence is 0.40 per 100,000 (Pringsheim et al., 2012). Not only does this portray the rarity of HD, but it also shows how genetic disorders can have significantly different prevalence rates around the world because of a region’s population’s lineage.
Although there has been an increase in prevalence rates worldwide, for example, a 15-20% increase per decade in studies in Australia, North America, and Western Europe (Rawlins et al., 2016), this increase cannot be attributed solely to any increase in incidence. Factors such as better diagnostic screening, public willingness to get tested, and more funding play major roles in the reported increase in prevalence (Wexler et al., 2016). Another factor to note for recent prevalence and incidence rates is that HD does not receive equal attention across the world. Some countries, such as those in the UK, for example, have the funding and research power needed to produce modern diagnostic and treatment techniques. Some countries, such as those attributed to being third-world countries, may not have the same funding and research power, which means large numbers of patients are missed for diagnosis and treatment. 
In terms of incidence rates, in Europe, North America, and Australia, incidence rates ranged from 0.11 to 0.8 per 100,000 per year. In Asia, incidence rates ranged from 0.046 to 0.16 per 100,000 per year. According to one study’s examination of these incidence rates, no trends towards a decrease or increase in incidence over time were observed, meaning incidence has largely remained the same but prevalence has increased (Pringsheim et al., 2012). Interestingly, another study (Roos, 2010) only examined incidence in 45- to 64-year-olds and revealed an incidence rate of 0.8 per 100,000 per year (Mercy et al., 2008). This relatively high incidence rate could be explained by the fact that symptoms often develop between the ages of 30 and 50, so any symptoms that have developed enough to be noticed and attributed to HD may be spotted in the study’s range of 45- to 64-year-olds, leading to a diagnosis and an increased incidence rate for this age range. However, this study was only conducted in Cambridgeshire, United Kingdom, so this incidence rate may not represent 45- to 64-year-olds in Europe, North America, Australia, and Asia as accurately.
As mentioned previously, due to HD being a dominant genetic disorder, if one parent has the disorder, then their children have a 50% chance of having the mHTT gene (Walker, 2007). However, there are certain thresholds associated with the number of CAG repeats that influence the inheritance of HD - if the HTT gene contains ≤26 CAG repeats, it is considered normal, but if it contains ≥40, it is considered to be associated with HD, and the individual will likely have the disorder (Myers, 2004). Furthermore, if the gene contains over 28 CAG repeats, it may not be associated with HD but instead could pose a risk to future offspring. This is because CAG repeats over 28 become increasingly more unstable with length, leading to further expansion. This means that, while both parents may not have an HTT gene of abnormal length if one parent has an HTT gene with over 28 CAG repeats, their children may still have a chance of acquiring an mHTT gene, and by extension, HD (Walker, 2007). This increasing length through generations leads to earlier age onset due to larger quantities of neurotoxic polyglutamine being produced, increasing the disease’s severity. This is known as genetic anticipation (Dayalu and Albin, 2015).

Diagnosis and Treatment
Because HD is monogenetic – meaning it is caused by a single faulty gene – diagnosis is relatively straightforward. The diagnostic test consists of a blood test that, when analysed, allows for the quantity of CAG repeats in each HTT allele to be determined (Myers, 2004). This means the test can determine the probability of developing HD in the future because a result of ≥40 implies a 100% risk, 36-39 implies a 60-70% risk, 27-35 implies a 0% personal risk - with risk to offspring acquiring the mHTT gene - and ≤26 implies a 0% risk (de Die-Smulders et al., 2013). Individuals in the UK who wish to get the test, such as after finding out one of their parents has HD and wish to know their probability of developing HD, can visit a regional genetics clinic once they have arranged the appointment with their GP. Patients who are awaiting testing at a clinic usually have a few counselling sessions to discuss testing implications and any concerns before deciding to follow through on testing. Follow-up counselling and support are also offered once a patient receives their test results (Huntington’s Disease Association, No Date). Prenatal testing also exists to predict the foetus’s risk of developing HD, however, this can lead to an ethical dilemma around the act of testing and knowing, as well as the possibility of selective abortion (Spurdle et al., 1991). Other potential options for individuals with HD who want children include pre-implantation genetic diagnosis, which is a form of IVF where the zygote is genetically tested for HD prior to implantation, egg or sperm donations, adoption, or conceiving naturally without any testing, although this would require accepting the risk of the child inheriting HD (Huntington’s Disease Association, No Date). 
When a diagnosis is given to a patient, potential treatments will be discussed. These treatments are not aimed at curing, as a cure has not yet been discovered, but are instead aimed at regulating symptoms. These consist of nutrition management to counter weight loss due to dysphagia, thickening agents for liquids to make them easier and safer to swallow, and reminders from carers to eat slowly to prevent choking (Walker, 2007). As for medications, tetrabenazine is used to treat chorea. It does this by lowering dopamine levels, which reduces nerve cell communication and ultimately chorea. Consequently, the lowered dopamine levels are reflected in an increased risk of suicidal ideations, although tetrabenazine is not the only factor behind this increased risk (FDA, 2008).

Current Research
There are a wide variety of research studies taking place to combat HD. In 2020 alone, there were 200 clinical trials based on potential therapies and biomarkers (Clinicaltrials.gov, 2020). Some research studies are actively looking into reducing the levels of mHTT protein by looking for ways to increase the rate at which cells dispose of it. These studies have shown that mHTT levels can be reduced through the application of autophagy-inducing factors, both natural and artificial (Djajadikerta et al., 2020). Autophagy is the cells’ processes of recycling old and damaged cellular parts, such as mHTT and its fragments (Klionsky, 2008). Other studies have demonstrated that gene silencing is a potential route as it takes advantage of the fact that HD is monogenic. They aim to reduce the production of mHTT protein by application of ASOs – antisense oligosaccharides – which bind to mHTT mRNA and prevent its transcription, effectively reducing the protein concentrations and halting its neurodegenerative effects. (Munoz-Sanjuan and Bates, 2011). Another study investigated the potential application of stem-cell therapy for the regeneration of damaged neurons by transplanting stem cells into afflicted regions of the brain (Clelland, Barker and Watts, 2008). 
A novel staging system for HD was also created in a similar way to how cancer is staged from 0 up to 4. Huntington’s Disease Integrated Staging System (HD-ISS) was made with the intention of assisting clinical trials target the earliest stages of HD, and is based on biological, functional, and clinical characteristics of HD. It is also the first staging system ever created for a genetic neurological disorder (Tabrizi et al., 2022).
A recent study discovered that autophagy is impaired in people with HD, leading to a build-up of biochemical waste in affected neurones, eventually causing cell death. Using a technique developed by the researchers, they were able to reprogram adult skin cells from someone symptomatic with HD into medium spiny neurones using specific signalling molecules. It was necessary to use adult skin cells as stem cells would only be useful for studying a cell’s early developmental state, whereas HD is most commonly symptomatic in adulthood. The HD-afflicted medium spiny neurones were observed producing chemicals that set off a cascade of events, including autophagy impairment. The researchers also identified a chemical, ‘G2’, using high throughput screening of a database of autophagy enhancers, added this to the neurones, and observed how G2 enhanced autophagy and prevented cell death (Oh et al., 2022).
A research study investigating the drug pridopidine as an HD treatment has also shown promise. The drug helps to encourage the production of a neuroprotective protein known as a brain-derived neurotrophic factor, which is found at reduced levels in people with HD. The protein has been described as a preventative in mHTT-induced cell death and also leads to a reduction in the HD-impairment of cellular processes. A PET imaging study was used to study the drug’s occupation of the brain receptor ‘S1R’ and showed that it occupied 90% of them. These results were used to support the testing of the drug’s appropriate dose in the trial (Huntington Study Group, 2022; Reilmann et al., 2021).

Conclusion
In conclusion, Huntington’s disorder is caused by a mutation in the HTT gene leading to defective huntingtin protein that produces neurotoxic fragments of polyglutamine. This neurotoxicity leads to the expression of nerve-related psychological and physical symptoms due to neural damage in the brain. It is a relatively rare disorder with 10 in 100,000 Europeans being afflicted, despite being autosomal-dominant. It is diagnosed through a blood test that determines CAG repeat quantities in alleles to determine susceptibility. It is treated through a mix of therapies, dietary and habit changes, and medication. Current research aims to combat this disorder through gene silencing, neural regeneration, and autophagic-induction. Research within the last year has led to the creation of a novel staging system to help with trialling more effective treatments, the discovery of Huntington’s disorder impairing autophagy processes, and the clinical trialling of a new and promising drug.
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