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Huntington’s chorea is a rare neurodegenerative disorder 
caused by the dominant inheritance of the mutated 
huntingtin gene, housing poly-CAG or polyglutamine 
repeats. It is characterized by a wide variety of symptoms 
ranging from chorea and hypokinetic movements to 
behavioural and cognitive decline, followed by dementia 
and inevitable death. Over the past 120 years, all avail-
able therapeutics have been for the symptomatic man-
agement of Huntington’s disease (HD) and require 
supportive physiotherapy and counselling to maximize 
the efficacy of the treatment. Several animal models 
have been employed to help elucidate and decrypt the 
pathophysiology of the disease, and also screen poten-
tial therapeutic candidates. In the last few decades, a 
deeper understanding of the cellular and molecular 
dynamics associated with HD has helped shed light on 
the mechanisms involved in disease progression. Genetic 
intervention for early detection, spreading awareness 
about HD and its symptoms, and training professionals 
in the nuances of the disease condition can significantly 
improve the lifestyle of patients. This article aims at 
summarizing the complex pathogenesis of HD at the 
cellular level using various disease models and available 
therapeutics. 
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HUNTINGTON’S chorea is a heritable neurodegenerative 
disease characterized by distinct symptoms such as chorea 
and incoordination1. Owing to its detailed elucidation and 
annotation to the American physician George Huntington, 
the disease as well as its mutant protein have gained their 
distinctive name from him. The manifestation of an ex-
panded poly-glutamine repeat chain at the N-terminal of 
the mutant protein has proven to be a hallmark in the iden-
tification of Huntington’s disease (HD)1,2. 
 Initial symptoms such as chorea are followed by imbalan-
ces in mental health leading to sadness and depression, 
drawing parallels to other neurodegenerative diseases2. As 
the disease progresses, a variety of motor, emotional, behav-
ioural and cognitive symptoms are experienced, including 
unsteadiness, changes in sleeping patterns, delusions and 
hallucinations, intellectual decline and memory loss3. Thus, 

the vast spectra of symptoms that occur as the disease 
progresses make its pathology even more complex, requiring 
molecular and genetic intervention in early disease identi-
fication. 
 A famous study done in 1987 classified the disease into 
five grades (0–4) based on the degree of severity in the 
patients. Macroscopic and microscopic evaluation of 163 
patients revealed the following standard classification pro-
tocol for HD patient diagnosis4. This meta-analysis laid the 
groundwork for future studies by connecting the dots bet-
ween structural changes and their corresponding phenotypic 
changes in HD patients. 
 The caudate nucleus and putamen are regions of the brain 
that suffer from severe atrophy, as seen in late-stage HD 
patients’ brains. The medium spiny neurons (MSN) located 
in the striatum employ the chemical γ-aminobutyric as a neu-
rotransmitter and degenerate due to overexcitation in HD 
patients5. 
 Originating from the short arm of chromosome 4p16.3, 
the Huntingtin protein (Htt) is a 348 kDa multi-domain 
protein that contains a polymorphic glutamine/proline‐rich 
domain at its amino terminus corresponding to its CAG 
repeats6. These CAG repeats are referred to as a polyQ 
(polyglutamine) chain and disease severity corresponds to 
the length of this chain6. It is mainly cytoplasmic and is 
attached to the membrane via palmitoylation at cysteine 
214 residue7. The protein is ubiquitously expressed, and its 
exact function still remains unknown; however, it has been 
associated with the healthy development and functioning of 
the nervous system8. Structurally, Htt is largely α-helical 
with its N- and C-terminal domains arranged in a solenoid 
fashion. These domains are connected by a smaller bridge 
domain, encompassing different types of tandem repeats9. 
 The mutation in the Huntingtin protein is dynamic in 
nature10. This indicates that the degree of complication, as 
well as the age of onset and rate of worsening of symp-
toms, are all proportional to the number of CAG repeats10. 
Studies consistently show that repeats 7–35 correspond to 
a healthy phenotype, whereas surpassing a threshold of 40 
repeats can result in mild to severe disease manifestations11. 
The average age of onset is considered to be around 40–60 
years11. Owing to the phenomenon of genetic anticipation, 
prolonged accumulation of CAG repeats over generations 
precipitates a condition known as juvenile Huntington’s 
disease, with an age onset of less than 20 years12. 
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 The expanded polyQ chain enables a toxic gain of function 
by the mutant protein, as further corroborated by studies 
on animal models13. Details on the impact of gain of func-
tion are elaborated in detail in the following sections. How-
ever, knock-out and knock-down studies have shown that 
polyQ expansion within Htt can amount to a loss of func-
tion14. There is a loss of neuroprotective functions in the 
brain due to mutant protein blocking BDNF (brain-derived 
neurotrophic factor) increasing cellular toxicity15. The dual 
nature of the proteins is mainly due to higher mutant proteins 
stimulating cell stress and a decrease in healthy proteins that 
carry out neuronal homeostasis. 
 Extensive studies done on this complex pathological 
condition over many years have indicated over-activation 
or suppression of several different cellular mechanisms that 
gradually and sequentially weaken the cells, making the 
disease difficult to treat and manage with time. Events 
taking place in the cells are as follows: (1) The propensity 
of mutant Htt to take up abnormal confirmations, especially 
after post-translational modifications, leads to the formation 
of large β-sheet structures. This paves the way for abnormal 
accumulation of cytoplasmic aggregates. (2) Since man-
agement of these mutant aggregates puts additional stress 
on the cells, over time it leads to impairment of the normal 
cellular protein regulation machinery. (3) Translocation of 
these mutants to the nucleus enhances the virulence of the 
protein by stimulating transcriptional dysregulation. (4) 
Accumulation of reactive oxygen species (ROS) and a 
surplus of free Ca2+ ions in the cytoplasm due to mitochon-
drial and endoplasmic reticulum (ER) dysregulation de-
creases ATP production and hinders appropriate protein 
folding. (5) Excess production and uptake of glutamate 
cause overstimulation of neurons (excitotoxicity) with irre-
gular post-synaptic signalling12,16. 
 In this article, HD pathogenesis is discussed in detail, in 
the context of reported cellular and molecular manifestations. 
We also provide insight into the developments in the field 
using various animal models as well as clinical studies aimed 
at improving therapy. 

HD prevalence, detection and diagnosis 

The frequency of incidence of Huntington’s chorea is about 
one in 100,000 Africans and Asians, and five in 100,000 
Caucasians; thus, producing a significantly high occur-
rence rate among genetic diseases1. Zielonka et al.17 have 
studied the gender differences observed in HD and reported a 
statistically significant bias in disease severity and rate of 
progression between men and women. Information is critical 
to enhancing patient care and therapy17. 
 In 2004, the American College of Medical Genetics and 
Genomics (ACMG) Committee published an article to pro-
vide technique-specific guidelines to laboratories testing for 
HD. This article paved the way to establishing more stan-
dardized and reliable diagnostic testing guidelines for the 

US and non-US clinical laboratories in compliance with stat-
utory regulations. It discusses the important points to con-
sider in PCR detection with regards to patient controls, 
reference standards, presence of CCG polymorphism as 
well as Southern blot analysis, and care to be taken while 
interpreting the results18. 
 The majority of disease diagnoses are neurological and 
motor-related using a genetic test for the HD CAG expansion 
or a confirmed family history of HD. Asymptomatic patients 
housing the mutant genotype are known as prodromal pati-
ents19. However, there is increasing prominence in diagnosis 
through cognitive and behavioural impairments, mainly be-
cause cognitive impairments are evident at least 15 years 
prior to when the motor diagnosis can be done20. Another 
large, internationally conducted longitudinal study ‘PRE-
DICT-HD’ on 738 patients not yet diagnosed with HD 
sought to predict the number of years of onset of the dis-
ease based on neurocognitive characteristics21. 
 Klöppel et al.22 used multivariate support vector machine 
algorithms to predict the onset of HD in pre-symptomatic 
HD gene mutation carriers (PSCs) with or without prior 
information. It gave predictions with 83% accuracy in 
those patients, specifying at least a 33% chance of develo-
ping unequivocal signs of HD in five years based on prior 
information22. Imaging of the brain to identify biomarkers 
is another approach to diagnosis. Diffusion tensor imaging 
(DTI) has exposed anomalies in the orientation of neuronal 
fibre, which compromise the integrity of white matter and 
subcortical grey matter. Functional MRI (fMRI) is another 
tool that has the potential to recognise changes in the brain 
that premanifest HD even before standard structural brain 
damage occurs. PET scans, although expensive, are being 
used to analyse unique patterns seen in abnormal brain 
function in the prodromal stages of HD23. 

Molecular mechanisms in HD 

The progression of HD occurs sequentially, as mentioned 
earlier and involves gradual interlinked changes over a pati-
ent’s lifetime, which are described below in detail. 

Dysregulated cellular protein management and  
accumulation of toxic aggregates 

To effectively clear toxic/unwanted proteins from the cellular 
environment, non-lysosomal protein degradation processes 
such as the ubiquitin–proteasome pathway (UPP) are activa-
ted24. Research across the globe has shown a direct rela-
tionship between the increase in polyQ repeats and the 
quantum of proteasomes recruited by mutant Htt (mHtt) 
aggregates as well as the rate of aggregate formation in 
mouse models24,25. Reports also indicate an altered cell-
wide proteasomal activity in the affected neurons due to 
the redistribution of proteolytic enzymes towards mHtt 
aggregates impairing whole-cell protein management25,26. 
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 The long poly-glutamate tail of the mutant protein has 
shown the ability to trap the Hsp70 and Hsp40 families of 
chaperones seen in both animal and cellular models of 
HD27. Sequestering of chaperones in aggregates reduces the 
level of soluble chaperones available in the cells, affecting 
the protein homeostasis of the cell. Although it has been 
shown that Hsp40 and Hsp70 act synergistically in sup-
pressing neurotoxicity and increasing the solubility of mu-
tant polyglutamine protein in Drosophila models27, studies 
done to quantify the levels of these chaperones over the 
period of neurodegeneration in mice models have shown a 
progressive decrease of about 40% of the endogenous lev-
els of chaperone proteins28. Sophisticated techniques using 
organotypic slice culture assays show that the overexpres-
sion of Hsp70 in mice models leads to an early but only 
transient decrease in aggregate formation28. Thus, the mu-
tant protein evades cellular heat-shock responses while 
maintaining high aggregate levels that interfere with nu-
clear and cytoplasmic pathways. 
 Several studies have shown the involvement of caspases 
in the pathology of HD29–32. It has been shown that the pres-
ence of caspase 2-3 and -6 cleavage sites in mHtt and their 
ability to activate caspase-8 allow the mutant to manipulate 
caspase proteins in the cells29. Cleavage of proteins by 
caspase-3 produces toxic N-terminal fragments. Caspase 
inhibitors have been shown to attenuate cell death by reduc-
ing the quantum of noxious fragments produced and the 
rate of aggregate formation in apoptotic cells30. Furthermore, 
the caspase inhibitors Z-VAD-fmk and minocycline have 
been shown to slow down the progression of HD in trans-
genic mice. Based on this understanding, it has been propo-
sed that targeting caspases may help slow down mutant 
protein aggregates31,32. 
 Another key protein family identified is the calpain 
family of proteins. In 3-nitropropionic acid-induced animal 
models of HD, activation of calpains was found to contribute 
to the degeneration of striatal neurons33. Kim et al.34 repor-
ted that calpain-mediated cleavage of Huntingtin produced 
two N-terminal huntingtin fragments, viz. 72 and 47 kDa, 
which were either smaller or approximately in the same 
size range as those produced by caspase-mediated cleav-
age. mHtt has been consistently proven to be more easily 
cleaved by calpain than caspases. These fragments easily 
enter the nucleus to form intra-nuclear inclusions34. Bloc-
kade of calpain-mediated cleavage of huntingtin reduces 
huntingtin aggregates and toxicity35. 
 As the cells age, these and many other protective mecha-
nisms and stress responses get activated. This further worsen 
the conditions by increasing mutant aggregate formation 
and aggravating neuronal loss in HD. 

Impaired mitochondrial dynamics and reactive  
oxygen species 

A hallmark of HD is the degeneration of medium spiny 
neurons (MSNs) in the striatum. Although the exact cause 

is unknown, mitochondrial dysfunction and loss of normal 
cellular bioenergetics might be critical in the accumulation of 
fragmented mitochondria36. Indicators of mitochondrial 
defects include decreased ATP levels, free-radical produc-
tion, respiratory complex inhibition, loss of mitochondrial 
membrane potential, and Ca2+ buffering disturbances that 
culminate in targeting MSNs37,38. 
 Fission and fusion of the mitochondria are normal active 
processes regulating cellular mitochondrial dynamics. They 
require large, evolutionary conserved GTPases that physi-
cally alter mitochondrial membranes and regulate their  
interaction with the organelles39. Fusion is carried out by 
membrane-expressed mitofusin 1, 2 (Mfn1, 2) and optic 
atrophy 1 (Opa1) that tether nearby mitochondria facilitating 
fusion, whereas proteins like dynamin-related protein 1 
(Drp-1) and Fis1 (fission) regulate fission40,41. Studies have 
shown that abnormal mitochondrial dynamics are linked 
to interactions of mHtt with Drp-1 fission protein as well 
as an increase in cellular Drp1 levels and reduced Mfn1 lev-
els that induce higher levels of fission and toxic enzymatic 
activity28,42. In the PGC-1 (peroxisome proliferator-activated 
receptor (PPAR)-γ coactivator) family of coactivators, PGC-
1α is widely regarded as a master controller of mitochon-
drial biogenesis, playing a major role in mitochondrial protein 
transcriptional regulation43. It has been shown that mutant 
Huntingtin causes a reduction in TORC1, the most potent 
transcriptional activator of PGC-1α  (ref. 44). Mice that 
had PGC-1α knocked-out and mutant huntingtin knock-in 
showed poor motor performance and earlier degeneration 
of the striatum than only mutant huntingtin knock-in mice, 
as well as increased susceptibility to the mitochondrial 
toxin 3-NP (ref. 43). Interference of mutant proteins with 
PGC-1α has been reported to cause disruption of oligo-
dendrocytes and white matter as well as mitochondrial bio-
genesis impairment in muscle cells, leading to myopathy 
and exercise intolerance45,46. 
 Reddy et al.47 have shown that impaired mitochondrial 
function leads to high levels of ROS that include superoxide 
(O•

2
–), hydrogen peroxide (H2O2), hydroxyl radical (•OH), 

as well as reactive nitrogen species such as peroxynitrite 
(ONOO−) and NO• that impair cellular function by degrading 
proteins, lipids and nucleic acids. This is consistent with 
studies showing that the addition of hydrogen peroxide to 
cultured cerebellar granule neurons induced mitochondrial 
fragmentation within 1 h of treatment of the cells48. It has 
been shown that acute exposure to relatively high levels of 
ROS, especially in the presence of calcium, can induce 
mitochondrial permeability, uncouple oxidative phosphoryla-
tion with catastrophic effects on mitochondrial energetics, 
and contribute to cytotoxicity via necrosis and/or apoptosis49. 
 Mitochondria isolated from both the neuroblastoma and 
clonal striatal cells confirmed the interaction of mHtt with 
the outer mitochondrial membrane. This proved to directly 
increase the susceptibility of mitochondria to the calcium-
induced MPT (mitochondria permeability transition) pore and 
the release of cytochrome c activating apoptotic pathways50. 
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 In summary, oxidative damage in neurons has, over the 
decades, been one of the central causative agents for several 
neurodegenerative diseases and has been implemented in 
exacerbating HD as well. 

ER stress 

Over the last decade, there have been several studies on 
the role of mHtt protein in producing ER stress, which affects 
a plethora of cellular functions. Converging evidence 
highlights the effect of the protein on the secretory pathway, 
including perturbations at the level of ERAD/protein quality 
control, ER–Golgi trafficking, endocytosis, vesicular traf-
ficking, ER calcium homeostasis and autophagy/lysoso-
mal-mediated protein degradation51. 
 ER-associated degradation (ERAD) machinery includes 
chaperones, transmembrane proteins and ubiquitin-associ-
ated enzymes that select, target and retro-translocate mis-
folded proteins to the cytoplasm for degradation by the 
proteasome system, which is now dysregulated52,53. The 
mutant protein interfers with these pathways associated 
with the ERAD machinery leading to ER stress53. 
 The unfolded protein response pathway (UPR) regulates 
and promotes adaptive processes in case of ER stress to 
recover cellular homeostasis and maintain normal protein 
folding mechanisms. IRE1α (inositol-requiring enzyme1), a 
stress sensor, controls the upregulation of a subset of UPR-
related genes, including genes linked to folding, protein 
quality control, the ERAD system, and ER–Golgi biogen-
esis. IRE1α also interacts with proteins to activate the apo-
ptosis signal-regulating kinase 1 (ASK1) and c-Jun-N 
terminal kinase (JNK) pathways53,54. ASK1 is a carrier 
protein that has been shown to carry mHtt analogue to the 
nucleus, promoting aggregate formations55. Another regula-
tor of autophagy, rapamycin has also been reported to de-
crease mHtt aggregates and improve neuronal survival in 
Drosophila HD models56. 
 The essential autophagy regulator, Beclin-1, exhibits inclu-
sion-like distribution in HD patient brain samples, co-
localizing with Htt and blocking macro-autophagy signal 
transduction processes, enhancing ER stress57. Additionally, 
the sarco-endoplasmic reticulum Ca2+-ATPase (SERCA), 
has also been found to significantly contribute to the etiology 
of HD through the luminal Ca2+-binding proteins (CaBPs) 
such as calnexin and calreticulin which play an important 
role in regulating the activity of the SERCA pump58. Htt 
plays a direct role in Ca2+ signalling by modulating InsP3R 
(inositol triphosphate receptor) sensitivity to InsP3 (inosi-
tol triphosphate). The InsP3R1–HAP1A-Htt ternary com-
plex has been identified in yeast two-hybrid systems, 
which sensitizes Insp3R1 to Insp3, and negatively modu-
lates cellular calcium levels59,60. Overexpression of the 
SOC (store-operated calcium channels) pathway in HD neu-
rons increases cellular free calcium ions. A study conduct-
ed on transgenic Drosophila flies identified the TRPC-1 

(transient receptor potential canonical-1) channels associ-
ated with the SOC pathway as a novel therapeutic target 
that mitigates the toxic effects of such pathways61. It is 
known that the synaptic neuronal SOC pathway is con-
trolled by the ER-resident protein STIM2 (stromal interaction 
molecule-2). A study has revealed that elevated levels of 
STIM2 in transgenic mice models progresses with age-
dependent dendritic spine loss in MSNs62. 

Neuronal excitotoxicity and disrupted axonal  
transport  

Excitotoxicity refers to neuronal cell death caused by the 
activation of excitatory amino acid receptors63. The N-methyl-
D-aspartate subclass of ionotropic glutamate receptors 
(NMDARs) is found to be the most selective and effective 
in mediating this damage. It has been previously reported 
that neurons expressing high levels of NMDARs are lost 
early from the striatum of individuals affected with HD, 
and injection of NMDAR agonists into the striatum of ro-
dents or non-human primates recapitulates the pattern of 
neuronal damage observed in HD64. Overstimulation of 
these receptors or an increase in the release/decrease in 
the uptake of glutamate is known as ‘excitotoxicity’ and is 
linked to the pathogenesis of HD. Overexcitation due to 
the presence of excess glutamates induces depolarization of 
neuron membranes, followed by activation of ionotropic 
receptors. Neurons in this state face a rapid influx of water 
and calcium ions, hastening degeneration65. 
 In HD increased glutamate release occurs at early stages, 
followed by the loss of glutamatergic terminals in fully 
symptomatic HD, indicating disconnection of the cortex and 
striatum66. Initially elevated glutamate signalling could be 
a result of higher uptake of extracellular glutamate. At corti-
costriatal synapses, glutamate is removed from the extracellu-
lar space by astrocytes that express glutamate transporters 
(GLT). Reduced GLT1 mRNA and a corresponding de-
crease in glutamate have been described in rodent models 
of HD67,68. Overactivation of NMDARs can render neurons 
susceptible to excitotoxicity, confirmed with the injection of 
a selective NMDAR agonist quinolinic acid in rodents, 
which mimicked HD loss of striatal MSNs69. Stratial out-
put is governed by the direct and indirect pathways of the 
MSNs that are differentially vulnerable as the disease pro-
gresses. They are composed of dopaminergic (DA) neurons 
expressing D1 receptors and D2 receptors respectively70. 
Cepeda et al.71 showed that the frequency of spontaneous 
excitatory postsynaptic currents (sEPSCs) as well as the 
amplitude of excitotoxic and excitatory effects were higher 
in indirect compared to direct pathway MSNs. YAC128 
(yeast artificial chromosome 128) mice and BACHD (bac-
terial artificial chromosome) are models expressing 128 
and 97 repeats respectively, commonly used in the study of 
HD72. Administering tetrabenazine helped restore dopamine 
modulation of sEPCs in YAC128 mice and in BACHD 
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mice rescued eletrophysiological alterations and increased 
motor function70,72. 
 Axonal transport delivers proteins, lipids, mRNA and 
mitochondria from the cyton to the distal synapse, and 
clears recycled or misfolded proteins. It is responsible for 
functions such as neurotransmission, neural trophic signal-
ling and stress insult responses73. Motor proteins such as 
dynein and dynactin help transport proteins across the 
length of the axon73,74. In neurons adversely affected in 
HD patients, axonal transport is impaired mostly due to 
interactions of mutant protein with axonal cargo. These ab-
normal interactions block organelle and protein transport 
along the axons, ultimately leading to synaptic starvation. 
Reddy et al.75 used live-cell imaging tools to compare axonal 
transport in neurons of BACHD and wild-type mice. They 
reported a significant decrease in mitochondrial motility, 
especially in anti-retrograde transport across primary neurons 
in BACHD mice75. Another group aiming to understand 
defects in axonal transport showed that in the Hdh150Q 
mice model, BDNF transport is disrupted in striatal and not 
cortical neurons76. Lee et al.77 observed in Drosophila 
models that expression of Htt-128 was more diffused and 
in a non-aggregated state in muscle and epidermal cells, 
suggesting that some tissues may be more resistant to Htt 
aggregation than others. 
 In summary, the mutant protein takes on a toxic gain of 
function. Its ability to evade, resist and interfere with the 
other proteins and molecular mechanisms damages the 
neurons over time. Figure 1 shows the key players and 
processes occurring in an HD-affected neuron. The figure 
highlights that the combinatorial effect of failing systems 
produces an outcome worse than its individual parts. 
 The intracellular dynamics have been revealed from mHtt 
interactions with several other nuclear and cytoplasmic 
entities disrupting cellular homeostasis. The red crosses in 
Figure 1 indicate a decrease in the number of proteins over 
the course of the disease. The figure gives a detailed key 
illustrating the proteins and molecules corresponding to 
each symbol. 

Therapeutic approaches for treating HD 

The mutant protein causes neurodegeneration through several 
cellular mechanisms. Studies using different model systems 
have helped identify druggable pathways and molecular 
targets. Treatments ranging from gene therapy strategies 
to conventional pharmaceutical approaches are currently 
available for managing HD. 

Gene therapy strategies 

Novel therapeutic strategies are proving to be powerful 
and specific methods for gene silencing or Htt inactivation. 
In HD, an in vivo study found four potential lead ASOs 
(antisense oligonucleotide therapies) specific to mutant 

protein based on the principle that CAG tract expansion is 
associated with single nucleotide polymorphisms (SNPs) 
that can be targeted78. The use of interfering RNAs encoded 
by viral vectors enables RNase H-mediated cleavage of 
complementary mHtt RNA78,79. The use of siRNAs (small 
interfering RNAs) expressed from miRNA (microRNA) 
scaffolds driven by the polymerase (pol) III or pol II pro-
moters, allowing for tissue- or cell-specific expression of 
interfering RNAs increases treatment specificity. High 
stability of these constructs ensures lower dosage frequency, 
higher patient compliance and increased safety when the 
dose administered is maintained within the therapeutic in-
dex80,81. The use of CRISPR-CAs9 constructs produces 
precise knicks capable of disrupting translation or inactivat-
ing mutant proteins due to frameshift mutations82. Another 
strategy still in its nascent stages of development, aims at 
improving neuronal homeostasis using selenium nanoparti-
cles and has been shown to work in HD Caenorhabditis ele-
gans models83. Recently, cell transplantation has gained 
clinical attention, especially after multicentric intracerebral 
grafting (MIG-HD), a randomized phase-II trial was con-
ducted. Despite its limited benefits, it has been purported 
to pave the way to complementary therapy that can reverse 
tissue atrophy and improve neuronal health84. 
 Apart from the therapeutic aspect, such technology can 
help us realize possible solutions to important questions 
related to HD pathobiology, which in turn may provide 
targeted solutions. This symbiosis between technology and 
therapy may quickly advance these unconventional strate-
gies, thus helping to cure rather than simply delay the dis-
ease. 

Pharmaceutical and biopharmaceutical strategies 

A more traditional approach to the management of HD is 
through prescribed drugs that provide significant sympto-
matic relief; however, they fail to reverse the disease con-
ditions. It should be noted that drugs alone have not been 
found to completely alleviate symptoms as of now. There 
are reports that point out the use of curcumin, in ameliorating 
disease symptoms in the Drosophila model of HD by sup-
pressing cell death85. 
 An interesting study with ciliary neurotrophic factor 
(CNTF) has shown that is protects striatal neurons in various 
disease models. Results obtained mainly indicate that to 
achieve consistent electrophysiological relief, there is a 
need to reduce biological heterogeneity by modifying the 
capsule delivery system before conducting further trials86. 
Another important drug candidate, viz. HDAC inhibitor 
phenylbutyrate is in phase-II clinical trials for HD, and 
studies have shown promising results87. In patients with mild 
symptoms, a therapy consisting of antioxidants in conjuga-
tion with creatine is administered. Creatine plays a major role 
in intracellular energy buffering in conjunction with phos-
phocreatine and is effective against superoxide, peroxynitrite 
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Figure 1. The cellular landscape of a neuron affected by Huntington’s disease. 
 
 

 
 

Figure 2. Classically prescribed drug agents against their respective symptoms in HD. Preferred drug 
classes as well as examples of newer available anti-oxidant-based therapy are represented here.  
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and hydroxyl radicals88. α-Tocopherol (vitamin E) is a lipid-
soluble antioxidant that protects cell membranes from oxi-
dation and acts via the glutathione peroxidase pathway. The 
role of CoenzymeQ10 (CoQ10) is to prevent the oxidation of 
bases in the mitochondria, and the formation of lipid peroxyl 
radicals and protein oxidation in lipid membranes89. Fig-
ure 2 describes various drugs administered according to 
symptoms experienced by HD patients. 
 The figure shows classically prescribed drug agents against 
their respective symptoms in HD. It highlights preferred 
drug classes and provides examples of new antioxidant-
based therapies. 
 Inter-patient differences commonly occur in genetics, dis-
ease onset, variety and severity of symptoms and drug-
induced side effects. Thus, it is advised that patients be 
supplemented with non-pharmacological therapy along 
with their conventional drug regimen. This is mediated by 
specialists, including but not limited to a genetic counsellor, 
a mental health professional, a physical therapist, and a 
social worker for support and coordination of services90. 

Conclusion 

Huntington’s chorea is an autosomal dominant disorder 
characterized by its ability to socially, mentally and physi-
cally impair patients in their adult life. However, with the 
advancement and use of sophisticated modern molecular 
techniques, we have a good understanding of the several 
mechanisms involved in its pathogenesis. With the plethora 
of data currently available and the increasing impetus over 
the last decade for employing multidisciplinary approaches 
for disease elucidation, professionals can consider using ma-
chine learning and neural networks to simulate the neuro-
degenerative interactions occurring in the brain. Since HD 
is a cohesive amalgamation of several toxic cascades that 
show high variability in frequency and severity among pa-
tients, researchers may consider simulation-based approaches 
to analyse and fill in the gaps of knowledge that currently 
exist regarding this disease. 
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