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Abstract

Huntington’s disease (HD) is a prototypical dominantly inherited neurodegenerative disorder 

which is characterized by progressive cognitive deterioration, psychiatric disturbances and a 

movement disorder. The genetic cause of the illness is a CAG repeat expansion in the huntingtin 

gene, which leads to a polyglutamine expansion in the huntingtin protein. The exact mechanism 

by which mutant huntingtin causes HD is unknown, but it causes abnormalities in gene 

transcription, and both mitochondrial dysfunction and oxidative damage. Since the penetrance of 

HD is complete with CAG repeats greater than 39, patients can be diagnosed well before disease 

onset with genetic testing. Longitudinal studies of HD patients before disease onset have shown 

that subtle cognitive and motor deficits occur as much as 10 years before onset, as do reductions in 

glucose utilization and striatal atrophy. An increase in inflammation, as shown by elevated IL-6, 

occurs about 15 years before onset. Detection of these abnormalities may be useful in defining an 

optimal time for disease intervention to try to slow or halt the degenerative process. Although 

reducing gene expression with siRNA or shRNA is an attractive approach, other approaches 

targeting energy metabolism, inflammation and oxidative damage may be more easily and rapidly 

moved into the clinic. The recent PREQUEL study of coenzyme Q10 in presymptomatic gene 

carriers showed the feasibility of carrying out clinical trials to slow or halt the onset of HD. We 

review both the earliest detectable clinical and laboratory manifestations of HD, as well as 

potential neuroprotective therapies which could be utilized in presymptomatic HD.
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Introduction

Huntington’s disease (HD) is a prototypical neurodegenerative disease which leads to 

progressive cognitive and physical deterioration.1 The illness is caused by a CAG repeat 

expansion which encodes polyglutamine. Progressive transcriptional dysregulation occurs in 

both the striatum and the cerebral cortex, leading to neuronal dysfunction and death. 
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Another feature of the illness is mitochondrial dysfunction and an impairment of oxidative 

metabolism.2, 3 Since the disease is autosomal dominant with complete penetrance above a 

CAG repeat of 39, it can be reliably diagnosed in its presymptomatic phase. This raises the 

possibility of carrying out clinical trials in presymptomatic gene positive individuals, in 

order to delay or halt the neurodegenerative process. The feasibility of this was recently 

shown in the PREQUEL phase 2 study of coenzyme Q. It is therefore important to be able to 

detect the illness in its earliest phase before clinical diagnosis. We review both the earliest 

clinical, imaging and biochemical changes which occur in presymptomatic gene positive 

patients, as well as a number of promising therapies which could be utilized for treatment, 

with a particular emphasis on halting the mitochondrial dysfunction and oxidative damage.

In Western countries, it is estimated that about five to seven people per 100,000 are affected 

by HD. The number of CAG repeats in the HTT gene is the main predictor of the age of 

disease-onset. Patients with HD have CAG repeat lengths above 36, with variable 

penetrance of repeat lengths 36–39 and complete penetrance with 40 or more repeats; longer 

repeat lengths (>60) have been associated with juvenile-onset HD.1 Having up to 26 CAG 

copies is considered normal, whereas CAG expansions in the 27–35 range are referred to as 

intermediate alleles (IA) (Figure 1).4 This range confers meiotic instability and can expand 

into the HD range when passed to subsequent generations, especially when inherited from 

the father.5 Individuals at risk of inheriting the expanded CAG nucleotide can be identified 

before clinical onset by predictive genetic testing.6 Although the length of CAG repeats can 

be used for predicting age of onset, the CAG repeat length seems to contribute less to the 

rate of progression, and understanding the determinants of rate of progression, could help in 

finding targets for therapeutic intervention.7

HD patients develop progressive motor impairment, gradual cognitive decline, and 

psychological disturbances, and the patient eventually becomes completely dependent on 

others for daily functioning. Metabolic abnormalities such as wasting and altered energy 

expenditure are increasingly recognized as clinical hallmarks of the disease. Pathologically, 

there is a preferential and progressive loss of the medium spiny neurons (MSNs) in the 

striatum, as well as cortical pyramidal neurons, and degeneration of other brain regions later 

in the disease. There is progressive disability, and death usually occurs 15 to 20 years after 

onset. Individuals with HD frequently die due to secondary complications such as choking, 

infection, or heart failure. There are no currently available treatments to delay disease onset 

or retard its progression, and the focus of medical care is limited to symptom management 

and maximizing function. Transcriptional dysregulation, protein aggregation, mitochondrial 

dysfunction, and enhanced oxidative stress have been implicated in the disease pathogenesis. 

A key feature of HD patients is pronounced weight loss, despite sustained caloric intake and 

deficits in energy expenditure have been linked with mitochondrial dysfunction in 

HD.2, 8–10

Despite great progress since the identification of the gene mutation, the critical pathway by 

which the HD gene mutation leads to neuronal dysfunction and death has not yet been 

established. The function of normal huntingtin protein has also not been fully elucidated, but 

it is known to be associated with synaptic vesicles and microtubules, and it plays a critical 

role in nerve cell function, transcriptional regulation, mRNA processing, and as an essential 
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scaffold protein regulating axonal transport of vesicles including brain-derived neurotrophic 

factor (BDNF).11–16 The huntingtin protein plays a role in activating the glycolytic enzyme 

GAPDH, to supply energy from glycolysis for fast axonal transport of vesicles.17 Both gain-

of-function (for mutant huntingtin) and loss-of-function (for normal huntingtin) may 

contribute to HD pathogenesis.

Research involving presymptomatic testing and identification of a biomarker for detection of 

disease onset and progression, and for monitoring treatment effects has garnered special 

attention in recent years. HD studies typically rely on the United Huntington’s Disease 

Rating Scale (UHDRS) for outcome measures, which includes a battery of tests that evaluate 

motor skills, cognition, behavior, activities of daily living and independence. This 

assessment tool however may be insensitive in detecting the earliest stages of the illness. 

Researchers over the past several years have emphasized the need to reliably identify subtle 

changes that can be measured in the presymptomatic stages of the disease. We below briefly 

discuss aspects of presymptomatic testing, and therapies being developed for 

neuroprotection.

Presymptomatic testing

The first genetic marker for HD was identified in 1983, and after a decade’s effort, scientists 

finally isolated the HD gene in 1993. This discovery made genetic testing possible, which 

involves screening of a small sample of blood to detect the presence or absence of the HD 

mutation in leukocytes. Presymptomatic testing is available for at risk individuals who have 

a family history of HD, but as yet no symptoms themselves. The testing involves a 

neurological examination, pretest genetic and psychologic counseling, and follow up. The 

purpose of the neurological examination is to determine whether or not the person 

requesting testing is showing any clinical symptoms of HD. Pretest counseling informs the 

individual about the manifestations of HD, the level of risk, and about the testing procedure 

(including the test's limitations, the accuracy of the test, and possible outcomes). Despite the 

availability of genetic testing, most patients prefer not to have it, which is understandable 

since no proven neuroprotective treatment is presently available. Only about 5% to 20% of 

people at risk for the disease request testing when approached by registries or testing 

centers.18, 19

Identification of the Earliest Subtle Physiological Changes during 

Prodromal period

It is important to be able to identify early biomarkers for HD since they may identify an 

optimal time for therapeutic interventions. It may be necessary to initiate neuroprotective 

therapies during the prodromal period in the very earliest phases of HD, before clinical 

onset. Starting approximately fifteen years before the onset of motor symptoms subtle brain 

changes may occur as well as some subtle cognitive difficulties and difficulties with motor 

function (Figure 2).20–22 It is known that regional brain atrophy, such as reductions of 

putaminal volume and caudate shrinkage occur 10 years or more before the onset of 

clinically-diagnosable HD.20–27 Blood markers such as IL-6 levels are increased as many as 

16 years before clinical diagnosis,28 and it correlates with disease progression.29 The 
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chemokines eotaxin-3, MIP-1β and eotaxin also show linear increases in plasma with 

disease progression.30 Plasma 24S-hydroxycholesterol is reduced in HD plasma, but does 

not worsen with disease progression.31 The H2A histone family member Y (H2AFY) was 

shown to be a potential HD blood biomarker which is associated with disease activity, and 

showed a drug response to a histone deacetylase (HDAC) inhibitor.32

Using time-resolved Förster resonance energy transfer (TR-FRET) immunoassay, Weiss et 

al. (2012) found that mHtt is present in the peripheral immune system, and that mean mHtt 

levels in monocytes, T cells, and B cells are significantly increased in premanifest mutation 

carriers as compared to controls.33 The levels are also significantly different in premanifest 

gene carriers as compared to those with clinical onset. The monocyte and T cell mHtt levels 

were significantly associated with disease burden scores and caudate atrophy rates in 

patients with manifest HD, indicating that the mHtt levels track HD progression. 

Furthermore, there are a number of studies which have looked at both cerebral glucose 

metabolism and cerebral blood flow in the prodromal period of HD.23, 34–36 Both, the 

striatal glucose metabolism as well as dopamine D2 receptor binding, are reduced in 

presymptomatic HD gene carriers.34, 36, 37

Recently, Tang et al. (2013) used a computational approach to identify a functional brain 

network associated with the progression of preclinical HD.38 They studied 2 longitudinal 

cohorts of premanifest HD mutation carriers using [18F]-fluorodeoxyglucose PET to 

measure cerebral metabolic activity, and [11C]-raclopride PET and structural MRI, to 

measure concurrent declines in caudate/putamen D2 neuroreceptor binding and tissue 

volume. They reported that amongst the various imaging markers analyzed, metabolic 

network activity was the most sensitive to disease progression, as demonstrated by its rapid 

rate of progression and high expression at the time of phenoconversion. Modeling suggested 

that metabolic network progression begins 19–20 years before phenoconversion, anteceding 

the basal ganglia volume-loss pattern by 3 years, and continuing at a constant rate in the 

remaining preclinical years, and in the period following phenoconversion.38

Hua et al. (2013) examined arteriolar cerebral blood volume (CBVa) using an inflo-based 

vascular-space-occupancy (iVASO) technique, which is a noninvasive magnetic resonance 

imaging method at ultrahigh field (7T). They investigated alterations in CBVa in 7 

prodromal HD subjects with an estimated years-to-onset of 8.3 + 3.8 years. The subjects 

showed some subtle motor abnormalities but no cerebral or striatal atrophy. Interestingly the 

CBVa was significantly greater in prodromal HD patients in the frontal, and parietal and 

temporal cortex, with relative differences from controls of 30–50%. Significant correlations 

were observed between gray matter CBVa in the frontal cortex and the CAG Age Product 

(CAP) score and estimated years-to-onset.39 In transgenic mouse models of HD, the total 

CBV in cerebral cortex and striatum was also increased.40–43

These findings show that both blood flow and metabolic abnormalities occur 

presymptomatically. The increase in CBV is unexpected since there are reductions in 

glucose metabolism in both the striatum and the cerebral cortex in presymptomatic HD 

subjects.34, 36, 37 There, however, may be alterations in both CBV and glucose metabolism 

which occur over time. There are reports of increased glucose metabolism in some areas of 
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cerebral cortex in HD patients, and it is possible that there is an initial increase in glucose 

metabolism preceding the reductions in glucose uptake.44 We carried out studies of glucose 

utilization in several HD transgenic mouse models including N171-82Q and HdhQ111 

knockin transgenic mice. We observed there was an initial increase in glucose utilization in 

both the cerebral cortex and striatum, followed by a reduced glucose utilization which 

occurred over time (Browne and Beal, unpublished findings). This may be reflective of 

impaired oxidative phosphorylation, which is initially compensated by an increase in 

glucose uptake and glycolysis, but then is followed by neuronal impairment and reduced 

glucose metabolism as the disease progresses.

There is also evidence that there are reduced high-energy phosphates in response to an 

exercise stimulus in muscle in both presymptomatic and symptomatic HD subjects.45 One 

prior study examined cerebral blood flow and oxygen extraction as well as glucose 

utilization, and showed that there was an increase in the relative glucose utilization in HD 

patients, consistent with an increase in glycolysis.37 This observation however could reflect 

the reduced numbers of mitochondria in striatal spiny neurons that we documented in both 

HD postmortem brain tissue and transgenic mice.46, 47 Reduced numbers of mitochondria 

may require increased glucose uptake and metabolism as a compensation to maintain 

cellular energy levels and synaptic activity. We previously reported increased lactate in 

cerebral cortex of HD patients that occurred presymptomatically.48

The increased arteriolar CBV observed in the prodromal HD subjects may also reflect an 

increase in blood flow and glucose delivery in order to compensate for a defect in oxidative 

phosphorylation, with an increase in glycolysis.39 It would be, therefore, of great interest to 

determine the time course of the alterations in CBV which occur in the prodromal HD 

subjects, and whether the CBVa eventually returns to baseline, and then becomes reduced 

with disease progression.

PREDICT-HD and TRACK-HD

Presymptomatic patients with HD show reduced levels of striatal dopamine receptors, and 

abnormal metabolites in nuclear magnetic resonance spectroscopy several years before the 

presence of the clinical findings.49–53 Currently, two large studies: the PREDICT-HD and 

the TRACK-HD studies are utilizing multicenter observations to identify a panel of 

biomarkers that could be used as efficacy end points in future trials.21, 22, 54, 55 In 

PREDICT-HD, researchers are following hundreds of US and Australian prodromal 

participants with detailed imaging, cognitive, blood, and other measures. Motor 

abnormalities, and anatomical and behavioral changes preceding clinical onset have been 

reported in this study.56–58 Paulsen et al. (2013) recently reported the analysis of data 

collected over a span of 10 years from more than 1000 PREDICT-HD participants with 

prodromal HD.54 They identified a number of cognitive tasks sensitive to longitudinal 

decline, and a progression gradient was observed, with participants who were less affected 

showing a smaller decline as compared to those nearing disease diagnosis. They ranked the 

effect sizes of the various cognitive tests and similar to previous findings the largest effect 

size was found for the Symbol Digital Modality Test (SDMT; a task requiring coordination 
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of visual scanning, working memory, fine motor speed, and concentration) suggesting that 

this task is highly sensitive and consistent for tracking decline in prodromal HD.54

TRACK-HD is a study following a smaller number of individuals in Europe and Canada, 

with similar measures as PREDICT-HD, but the study includes early-stage patients and 

more frequent visits, with additional quantitative motor and oculomotor measures. The 

identification and validation of biomarkers in these longitudinal studies, will not only 

provide potential endpoints for use in a disease modifying clinical trial, but also will help in 

guiding the nature and timing of therapeutic interventions. The TRACK-HD studies reported 

various potential outcome measures with strong effect sizes in dictating potential utility in 

preHD clinical trials.55 Longitudinal changes over 36 months in imaging, quantitative 

motor, and cognitive measures were evident in individuals who were fewer than 10.8 years 

from predicted symptom onset (designated as preHD-B group). By contrast, despite striatal 

and white-matter loss, there was little evidence of significant functional decline in 

premanifest individuals who were more than 10.8 years from disease onset (designated 

preHD-A group).55 The only abnormality in preHD-A subjects was a larger interval between 

taps during finger tapping task than in controls. The preHD-B group also showed the 

extended tap interval, and additionally brain atrophy, and a decline greater than controls on 

the SDMT. Others previously reported significant cognitive declines over 2 years, and in 

agreement with Tabrizi et al. (2013), the rate of decline increased with estimated proximity 

to diagnosis.59 Overall these studies show that finger tapping speed and interval, and 

cognitive dysfunction detected by the SDMT test accompany striatal atrophy in subjects less 

than 10 years from diagnosis, and they worsen approaching the disease onset.

The Prospective Huntington At Risk Observational Study (PHAROS)

The Prospective Huntington At Risk Observational Study (PHAROS) enrolled adults at risk 

for HD. They were assessed approximately every 9 months with the UHDRS by 

investigators unaware of participants’ gene status. UHDRS scores were compared according 

to the Huntingtin gene CAG repeat number: expanded >36, intermediate 27–35, and 

nonexpanded controls <26. As mentioned previously in this review, CAG expansions 

ranging from 27–35 CAG repeats are considered intermediate (IA) and nonpathologic i.e. 

they have no direct phenotypic consequences, with recently reported exceptions.60, 61 

However, as an unstable or mutable normal allele, this intermediate allele (IA) has the small 

risk of expanding into the disease range upon germline transmission especially with paternal 

transmission. Therefore, IA carriers, though unaffected themselves, may pass an expanded 

version of the HD gene to their offspring to manifest disease in the next generation.5 

Killoran et al. (2013) recently described the clinical phenotype conferred by the 

intermediate-length huntingtin allele CAG repeat expansion in a population-based study.62 

The authors compared the clinical characteristics of individuals with IA (27–35 CAG 

repeats) to those with alleles below 27 CAG repeats. Fifty of 983 participants (5.1%) in 

PHAROS had IA, and as a group, they did not differ from the controls on UHDRS motor, 

cognitive and functional assessments. However, the IA participants exhibited significantly 

worse behavioral changes (suicidal thoughts and apathy) than the controls, and on these 

measures more closely resemble those with CAG expansions above 35. The authors 

concluded that this behavioral phenotype may represent a prodromal stage of HD, with the 
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potential for subsequent clinical manifestations, or it may be a part of a distinct phenotype 

due to pathologic changes independent of the CAG expansion length.62 These findings are 

in agreement with those of Ha et al. (2012),63 who found subtle, but relevant, disease 

manifestations in patients with intermediate CAG repeats. This study has potential 

implications for genetic counseling both for individuals at risk for HD, and perhaps even for 

the 5%–6% of the general population that carries an HD IA.64, 65

Feasibility of Clinical Trials in Presymptomatic HD Gene Carriers

It is possible that presymptomatic therapy in HD gene carriers aiming to slow the onset and 

progression of the illness may be more effective than treatment in symptomatic patients in 

whom there is already substantial neuronal death of 50% or more in the basal ganglia. A 

prerequisite for such an approach is that the therapeutic intervention is known to be safe 

without substantial side effects. One such study was recently completed using coenzyme 

Q10 (CoQ10), which has an excellent safety record. This study of 90 premanifest HD 

patients is called PREQUEL (Study in PRE-manifest Huntington’s disease of coenzyme 

Q10 (UbiquinonE) Leading to preventive trials) and it used 600, 1200 and 2400 mg of 

CoQ10 daily. This was well tolerated in these patients, and there was an attempt to 

demonstrate the biological activity of CoQ10 through changes in plasma 8-OHdG, a marker 

of oxidative stress. This was unsuccessful since no reductions in 8-OHdG were observed. 

This study however was the first multi-center interventional trial in participants with pre-

manifest HD, showing that such trials can be designed and carried out successfully.

Therapeutic Approaches

A number of approaches to treat HD have been identified, and are being readied for the 

clinic. These include direct targeting of the HD gene and its protein product mutant 

huntingtin with RNAi, antisense RNA oligonucleotides and antibodies. Use of siRNA 

decreases mutant HTT expression and ameliorates the phenotype in mouse models of 

HD.66–69 Promising results have also been shown with antisense oligonucleotides infused 

directly into the lateral ventricles of mouse models of HD.70, 71 These approaches have 

shown promise in transgenic mice, but there are obstacles which will need to be overcome to 

ensure success in the clinic, such as delivery to the appropriate sites, and overcoming 

immunologic defenses.

Coenzyme Q10 (CoQ10) is critically involved in the electron transport chain and is a 

scavenger of free radicals.72 We showed that CoQ10 significantly blocks 3-nitropropionic 

acid (3-NP) induced striatal lesion volumes, and it reduces lipid and DNA oxidation. In 

addition, it exerts neuroprotective effects in improving motor performance and extending the 

survival of the R6/2 transgenic mouse model of HD.73 In patients with manifest HD, 600 mg 

daily of CoQ10 and remacemide (CARE-HD) showed a trend towards slowing HD 

progression with CoQ10 treatment.74 Subsequently, another study (Pre2CARE) of CoQ10 in 

manifest HD and healthy controls demonstrated a relative plateau in plasma CoQ10 levels 

above 2400 mg daily.75 As a consequence a second phase 3 clinical trial examining the 

efficacy of CoQ10 at a dose of 2400 mg daily (2CARE) is presently being carried out by the 

Huntington Study Group. This trial is enrolling 608 patients randomized to CoQ10 or 
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placebo followed for 5 years, with the primary outcome of change in total functional 

capacity.

As noted, there is a strong body of evidence implicating impaired metabolism in the 

pathogenesis of HD which is at least in part caused by a deficiency of the transcriptional co-

regulator PGC-1α.10, 76–80 It has been shown that haplotypes in the gene coding for 

PGC-1α influence age of onset in HD, as do polymorphisms in its downstream transcription 

factors NRF-1 and Tfam 81–83. This raises the prospect of therapies aimed at correcting this 

deficiency. There are a number of pharmacologic approaches to increasing PGC-1α 

including activation of PPAR nuclear receptors (Figure 3). Thiazolidinediones including 

pioglitazone activate PPARs, and increase PGC-1α, which exerts neuroprotective effects in 

both cellular and transgenic mouse models of HD.84, 85 We showed that administration of 

the pan-PPAR agonist bezafibrate was efficacious in improving rotarod performance and 

survival, as well as striatal atrophy, and atrophy of the striatal medium spiny neurons.47 It 

also ameliorated the depletion of type I muscle fibers and lipid vacuolation of brown adipose 

tissue. The numbers of mitochondria were depleted in both muscle fibers and striatal 

neurons of the R6/2 HD transgenic mice. Bezafibrate treatment produced a significant 

increase in numbers of mitochondria in both muscle fibers and in the striatal spiny neurons 

in the R6/2 HD transgenic mice, returning them to numbers similar to those in littermate 

control mice. There was also a reduction in immunostaining for malondialdehyde (MDA), 

and MDA levels by HPLC were reduced in the striatum of R6/2 mice after bezafibrate 

treatment.47

A number of other approaches to modulating PGC-1α and ameliorating mitochondrial 

dysfunction have great promise. Activation of SIRT1 results in deacetylation of PGC-1α 

which increases its activity. Genetically increasing SIRT1 is neuroprotective in transgenic 

mouse models of HD, while a deficiency exacerbates the phenotype and reduces 

survival.86, 87 Another approach to activating sirtuins is to increase NAD+ levels by 

administration of nicotinamide precursors, such as nicotinamide riboside.88 This has the 

advantage of activating both SIRT1 and SIRT3, leading to increased PGC-1α, as well as 

induction of antioxidant enzymes, and SIRT3 mediated increases in SOD2 and 

mitochondrial reduced glutathione. Nicotinamide by itself upregulated the gene expression 

levels of brain-derived neurotrophic factor (BDNF) and PGC-1α, and improved the motor 

phenotype in the R6/1 transgenic mouse model of HD.89

Another consequence of PGC-1α deficiency is reduced expression of antioxidant enzymes 

and increased oxidative damage, which occurs in both HD transgenic mice and in 

postmortem brain tissue and body fluids of HD patients. There are single-nucleotide 

polymorphisms in the OGG1 and XPC genes which are implicated in repair of oxidative 

damage to DNA, with age of onset in HD 90. A deficiency of OGG1 prevents age-dependent 

CAG repeat expansions suggesting that expansion occurs during removal of oxidized 

bases 91. Another source of oxidative damage is aberrant increases in NADPH oxidase 

activity.92 The importance of oxidative stress in HD pathogenesis was recently confirmed by 

the finding that increased expression of glutathione peroxidase is neuroprotective in animal 

models of HD.93 A number of mitochondria-targeted antioxidants are being developed. 

Administration of creatine exerts antioxidant and neuroprotective effects in transgenic 
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mouse models of HD, and it is now in a phase III clinical trial in HD (CREST). A 

particularly interesting approach is using the antioxidant TEMPOL linked to gramicidin 

(XJB-5-131), which localizes it to the inner mitochondrial membrane.94 Administration of 

XJB-5-131 to a transgenic mouse model of HD resulted in improvement in mitochondrial 

function, reduced generation of ROS, reduced loss of striatal neurons, and amelioration of 

behavioral deficits.95 Several other compounds have been developed which can specifically 

target mitochondria. These include compounds such as mitoQ, a form of coenzyme Q linked 

to triphosphonium ions, which results in selective accumulation within mitochondria. There 

are also novel peptide antioxidants termed SS31 and SS20 which bind to the inner 

mitochondrial membrane, and are neuroprotective in transgenic mouse models of 

amyotrophic lateral sclerosis (ALS) as well as in neurotoxin models.73, 96

Another approach to ameliorating oxidative damage is to activate the Nrf2/ARE 

transcriptional pathway, which leads to increased expression of hemeoxygenase 1, NADPH-

oxidoreductase, antioxidant enzymes, heat shock proteins, and enzymes which synthesize 

glutathione. We showed that treatment with CDDO-methylamide, a triterpenoid, produced 

significant rescue against striatal lesions caused by the neurotoxin 3-NP. CDDO- 

methylamide reduced markers of oxidative damage such as malondialdehyde, F(2)-

Isoprostanes, 8-hydroxy-2-deoxyguanosine, 3-nitrotyrosine, and it improved glutathione 

homeostasis.97 We also showed that administration of the triterpenoids CDDO-ethylamide 

and CDDO-trifluoroethylamide reduced oxidative stress, improved motor impairment, 

reduced striatal atrophy and increased survival in a transgenic mouse model of HD.98 

Another activator of the Nrf2/ARE pathway is dimethylfumarate, which showed efficacy in 

phase III clinical trials in multiple sclerosis, and was recently approved for clinical use. It 

also produced neuroprotective effects in two different transgenic mouse models of HD.99

Conclusions

Findings from longitudinal studies of presymptomatic HD patients show that subtle, but 

reproducible deficits occur on fine motor tasks such as finger tapping, and on 

neuropsychologic tests. These test abnormalities, as well as reductions of putaminal volume, 

occur 10 years or more before disease onset.24–26 The study of loss of D2 dopamine 

receptors, reductions in glucose uptake, CBVa, high energy phosphates, and metabolic 

network activity may culminate in improved markers of disease progression. It therefore 

may be possible to detect both clinical alterations in motor and cognitive functions, which 

are reflected by striatal atrophy, as well as increases in IL-6 and mHtt in leukocytes, which 

occur as many as 16 years before clinical diagnosis, to identify the optimal time to initiate 

neuroprotective therapies. A number of new approaches are available which may lead to 

effective neuroprotective agents to slow or halt the progression of HD. There is substantial 

evidence that metabolic alterations associated with a deficiency of PGC-1α directly 

contribute to the mitochondrial dysfunction and oxidative damage which play an important 

role in HD pathogenesis. Eventually the ability to detect and monitor disease progression 

may allow us to treat patients before disease onset, and to intervene with neuroprotective 

treatments, in order to slow or prevent disease progression.
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Figure 1. 
CAG repeat size and penetrance of HD
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Figure 2. 
Physiological Changes during Prodromal period
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Figure 3. 
Transcriptional interference of mutant huntingtin (mHtt) with PGC-1α produces defective 

energy metabolism and antioxidant defense (1) resulting in increased reactive oxygen 

species production, which in turn damage more mitochondria (2). Mutant huntingtin also 

interferes with mitochondrial fission-fusion process tipping the balance towards increased 

fission and interferes with vesicular transport (3). The net result of these impairments is low 

ATP at nerve terminals which culminates in neuronal death (4). Pharmacologic treatments 

with CoQ10, creatine, bezafibrate and nicotinamide increase PGC-1α and protect against 

neuronal death (5).
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