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Abstract
Transcriptional dysregulation in Huntington’s disease (HD) is a well documented and broadly studied
phenomenon. Its basis appears to be in huntingtin’s aberrant protein-protein interactions with a
variety of transcription factors. The development of therapeutics targeting altered transcription,
however, faces serious challenges. No single transcriptional regulator has emerged as a primary actor
in HD. The levels of literally hundreds of RNA transcripts are altered in affected cells and it is
uncertain which are most relevant. The protein-protein interactions of mutant huntingtin with
transcriptional factors do not constitute conventional and easy targets for drug molecules.
Nevertheless, potential therapeutic advances, targeting transcriptional deregulation in HD, have been
made in recent years. In this chapter we review current progress in this area of therapeutic
development. We also discuss possible drug discovery strategies targeting altered transcriptional
pathways.
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1. Preface
Huntington’s disease (HD) is an autosomal dominant, neurodegenerative disorder caused by
the expansion of a CAG-triplet repeat within the coding sequences of the HD gene. This leads
to the translation of an abnormal protein containing an elongated polyglutamine tract that
causes a slowly progressive and fatal neurological phenotype. Dysfunction and degeneration
of increasing numbers of cerebral cortical and striatal neurons especially underlie the symptoms
of HD and the progressive functional decline that occurs. The precise mechanism(s) of
neurodegeneration are unknown, though many aspects of neuronal homeostasis are perturbed.
Although a variety of neuroprotective approaches have been demonstrated in cellular and in
vivo models, none have yet been translated into treatments demonstrated to slow the
progression of HD.

2. Transcriptional dysregulation in Huntington’s disease
In early studies, altered levels of dopamine receptor mRNAs have been found in HD brain
tissue (Augood et al., 1997; Augood et al., 1996). In a follow-up investigation using HD
transgenic mice, transcriptional dysregulation as a contributor to the pathogenesis of HD was
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proposed by Cha and co-workers (Cha et al., 1999) who importantly linked disease-specific
decreases in RNA transcript levels to reductions of D1 and D2 dopamine receptors, specific
glutamate receptors, and to the A2a adenosine receptor in HD patients and rodent models.
Notably, specific decreases in RNA levels of dopamine and glutamate receptors were observed
in pre-symptomatic transgenic animals suggesting that transcriptional alterations may not be
a secondary consequence of neurodegeneration. The results of this study suggested that specific
changes in transcription underlie neurodegeneration, rather than unspecific degradation of all
RNAs in sick neurons. Transcriptional dysregulation in HD was then further investigated by
Luthi-Carter and co-workers (Luthi-Carter et al., 2000). The most comprehensive analysis of
transcription changes in HD has been reported in a series of published articles (Chan et al.,
2002; Luthi-Carter et al., 2002a; Luthi-Carter et al., 2002b; Sipione et al., 2002). Authors
compared the transcriptional profiles of different HD rodent models. Quite specific changes
in RNA levels were detected in each HD model, however, overlap of common altered
transcripts was incomplete. Nevertheless, this thorough work unambiguously established
phenomenon of transcriptional dysregulation in HD models by detailing specific affected and
unaffected genes. In follow-up studies, age and progression-dependent changes in transcript
levels during disease progression were characterized. Transcriptional alterations are detectable
in the blood of pre-symptomatic subjects and appreciably increased in symptomatic subjects
(Borovecki et al., 2005) suggesting that transcriptional alterations could also serve as useful
biomarkers reflecting HD progression and response to therapies.

The relationship between transcriptional dysregulation and neurodegeneration remains
uncertain. While changes in transcript levels of specific RNAs translated into deficient protein
function could certainly contribute to pathology, it is unclear whether this is an important
contribution. From that perspective, it becomes critical to identify the roles of gene products,
translated from deteriorating HD transcription, responsible for key pathways leading to
neurodegeneration. It is counter intuitive to think that all gene transcriptional changes,
translated into protein levels, contribute equally to the neurodegeneration process.

It is also conceivable that transcriptional dysregulation is a relatively benign phenomenon, in
comparison to more potent causes of neurodegeneration, yet accurately underlying
pathological changes in cells. Understanding the molecular basis for the origin of
transcriptional dysregulation, whether there are key transcriptional pathways that are most
important, and the resulting contributions to pathology are important for developing a
successful drug discovery strategy. Similarly, compounds probing transcription will likely be
needed to really understand how important it is to the pathogenesis of HD.

3. Probing transcriptional disease space for drug targeting
3.1. Mutant Huntington’s disease protein

Novel gain of function(s) for the mutant HD protein has been accepted as best explaining most
experimental data related to the pathogenesis of HD. While transgenic knock-out mice were
not viable, full-length mutant huntingtin animals are born and develop normally, indicating
that huntingtin inactivation does not explain HD, though it could contribute to
neurodegeneration (White et al., 1997; Zuccato et al., 2001). Neurological phenotypes
comparable to that seen in human HD have been observed in mouse transgenic models
expressing only fragments of mutant huntingtin protein, also suggesting the conferral of a
dominant pathogenic function (Davies et al., 1997; Laforet et al., 2001). However, mutant
huntingtin (Htt) appears to trigger multiple pathways of neurodegeneration, including
dysregulation of transcription and it is uncertain which, if any, might have a primary position
in a cascade or whether there simply are multiple parallel processes at work. Removal of mutant
huntingtin by RNAi, perhaps even targeting allele specific SNPs, can be envisioned as an
ultimate cure (Harper et al., 2005; Wang et al., 2006). The beauty of such an approach is the
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irrelevance of subsequent molecular mechanisms of neurodegeneration, since the penultimate
toxin will be eliminated. Unfortunately such an approach remains distant at the moment due
to lack of safe and efficient gene delivery methods that can reach most of the brain. For the
purpose of this review we will limit our discussions to practical approaches to intervene with
transcription with small molecule ligands.

3.2. Mutant huntingtin interactions with transcription factors
Understanding the molecular basis for transcriptional dysregulation is important for selecting
an appropriate drug discovery strategy. The central cause of the disease pathogenesis, mutant
huntingtin, radiates negative signals through the cellular biochemical network by direct
interactions with various proteins, including transcription factors.

Because mutant huntingtin readily aggregates with itself and other proteins forming insoluble
inclusions, a question that arises is whether transcriptional dysregulation occurs because
huntingtin sequesters transcriptional modulators that it interacts with or whether soluble
interactions are more determinant (DiFiglia et al., 1997; Scherzinger et al., 1997). Initially it
was shown that mutant huntingtin polypeptides, containing extended polyglutamines, co-
aggregated with basal transcriptional factors such as TATA-binding protein and CBP
(Kazantsev et al., 1999; Nucifora et al., 2001; Steffan et al., 2000). Co-aggregation was based
on the affinity of interactions between extended polyglutamines and wild-type polyglutamines
within native sequences of TBP and CBP. It was suggested that transcription factors,
precipitated in the form of insoluble aggregates, were depleted from the cellular pool,
subsequently causing transcriptional dysregulation.

Results from more recent studies have altered this notion about the molecular basis of
transcriptional dysregulation from the originally proposed sequestration model (Sadri-Vakili
et al., 2006). It has been shown that soluble mutant huntingtin interacts with a variety of basal
transcription factors such as CBP, interfering with the work of the transcription machinery
(Steffan et al., 2000). The interactions with mutant huntingtin, occurring in soluble phase,
affected transcriptional responses and cell viability in HD models (Cong et al., 2005; Jiang et
al., 2003; Jiang et al., 2006). Furthermore, additional work has shown that polyglutamine
inclusions fail to appreciably deplete transcription factor levels (Yu et al., 2002). Therefore,
aggregate-mediated sequestration appears unlikely to be a major factor contributing to
transcriptional dysregulation.

3.2.1. Mutant huntingtin and basal transcription machinery—Mutant huntingtin
interactions with components of the basal transcription machinery have been extensively
studied. It has been shown that mutant huntingtin possibly represses basal transcription by
interacting with essential subunits of RNAII complex, TBP, TFIIF, TAFII130 (Dunah et al.,
2002; Zhai et al., 2005). Invasion of mutant huntingtin into basal transcriptional complexes
could be particularly harmful, affecting entire transcriptional repertoires (Fig. 1A, B). In some
recent works the term “transcriptional repression” has been used to emphasize the negative
effects of mutant huntingtin on transcription. Clearly, many genes are also upregulated in the
setting of mutant huntingtin and it can’t be assumed that these are all compensatory. While
being potentially devastating, interference of ubiquitously expressed mutant huntingtin with
the basal transcriptional machinery does not readily explain the relative selectivity of
neurodegeneration to neurons in striatum and cortex, areas primarily affected in HD.

3.2.2. Mutant huntingtin and Specificity protein 1—Aberrant interactions of mutant
huntingtin with Specificity protein 1 (Sp1) have been described (Dunah et al., 2002; Li et al.,
2002). The reduction of Sp1 binding to specific promoters in the presence of mutant huntingtin
is consistent with Sp1 regulated genes being frequently affected in gene profiling studies (Fig.
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1C). The potential importance of Sp1 interactions with mutant huntingtin as a cause of
transcriptional dysregulation has been examined in rodent models of HD. However, the precise
effects of the relationship between these two proteins on neurodegeneration has not been clear,
since reduction of Sp1 DNA binding activity or Sp1 levels appeared to be neuroprotective
(Qiu et al., 2006).

3.2.3. Blocking protein interactions between mutant huntingtin and
transcription factors (Sp1)—From a drug discovery point of view, disruption of
huntingtin’s protein-protein interactions with small molecules is hard to achieve. To complicate
matters, attempts to crystallize mutant huntingtin have failed. Thus, analyses of co-crystal
structure(s) between mutant huntingtin and various transcriptional factor(s), highly desirable
for rational drug design, are not yet possible. High throughput screening approaches to identify
small molecules, directly disrupting the interactions of mutant huntingtin and candidate binding
partners, have to rely on variations of yeast two-hybrid and pull-down assays in vitro. A high-
rate of false positive hits can be expected from yeast two-hybrid based screens. To weed-out
false-positives and select specific direct inhibitors of protein interactions, a stringent secondary
protein-based screen has to be followed. Pull-down assays can be expected to yield compounds
with poor selectivity and bioactivity. In practice, this means early and extensive medicinal
chemistry campaigns on primary hits, selected from screening large compound collections, to
generate selective and bioactive potent derivatives.

To by-pass these hurdles, an alternative approach was taken by D. Kranic and co-workers to
find small molecules directly or indirectly reducing the burden of mutant huntingtin
transcriptional repression, (unpublished results) (Fig.2.). The investigators employed a striatal
neuronal cell line, derived from a double knock-in mutant huntingtin mouse, to design a cell-
based drug screening assay with stable integration of a luciferase reporter, controlled by a
promoter containing six SP1 binding sites. The mutant huntingtin-dependent transcriptional
repression of luciferase expression in this model system was validated using mutant huntingtin
RNAi. The assay was adapted for chemical or genetic high throughput screens to identify
entities up-regulating luciferase expression. Eliminating false-positives, e.g., hits affecting
luciferase stability, turnover, etc., is a straightforward procedure. A counter-screen is
performed in the same striatal cell line expressing wild-type huntingtin to weed-out entities
up-regulating reporter expression independently from mutant Htt de-repression. Testing hits
further in mutant huntingtin striatal cells expressing the reporter gene under control of the same
promoter, but lacking Sp1 binding sites, further eliminates nonspecific hits.

It is worth pointing out that expression of the reporter, controlled by viral promoters, can be
repressed by mutant Htt, providing additional complexity for development transcriptional
assays and evaluation of the hits.

Further challenges remain in the identification and validation of lead compounds for restoring
Sp1-dependent transcriptional dysregulation in HD neurons, and in demonstrating the efficacy
of small molecules in animal trials.

3.2.4. Role of p53, NF-kB, and CBP in transcriptional dysregulation and
neurodegeneration—There is additional interest in the therapeutic potentials of other
specific transcription factors, such as NF-kB, p53 and CBP, which may be involved in
neurodegeneration (Bae et al., 2005; Khoshnan et al., 2004; Mantamadiotis et al., 2002; Qin
et al., 1998; Takano and Gusella, 2002; Yu et al., 2000). These proteins play important
regulatory roles in cells and alteration of their activities in the presence of mutant huntingtin
may contribute to transcriptional dysregulation in HD. Despite key roles in cell regulation
played by each of these transcription factors, it seems unlikely that any one protein can be
solely responsible. Nevertheless, from a drug discovery standpoint, it is feasible to assess the
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neuroprotective effects of genetic and chemical agonists and antagonists, modulating the
respective regulatory pathways to assess their therapeutic potential. Since these proteins of
interest have been widely studied over the years, key reagents for target validation are readily
available. For example, analysis of progeny, generated from crosses between HD transgenic
R6/2 and p53 knock-out mice, including comprehensive behavior, survival, and
neuropathology studies, may clarify the role of p53 in neurodegeneration (Dumble et al.,
2003).

3.3. Role of histone acetylation in Huntington’s disease
The concept of altered histone acetylation in HD was proposed and tested by Leslie Thompson
and co-workers (Steffan et al., 2001). They have shown that inactivation of CBP histone
transferase activity (HAT), caused by interactions with mutant huntingtin, led to decreased
histone acetylation. Decrease in histone acetylation is known to be associated with
transcriptional silencing, and could explain transcriptional repression in HD (Fig. 3.A, B, C).
To compensate for HAT deficiency and restore histone acetylation levels, the investigators
proposed to target enzymes responsible for histone deacetylation (HDAC), with small molecule
inhibitors. HDAC inhibitors have been under development for some time for application in
cancer therapy. HDAC inhibitors suberoylanilide hydroxamic acid (SAHA) and sodium
butyrate (Fig. 3. D, E) were neuroprotective in tissue cultured cells and fly models of HD.
Similar results demonstrating neuroprotective effects of HDAC inhibitors were later achieved
in other HD cell-based and invertebrate models, and in HD transgenic mouse models by many
researchers (Bates et al., 2006; Ferrante et al., 2003; Hockly et al., 2003; Igarashi et al.,
2003). The magnitude of the benefits in mice were proportional to the best effects achieved
with compounds targeting other mechanisms, but were not superior to them. In HD transgenic
mice their efficacies have not been a major advance over the efficacies achieved by glutamate
inhibitors, antioxidants, transglutaminase inhibitors, or energy buffers (Beal and Ferrante,
2004; Ryu et al., 2005). There are a variety of possible explanations for this. These different
targets could have equivalent magnitudes. Toxicity, lack of selectivity, or difficulties with brain
bioavailability may have so far prevented measurement of the true therapeutic potential of
HDAC inhibition. This could be explained on the basis of partial complementation of broadly
altered RNA transcripts and insufficient selectivity. This could also be a possible explanation
for the cytotoxicity potent HDAC inhibitors, displayed for mammalian cells in tissue culture
as well. Alternatively, in some HD cell-based models HDAC inhibitors might activate
expression of mutant transgenes, controlled by viral promoters, which induces cytotoxicity and
masks efficacious effects (Gomez et al, 2006). This observation is important for evaluating
HDAC inhibitors in cell-based models and selecting candidates for mouse trials.

3.3.1. Targeting histone deacetylases—Histone deacetylase (HDAC) enzymes play
important regulatory functions in cells by modulating a broad spectrum of transcriptional
responses. The HDAC family consists of enzymes belonging to three evolutionarily divergant
classes. Much cancer therapeutic development has been concentrated in recent years on small
molecule inhibitors targeting classes I and II of HDAC enzymes (Hildmann et al., 2006). There
has been a major effort made by the pharmaceutical industry to develop selective HDAC
inhibitors to improve their therapeutic potentials (Wang et al., 2005). There have been two
reports on the discovery of selective class II HDAC6 inhibitors, which could be used for target
validation in cell-based and invertebrate HD models. Unfortunately both molecules are
predicted to penetrate the blood brain barrier poorly (Mai et al. 2005; Suzuki et al, 2006). The
development of HDAC inhibitors for CNS has been slow, and discovered brain-penetrable
potent pan HDAC inhibitor MS-275 appeared not to localize in cortex, an area affected in HD
(Simonini et al, 2006).
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Sirtuins, human histone deacetylases belonging to class III of HDAC enzymes, have been a
recent focus of therapeutic development for neurodegenerative diseases (Blander and
Guarente, 2004). Interest in sirtuins was precipitated by experiments demonstrating the
regulatory effects of sirtuins on aging and longevity in many biological models, and further by
the discovery of neuroprotective effects of the sirtuin ligand, resveratrol (Fig. 3F) (Baur and
Sinclair, 2006; Guarente and Kenyon, 2000; Viswanathan et al., 2005).

Sirtuins are NAD-dependent deacetylases, which uniquely distinguishes them from other
HDACs. The first sirtuin (Sir2) was discovered in yeast, and its role was originally associated
with mating switch silencing (Guarente, 2000; Imai et al., 2000; Kennedy et al., 1997). Later
it was shown in yeast, fly and worm models that SIR2 controls the aging process (Kaeberlein
et al., 1999; Tissenbaum and Guarente, 2001). Humans have seven distinct sirtuin gene
products, localized in the nucleus, cytoplasm, and mitochondria, and they are thought to play
important and diverse regulatory roles in specialized mammalian cells. The closest human
structural homologue to the yeast Sir2 is the SirTT1 protein. Interestingly, activation, rather
than inhibition of SirT1, with the small molecule resveratrol was neuroprotective in a HD worm
model (Borra et al., 2005; Parker et al., 2005). Currently, resveratrol is being tested in HD
mouse models.

Another interesting candidate drug target is human sirtuin 2 (SirT2). SirT2 is a cytoplasmic
protein, implicated in the regulation of cell division via deacetylation of α̃tubulin, the best-
known substrate for this enzyme (North et al., 2003). Substrate specificity might suggest an
involvement of SirT2 in microtubule organization and in maintaining cytoskeleton integrity,
perhaps in a functional complex with HDAC6 (Iwata et al., 2005). Recently published results
have identified histone H4 as a SirT2 substrate, implicating a broader regulatory role for SIRT2
in the cell (Vaquero et al., 2006). To assess the therapeutic potential for these enzyme targets
for HD, it will be necessary to develop potent and selective activators and inhibitors of human
sirtuins.

3.4. Alternative models of transcriptional dysregulation
As we discussed, the repression of Sp1-mediated transcription by mutant Huntingtin has been
demonstrated (Li et al., 2002; Dunah et al., 2002; Chen-Plotkin et al., 2006), and yet in HD
transgenic mice reduction of Sp1 DNA binding or levels is neuroprotective (Qiu et al., 2006).
The same dichotomy has been demonstrated for p53 (Steffan et al., 2000; Bae et al., 2005) and
CREB (Nucifora et al., 2001; Wyttenbach et al., 2001; Sugars et al., 2004; Obrietan et al.,
2004). These results challenge the current model of transcriptional dysregulation that
implicates an inhibitory effect of mutant Htt protein-protein interactions on the performance
of transcription factors. Given the similarities between Sp1, p53 and CREB, it is tempting to
speculate that mutant Htt represses transcription only in proximity to DNA. Hence, a role for
transcription factors may be to deliver mutant Htt to DNA. Once loaded onto DNA, mutant
Htt might intercalate in the double helix, potentially form oligomers and small aggregates,
which distort histones, and alter transcription locally. The selectivity of these alterations is
determined by the transcription factors binding to specific DNA sequences, enriched in
promoter regions.

3.4.1. Distortion of chromatin DNA complexes by mutant huntingtin—Given that
huntingtin interacts with a variety of transcription factors, it seems conceivable that nuclear,
mutant huntingtin, might invade DNA-chromatin complexes, causing global aberrations in
chromatin organization and remodeling (Fig. 4). It is tempting to speculate further that cells
could respond to nuclear huntingtin by tightening-up chromatin to protect DNA integrity,
leading to global transcriptional repression. Consistent with a model of global transcriptional
repression in HD, Robert Ferrante and colleagues found increased methylation of lysine 9 in

Kazantsev and Hersch Page 6

Prog Neurobiol. Author manuscript; available in PMC 2008 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



histone H3, a well-established mechanism of gene silencing (Ferrante et al., 2004). In the same
study investigators demonstrated that Mythromicin A, a DNA binding antibiotic that
recognizes guanosine-cytosine-rich regions has neuroprotective potency in that it is
significantly greater than all other drugs tested so far in HD transgenic mice. Its efficacy is
likely to be relevant to its DNA binding activity. Mutant huntingtin affinity for DNA in vitro
was previously demonstrated in early work (Kegel et al., 2002;Steffan et al., 2000).
Mithromycin A could block mutant huntingtin binding to DNA in a competitive manner to
prevent transcriptional repression. A recent paper on the negative effect of Sp1 over-expression
on the survival of HD transgenic mice indirectly supports such a model (Qiu et al., 2006). By
residing in GC rich sequences, enriched in promoters, Mithromycin A could reduce the binding
of protein Sp1-mutant huntingtin complexes to DNA.

Mithromycin A is an obsolete compound no longer used in humans because of its toxicity, the
availability of safer compounds for its principal use in hypercalcemia, and because it has very
poor oral bioavailability. We hypothesized that other DNA binding compounds may have
similar effects as Mithromycin A on transcription (Fig.4F). To elucidate this notion further we
tested the effects of various DNA intercalators on transcription in a mutant huntingtin cell
environment. We tested a series of structural analogs (Fig.4F), including the known DNA
intercalators, Amonafide and Mitonafide, in the transcriptional assay described above. We
found that DNA binding activity in vitro correlated with transcriptional activation. In contrast
to the early effects of HDAC inhibitors, transcriptional responses in cells mediated by DNA
binding compounds, such as Mithromycin A, were delayed by 24-48 hours. It will be interesting
to explore other classes of DNA binding molecules in different HD assays: major and minor
groove binders, preferential binders to GC versus AT rich sequences, etc.

While DNA intercalators could all have undesirable side effects, this model suggests potential
therapeutic benefits from small molecules modifying chromatin/DNA binding and structure.

3.4.2. REST model of transcriptional repression—Reduction in levels of the
neurotrophic factor BDNF in HD has been described (Zuccato et al., 2001). Study of the cause
of BDNF deficiency led to the intriguing discovery by Elena Cattaneo and colleagues that one
of huntingtin’s native functions was sequestration of the transcriptional repressor REST, a
negative regulator of BDNF expression (Zuccato et al., 2003). Furthermore, the HD mutation
caused loss of this huntingtin native function, leading to the release of REST protein, which
repressed BDNF production. More broadly, these results suggested that in the HD mutant
environment, free REST protein might negatively affect the transcription of many genes,
contributing to transcriptional repression in HD. Hence, targeting REST could be an attractive
therapeutic approach, leading to transcriptional de-repression.

Since BDNF may be critical for neuronal survival, restoration of endogenous BDNF levels to
normal may be a therapeutic approach for HD (Mattson et al., 2004). To test this possibility,
Elena Cattaneo, Dorothea Rigamonti and co-workers developed a cell-based reporter assay to
monitor REST activity (personal communication) (Fig.5). A parental ST14A rat cell line of
neuronal origin was employed for assay development. Two DNA reporter constructs were
stably integrated and constitutively expressed in cells. Expression of a luciferase reporter,
controlled by the BDNF promoter, contains repressor-specific regulatory elements. A promoter
lacking REST regulatory binding sites controlled expression of a second independent reporter.
Thus, this double read-out assay, combining features of primary and counter screening, was
developed to identify compounds specifically up-regulating BDNF expression. Compounds
identified in high throughput screens as BDNF up-regulators could alleviate REST-dependent
repression and ameliorate global transcription repression in HD cells.
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4. Towards a cure
Despite significant achievements in our understanding of the pathogenesis of HD, the drug
discovery process is still in a slow phase. With few exceptions, interesting and sometimes
astounding results generated by basic scientific research may be poorly translated into
conventional drug discovery projects. An important bottleneck has also been the great time
and effort needed to perform proof of concept studies in HD mouse models, which have limited
throughput for screening and comparing possible small molecule therapies.

4.1. Diversity of potential drug targets
Multiple biochemical pathways appear to be affected in HD. Numerous abnormalities have
been detected in human disease models by many read-outs. It has not been clear which are
critical for neurodegeneration, which are benign disease biomarkers, and which are protective,
benign, or toxic responses to injury. Some appear to have greater appeal because of associations
with huntingtin, with aging, with the striatum, or with already implicated mechanisms. This
richness and diversity of potential targets suggests that some will be more proximal, more
specific for HD, and possibly more potent. Some may be more distant from mutant huntingtin
and represent more generic neurodegeneration targets of greater potential use in other disorders
but possibly not as potent in HD. Some may not be significant targets at all but related to
epiphenomenon. Until the data on a given target rests on sufficient proof of concept studies in
HD models, especially mouse models, it may be difficult to determine. Fortunately, the growing
knowledge of HD pathogenesis provides context for such considerations and reagents able to
probe potential targets are often available. The target diversity also provides more choices,
which are important for HD given that not all of the potential targets are amenable to high-
throughput screening, to hitting well-demarcated active sites in enzymes or receptors, or to
molecular modeling of an interaction.

4.2. Drug target identification
Drug discovery progress suffers from a lack of useful and conventional drug targets. The
discovery of small RNA interference may greatly facilitate the process of target identification
and assessment. In the future we expect the identification of novel molecular target candidates
to emerge from siRNA screens based on assays derived from embryonic stem cells. Biomarkers
of transcriptional pathology in HD and more generically of responses to therapy are emerging
which will also provide essential tools as primary read-outs of these screens.

A chemical-genetic approach, combining genetic and pharmacological screening, is a powerful
tool for drug discovery. Identified gene products can be used as a basis for cell-free assay
development and drug screens in vitro.

Biochemical profiling of lead-compounds identified in phenotypic cell-based screens appeals
as another useful approach in identifying molecular target candidates. These small molecules,
validated through secondary confirmatory assays to ensure their specificity, can be subjected
to target profiling and also can be used as reference compounds to calibrate the hit selection
threshold of the primary assays.

4.3. Identification pre-clinical candidates
Accurate modeling of disease pathophysiology in vitro is essential for target identification,
assay development, compound screens, hit validation and optimization, etc. Currently
employed for drug discovery, cell-based assays utilize immortalized cell cell-lines. While
indefinitely proliferating cancer cells provide sufficient material for high throughput screens,
dose-response, and structure activity relationship studies, their gene expression profile is
apparently different from gene expression repertoire of the terminally differentiated CNS
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neurons, affected in HD. A breakthrough in the generation of physiologically relevant cell-
based disease models, providing sufficient material for pharmacological and genetic screens,
is anticipated from embryonic stem cell research. Such screening platforms, utilizing
embryonic stem cells from HD mice, may also be available in the near future (Mee et al.,
2006).

Based on an operational definition of transcriptional dysregulation, compound-dependent
complementation of altered RNA levels in striatal and cortex of HD neurons is expected.
Therefore, compounds identified in drug screens or rationally selected have to demonstrate
restoration of gene transcripts, constituting biomarkers of transcriptional dysregulation, in
disease relevant confirmatory assays. Successful validation and selection of lead candidates
for animal trials depend on the power, reliability, and physiological disease relevance of these
secondary assays. The secondary assays can be based on embryonic stem cell, primary neuronal
cultures, and embryonic cultured brain slices ex vivo derived from HD mice. Small molecules,
restoring normal levels of altered RNA transcripts, can then be subjected to further optimization
for potency and ADMET qualities, followed by efficacy trials in rodent HD models.

5. Concluding remarks
Decades of basic research have demonstrated that the pathogenesis of Huntington’s disease
(HD) seems to involve the recruitment of multiple biochemical pathways, including
transcription. It is likely that some of these pathways may be amenable to modulation by small
molecules, which are beginning to be identified. Since there is insufficient knowledge to
prioritize the different targets for HD, and therefore predict the therapeutic potentials of
identified lead-compounds, the experimental approach is to assess their therapeutic values in
genetic mouse models. In this way the most promising leads can be moved forward towards
human drug development unhindered by any scientific biases about which mechanisms are
most important. We believe that this strategy can successfully identify therapeutic leads that
can lead to Investigational New Drugs (INDs) and clinical testing in the near future.
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Abbreviation List
HD  

Huntington’s Disease

Htt  
Huntingtin

IND  
Investigational New Drug

HAT  
Histone Acetyl Transferase

HDAC  
Histone deacetylase

SAHA  
Suberoylanilide hydroxamic acid

Sir2  
Silent Information Regulator (Sirtuin)

SirT1  
Sirtuin 1

SirT2  
Sirtuin 2

BDNF  
Brain-Derived Neurotrophic Factor

REST  
RE1-Silencing Transcription Factor

CBP  
CREB Binding Protein

ADMET  
Absorption, Distribution, Metabolism, Excretion and Toxicity

SNP  
Single Nucleotide Polymorphism

TBP  
TATA-box Binding Protein

Sp1  
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Specificity Protein 1
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Figure 1.
Model of transcriptional repression in Huntington’s Disease based on mutant huntingtin
aberrant interactions with transcriptional factors. A. Normal transcription in wild type cells.
B. Aberrant interactions of mutant huntingtin (Htt) with TATA-binding protein caused global
transcriptional repression. C. Aberrant interactions of mutant huntingtin (Htt) with specificity
protein 1 (Sp1) lead to transcriptional repression of Sp1 controlled gene expression.
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Figure 2.
Targeting mutant huntingtin (mHtt) interaction with Sp1 transcription factor. A. Cell-based
drug screening assay designed by D. Kranic et al. Cells express full-length mutant huntingtin.
Promoter, controlling expression of luciferase reporter, contains 6xSp1binding sites. B. Library
of small molecules (or siRNAs) for high throughput screening. C. Identified hit-compound(s)
increases transcriptional expression of luciferase reporter. D, E. Validation of hit-compounds
in counter-screening assays. Luciferase signal should remain unchanged in presence of
compound candidate(s). D. Promoter of reporter constructs lack Sp1 sites. E. Cells express
wild-type, but not mutant huntingtin. F. Compound validation in primary neuronal culture.
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Compound-dependent de-repression of Sp1 controlled gene transcription. G. Test efficacy of
candidate compound(s) in mouse HD model(s).
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Figure 3.
Model of transcriptional repression in Huntington’s Disease based on mutant huntingtin
aberrant interactions with CBP (histone acetyl transferase(s)). A. Transcription depends on the
acetylation status of histones, regulated by activities of histone acetyl transferases (HATs) and
histone deacetylases (HDACs). B. Mutant Htt interactions with CBP and other HATs inhibit
proper histone acetylation and cause repression of transcription. Aberrant interactions between
mHtt and CBP appear to proceed in soluble phase. C. Increase histone acetylation and up-
regulation of transcription is achieved by inhibition of HDAC activities with small molecules.
D, E. Small molecule inhibitors, used in animal studies to validate neuroprotective effects of
HDAC inhibition in HD. Inhibitors of HDAC class I and II: (D) SAHA (E) Sodium butyrate.
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F. Resveratrol, activator of sirtuin 1, class III HDAC enzymes shows neuroprotection in various
HD models.
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Figure 4.
Model of transcriptional repression based on affinity mutant Htt to DNA. A. Invasion mHtt in
DNA-chromatin complex. B. Increased chromatin condensation to block mHtt invasion leads
to transcriptional repression. C. Antibiotic drug Mithromycin A, has strong affinity to GC rich
DNA sequences. D. Binding Mithromycin A to DNA causes partial transcriptional de-
repression. F. DNA intercalators possibly have similar mechanism of transcriptional activation
as Mithromycin A. Compound DNA binding activity in vitro was determined by displacement
of Ethidium Bromide. Compound-dependent activation of transcription was determined in a
cell-based assay, designed by D. Kranic et al.
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Figure 5.
Targeting REST1 mediated repression. A. Cell-based assay for drug screening designed by D.
Rigamonti et al. Promoter, controlling expression of luciferase reporter, contains REST binding
regulatory elements (NSRE binding sites). B. Library of small molecules (or siRNAs) for high
throughput screening. C. Identified hit-compound(s) increases expression of luciferase
reporter. Candidate compound does not change read-out of second reporter, controlled by
REST independent promoter. D. Compound validation in primary neuronal culture. E.
Compound-mediated de-repression of REST1 dependent gene transcription. F. Test efficacy
of candidate compound(s) in mouse HD model(s).
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