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1. Introduction
) OEA AAOI U OEI AOh
originally sketched by the Renaissance
alchemist; Paraclesusdates back to the

16t century and is termed the most
prominent motor feature of the disease

OAET OAA .1 Aad 01R72E G3eorge
Huntington delivered a lecture describing the
disease as Huntington's chorea. This

neurodegenerative disorder is genetic, .e. it
passes from one generation to the other within

HD was striking as it opened more doors for
research on the other neurodegenerative
ailmer#isO The redl prém@riidst diaynddes of the
other trinucleotide repeats-based disease
conditions such as Spinobulbar muscular
atrophy (SBMA), Spinocerebellar ataxiasgCA),
and Dentatorubralpllidoluysian (DRPLA) were
found for the first time during the period. Over
time, HD has been a template and blueprint of
research on neurodegeneration among
neurologists and neurosurgeons. These
diseases have similar mutations cougd with

families. The disease onset occurs often among the fact that they are all dominant except SBMA

the  middle-aged individuals with a
characteristic triad of dancing movements,
cognitive impairment, mental illness, and

dementedness are the common featuse[1],[2] .
Until the 1980s, the name remained unchanged
for many decades when the full awareness of
the widespread slowness of movement
indication was unveiled; HD became the
acceptablename to date. A connection of the
causative gene on chromosome 4 was well
known in 1983, and the HD gene was
discovered and sequenced in 1993[3],[4].
Huntingtin protein is highly connected to some
cytoplasmic and nucleusrelated cellular
activities including several other proteins
linked that play crucial roles in the expression
of a gene, intracell signalling, transport, and
metabolic function. Studies provide multiple
lines of evidence that Htt is associated with
neurogenesis and with DNA repair [5].
Although the array of gene mutations due to the
irregular CAG enlargement is clear to have
existed in the huntingtin genome, $16.3, its
modality of apoptosis and the reason why the
stratum of the brain is the major target remains
vague [6],[7], The finding of the root cause of

which is Xlinked. In each of these diseases, the
protein-carrying mutation, and also
distribution of the neuronal loss are different
which are likely to be responsible for the
difference in the pattens of neurodegeneration
[8].

The HD prevalence occurs in the ratio of -3
7:100,000 among people from the western
European. It is most common among the
Japanese, Chinese, and the people in Finland
including the black even though in terms of
populations, people of Western European origin
reported major cases of HD of 15 per 100,000
[9]. The identity of this monogenic alteration
accountable for HD was degibed at first
among Venezuela's Lake Maracaibo region
dwellers and is thought to be the highest
predominance of HD worldwide [10]. In
particular, influenced allomorphs with haploid
genotype event in the usual population of these
groups of people enhance clarification perhaps
in part of the uneven spreading of this disease.
According to thA %001 PAAT
Disease Network, it was reported that 1520%
of HD occurrences happened in ten years
among people from Australia, North America,
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and Western Europe. Whether these specific
haplotypes' proclivity for CAG expansion is due
to the size of the CAG tract, or the ciagent

monitoring cell division, arrangement of cell
components, shuttling of macromolecules,
catabolic and anabdt roles, synaptic
content of the haploid genotype that confers the communication, and polypeptide pool balance.
tendency for variability is debated[4],[11] . Having seen the different forms of existence
vduvs8 (AOAAEOAOL /Al O Aafmang | molecules; mHD | cart Tcausel ithe O
chorea widespread proteome destabilization and
successive interruption occurs during various
intra- and inter-cell metabolism [14]. Human
genetics revealed that the restoration pathways

in DNA particularly during mismatch repair
(MMR), serve a key function during the
initiation, and then progression of CAG repeat
diseaseq15]-[17]. Several genes possessing the
repeated within the gene 10 to 35 times. diseasecausing CAG expansion tract encrypt

) T AEOEAOAT O xEI EAOA | therothdd h&didedilesAndolvingitife AdpdirE O A h
36 -39 repeats are at high risk, CAG repeats of of a gene. DNA damage accumulation in the

As previously mentioned, HD leadsto an
inheritable defective gene from a single mutant
huntingtin. The Htt gene codes for a protein
known as huntingtin, which plays a crucial role
in brain neurons [5],[8],[10],[11] . The Hitt
mutation involves a DNA segment that is

27 to 35 in Htt gene are at low or no risk;
children of affected parents are at risk of
AAOGAT T DI AT O xEEI A
length, no risk of disease development in parent
or offspring, as displayed inFigure 1 [6]. The

extended protein molecules are split into the
smaller fragments. These fragments are toxic
when bound togeher and accumulate in the
neurons, and thus interfering with their normal

functions [12]. This physiological interruption

and dysfunction could eventually lead to the
nerve cell apoptosis in the brain region
triggering the manifestations seen in HD
[5],[13].

Despite the single gene agin of HD, the

signature of its pathology is extremely
complicated. The normal huntingtin has crucial
roles in DNA transcription, and preservation,

neurons leads to an extra increase in a triad
repeat location, thereby establishing a

S ¢ @ pattological daseddd krend GrAndtAike®/Oned

[16]. It is noteworthy that this disorder is an
inheritable autosomal dominant pattern since
the inheritance of a single mutant allele can be
responsible for an array of cell dysfunction
[18],[19] . Modality of inheritance of this mutant
gene is achieved through an infectegerson
and more seldom, some affected individuals do
not have parents that originally had the
disorder. The amount of this poly repeat tends
to increase exponentially with the number of
mutant huntingtin genes which are inheritable
in nature. This rise in expansion has been

Age Dependent Penetrance

CAG Repeat Probability of Disease Development
40 Definite wessb| Complete penetrance
S Inverse, Length dependent
36-39 High risk wp R
Reduction in penetrance
Children of affected parents
7 i :
e Law goiisk At risk for disease
<26 Normal repeat

Figure 1. Age-dependent penetrance of HD
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linked to the genesis of its manifestationsand
OEEO EO
aged individuals andchildren, 40-50, and above
60 repeats of the trinucleotide repetition of the
glutamine tract in the misfolded gene results to
OEA AEOAAOAGO OECT O Al
As early stated, this brainrelated disorder
exhibits some movement disorder,
psychological imparment, and attitude
instability [12]-[14],[20]. The diseasecausing
genetic mutation was revealed for over 2.5
decades, and studies on the experimentahts
showed irregular cell stacking during peptide
conversion of the message into protein, post
processing, and purification[21]. The pathology
entails timely and unresolved deterioration of
the striatal part of the brain andsooner or later
greater substantial dearth of cerebral matters
[5], [20]-[23]. They can be detected using blood
tests and this gene is responsible for this
enlargement of the mutant gendeading to the
brain deterioration within a decade and half
before the indication of its pathophysiology
[24],[25] .

The coordinators of movement, thinking, or
eventalking progressively fail as neuronshave
been destroyed and apoptosis occurred,
especially within the striatum, which is
maximally stricken by HD. As this continues, the
other part of the brain, the cortex gets also
affected making mental retardation more
complicated[26] .

V88 #AOOAO disedsey O1 OET C

A lengthened CAG replication at the first exon
HD gene located at chromosome 4p16.3 is the

root causeof HD[14],[16],[27] . Just onemutant

xET 11U OAZZEAOOAdopylOhusesd ! pio@dsve Deu@égeneratidn, ! | 1 1 C

which typically beginsin person's forties. This
mutant protein disrupts the activity of other
interacting proteins, resulting in abnormal
Aerv® tell fueiion [283. Even though the Hit
allele had been revealed several years ago, the
neurobiological nature of the protein was only
recently discovered. This expansion of CAG
starts from the root sequence of DNA tribase
coding from glutamic acid that produces the
misfolded protein, as depicted in Figure 2
[26],[29],[30] .

2. Pathogenic Mechanism of Polyglutamine
Diseases

Molecular studies revealed that the diverse CAG
found in animal mutant huntingtin all codes for
glutamine near the amino acid end. The native
huntingtin is a structural protein that anchors
diverse macromolecules which plays crucial
roles in cell metabolisn. However, when Htt
misfolding exists, there is loss of normal
function due to protein breakdown of the
mutant form leaving the fragments and gaining
harmful features which interrupt many cell
functionalities (Figure 3) [31]-[33]. Likewise,
splicing mistakes are produced when small
polyadenylated mRNAs code for the mutant
pieces, short polyadenylated mRNAsndicating
6]?.'[ rh% %nall diseasegenerating fragments as
not the cause,but the results of proteolytic
dysfunction or impairment [34],[35] .

DNA Sequence=trinucleotide repeat expansion

...CAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAG...

Amino acid sequence = glutamine tract expansion

--QQQQQQQQQQQQQQQQRQQQQQQQQQQ...

Protein Product = Misfolded Conformation

‘When length of glutamine tract exceeds a certain length threshold (_35), the glutamine tract adopts an
abnormal conformation

Figure 2. Trinucleotide expansion
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polyQ protein B-sheet monomer oligomers aggregates
2 ” i
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misfolding & # * P
misfolding and aggregation
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7 4 v ¥
therapeutic target cytotoxicity
Aggregation inhibitors l
peptides

Activation of proteostasis networks
chaperones
autophagy
ubiquitin-proteasome system

Figure 3. Amplification of CAG tract enlarged polyQ

Some other abnormal polypeptides such as
polyalanine, polyserine, polyleucine, and
polycysteine have been presented to amass in
the HD patients which also cause neurone
breakdown [36], [37]. Notwithstanding this
scientific proof, there appears to be a
correlation between the number and position of
inclusions, and HDdegenerate brain regions.
Furthermore, research using animal subjects
has revealed that neurodegeneration can occur
without the presence of observable aggregates
and granules can be the pioneein the epilepsy
of neuronal impairment or degenerative

to serious damage and/or death of the embryo.
This further supported the aforementioned
crucial role of the protein, since it is highly
conserved in several organisms [8],[12].
Polyglutamine abnormal enlargenent resulting
in disease condition is due to a gain in function
mechanism ascribed to a monogenic change in
the CAG reiteration growth and HD is not an
exception[1],[11],[41] .

2.1.Pathophysiology of HD

The advance symptoms sometimes appear as a
negligible physiological, cognitive, or emotive

changes. The toxic species in HD, on the other change. Many disorders seem to be much more
hand, have been recognized as decipherable dominant and possess a larger impact on the

repeating units of the misfolded protein, mHtt
[38]. Furthermore, research showed that
altered Htt ribonucleic acid stable hairpins are
poisonous [36]. These submit the existence of
several toxic Htt species, each, which may
function differently during the onset o
( 01 OET ¢OT 1 & DheseA Bugde#t Othes
involvement of the toxic feature mechanism in
the etiology of polyglutamine infection [39].
Certainly, it has been reported that knocking off
the huntingtin gene has no drastic effect on the
physical appearance [8],[40]. On the other
hand, knockout experimental mice HD gene
revealed that huntingtin allele dstortion leads

features and roles as the disease continug$8].

Physiologicindications of HD include "nervous"
activity, squirming, extreme exhaustion, and
tiredness, or anxiety at the onsetClumsiness,
uncontrolled scripting, or difficulty in carrying

out house chores corporal skills, and dynamical
activities are usually the experienceq1],[42].

The early abnormality in movement signs often
graduates further to some unconscious
movements such as shaking and shuddering of
several body parts including the head, collar,
arms, ard legs, which may interfere with

walking, speaking, and swallowing. Although
Oii A DPAOEAT 005

ADDAOEAT AAO
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body parts are minimal, this spontaneous move
rise with the conscious activity, stress, anxiety,
excitement, and drops at individual resing
state, however, while it becomes infinitesimal
when asleep. The HD manifestations make the
individual vulnerable to problems of thinking,
moving, balance and falls, losing weight, and
sleeplessnesg$8],[19],[23] .

The medical manifestation of HD carrier parent
stands as one among the other diagnostic tools
to detect possible individuals with HD through
DNA analysis i.e. a double barrel approach of
engaging clinical measures with genetics for
examination. There should be no signs nor
symptoms detected, but the individual is at the
risk of having the disease, and then a predictive
examination of the gene or DNA will be a
determinant of the possibility of CAG extension
beyond normal or not[7],[43],[44] .

3. Therapeutic Strategies and Approaches

2023, Volume 5, Issue 2

appearance, which has shown valuable in
different experimental models with a mouse.
The zinc finger nucleases (ZFNs) are another
strategic tool for editing the entire gene
responsible for CAG zone enlargement [6]49].
CRISPR/Cas9 system (molecular scissors)
represents a genome editing tool enabling
clear-cut alteration along DNA sequences and
serve as options for the treatment of HD [17],
[50]. Nevertheless, despite how helpful these
tools are, they suffer shortcomings.Since an
efficient alternative is yet to be announced,
these approaches are currently employed to
save the life of a dying HD individual. Some
tools are the nucleaseoriented gene rewriting
equipment which are the singlestranded
oligodeoxynucleotides, tanscription activator-
like effector nucleases (TALENS), ZFNs, CRISPR
Cas9, and RNAyuided nucleases [17],[49]. In
the CRISPR Cas9 system, the expression of the
160 kDa protein (Htt) with the single guide

One aspect of disease diagnosis is to unravel the RNA molecule (sgRNA) is the key to the efficient

possible treatment approach. Unfortunately, at
present, no efficient cure has been elucidated to
handle the principal cause(s) of HD, even
though some strategies that aim at reducing the
HD manifestation fa the affected patients have
been discovered, it is cloned with multifaceted
drawbacks [2]. Recently developed disease
modifying strategies aimed at reducing Hitt
expression are being investigated as potential
treatment for HD [45],[46], as indicated in
Figure 4. Among these therapeuti@approaches
include the use of ribonucleic acid interference
(RNAI) for gene silencing,clustered regularly
interspaced short palindromic repeats CRISPR
#AOwq A& O
antisense oligonucleotide (ASO)] als&nown as
lowering therapies targeting misfolded and
clustering huntingtin and its mutant form.
Further OAOCAOET ¢ OEA 02.
intermediate between the information in the
HD gene and the huntingtin protein have given
the promising results. However, more efficient
HD therapeutics are needed to better improve
the life of an affected person. Histone
deacetylase = (HDAC) inhibitors  possess
therapeutic value except for their toxic effects
[47],[48] . Flavonoids have also been proven to
be used as therapeutic molecules for HIL3].
RNAi or ASO reduces wild-type or mHitt

role of the system in genome ravriting for
therapeutic intervention. As a result of this ce
expression, the binding of the sgRNA molecules
triggers the recruitment of the Cas9 protein to
target a specific sequence of interest in the gene
ladder initiating the breakage of the double
stranded DNA, hence activating the control
system for the dsDNA break repair pathway
[49],[51] (Figure 4). The response of the cell to
the collapse of the DNA ladder can be explained
using two mechanisms: norhomologs end
joining (NHEJ) and (b) homologydirected
repair (HDR) mechanisms. The former is
responsible for frameshift, insertion, and

i T1AAOI AO OA Hefetdnh Whiel tHg Rattey divesEalNA biukEdifd C h

serving as the donor homologous rgoining
processes [49],[52], [53]. The deletion of the
target gene by NHEJ is achieved when the
doraplex,x SgRRNACGas9 is @ghtlyAdound to the
target region causing the unwinding of the
double-stranded gene. The DNdAriented
therapies for lowering HD are preclinical levels
with some ethical concerns because of &
attempt to tamper the germline DNA. However,
other therapeutics such as stem cell, antibody,
and small molecule therapies (the first two are
administered through the vein and the latter
orally) show less invasive and are still under
scrutiny [41],[54] . It is noteworthy that each of
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Figure 4. HD Therapeutic targets

the aforementioned treatments has strengths tool, notwithstanding their numerous benefits
and weaknesses, even though, these drugs are have some limitations. These drawback are off

of great benefit to ameliorate the HD symptoms targets,
until novel and efficient ones arediscovered,
approved and made accessible to HD patients system [53].
[20],[55]. Of all these genore editing tools
including the CRISPRCas9 which is considered endonucleases

unwanted deletion,
production of gRNA, and efficient delivery

and insertion,

The TALENs are protein motifs,and specific

recognizing DNA and are

the utmost, costeffective, robust, and flexible produced by unique polypeptides the TALE
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proteins commonly found in Xanthomonas, the
invasive bacterium affecting plants. These
proteins can be engineered by combining a
DNAbinding region effector, TAL with a
nuclease cutting at the DNA exact point,
practically at any desired DNA sequence. One
TALE motif has the capacity to identify a
nucleotide and its collection can assemble with
an extended sequence[l7], [41], [60]-[63],
[42], [48], [49], [53], [56]-[59]. Hence, the role
of each TALE region is constrained to a single
T OAl AT OEAA OEAO AT AOT 6
other nearby TALEs making TALENS
engineering more simple and easy compared to
ZFN.

It is important to acknowledge that ZFNs are a
group of proteins playing crucial roles during
transcription, hence called transcription factors
(TF). When this protein combines with an
endonucleaseFokl, it induces therecognition of
trinucleotide sequence providing on-target
specificity. The Fokl endonuclease works as a
dimer, since the doublestrand DNA cutting
takes place at the exact site where two ZFNs
bind to the opposite DNA strands. In the ZFNs
system, zinc finger motifs are arranged in a
manner that the neighbouring protein-
nucleases would be influenced for a specific
action, making the construction and selection of
this arrangement of modified zinc fingers more
tasking and timeconsuming. This is because it
is a jawbreaking task to predict the speificity
of the final and functional arrangement. As
mentioned before, the system relies on two
ZFNs fashioned to spot various closely allied
arrangements of nucleotide in the target site,
and it needs both ZFNs to recognize and bind at
the same time, limting off-target effects
[17],[41],[6 0]-[63],[42],[48],[49],[53],[56 -59].
Both TALENS and ZNF envelop the FoKI
nuclease and need them to carry out their
functions in geneediting technology.

The CRISPR system of genome editing
comprises Cas9 nuclease and FAY isoform,
trans-activating crRNA (tracrRNA), and sgRNA
identifies target sequence by base pairing and
replication model of WatsonCrick. The Cas9
houses motif of DNA referred to the
DOl Ol OPAAAO AAEAA

c6 EO A 1

cleaves DNA, which can result in a collapse of

2023, Volume 5, Issue 2

the DNA doublestranded ladder in the enzyme
or a collapse of a single strand in mutant Cas9
variants known as nickases. RNA®NA
interactions govern the recognition of DNA sites
in the genone editing system of CRISRRas9.
This has many benefits compared to ZFNs and
TALENS, due to the easy design approach for
any targeted gene of interest, the likelihood of
detecting offtarget sites, and at the same time
the ability to modify multiple genomic sites
(multiplexing) [53], [56]-[58], [62].
Srierfidts/Ehr® Akt Atd  uAcBvAr A& Terdi 1
functions of this protein, huntingtin which is
argued to be responsible for many metabolic
activities in the entire cell environment besides
the brains [15], [29]. However, Dr. Kochanek
has unraveled its nature, and also elucidated
the modality of interaction with other
biomolecules bringing to light the diverse roles
of the wild-type. This observation at the time
was mind-blowing as shooting in the dark to
comprehend hurODE T C O E Wds @ highdryi of
the past [64-66]. His innovative finding was a
big relief and fired up the zeal for the discovery
of an effective treatment for HD, since a clear
distinction between the native and mutant Htt
has been made [8][27], [65].

Moreover, in July 2018, McMaster University
led a team of scientists who lay bare new
signalling from damaged DNA. The signals were
considered huntingtin activity markers in DNA
repair and are impaired in HD, the research in
forming the claim was publishedin the National
Academy of Sciences Proceedings (PNAS). The
outcome of that research with a mouse model
(according to Laura Bowie, a Ph.D. student in
McMaster's Department of Biochemistry and
Biomedical Sciences) showed that the excess
application of the signalling molecule even
orally tends to restore signalling HD [66].
Consequently, the alteration of the wiletype
was not observed in the mutant form, by this
claim a novel compound, N&urfuryladenine
obtained from the repair of DNA damage
improved the defect in mHitt, restoring it to
normalcy-a recent turn in the hunt for HD
AT OEAT OAo 8 SEATTITI
reported the use of tetrabenazine Figure 5) as

i dnGyipraveq drdg-inGQhe A8 @Bthe abndrmal
[ T Of6d).1Casg Aublease r nnouerhent in HD patient due to its ability to not
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Figure 5. Tetrabenazinestructure for chorea treatment

only inhibit the vesicular monoamine
transporter type 2 (VMAT2), and also reduces
the neurotransmitters, dopamine,
noradrenaline, and 5hydroxyl tryptamine

(serotonin) [50],[54]. Most of the treatment
approach targets the DNA or/ RNA to lower the
toxic effects resulting from huntingtin

misfolding [54].

More insight kept precipitating as Bowie [67]

posited that amyloid-protein aggregation and
deposition were not the cause but the

being alive due to the rapid expansion of CAG.

Although better insight into the pathogenesis
has led to the development of drugs in
experimental animals, it is unclear whether
targeting just one of these downstream
pathogenicity would be acceptable, and
whether all of them should be targeted.
Regardless of the previous failures, the future
appears bright to find potential treatments for
HD.
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