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Huntington disease (HD) is an autosomal dominant, monogenic neurodegenerative disorder.Huntington’s
disease is caused by atrinucleotide repeat expansion of CAG in IT15 gene a locus 4p16.3.The purpose of this
study was to identify the relationship between CAG repeat length and the progression of Huntington’s disease. It
iscommonly reported that CAG repeet length is related to the age of onset of the disease. MRI measurements of
early onset patients reveded the most rapid rates of atrophy and cognitive decline compared with those who
developed symptoms during middle age or more advanced age. Further andlysis suggested that patients with
long repeat lengths (47) had an earlier age of onset and that the younger group of patients displayed
significantly increased decline in both cognitive and neurologic functioning over the 2-year interval period of
follow up than those with shorter repeats. These findings suggest that the CAG repest length may influence or
trigger the onset of HD but other factors might contribute to the progression of illness and the pace of neuronal
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INTRODUCTION

Huntington’s disease is caused by a trinucleotide repeat
expansion of CAG in IT15 gene found in the short (p) arm
of chromosome 4 at position 16.3 (4p16.3). (Morrison, 2013)
This particular expansion of CAG length results in a defective
protein called Huntington protein, for which the exact role is
unclear, but it functions in affecting the nerve cells. (Cattaneo
et al., 2005) Neurodegeneration of the brain gets gradually
progressive over time and can affect movement, behavior and
cognition of the individual. (Bates, 2005)The main hypothesis
is to correlate the length of CAG number of repeats to the
progression of the disease. This CAG expansion is normally
repeated 26 times or less in heathy individuas. In case of
diseased individuals, the number of CAG expansion is more
than 40. The individuals with intermediate length of CAG,
between 27 and 35, might develop clinical manifestation of the
disease and Ha et al. (2012) study was aimed to identify the
main clinical characteristics associated with this CAG number
of repeat range. The length of CAG repeat therefore
substantiated to be a novel biologica marker for the diagnosis
of Huntington’s disease. However, according to Xuereb et al.
(1996), genetic analysis is not enough when it comes to rare
cases of Huntington’s disease patients with normal CAG repeat
expansion and further neurophysiological analysis has to be
taken in consideration in order to detect the disease. One of the
latest studies qualified neuroimaging as a tool due to its’
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exceptiona ability to identify the progression of the disease.
Furthermore, it can reliably distinguish clinical heterogeneity
and subtypes that have the potential to react to treatments
differently. According to data collected from all studies
included in this review, CAG expansion repeat length strongly
correlates inversely with the age of onset of HD. Rosas et al.
(2011) described that the length of CAG repeat was longer with
more rapid atrophy rate and cognitive decline of the brain have
been observed in young adults age of onset. Middle-age onset
and older patients have shorter CAG number repeat with
slower progression of the disease.

METHODOLOGY

Subjects: Fifty blood samples were obtained from HD patients
in Kieburtz et al. (1994) study. The study did not specify age of
the participants. On the other hand, 46 patients enrolled in
Brandt et al. (1996)study. The chosen subjects were mildly to
moderately affected and the study was over three occasions
with a 2 year-interval. Patients were divided into two sections.
Twenty one patients with 47 or more repeats were categorized
as long mutations and the rest twenty five patients with short
mutations ranged from 37 to 46 repeats. Violation of the
protocol of this study occurred because six patients were
identified to have 36 or less of CAG repeat length. A larger
number of patients, however, joined in Xuereb et al. (1996)
research reaching 268 patients but this study mainly focused on
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the neuropathlogical comparison and genetic testing as
diagnostic tools of HD. Moving on, participants in Ha et al.
(2012)were categorized in accordance of the number of CAG
repeats into normal with CAG,, of 26, intermediate with CAG,
between 27 and 35, and HD with 36 and more of CAG number
of repeats. Comparisons between intermediate and normal
group was the main focus in this study since the principal
objective was to evaluate the clinical characteristics in people
with intermediate number of CAG repeat. Meanwhile, about
1985 patients were examined in the Ha et al. (2012) study
achieving the highest humber of subjects comparing to other
studies mentioned in this review. Although the number of
patients was large, 50 of them had intermediate CAG repeat
included in the study. That is, 2.5% of total three categoriesin
particular.

Twenty-two patients with symptomatic HD [stage | and II, as
defined by the United Huntington's Disease Rating Scale
(UHDRS) and Total Functional Capacity (TFC) scale] enrolled
in Rosas et al. (2011) study and were sorted into three sections
based on the age of onset. “Young” who developed motor
symptoms at the age less than 40 years old. “Mid” who
developed motor symptoms between 40 and 55 years old and
“Old” with motor symptom development with age more than
55 years old. Enrollments of subjectsin the COHORT study for
those who were not genetically tested but have first-degree
relatives are included. Along with people who had their
grandparents diagnosed with HD. Moreover, even individuals
who did not have genetic mutation but have positive family
history were included in Rosas et al. (2011) study. CAG
number of repeats was between 40-55 in this study.

Samples:. The majority of samples used in most studies were
taken as blood in order to perform PCR to detect the CAG
expansion. In Ha et al. (2012) study, DNA was extracted from
two types of samples, whole blood and lymphocytes. If
unsuccessful match of the results was observed, both tests were
repeated until the result values were matching. Pinpointing how
cautious this study was in association to the quality of the
DNA. In contrast, the sample in Xuereb et al. (1996) research
used was frozen half brain tissues from dead patients putting
the results concluded in doubt since there was a difficulty in
extracting the DNA from such samples. Samples preserved and
used in this study were not checked for quality and the duration
of the disease was not noted and tested. Moreover, small
amount of samples were successfully amplified. Therefore,
DNA extraction method was not completely successful raising
the potential of bias results. Early studies used PCR reaction as
their main method for identifying the number of repeats.

Diagnostics Instruments and Assessments. All  studies
involved clinical questionnaires for the patients. Each subject
underwent formal motor examination in all studies. Subjects
were scored according to the motor component of the United
Huntington's Disease Rating Scale (UHDRS) in Ha et al.
(2012)study. Furthermore, Kieburtz et al. (1994.), Rosas et al.
(2011), and Brandt et al. (1996) included the use of the Total
Functional Capacity (TFC) scale in relation to age and number
of CAG repeat. Additional examination tests including
Quantified Neurological Examination (QNE), Mini-Mental
State Examination (MMSE), Vonsattel grading system, HD

activities of daily living (HD-ADL) and neurological battery
were al used in Brandt et al. (1996) research. Consequently,
offering a decent amount of evaluation data collected that will
markedly help with the results analysis. Even if the results were
found eventually variable, principa component analysis
procedure was used to reduce variable results.

The latest research, Ha et al. (2012), methodology, included
MRI analysis to test the HD progression of patients with the
same stage of the disease but in different age onset. Body Mass
Index (BMI) was also included to measure the weight of the
patients. Measurement control was specified for the assurance
for more accurate registration method for rate determination.
Baseline visits involved standard neurological and physical
examinations that were categorized in four domains including
motor function that consisted of 31 items, in addition to
cognition, behavior and functional capacity. Follow-up visit
comprised genera MMSE to BMI examination. Genetic
diagnostic methods included €electrophoretogram and regular
PCR amplification of the IT15 region contains CAG repeat
expansion. The amplified DNA fragments were separated on
polyacrylamide gels by gel electrophoresis technique and the
results were obtained of the CAG repeat number. Family
pedigree was also considered in some studies.

RESULTS

Among the earliest studies, there was little evidence that
supports the potential for the relation of CAG repeat length
with the illness progression. Although the length of CAG
repeats revealed a strong inverse correlation with the age at
onset of Huntington’s disease, there was no such relationship
between the number of CAG repeats and the rate of clinica
decline as mentioned in Kieburtz et al. (1994.) These findings
suggest that the CAG repeat length may influence or trigger the
onset of HD, but other environmental, neurobiological, or
genetic factors contribute to the progression of illness and the
fundamental pace of neuronal degeneration. The TFC initia
evaluation was 9.2, and the TFC at final evaluation was 6.8
with a decline of 0.5 TFC units per year and only four patients
showed improvement after treatment of the disease giving
negative TFC units. There was no relation between number of
CAG repeats and TFC units aka, conversely, a strong
relationship between the age of onset and CAG repeat length
was detected.

Brandt et al. (1996) results verified that individuals with longer
CAG, developed illness progression twelve years earlier than
those with shorter CAG,. Since this study divided patients in
two categories based ‘Short’ and ‘Long’ repeat group. Patients
with longer CAG expansions were younger than those with
short repeats but did not differ in the severity of neurologic or
cognitive impairment. Over time, both groups showed
increasing in neurologic, functional, and genera cognitive
impairment. Nevertheless, the long-repeat group displayed
significantly greater decline in both neurologic and cognitive
functioning over the 2-year follow-up period. Total score of the
Quantified Neurological Examination (QNE) (F[2,861 = 8.14,
p < 0.001), cognitive factor 1(F[2,861= 3.24, p = 0.044) and
Motor Imparment Scale (F[2,86]= 4.35p = 0.016.) The
substantial connection on the total QNE and the Motor
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Impairment Scale indicate that patients with longer CAG
repeats had a decline in both neurologic and cognitive function
over the 2-year interval than did patients with shorter repeat
length. (Figure 1.)
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Figure 1. (A.) Patients who were categorized as short mutations (37 to 46
repeats) showed less deterioration in Quantified Neurological
Examination QNE, The Mini Mental State Examination (MM SE) test, and
Motor Impairment test than (B.) patients with longer mutation (247).

As mentioned earlier, the use of frozen half brain as a sample
in Xuereb et al. (1996) study established only 63% success of
the DNA extraction. That is a 169 out of 268 patients.
Abnormal repeat expansion was detected in 99% of patients.
One exceptional result of a patient with 22 repeats showed
typical clinical illness and positive family history. That patient
with normal number of CAG repeat scored grade 1 in
consideration of Vonsattel grading system. Meanwhile, the
other 112 patients who graded between 2-4 did not show any
significant difference in regard to the number of repeats. Thus,
there was no correlation between the severity of the disease and
number of CAG repeats. In contrast, three patients with CAG
expansion and positive family history had no changes
whatsoever regarding morphological changes. Nevertheless, six
patients with no observable expansion of CAG and negative
family history were diagnosed with Huntington’s disease as
reported by the neurophysiological analysis. Different scores
were obtained regarding the United Huntington's Disease
Rating Scale (UHDRS) scale in normal and intermediate
groups at baseline in the exclusive study of Ha et al. (2012)
Intermediate group reported one suicide attempt. All rates of
United Huntington's Disease Rating Scale (UHDRS) scale
suggested disease progression in intermediate group. 333 of
patients were excluded because CAG repeat length was not
determined.
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Figure 2. Unified Huntington's Disease Rating Scale (UHDRS) Stroop
word reading test demonstrates the rapid reduction rate of the test among
different groups as the length of the repeat increases. Normal (26 repesats),
intermediate (27-35 repeats) and HD (>36 repeats.)

Educational wise, no observable numerical difference between
HD and intermediate group. Marriage aongside with
employment was significantly higher in intermediate group
compared to HD group who had much lower outcome. In case
of Body Mass Index (BMI), no recognizable variance between
normal and intermediate groups was detected. HD group,
however, showed a low BMI stating that weight loss symptom
relates to the length of CAG repeat. Additionaly, Unified
Huntington's Disease Rating Scale (UHDRS), Word Reading
(WR) along with Maximal Dystonia (MD) and other related
sections scored much differently in intermediate group in
comparison to control (normal) group.

The preferment of ‘Intermediate’ category in this study is
between 27 and 35 number of CAG repeat. Even if studies
consider the disease will develop symptoms at 36 and above
CAG repeat range, this article verifies that some patients with
intermediate CAG repeat (27 to 35 repeat length) revea
symptoms of the disease. This raises the potential to consider
the increase size of alele length in an intermediate individual,
even if a subtle abnormality observed, might cause or intend to
cause progression of the severity of the disease. Although this
was alongitudinal study, results of baseline were given without
any follow-up data observed. (Figure 2)

In Rosas et al. (2011), al patients were at the same stage of
disease. After a year, younger patients suffered from more
severe progression of disease. Significant differences were
observed in the cortex, white matter and subcortical structures.
Y oung people who developed symptoms had more rapid rate of
brain shrinkage than older patients. Motor symptoms of people
younger than 40 years old were associated with more rapid
atrophy related to older patients. 55 years old patients had a
dow rate of progression of the disease. Moreover, by using
MRI, the rate of clinica progression of younger patients
advanced the rate of older age onset patients. CAG number of
repeat did not influence much with the rate of atrophy. Most
variable results were obtained from cortical atrophy. Parieta
cortex, sensorimotor and posterior areas showed noticeable
topological changes. In contrast, no changes were observed in
the basal ganglia area. CAG repeat length and age played an
important role in the changes in some cortical regions apart
from other regions that were not significantly affected.

Moreover, CAG repeat length did not influence the rate of
progression of the disease as much as the age did. Other
unknown factors can manipulate the progression of the
Huntington’s disease and follow-up hypothesis must take into
consideration the unknown factors that might influence the
progression of the disease. Rapid thinning in the cerebral cortex
regions of young group was more evident than any other group.

Table 1 Young group indicated to have the longest CAG,
repeat length and the most rapid thinning rate in cerebral

cortex area.
Younggroup Mid-aged Old hd
(n=6) group (n=9) (n=8)
Age 331 49.3 62.2
CAG repeat 52.2 438 42.1
Cerebral cortex thinning 3.6%/ year 1.55% per 1.77%/ per year
rate year
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It has been observed that 3.6% of whole brain was reduced in
one year interval in young group. Mid-aged group had less
progression of the disease reaching 1.55% per year of whole
brain thinning while Old age group showed a rate of reduction
of 1.77% of reduction. (see Table 1.)

In case of gray and white matter loss, young aged group scored
higher rate of reduction comparing to the mid and old. Hence,
the rate of progression of the disease and cortical thinning were
rapid in young group. In term of surface-based maps of
sensorimotor and middle frontal on the right hemisphere
regions, Young group rate of loss was 8% and 5% respectively
every year. Mid-aged group scored less figures approximated
with 3% and 5%. The rate of thinning of old-aged group,
however, was much less than both groups reaching 3% only.
Furthermore, Corpus Callosum rate of thinning in young group
was generaly faster than mid and old patients within all
regions.

No substantial change in rate of basal ganglia atrophy
suggested in all groups regarding subcortical structure. On the
other hand, floor effect was suggested when the rate of caudate
atrophy was much slower in young group compared to the
other two groups. Though, baseline volumes in young group
was 40% smaller than mid (25%) and old (20%). On average,
for those areas that were correlated, each unit increase in
CAG,was associated with a 0.3% faster rate of thinning.
Although, the length of CAG number of repeats did not relate
to the rate of volume loss regarding subcortical structure
caudate, putamen and thalamus. There was a relationship
between cross-sectional caudate volumes at baseline and
CAG,. 11% of cortical regions correlated with the length of
CAG number repeats showing progressive thinning suggesting
that cortical thinning is not strongly dependent on the CAG,.

DISCUSSION

This review paper correlated the age of onset, and rate of
progression of Huntington's disease with the CAG, repeats in
IT15 gene on chromosome 4. In the past, it has been thought
that CAG repeat length strongly impacts on age of onset but
not with the progression of the illness according to Kieburtz et
al. (1994). However, this research was conducted long time
ago. Moreover, the results provided were not coherent enough
to support the justification in addition to the weak amount of
information proposed. Recently, results of severa studies
indicated the possibility of CAG repeat length to interact with
the severity of the disease. Furthermore, severe function
impairment of patients with long repeats (247) over the 2-year
interval compared to those with shorter CAG repeat was
reported. Hence, the length of duration of the disease appearsto
be more progressive in patients with longer CAG expansion.
(Foroud et al., 1999) Although that was completely dependent
on Motor Impairment Scale as an indicator and few patients
were enrolled, putting Brandt et al. (1996) study’s assessment
methods and results obtained in limitation, other new studies
confirmed the hypothesis to be factual. Although the Total
Functional Capacity (TFC) scale is considered as a principal
measure for research development regarding Huntington’s
disease, Downing et al (2013) found that World Health
Organization Disability Assessment Schedule (WHODAS) 2.0

scale to be more underlying considering statistical measures. It
is a measure used daily to extent health conditions of patients
with neurophysiological disorders.

The results of Ha et al. (2012) study obtained to verify whether
individuals with intermediate CAG expansion length was one
of the crucia hypothesis in order to validate if the CAG
expansion does certainly affect the progression of illness. The
number of intermediate group was negligible in comparison to
the normal group and this limited participation of intermediate
group was a drawback because it permits consequential
conclusion of the results. Errors in results might accompany
when a substantial amount of data was observed. Additionally,
despite that United Huntington's Disease Rating Scale
(UHDRS) is awell-known assessment in clinical trails, it is not
sensitive enough for early stage patients. However,
abnormalities were only addressed in the intermediate group.
Thus, inaccuracy is less likely to occur. Although this was a
longitudinal study, results of baseline were given without any
follow-up data observed. Subtle evolution of the disease
suggested on intermediate group, which gives the possibility of
CAG length relation with disease development. This raises the
potential to consider the increase size of alele length in an
intermediate individual, even if a subtle abnormality observed,
might cause or intend to cause progression of the severity of
the disease.

In case of neurodegeneration assessment of the disease using
MRI as a lead tool for observation, there was no relationship
between CAG,, and the rate of volume loss in any subcortical
structure, but Rosas et al. (2011) did find a relationship
between the cross-sectional volume at the baseline scan and
CAG,. On average, for those areas that were correlated, each
unit increase in CAG,, was associated with a 0.3% faster rate of
thinning. 11% of cortical regions correlated with the length of

CAG number repeats showing progressive thinning.
Advocating that cortical thinning was not strongly dependent
on the CAG,. However, al patients were on the same stage of
disease when conducted in baseline. After a year, younger
patients with longer CAG expansion suffered with more severe
progression of disease. Rates of regiona brain atrophy were
influenced by the age of onset of HD symptoms and are only
partially explained by the CAG repeat length. These findings
suggest that other genetic, epigenetic and environmental factors
play important roles in neurodegeneration in HD. Other
unknown factors can manipulate the progression of the
Huntington’s disease and follow-up hypothesis must take into
consideration regarding the unknown factors that might
influence the progression of the disease. Regarding the
methodology of detection of the disease, genetic analysisis not
enough when it comes to rare cases of Huntington’s disease
patients with normal CAG repeat expansion and further
neurophysiological analysis hasto be taken in consideration in

order to detect the disease. The reason behind that is, in Xuereb
et al. (1996) study, the senstivity and specificity of
neuropathological examination of Huntington’s disease were
confirmed. Attaining 100% specificity when using this method
and never compelling possibility of false-positive results of
diagnosis. The genetic diagnosis is not accurate, perhaps, when
rare occurrence of mutations taken into account. Hence, one of
the unknown factors that are involved in the follow-up
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hypothesis will be the several subtypes of mutation associated
with HD.

Critical point regarding Xuereb et al. (1996) study, samples
preserved and used were not checked for quality and the
duration of the disease was not noted and tested. The sample
used in this study was frozen half brains from dead patients
putting the results concluded in doubt since there is a difficulty
in extracting the DNA from such samples. Moreover, small
amount of samples were successfully amplified. Therefore,
DNA extraction method was not completely successful raising
the potential of biased results. Moreover, the DNA extracted
from each sample was not extracted from the same cerebral
hemisphere. According to Telenius et al. (1994), the degree of
CAG expansion increases in the cerebral cortex and basal
ganglia regions of the brain. Nevertheless, this study included
strong authority when it comes to the number of patients and
samples, which were sufficient, and a wide range of age was
included. Most importantly, blind-testing patients without
knowing their family history in order to avoid false judgmental
results when working with neuropathological examination in
order to predict the accuracy. It was confirmed that the
physiological and behavioral alteration differs from early to
late stages of Huntington’s disease. According to Raymond et
al. (2011), genetic therapy must target patients coinciding to
the stage of the disease.

CONCLUSION

Thereisasignificant inverse correlation between age onset and
number of CAG repeats which was confirmed in all studies but
the severity of the disease in relation with the number of CAG
repeats varied. This is understandable since the symptoms of
the disease are diverse and every study linked the progression
of illness with one or more of relative symptoms whether
related to neurodegeneration or behavioral symptoms. Still,
CAG repeat length has been reported to have subtle effect on
rate of progression. Minor effects are clinically important to
consider over time since HD is a complex disease. These
outcomes of the CAG length may be relevant in the analysis of
clinica trials. Other genetic mutations and environmental
factors play an important role in the progression and
neurodegeneration of Huntington’s disease. (vanDellen and
Hannan, 2004) These findings may have fundamental value
and are crucial for the design and interpretation for future
therapeutic trials.
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