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Abstract Huntington’s disease (HD) is progressively invali-
dating and caused by a CAG expanded mutation. We tested
the effect of the mutation length on the rate of progression in
a cohort of 80 patients clinically followed-up and genetical-
ly characterized. Two patients presenting an infantile and
aggressive HD form starting under 10 years had over 90
repeats; the other patients did not show any influence of the
CAG expanded number on the rate of progression. In con-
clusion, the CAG expanded repeat affects the disease pro-
gression only at a very upper pathological range and in rare
cases initiating very early in the life, while it does not seem
to affect in any way the severity of the phenotype in most
HD patients. Other factors affecting the motor symptom pro-
gression, other than the expanded repeats, therefore have to
be investigated. 

Huntington disease’s (HD), dominantly transmitted and
caused by a CAG expanded mutation beyond 36 repeats [1],
is highly and progressively invalidating. The severity of the
symptom progression is variable among patients, with juve-
nile (onset <20 years) [2] and homozygous subjects (F.
Squitieri, unpublished results) showing the most accelerated
course towards high disability. However, although the age at
onset is affected by the CAG mutation length [3] (the low
expanded number is associated with a variable penetrance of
the mutation [4]), no genetic factors have so far been
described as possible modifiers of the disease severity [5]. In
this study we analyzed the possible contribution of the
expanded CAG repeat length on symptom progression in a
cohort of 80 patients of identical ethnic origin, whose genet-
ic and clinical data of age at onset and follow-up were avail-
able from the Italian HD Databank [5].

All 80 patients (37 males and 43 females) were seen at
the Neurogenetics Unit of the IRCCS Neuromed of Pozzilli
(IS), Italy and clinically analyzed on the Unified Huntington
Disease Rating Scale (UHDRS), which includes motor,
behavioral, cognitive and independence assessments. The
rate of disability was assessed with the Total Functional
Capacity (TFC) [6] and by the disability scale (DS) [7] and
calculated as loss of units per year (TFC, mean 0.6±0.5,
range 0.2–3.2; DS, mean 3.4±2.8, range 0.8–13.7). The onset
of disease was defined as the time when clinical motor man-
ifestations (i.e. choreic movements) first became noticeable
(mean 41.3±14.0 years, range 3–73). To investigate the size
of the CAG repeat expanded mutation, a molecular genetic
test on patients’ DNA was performed, after informed con-

sent, at Neuromed by published techniques [8] (mean
46.3±10.5 CAG repeats, range 39-100). For statistical analy-
sis, a nonparametric test (Mann-Whitney U) and a linear
regression approach were used (significance at p<0.05).
Among these 80 patients, two had an infantile form (starting
at an age less than 10 years) with age at onset at three and
seven years, 100 and 95 repeats, respectively, and a particu-
larly devastating progression towards a high loss of indepen-
dence (mean loss of units per year was 2.7±0.7 (range 2.2-
3.2) at TFC and 12.7±1.4 (range 11.7–13.7) at DS). The
mean loss-of-unit values per year obtained from these two
little patients was significantly different from the cohort of
juvenile (onset under 20 years, n=4, mean 0.7±0.7 units per
year at TFC, p=0.016 and 4.7±3.9 at the DS; p=0.017) and
adult subjects (0.6±0.3 units per year at TFC, p=0.008 and
3.0±2.3 at DS, p=0.009). In order to examine a possible
influence of the mutation length on the HD symptom pro-
gression, we plotted the expanded CAG repeat number with
the mean loss of units per year at TFC and DS and found a
significant correlation (CAG/TFC, p=0.02; CAG/DS,
p=0.01) if the two patients were included in the cohort of all
80 subjects (Fig. 1, panels A and B). Conversely, there was
no significant correlation after excluding the two patients
with the infantile form (Fig. 1, p>0.05, panels C and D).

Discussion 

We found an influence of the mutation length on HD severi-
ty only when the mutation was much expanded, the CAG
repeat number at the upper edge of the pathological range so
far described [1]. In these rare cases, the increased toxic
effect of the mutation likely contributes to the devastating
severity of the phenotype. This was not the case of the adult
affected population whose accurate clinical follow-up con-
sented to obtain data of symptom progression from our data-
bank. The juvenile patients (onset between 11 and 20 years),
whose assessment of HD progression was available, were
only four and did not differ substantially from the adults.
After the discovery of the gene mutation, only few reports
studied the influence of the very expanded CAG repeat num-
ber on HD severity [10]. This was likely due to the difficul-
ty of studying large affected HD cohorts of patients both
accurately followed-up and genetically characterized. Our
study confirms the effect of large CAG expansions on the
rate of HD progression [10]. Differently from Illarioshkin et
al. [10], we did not find any significant correlation after
excluding from statistical analysis patients carrying the most
expanded mutations (Fig. 1). It likely depended on either the
different genetic background of the patient cohorts analyzed
and on the diverse clinical methodology used to calculate the
rate of progression. We have recently reported the occur-
rence of a worse HD prognosis in case of at onset atypical



Fig. 1a-d. Linear regression
analysis between expanded
CAG repeat number (x-
axis) and loss of units per
year (y-axis) at the TFC and
DS. a,b Analysis including
the two patients with infan-
tile form. c,d Excluding the
2 patients with infantile
Huntington’s disease. The
infantile patients are high-
lighted by a circle in a and b
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movement disorder [9]. In that study, we found mean
expanded repeats longer in the juvenile rigid patients than in
the juveniles initiating with chorea, predicting therefore the
occurrence of an influence of large expansions on HD phe-
notype. We confirm such hypothesis as both patients affect-
ed with infantile form here described presented at onset
movement disorder other than chorea, characterized by rigid-
ity in one and dystonia and limb ataxia in the other. In these
cases, as in the rigid juvenile patients, the particularly
expanded and toxic mutation leads to a highly invalidating
phenotype. Conversely, in most patients the CAG repeat
contributes to the age at onset for about 50%–60%, the
remaining percentage is influenced by other genetic factors
probably of familial origin [3], but not to the rate of disease
progression. Other factors affecting the severity of the phe-
notype have to be studied on cohorts of patients well charac-
terized clinically and genetically. The discovery of factors
influencing the symptom progression and, possibly predict-
ing the HD prognosis, will offer new opportunities in the
therapeutic strategies for this devastating disease.
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