
Introduction

Huntington’s disease (HD) is a progressive degenerative
disorder clinically characterized by a triad of symptoms:
involuntary movements (chorea), psychiatric manifesta-
tions, and cognitive impairment with a variable age at on-
set (average 35–40 years [12]). The best documented fac-
tor determining the age at onset is a genetic defect: an ex-
panded CAG trinucleotide repeat in the IT15 gene on
chromosome 4 [14]. In individuals not affected with HD
the number of copies of the CAG trinucleotide varies be-
tween 9 and 39. In HD patients the number of repeats is
36 or higher, and up to 120 copies have been reported [17,
21]. A strong correlation between the age at onset and the
number of CAG repeats has been well documented [22,
24]. However, it appears that the number of CAG repeats
is not the only factor determining the age at onset of the

disease, being responsible only for 50% of the total vari-
ance [1, 22, 24]. Other factors have been proposed as
playing an additional role in influencing the age at onset
[8–11]. Of all possible factors, the genes for apolipopro-
tein E (APOE) and presenilin 1 (PS-1) have been shown
to play a significant role in other disorders in which age is
an important factor, such as Alzheimer’s disease [3, 4, 6,
23] and Down’s syndrome [2].

We examined the possibility of a correlation between
the age at onset of HD and the allelic variations in the
APOE and PS-1 genes.

Materials and methods

Patients

We used DNA from 60 unrelated patients (28 men, 32 women)
previously diagnosed both clinically and by DNA analysis in our
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laboratory as suffering from HD; all patients had given their in-
formed consent for genotyping with APOE and PS-1. The age at
onset of the disease was defined as the age at which movement dis-
order (chorea, rigidity, or clear voluntary movement impairment)
was first observed in the patient as documented by the interview
and review of the records, blind to the DNA results. Our control
group consisted of 45 random voluntary blood donors. Our results
were also compared to data from a population survey of Greeks on
the distribution of APOE alleles [20].

DNA was extracted from blood lymphocytes using a salt ex-
traction method as previously described [16]. Genotyping of the
polymorphic APOE alleles was performed after polymerase chain
reaction amplification of genomic DNA using primers and reaction
conditions as described by Wenham et al. [26]. In the thermal re-
actor (MJ Research) an initial denaturation at 94°C for 5 min was
followed by 30 cycles of denaturation at 94°C for 30 s, annealing
at 50°C for 30 s, extension at 72°C for 30 s, and final extension at
72°C for 10 min. The 25-µl amplification product was then di-
gested with 10 U restriction enzyme HhaI at 37°C for at least 3 h.
Restriction fragments were separated by electrophoresis on a 3%
NuSieve-1% agarose gel and visualized by ethidium bromide
staining [2].

Genotyping of the polymorphic PS-1 alleles was performed af-
ter polymerase chain reaction amplification of genomic DNA as
described by Wragg et al. [27]. The 25-µl amplification product
was digested with 10 U restriction enzyme BamHI at 37°C for at
least 3 h. Restriction fragments were separated by electrophoresis
on a 3% NuSieve-1% agarose gel and visualized by ethidium bro-
mide staining.

DNA diagnosis for HD was performed by determining the copy
number for the CAG repeat in the IT-15 gene as described by
Warner et al. [25], a method that determines the repeat length with-
out including the polymorphic repeat slightly 3′ downstream to the
(CAG)n.

Statistical analysis was performed using the χ2 test, Student’s t
test, correlation analysis, and multivariate regression.

Results

Apolipoprotein E

The frequencies of APOE alleles in our series of patients
and in controls are shown in Table 1. Allele ε4 had a fre-
quency of 10.8% in our series not significantly different
from 6.5% in the general population. The genotypes of the
patients were ε2ε3:4, ε3ε3:44, ε3ε4:11, ε4ε4:1.

The average age at onset of our patients was 40.9 ± 11.1
years. The age at onset of the disease was significantly
higher in the ε3ε4 patients (mean = 51.6 ± 8.7) than in
ε3ε3 patients (mean = 38 ± 10.5; t = 3.97; P < 0.0002). To
exclude possible interference of the number of repeats
with our analysis we also performed multivariate regres-
sion analysis using the age at onset as a dependent vari-
able and APOE genotype (ε3ε3 and ε3ε4) and CAG re-
peat length as independent variables. The analysis verified
the known inverse correlation between CAG repeat length
and age at onset (regression coefficient = –1.79; SE =
0.27; t = -6.45; P < 0.001), while it confirmed a strong in-
dependent correlation for APOE genotype, ε3ε4 individu-
als having a higher age at onset than those with ε3ε3
genotype (regression coefficient = 10.03; SE = 2.64; t =
3.79; P < 0.001).

The correlation between age at onset and number of
CAG repeats in the IT-15 was strong among patients with
genotypes ε3ε3, but none was detected in patients with
genotypes ε3ε4 (Fig. 1). No significant difference was
found for the number of CAG repeats between APOE
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Table 1 Distribution of APOE alleles in HD patients and controls

Subjects Allele

ε2 ε3 ε4

n % n % n %

HD patients 4 3.3 103 85.8 13 10.8
Control group 7 5.8 105 87.5 8 6.7
General population 23 5.3 381 88.2 28 6.5

Fig.1a, b Plots of age at onset against number of repeats for HD
patients with the two major APOE genotypes. a ε3/ε3. b ε3/ε4. A
strong correlation is observed in ε3/ε3 patients, stronger than ob-
served in the overall series. The equation describing the correla-
tion, the correlation coefficient and the value of P are noted. On
the other hand, in the ε3/ε4 group no correlation was established

a

b
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ε3/ε3 and APOE ε3/ε4 group (mean = 45.7 ± 3.9 vs.
43.7±3.1; median = 45 vs. 42; range = 40–57 vs. 41–50;
count = 44 vs. 11, respectively; t = 1.58; df = 53; P =
0.119). No significant differences in allele frequencies
were detected between men and women either in patients
or in controls.

Presenilin-1

No significant differences from our controls were detected
concerning the allele frequencies (HD: allele 1 67%, allele
2 33%; control: allele 1 68%, allele 2 32%). Also no sig-
nificant differences were found concerning the distribu-
tion of alleles in relation to age at onset or sex.

Discussion

The APOE genotype has been studied in a number of neu-
rological disorders [5, 13, 15, 19, 22, 24], often with con-
troversial results, and its role in the central nervous sys-
tem remains unknown. In HD other investigators have
previously studied the influence of APOE on the age at
onset, but without positive findings [18]. Our analysis, us-
ing a different approach, revealed that patients carrying
the APOE allele ε4 have a higher age at onset of HD than

ε3ε3 patients (P < 0.0002), a finding remaining highly
significant (P < 0.001) when multivariate regression was
performed. It is of interest that although APOE has so far
been regarded as an aging gene, whose ε4 allele has gen-
erally been viewed as the one responsible for accelerating
age-related conditions, according to our data its presence
is contributes to determining the age at onset of HD, in
contrast to observations in other disorders.

When the patients with the two most common geno-
types, ε3ε3 and ε3ε4, were used as a separate group to in-
vestigate the correlation of CAG repeat number with age
at onset, the ε3/ε3 group presented a stronger correlation
than that observed in all patients together while in the
ε3/ε4 group no correlation could be established. The ε3/ε4
group consisted of only 11 individuals, which might ac-
count for the failure to detect the correlation. We believe,
however, that this finding, although statistically not
strongly supported, deserves further investigation.

To establish a model for determining the possible age
at disease onset for those with expanded repeats in the IT-
15 gene, our findings need to be further examined in
larger groups and combined with data on other possible
factors. The study of possible correlations between this
and other candidate genes and the age at onset of HD
could lead to a much more accurate prediction as well as
a better understanding of the disease.
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