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Paolo Boscoa,∗,1, Rosa-Maria Gúeant-Rodŕıguezb,1, Guido Anelloa,1, Rosario S. Spadaa,
Antonino Romanoc, Filippo Caracid, Raffaele Ferria, Jean-Louis Gúeantb
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Abstract

The genotype of apolipoprotein E was examined in 173 sporadic Alzheimer’s disease (AD) patients, 132 with late onset (LOAD) and 41
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ith early onset (EOAD), and in 174 healthy matched controls from Sicily. Despite a low frequency of the�4 allele (6.3%, 95% CI: 4.2–9.
n controls,�4 allele was a stronger predictor of AD risk (odds ratio: 5.8, 95% CI: 3.5–9.4;p< 0.0001) than in most of the studies perform
n other regions of Italy, and it has no influence on age at onset.�4/�4 and�4/�3 genotypes were similar predictors of AD risk. Convers

decreased risk was found in�3 allele carriers (odds ratio: 0.3, 95% CI: 0.2–0.4;p< 0.0001), which remained significant when conside
OAD cases only (odds ratio: 0.2, 95% CI: 0.1–0.4,p< 0.0001). In conclusion, differences in association strength of�4 allele with AD
etween Sicily and other regions of Italy suggest an influence of complex gene–gene and gene–environment interactions.
2005 Elsevier Ireland Ltd. All rights reserved.

polipoprotein E (APOE) is a plasma protein, which medi-
tes a high-affinity receptor binding of ApoB/E lipoproteins

o the low-density lipoprotein (LDL) receptor[7]. Moreover
POEappears to be involved in other functions including
ifferentiation, cell growth and immunoregulation and is syn-

hesized in various organs, including spleen, kidney, liver
nd brain[23]. The humanAPOEgene is located on chro-
osome 19 and three alleles have been described (�2, �3
nd�4) which encode three major isoforms[12]. APOE3 is

he most common isoform presenting a cysteine at amino
cid residue 112 and an arginine at amino acid residue 158.
POE2 differs fromAPOE3 by a cysteine for arginine sub-
titution at residue 158 andAPOE4 differs fromAPOE3 by
n arginine for cysteine substitution at residue 112.APOE
enotype influences receptor-binding affinity and serum lipid

evels[6,27,28,38]. TheAPOEpolymorphism accounts for
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6.5–8.8% of the variation in serum cholesterol levels[4]. The
�4 allele is associated with elevations in total cholestero
with the risk of atherosclerotic diseases[24] while �2 allele
has the opposite effect[20].

The APOE �4 allele is strongly associated with ce
brovascular and Alzheimer’s disease[11,14,32]. Up to date
the �4 allele is the strongest genetic predictor of spor
Alzheimer’s disease (sAD). Contradictory data have b
published on the influence of�4 allele on the age of AD ons
[11,19,22,26,31,32,41,45]. On the other side, a protecti
effect of theAPOE�2 allele has been observed on familial
and LOAD in different populations[10,30,43], while its asso
ciation with EOAD appeared controversial[30,36,39,42]. In
Western Europe, the frequency ofAPOE�4 allele follows a
geographic North–South decreasing trend both in sAD
in normal populations, and subsequently, the frequenc
APOE�3 allele increases from North-to-South in the sa
populations[9,17,29]. Whether the frequency of�4 allele
reflects the incidence and risk of AD is not known. In So
Italy, an area with low�4 allele frequency, a single study
304-3940/$ – see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2005.06.056
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risk association has been performed in the region of Apulia
[31].

We have evaluated therefore the risk association ofAPOE
genotype with occurrence and age at onset of sAD in Sicily,
and we have compared it to that reported in other regions
from Italy.

The 347 individuals included in this study were recruited
at the IRCCS Oasi of Troina (Italy) and the diagnosis of prob-
able AD was made following standard clinical criteria[1,25].
The 174 control subjects were individuals without symptoms
of cognitive impairment and/or family history of dementia.
Written informed consent was obtained from the participants
or from their families. This study was approved by the eth-
ical committee of the Oasi Institute. Patients and controls
were all born in Sicily. We recruited 173 sAD patients (mean
age 76.3± 8.1 S.D.), 132 of whom with LOAD (mean age
79.5± 5.5 S.D., 55 men and 77 women) and 41 with EOAD
(mean age at onset 59.2± 5.1 S.D., 22 men and 19 women).
The 174 control subjects were subdivided into two subgroups
matched, respectively, with EOAD and LOAD: subjects aged
56–64 years (53 individuals, 29 men and 24 women, mean
age 58.7± 4.5 S.D.) and over 64 years (121 individuals, 52
men and 69 women, mean age 78.7± 8.0 S.D.).

EDTA blood was obtained by venepuncture after
overnight fasting andAPOEgenotypes were determined after
isolating DNA from white blood cells using a method pre-
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U-test. Age- and sex-adjusted odd ratio (OR) and the 95%
confidence interval (CI) were computed between individuals
with or without at least one�2 or�3 or�4 allele using logis-
tic regression. Statistical testing was always carried out at the
conventional significance level ofp≤ 0.05 and the Statview
for Windows software (Microsoft 1998) was used to perform
the statistical analyses.

The APOE allele frequencies in Sicilian AD patients
and healthy controls are shown inTable 1. Compared to the
control group,�4 allele frequency was significantly higher
in AD (χ2 = 57.57;p< 0.0001) and�3 allele frequency sig-
nificantly lower (χ2 = 43.02;p< 0.0001). These differences
were also observed when splitting the AD patients into
EOAD and LOAD and comparing them with the respective
age- and sex-matched control groups (Table 1). In the entire
population analysed,�4 bearers were associated to AD by
an odds ratio of 5.77 (95% CI: 3.53–9.43;p< 0.0001). The
risk association was stronger for individuals at risk of EOAD
(odds ratio: 9.59, CI: 2.91–31.56;p= 0.0002) than for indi-
viduals at risk of LOAD (odds ratio: 6.31, CI: 3.41–11.67;
p< 0.0001). Reciprocally, a protective association of the�3
allele with sAD was logically found for the entire population
analysed (odds ratio: 0.27, 95% CI: 0.18–0.40;p< 0.0001),
when considering the alleles�2 and�4 at baseline. In our
population, no protective effect of the�2 allele was observed,
even in the group of EOAD. In contrast, a previous studies
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C 98 –0.12
L 83
C 12 –0.11

C

iously described in Anello et al.[2] modified from tha
escribed by Hixon and Vernier[18]. Two independent rea
rs recorded the genotypes and retyped any discrepa
ntil resolved, without knowledge of the patient or con
ubject status. Theχ2-test was used to evaluate the ev
ual differences betweenAPOE allele frequencies of AD
ubjects and healthy controls. The Fisher’s exact prob
ty test was preferred when at least one of the expe
umbers was lower than five[37]. The genotype freque
ies do not deviate significantly from those predicted by
ardy–Weinberg equilibrium. The differences in the m
ge at onset according to the number ofAPOE �4 alleles
ere analysed statistically by means of the Mann–Whi

able 1
tatistical analysis by means of the�2-test of theAPOEallele frequenc
atients and in healthy control subjects in Sicily (Southern Italy)

APOEalleles

�2 �3

n Frequency 95% CI n

D patients 11 0.03 0.02–0.06 2
ontrols (over 55) 16 0.05 0.03–0.07 3
OAD patients 5 0.06 0.03–0.13
ontrols (56–64) 3 0.03 0.01–0.08
OAD patients 6 0.03 0.01–0.05 1
ontrols (over 64) 13 0.05 0.03–0.09 2

I: confidence interval.
a AD vs. controls (over 55 years),p< 0.0001.
b EOAD vs. controls (56–64 years),p< 0.0001.
c LOAD vs. controls (= or >65 years),p< 0.0001.
n the Italian population has reported a protective influe
f theAPOE�2 allele in regard to sAD risk[31] but there is
lso a study showing an increased risk of EOAD[39].

Our study reported a frequency as low as 6.3% in a
ountainous area of central Sicily, in agreement with
reviously observed in other series from Sicily and Sard

5,9,13,15,16]. By comparison, it was estimated, resp
ively, to 8.5% and 9.4–9.8% in Central and North Italy[9]
Fig. 1), designing a North-to-South decreasing trend.
POE�4 allele was a stronger predictor of AD risk in Sic

han in any of the other Italian regions (Fig. 1). The associa
ion between theAPOE�4 allele and AD seems also to diff
etween North and South of Italy[15,31,39]. In Northern

arly- (EOAD) and late-onset (LOAD) sporadic Alzheimer’s disease

�4

Frequency 95% CI n Frequency 95% CI

0.69a 0.64–0.73 97 0.28a 0.24–0.33
0.89 0.85–0.92 22 0.06 0.04
0.67b 0.56–0.76 22 0.27b 0.18–0.37
0.92 0.86–0.96 5 0.05 0.02
0.69c 0.63–0.75 75 0.28c 0.23–0.34
0.88 0.83–0.91 17 0.07 0.04
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Fig. 1. Comparison of the relative frequency ofAPOEallele�4 in Alzheimer patients (AD) and controls (top) and of the odds ratios of AD risk (bottom) in
populations from North/Central and South Italy. Numbers within square brackets indicate references[30,33–35,40].

Italy, a three- to five-fold increase ofAPOE�4 allele in sAD
patients and an odds ratio in order of 3.1–3.4 have been
reported[15,39], while a study on a Southern Italian popula-
tion from Apulia found only a doubled frequency ofAPOE
�4 allele in sAD, with a risk association corresponding to an
odds ratio of 2.1[31]. In addition, this study failed to find
a significant difference between LOAD and controls[31].
In contrast, we observed a four-fold-increased frequency of
�4 allele in sAD and an odds ratio of 5.8, despite the same
low frequency in the control population than in continental
South Italy (Table 1andFig. 1). In addition, another distinct
feature between Apulia and Sicily concerned the association

of alleles�4 and�2 with EOAD and LOAD. In Sicily, allele
�4 was at risk in the two subsets of the disease and allele
�2 was weakly protective only for EOAD while in Apulia
the protective effect of allele�2 is present in both subsets.
Finally, our estimates of association of alleles�4 and�3 are
closer to the situation observed in Northern Italy and France
than in Apulia[21,39,40]. This difference may be due to the
peculiar ethnical and geographic characteristics of Sicily and
also to distinct gene–environment interactions. However, a
much larger study with the same design of recruitment of
patients from the distinct areas of Italy should be needed to
reach a definitive conclusions.
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The allele �3 is the most frequent in all the human
groups, especially in populations of the Mediterranean basin
(0.849–0.898 in previous studies[8,9] and 0.890 in the
present study). It has been previously suggested that the allele
�4, based on some functional properties it has and on its dis-
tribution among human populations, could be identified as a
‘thrifty’ allele and that its exposures to the contemporary
environmental conditions (Western diet, longer lifespans)
could have rendered it a susceptibility allele for AD[8]. The
particularism of the allele�4 association with AD in Sicily
may result from complex gene–nutrient and gene–gene inter-
actions. For example, the dietary habits of children from
Sicily have a higher total caloric, monounsaturated fatty
acid and fibre intake, and a lower saturated fatty acid and
cholesterol intake, than an all-Italy sample of school-children
[29]. Another epidemiological study conducted in 1989 in
a rural village in the hilly hinterland 50 km from Palermo
described a population, which had a very low incidence of
early cardiovascular mortality, lower total cholesterol plasma
concentration than the Italian average, and nutritional habits
following the criteria of the Southern Italian Mediterranean
diet[4]. Compared to other Italian regions, a higher allele fre-
quency has also been reported in Sicily for MTHFR 677 C>T,
a genetic determinant of homocysteine[44]. Homocysteine
is associated with AD risk and this association is aggravated
by carriage of�4 andMTHFR 677 Talleles, respectively[3].
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In conclusion, in contrast to what previously observe
nother region of South Italy, we found that allele�4, but no
llele�2, was strongly associated with the two subsets of

n Sicily. Ethnic background and genetic and environme
actors might be responsible for these peculiarities.
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