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ABSTRACT

The main objective of this study was to investigiageapolipoprotein (apo) E genotypes in Portuguesgulations
from mainland (Lisbon city) and from San Miguebtsl, Azores’ Archipelago (Ponta Delgada city) aadaok for
differences between these particular sites in appdy healthy subjects. Also, subjects with clihdiagnosis of
atherosclerotic disease were investigated in Sagukli Island. In Lisbon, the genotypes distributvess: £3/£3 >
&3ed > /€3 > £gd while that, for Ponta Delgada and regardless Health condition, wasg3/e3 > £2/£3 >
£3/€4. Within Ponta Delgada control group, females amales had distinct genotype frequencies. The noostmn
atherosclerotic risk factors as body mass inderp8lhypertension and serum lipid parameters, presesome
differences among the allelic subgroups of apo Ee Tajor conclusions were: 1) an apparent influente
insularity in apo E polymorphism was observed; 8)hbthe high risk genotype/s2 and £2/£4 were not found,
even in patients; 3) curiously, the genotypes prijgo in females was not homogenous among the tnaeps.

Key words: Apolipoprotein E polymorphism, cardiovascular riaktors, atherosclerosis, insularity

INTRODUCTION lipase, lecithin cholesterol acyl transferase, and
cholesterol ester transferase (Leon et al., 2004). In
Apolipoprotein E (apo E), an arginine-rich addition, it appears to be involved with reverse
glycoprotein with 299 amino acids, is an integrakcholesterol transport by HDL (Mahley, 1988; Leon
surface component of chylomicrons, very-lowet al., 2004). Apo E gene expression affects (more
density lipoproteins (VLDL), and some subclassethan any other gene identified so far) the
of high-density lipoproteins (HDL) (Hagberg et cholesterol metabolism (Eichner et al.,, 2002,
al., 2000; Lin and Kao, 2003; Leon et al., 2004)Bhakdi, 2003) and is thought to account for about
Its primary function is as a ligand for receptor-10% of the interindividual variation in total serum
mediated uptake of triglyceride-rich lipoproteins,cholesterol concentration (Stengard et al., 1996;
but it also modulates the activity of several lipid-Ballantyne et al., 2000). The genomic organization
metabolizing enzymes, including lipoproteinof apo E is similar to that of the apo A and apo C
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gene families, suggesting that these genes maych as vitamin E administration (Dreon and
share a common ancestor (Rall et al., 198ZPeroutka, 2001). In the past, neither predictive nor
Hagberg et al.,, 2000). Apolipoprotein E isdiagnostic genetic testing for genes susceptibility
primarily synthesized in the liver, but other organge.g. apolipoprotein E, apolipoprotein B) were
and tissues are recognized to synthesize it, &ncouraged, but in the last few years, various
brain, spleen, kidneys, gonads, adrenals, armuthors have proposed the clinical utility of
macrophages (Mahley, 1988; Eichner et al., 2002)ndividual’s apo E allelic profile determination as
The structural gene locus for apo E isa strategy to identify patients at high risk of some
polymorphic: 3 common alleleg2, €3 ande4, oxidative damage-associated diseases (Siest et al.,
code for 3 homozygous genotype/¢2, €3/e3 1995a; Dreon and Peroutka, 2001). The
ande4/e4), and 3 heterozygous genotypeg/g3, atherosclerosis is a typ'ical case. In recent years,
e3/e4 and £2/e4), although other less frequentthe apo E polymorphism has been not only
variants have been reported (Ehnholm et al., 1988ssociated with lipid metabolism, as previously
Richard et al. 1994; Yokoyama, 2004). The referred but also with blood coagulation and
isoforms differ from each other by a single amingndothelial function which are known to play an
acid substitution and by their binding affinity for important role in atherosclerosis development
the four apo E receptors (Richard et al., 1994¢Andreassi, 2003). It is well recognized the crucial
Siest et al., 1995a). Those alleles with well knowr0le of apo E in the transport of lipoproteins and
decreasing frequency are grouped into three majdus its involvement in several arterial wall
isoforms: apo E2 (that contains cysteine at botRrocesses (Slooter et al., 2001), wherein oxidative
positions 112 and 158), apo E3 (contains cysteing"®SS conditions might be involved. The presence
at position 112 and arginine at position 158) an@f functional allelic variations may determine
apo E4 (contains arginine at both positions 113ndividual’s susceptibility for the manifestation of
and 158) (Richard et al., 1994; Siest et al., 1995&therosclerosis, depending on the interaction with
Braeckman et al., 1996; Ballantyne et al., 2000)0ther factors such as other genes, dietary habits
The apo E gene polymorphism has also a strorgd/or environmental factors (Andreassi, 2003;
prediction effect on the level of its gene products’an et al., 2003). In addition, metabolic factors
£2 is associated with higher concentrations of apgUch as obesity and blood pressure might

E and &4 with the opposite effect (Siest et al_,constitute k_ey components for _premature
1995a; Eichner et al., 2002). atherosclerosis and associations with apo E

. . ._polymorphism have been explored (de Knijff et
The €2 allele, when present in homozygosity, isP© _ . o _
associated with type Il hyperlipoproteinemia, aaI., 1994; Uusitupa et al., 1994; Siest et al., 1995a;

familial disorder characterized by Schwanke et al., 2002).

hypertriglyceridemia and hypercholesterolemiaThe objectives of the present study were to

(Hui et al., 1984; Mahley et al., 1984), while the'"vestigate the apo E genotype distribution in
€4 allele has been prospectively associated wit pparently healthy Portuguese subjects living in

: " . wo geographically apart cities, Lisbon (mainland)
patholo.glcal condlthns, as coronary artery dlsea_s%hd Ponta Delgada (San Miguel Island — Azores’
fghﬁi?\;g (;]esalzlrjtnc?igsr?azﬁ’d Sp\t{;#;heepst%?;zg\éﬁrchipelago), in order to test the influence of
(Rgses 1929/8' Vincent-Viry et al., 1998; Dreonmsm"’lrity on genotyping variapility_ anq 0 st_udy
and Péroutka’ 2001: Shea et aI 200’2) sinctge apo E polymorphism distribution in subjects

’ ’ X ’ uffering from atherosclerosis disease, from

promotes elevated levels of both total ChOIeSterOZzores’ Archipelago. Other purpose was to look
and LDL-cholesterol in plasma (Mahley et al"for possible relatfonships between apo E
1984; Mahley, 1988). The most usual

athophysiological feature explainin thesegenotypes and the gender as well as the most
pathophysiolog D p '9 current cardiovascular risk factors as body mass
positive clinical associations, mainly with tlsd

index, hypertension and lipid profile. To the best

. i
allele, has been proposed to .be_ associated W'I?? our knowledge, this study was the first report
decreased endogenous antioxidant Capab'l't¥xamining apo E polymorphism in a Portuguese
(Peroutka and Dreon, 2000; Shea et al., 2002) arilg‘and, since Lisbon population was already

several recent studies support the hypothesis thaf jie during the ApoEurope Project (Schiele et
pathological conditions mostly associated with this,, 2000)

allele can be moderated by antioxidant therapies,
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triglycerides concentrations in serum, using
CHOD-PAF’, HDL-C Plus§ and GPO-PAP

SUBJECTSAND METHODS analysis kits, respectively (Roche Diagnostics,
Manheim, Germany). LDL-cholesterol
Populations concentration was estimated by the original

The healthy subjects (controls) were recruited ifFriedewald formula (Friedewald et al., 1972).

the National Health Institute Dr. Ricardo Jorge

(Lisbon) and Atlantilab Laboratories (PontaApo E genotyping

Delgada). Patients from Ponta Delgada wittDNA extraction was performed following the
coronary heart disease submitted to percutaneouosethod of Miller et al. (1988). Briefly, the
revascularization constituted the pathologicabenotyping procedure uses the Polymerase Chain
group. All subjects gave their informed consent foReaction (PCR) to amplify the apolipoprotein E
participating in the study, which was approved bygene sequences containing amino acid positions
the ethics committee of the National Healthl112 and 158. The amplification products were then
Institute Dr. Ricardo Jorge. Information on healthsubmitted to digestion with the restriction enzyme
status, drug intake and smoking behaviour waklha |, as described elsewhere (Hixson and
obtained for each participant through aVernier, 1990). Each apo E allele yields a distinct
guestionnaire. Smokers consumed on average pattern after electroforesis on polyacrylamide gels
cigarettes per day. Both body height and weighfHixson and Vernier, 1990; Richard et al., 1994).
were registered and body mass index (BMl=ratio

between weight and squared height, in KyMwas Data analysis

calculated as an index of body size used in currefiihe statistical analysis was performed using
analyses. The World Health Organization reporte@enePop 3% and Statistica 50softwares. Apo E
the following categories for BMI: obese (30 allele frequencies were estimated using the gene-
kg/nT), overweight (25.0-29.9 kgfn normal counting method and -goodness-of-fit test was
(18.5-24.9 kg/) and underweight<(18.5 kg/nf)  applied to evaluate the genetic Hardy-Weinberg
(Expert Panel, 1998). Systolic and diastolic bloocquilibrium (Guo and Thompson, 1992) for the
pressures were measured to the nearest mm Hgpo E polymorphism. The differences in apo E
Hypertension was defined according to theallele frequencies between the study groups were
recommendations of the National Institutes otested using g*association test. Three subgroups
Health (systolic blood pressure > 140 mm Hgwere created corresponding to E2-, E3- and E4-
and/or diastolic blood pressure > 90 mm Hg ocontaining genotypes in order to explore the allelic
under antihypertensive therapy) (Santos andffect and to increase statistical power (Braeckman

Barros, 2003). et al., 1996). Carriers of the2 allele €2/£3) were

classified as E2, homozygotes for tbh@ allele
Laboratory analysis (e3/e3) as E3 and carriers of thed allele €3/c4
Blood collection and €4/e4) as E4. Subjects with the2/e2 or the

Subjects were fasted ov_ernight and bIo_od sampleS/e4 genotypes were not found in this study.
were taken in the morning into vacutainer tubeSyormality of the other variables was tested and
containing EDTA for DNA extraction and Nno gjnce all parameters  presented  normal
additives for serum.oFor DNA extraction, samplegyistributions, no further transformations were
were stored at -70°C until analyses. Serum wagrried out. A t-test was performed to compare

separated after centrifugation at 1500 g for 1Gheans samples, being the global level of statistical
minutes at 4°C and the determinations of I'p'd%ignificance set ai=0.05.

concentrations carried out at once.

Lipid profile evaluation RESULTS
Separation of HDL lipoproteins was obtained by

adding polyethylene glycol to the fresh samples i
order to precipitate other lipoproteins (Ballantyn
et al., 1982). Enzymatic methods were applied
assay total cholesterol, HDL-cholesterol an

rIl-’opulations characteristics
?Table 1 reports the descriptive statistics, according
(fo the provenience, anthropometric parameters and
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health condition. The mean age for the thredélypertension occurrence was more pronounced in
groups was similar. The majority of individuals patients. Concerning lipid contents, no differences
were classified as obese or overweight subjectsyere found between control subjects from the two
having the patients higher BMI values.cities (Table 1).

Table 1- Baseline characteristics for Lisbon and Ponta Didggoups.

Lisbon Ponta Delgada
Parameters Control Control Patients

(n=67) (n=40) (n=40)
Females(%) 67 55 50
Age (years) 54+7 51+7 56+8
BMI (kg/n¥) 27.3+4.7 26.2+3.5 30.2+4.6
Systolic BP(mm Hg) 132+21 129 +18 146 + 21
Diastolic BP (mm Hg) 80+12 82+13 89+13
Hypertension (%) 36 23 78

Serum Lipidgmg/dl)
Total Cholesterol 209+ 37 213+ 33 192+ 39
HDL—Cholesterol 59+ 13 57+ 13 43+ &
LDL—Cholesterol 129+ 34 133+ 32 114+ 33
Triglycerides 104+ 45 101+ 36 157+ 62
Hyperlipidemia (%) 61 70 72.5
Current Smoking (%) 3 42.5 325
Medicine intakg%)

Statins 3 10 77.5
Antihypertensives 22 175 77.5
Antiplatelet agents 15 0 82.5

Data are presented as mean * standard deviation, except othiedidseed.’Significant differences between the patients and control groups
from Ponta Delgada (t-tegi<0.05).

In Ponta Delgada, comparing serum lipids fomot shown), thus justifying no need for further

control and patients, all parameters reachedivision. As seen in Table 1, the high number of
powerful statistically significance having the patients consumed drugs. Several subjects
patients higher triglycerides and lower HDL-conjugated more than one therapy, being the
cholesterol concentrations, in spite of lower levelpercentages 2.5 and 4.4 for the control subjects
of both total and LDL-cholesterol (probably due tofrom Ponta Delgada and Lisbon, respectively and
statins treatment) (Table 1). Smokers were greatly7% for the patients. Moreover, the conjugation of
represented in Ponta Delgada, being the accourttse three therapies was only observed in the
observed in this city identical for control andpathological group (55%).

patients (Table 1). Results for lipid parameters,

blood pressure and BMI were similar between

smokers and nonsmokers within each group (data
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Table 2— Prevalence of apo E genotypes for Lisbon andaPDelgada groups.

Lisbon Ponta Delgada
Control Control Patients
n gender n gender n gender
Observed frequencies
€2/e3 5 2F/3M 8 6F / 2M 5 1F / 4M
€3/e3 54 39F / 15M 28 12F / 16M 31 18F/13M
£3/e4 7 4F | 3M 4 4F 4 1F/3M
edled 1 M 0 - 0 -
X’ statistié 2.242 1.246 0.643
P-value 0.326 0.536 0.725
Relative allele frequencies
€2 0.037 0.100 0.063
€3 0.896 0.850 0.888
€4 0.067 0.050 0.050

% statistichetween observed and expected values under Hardy-Weinberg equilibrium.

Distribution of apo E genotypes trend was observed within the Lisbog’%4.7,
The distribution of apo E genotypes for the threeif=3, p=0.05) and Ponta Delgada pathological
groups showed no significant departure fromyroups §?=3.6, f=2, p=0.05), but not in controls
Hardy-Weinberg equilibrium (Table 2). from Ponta Delgadax{=6.2, ¢f=2, p=0.05) (Fig.
Although all three alleles were represented in the. Taple 2).

samples, botls2/e2 ande2/e4 genotypes were not A general approach confirmed that the genotypes
found (as referred before) and only one male wagroportion in males was homogenous among the
found in Lisbon with the4/e4 genotype (Table 2). three groups ¥?=5.7, f=6, p=0.05). The same
The majority of the subjects weree3/e3 observation could not be applied for the female
homozygous and the occurrence of befe3 and  gender x?=12.4, ¢=4, p=0.05).

€3/e4 heterozygous genotypes appeared to be

inverted between Lisbon and Ponta Delgad®istribution of body mass index, blood pressure
(Table 2). For Lisbon, the largest count was for theand serum lipids, according to apo E genotypes
€3/e3 genotype, with the3/e4 genotype as the In Table 3, body mass index, systolic and diastolic
second largest, followed by th2/e3 genotype and blood pressures and serum lipid concentrations
lastly the e4/e4 genotype (Table 2). For Pontaaccording to apo E genotype subgroups, are
Delgada and regardless the health condition, theresented for Lisbon and Ponta Delgada. In
largest counts were for the3/e3 genotype, controls, either from Lisbon or from Ponta
followed by thee2/e3 genotype and finally the Delgada, the BMI was similar, but the E3
£3/e4 genotype (Table 2). Thus, the relative allelicGubgroup of patients had higher BMI than its
frequency o3 was identical for both cities, being control (Table 3).

lower fore2 and higher foe4 in Lisbon compared

to Ponta Delgada.

The apo E genotypes distribution for the

Portuguese population was proved to be similar

between gendersxi=2.3, f=3, p=0.05). This
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Figure 1 — Distribution of apo E genotypes by gender in botintrol groupsA — Lisbon;B —
Ponta Delgada. Black lines — females; gray linesales

Table 3 —Body mass index, blood pressure and serum lipi¢eatrations, according to apo E genotypes subgroup
for Lisbon and Ponta Delgada groups.

Lisbon Ponta Delgada

Control Control Patients
Parameters E2 E3 E4 E2 E3 E4 E2 E3 E4

(n=5) (n=54) (n=18) (n=8) (n=28) (n=4) (n=5) (n=31) o=

BMI (kg/n12) 30.1+29 26.8:4.3 28.6+ 7.6 26.1+ 4.1 26.4- 3.4 243+26| 29.1+4.2 30.6¢ 28.5+6.9
Blood Pressurémm
Systolic BP 137+ 4 129+ 21 150+ 22 123+ 17 130+ 18 135+ 21 144+ 19 146+ 144+ 23
Diastolic BP 86+ 4 79+ 12 85+ 14 72+ 11°%" 85+ 13FP 79+ 14 92+11° 89+15 865
Serum Lipidgmg/dI)
Total Cholesterol 193+ 37 208+ 35 209+ 31 194+ 31 218+ 32 215+ 38 190+ 33 19541 168+ 36
HDL—Cholesterol 52+9 60+ 12 55+ 12 58+ 10 55+ 14 65+ 11¢ 47+ 12 43+ & 37+ 0.5
LDL—Cholesterol 120+ 32 123+ 28 133+ 23 111+ 25 139+ 31*P¢ 133+ 33 95+ 37 118+ 104+ 39
Triglycerides 111+ 49 99+ 39 102+ 22 94+ 21° 106+ 3% 84+ 36 160+ 7C° 159+ 135+ 51

Data are presented as meastandard deviation. Values in each row sharing the same supeasergignificantly different (t-tegh<0.05).

Comparing the control groups from the two citiesdiscrepancies were observed for the studied
the E3 subgroup from Ponta Delgada had highgrarameters among the Lisbon subgroups (Table 3).
diastolic blood pressure and LDL-cholesterolFor the control subjects from Ponta Delgada, E3
contents than its counterpart from Lisbon and theubgroup presented higher values of diastolic
E2 subgroup showed higher values of diastoliblood pressure and LDL-cholesterol and also
blood pressure in Lisbon (Table 3). Noapproached statistical significance for total
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cholesterol (t-test, p=0.067) relative to E2 more validated as the most representative in a
subgroup (Table 3). Additionally, in Ponta population (Mahley et al., 1984; Mahley, 1988).
Delgada E3 subgroups, values for total, HDL- and\polipoprotein E€2/e3 heterozygoty may have a
LDL-cholesterol were higher in control subjects inprotective effect on the development of early
comparison to patients; while systolic bloodatherosclerosis (Menzel et al., 1983) and the
pressure and triglycerides levels were lower (Tablearious apo E isoforms have been suggested to
3). For E4 subgroups, HDL-cholesterolexert different antioxidant effects (Slooter et al.,
concentration was enhanced in control subjects ip001). The lowere2/e3 frequency observed in
comparison to patients (Table 3). Patients from thgisbon in comparison to Ponta Delgada control
E2 subgroup presented higher levels of diastoligubjects implies that any protective effect towards
blood pressure and triglycerides than theigtherosclerosis could be limited in mainland
counterpart (Table 3). relative to the island (Slooter et al., 2001).
Furthermore, the rare high risk genotypes were not
found in our study (except ongd/e4d person),
DISCUSSION which agrees with studies on other populations
(Stengard et al., 1995; Stengard et al., 1996;
The common allelese2, €3 and &4 for Boudreau et al., 1999).
apolipoprotein E are thought to confer riskin Ponta Delgada the genetic variability of apo E
information for disease due to their possibleappeared to be lower than in Lisbon. The
association with interindividual variation of the continuous departure of Portuguese subjects from
lipid profile in both healthy and pathological the nine islands of Azores’ to elsewhere
populations (Stengard et al., 1996). constitutes a valid argument to take into
In the present study, the Hardy-Weinbergconsideration in this particular case. Migration
equilibrium for apo E was in accordance withprocesses can act as a possible confounding factor
findings by Schiele et al. (2000) for Lisbontowards allelic  frequencies interpretation
population and was observed for the first time fo(Stengard et al., 1995). As far as we know, besides
Ponta Delgada city from the Azores’ Archipelagothe detachment from mainland, islands represent
The Hardy-Weinberg law plays an important roleper sea powerful way of isolation, that might
concerning population genetics and often serves asntribute to the apparently lower variability
a basis for genetic inference (Guo and Thompsoffiound in Ponta Delgada. It would be of great
1992). In several population studies, the genmterest to determine and compare the apo E
frequencies measured for apo E range from 0.0790clymorphism in the other islands and such
to 0.170 fore2, from 0.720 to 0.783 fog3, and research is warranted in a near future.
from 0.110 to 0.175 fog4 (Ehnholm et al., 1986; In this study, the distribution of apo E genotypes
Braeckman et al., 1996; Ballantyne et al., 2000within Ponta Delgada control group was different
Schiele et al., 2000). The frequencies of apo Between genders. This result could be justified,
alleles observed in our study in Lisbon and Ponteainly by thee3/e3 genotype (the most common
Delgada cities were not far from those for othegllelic profile), whose occurrence in Lisbon and
European populations (Schiele et al., 2000), buPonta Delgada pathological groups were higher in
thee4 allele frequency was lower. It is known thatfemales. Furthermore, the genotypes proportion
the €4 frequency in Europe is distributed along avas not homogenous in the female gender across
decreasing north/south gradient (Siest et althe three studied groups. These differences
1995a; Siest et al., 1995b; Boer et al., 1997€onstitute novel findings, which are not in
Schiele et al., 2000). In comparison to the resultdccordance with others (Boudreau et al., 1999) and
of the ApoEurope Project (Schiele et al., 2000yequire confirmation. The small sample size
and being aware of the huge difference in sampldgvolved in this study could be considered as a
size, the relative allelic frequencies found by us fopotential misleading cause for this result (Novaro
€2 and €4 in Lisbon population were inferior €tal., 2003) or eventually a chance finding.
(0.037 versus0.063 and 0.06¥ersus0.097) and Besides the apo E allelic profile, other
for €3 was superior (0.896ersus0.839). Anyway, physiological and metabolic parameters such as

through the present study, t@ allele was once YPerlipidemia, obesity, blood hypertension and
also, lifestyles (e.g. smoking habits), are
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considered as major cardiovascular risk factorin the present study, the differences found for lipid
(Expert Panel, 2001). A relationship between apparameters, body mass index and blood pressure
E allele frequencies and known according to apo E genotypes were not conclusive.
cardiocerebrovascular risk factors has beeMainly for E2 and E3 genotype subgroups, these
suggested (Siest et al.,, 1995b). The relatge discrepancies could be related to the statistical
allele frequency is elevated in populations withpower decurrent from a bigger sample size than
cardiovascular disease and also among those far the other subgroups. Anyway, these
high risk (Eggertsen et al., 1993; Stengard et aldiscrepancies are in agreement with the strong
1995; Stengard et al., 1996). This allele wasvidence that weight loss reduces blood pressure
associated with high serum cholesterol levels imnd serum triglycerides levels, increases HDL-
two European populations but less or notcholesterol concentration and generally leads to a
significant in two Asian populations (Utermann,reduction in total and in LDL-cholesterol levels in
1987). In our study, any association betwedn serum (Expert Panel, 1998). Although not
allele and high serum cholesterol contents was nepnsensual, the apo £/e4 ande4/e4 genotypes
accomplished, in spite of a slight tendency in théaave been reported to be related to higher systolic
Lisbon group. However, in a recent studyblood pressure suggesting that apo E
conducted in Singapore, serum total cholestergiolymorphism might be one cardiovascular risk
and LDL-cholesterol concentrations reached th&actor per se(de Knijff et al., 1994; Uusitupa et
highest levels ire4 carriers and the lowest 82 al., 1994). As being so, the mechanisms
carriers, and the reverse effect occurred in HDLresponsible for hypertension in our subgroups
cholesterol levels (Tan et al., 2003). Our findinggnight be complicated by comorbid conditions of
could be justified by the lower allelic frequency ofobesity (Reckelhoff, 2001) and induced by various
4. pressor agents, according to the National Institutes
Portugal has the highest stroke mortality rate i®f Health (NIH, 1997). Thus, dislipidemia as well
Western Europe and cardiovascular diseases caudg hypertension conditions, whose incidence can
around 40% of death (World Health Organizationincrease with age (but with different expressions in
2003). Obesity has become a world-wide epidemitemales and males, as proposed by Reckelhoff,
(Bray and Tartaglia, 2000) and may play a role i?001), should be taken into consideration in
disease occurrence (Carr and Brunzell, 2004), ifvrther epidemiological studies for clarifying apo
particular in our country (Santos and BarrosE polymorphism and atherosclerosis (and related
2003). Actuarial tables indicate that life cardiovascular diseases) relationship.

expectancy is reduced when body mass index, the

indicator of adiposity or fatness, is significantly Final remarks

increased above certain level (BMI above 3@ne limitation of this study should be
kg/m?), however associations between apo g@cknowledged. Reduced samples size, especially
genotypes and obesity have not been consisteft @ genetic association study can potentially
and no consensus has been reached so far. Hagrease the risk of a false positive association.
obese individuals, an overproduction of VLDL hasFurther population cohort studies are needed to
been reported (Siest et al., 1995b). VLDL are&onfirm and validate (or not) these findings.
catabolized in part through hepatic apo B/EWhatever the  future brings, apo E
receptors and knowing the high affinity of thesedenotype/phenotype determination in parallel with
receptors for binding E4-containing lipoproteinsaP0 E plasma concentration are expected to yield
and their downregulation provided by the E4useful clinical laboratory information (Siest et al.,
isoform (Siest et al., 1995b), one could expect ah995a; Dreon and Peroutka, 2001). Thus, the
accumulation of VLDL resulting in increased €stimation of apo E genotypes will need to become
triglycerides levels in obese individuals. Alleles affast, economical, and technically undemanding in
loci coding either for the LDL receptor or for apoorder to allow the investigation concerning apo E
E should be included in the list of candidate geneBolymorphism  and  atherosclerosis  widely
determining  susceptibility = to  metabolic available.

abnormalities observed in the obese state, as

suggested by Schreyer et al. (2003).
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