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To date, no data have been available on relationship
between apolipoprotein E polymorphism and lipid levels in Serbian populations. Blood samples were obtained from 591 healthy normal individuals (193
women and 398 men). A 244 bp sequence of the
apolipoprotein E gene including the two polymorphic
sites was amplified by polymerase chain reaction. After digestion with HhaI, DNA fragments were visualized by microplate array diagonal gel electrophoresis.
In men, levels of both total and low-density lipoprotein
cholesterol among the three apolipoprotein E genotype groups differed significantly (p <0.05). The ε2 allele was associated with lower concentrations of both
total and low-density lipoprotein cholesterol, where
the ε4 allele had the opposite effects. No significant effects of apolipoprotein E polymorphism on serum lipid
levels were observed in women. The presented data
could be taken into consideration in any future disease
risk evaluation in this population.
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Introduction
Apolipoprotein E (ApoE) plays an important role in
lipid metabolism. It is one of the major protein constituents of chylomicrons, very low density lipoproteins (VLDL), their remnant particles, and high density
lipoproteins (HDL). On these particles, it serves as a ligand for uptake by lipoprotein receptors (1, 2). Other
functions and properties ascribed to apoE include its
roles in immunoregulation, nerve regeneration, inhibition of endothelial and tumor cell proliferation, modulation of intracellular cholesterol utilization and
steroidogenesis in adrenal cells, and either activation
or modulation of enzymes such as hepatic lipase (HL),

lipoprotein lipase (LPL), and lecithin cholesterol acyltransferase (LCAT) (3–5). ApoE plays a significant role
in the pathogenesis of atherosclerosis (6). One of the
more controversial and newer functions suggested for
apoE is based on observations that apoE is found in
amyloid plaques associated with Alzheimer’s and
Creutzfeldt-Jakob diseases, as well as in a variety of
types of cerebral and systemic amyloidoses (7).
Circulating human apoE is a single-chain protein of
34.2 kDa, encoded by a single gene. Together with the
apo Cl, apo CI’ and apo CII genes, the apoE gene forms
a gene cluster on the long arm of chromosome 19
(19q13.2) (8). The apoE gene is 3597 nucleotides long
and consists of four exons and three introns, yielding a
mRNA of 1163 nucleotides (9). ApoE is initially synthesized as a propeptide of 317 amino acid residues. After
post-translational cleavage of a signal peptide of 18
amino acids, the mature protein consists of 299 amino
acid residues (10, 11). ApoE is produced in various organs, including liver, brain, kidney, adrenal glands, gonads, spleen, and keratinocytes (12–17).
The human apoE gene is polymorphic, with three
common alleles (ε2, ε3, ε4) coding for three isoforms
(E2, E3, E4) (18). The molecular basis of apoE polymorphism is cysteine-arginine interchange (19). ApoE3 contains a single cysteine at residue 112 and an arginine at
position 158; apoE2 contains cysteine residues at both
positions 112 and 158, and apoE4 contains arginine
residues at both positions. This polymorphism leads to
the presence of six different phenotypes in the human
population: three homozygous (E3/3, E2/2, and E4/4)
and three heterozygous (E2/3, E2/4, and E3/4). Individuals carrying the ε2 (Arg 158→Cys) allele display high
levels of apoE and low levels of plasma cholesterol, lowdensity lipoprotein (LDL)-cholesterol, apoB, and lipoprotein(a) (Lp(a)), whereas ε4 (Cys 112→Arg) allele carriers show the opposite (20). The influence of apoE on
lipid levels is often suggested to have major implications for the risk of coronary artery disease, individuals
with an ε4 (Cys 112→Arg) allele are at higher risk, as
compared to ε2 (Arg 158→Cys) allele carriers (21).
Apoε4 (Cys 112→Arg) allele frequency has been described as high in Alzheimer’s disease and other neurodegenerative disorders (22–24). The common ε2 (Arg
158→Cys) isoform exhibits a markedly reduced affinity
for hepatic lipoprotein receptors; homozygosity for this
isoform is a prerequisite for type III hyperlipoproteinemia (25). Significant interpopulation differences exist
with respect to the relative frequencies of three common apoE alleles (26). The ε3 allele is universally the
most common. This has been also confirmed in the Serbian population study (27). However no data are available to date and on relationship between apoE polymor-
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phism and lipid levels in this population. Thus the purpose of the present study was to investigate the impact
of apoE polymorphism on serum lipid concentrations.

Materials and Methods
Samples
Blood samples were obtained from 591 healthy individuals
(193 women and 398 men; age ranging from 18 to 81 years).
Informed consent was obtained from each participant in the
study. Personal data (age, sex, weight, height, and blood pressure) were obtained from all participants. Blood pressure
measurements (mm Hg) were determined while the participants were seated. In addition a questionnaire with approximately 30 questions was designed to obtain relevant social
(marital status, profession, salary, smoking, alcohol consumption, physical activity), medical (general health, cardiovascular health, physician visits) and family history (general and
cardiovascular health of parents and siblings). All subjects
with a personal or a family history of cardiovascular disease,
diabetes and/or thyroid dysfunction were excluded. Individuals taking any drugs with lipid-lowering effects were also excluded. Descriptive statistics of concomitants and lipid variables are present in Table 1.
Blood samples were collected from participants after 12
hours of fasting and centrifuged within 3 hours of collection.
Serum was transferred to tubes and used for determination of
lipids. The total plasma cholesterol and triglyceride (TG) levels were determined on a Monarch Plus apparatus (Instrumentation Laboratory, Lexington, USA) using enzymatic colorimetric methods. The HDL cholesterol was determined after
dextran sulfate – Mg2+ precipitation of VLDL and LDL; using
CHOD-PAP method. The LDL cholesterol was calculated using
the Friedewald formula (28) for participants with TG levels
<4.5 mmol/l. All reagent kits were provided by Instrumentation Laboratory (Lexington, USA). Fasting peripheral blood
samples (10ml) for DNA analysis were collected in sodium citrate-containing tubes.
DNA analysis
DNA was extracted by Triton X-100 lysis, proteinase K digestion and phenol/chloroform extraction (29). When the proce-

Tab. 1

Characteristics of a studied population of Serbia*.

Variable

Total

Men

Women

n

591

398

193

Age (years)
Smokers

X±SD
n (%)

(kg/m2)

X±SD

26.32±3.57

26.32±3.57

24.29±4.09

X±SD
X±SD

5.90±1.17
1.38±0.29

5.84±1.26
1.50±0.31

5.93±1.13
1.33±0.26

LDLC (mmol/l)

X±SD

3.85±1.04

3.77±1.10

3.89±1.01

TG (mmol/l)

X±S

1.47±0.81

1.27±0.68

1.57±0.86

BMI

TC (mmol/l)
HDLC (mmol/l)

39.46±13.54 38.18±12.65 42.10±14.91
279 (47.2%) 210 (52.8%) 69 (35.8%)

* Non-adjusted values (means ± SD) are shown. BMI = body
mass index; TC = total cholesterol; HDLC = high density
lipoprotein cholesterol; LDLC low density lipoprotein cholesterol; TG = triglycerides.

dure could not be carried out within 2–4 days after blood collection, the blood was frozen at –20°C and the DNA was extracted within the following 4–8 weeks. The concentration of
isolated DNA was determined by spectrophotometer (LKBPharmacia, Uppsala, Sweden).
A 244bp sequence of the apoE gene including the two polymorphic sites was amplified by polymerase chain reaction
(PCR) in a Hybaid Omnigene thermocycler (Teddington, UK)
using the oligonucleotide primer pair F4 and F6 described by
Emi et al. (30). The assay conditions were as published previously (27).
After digestion with HhaI, 3 µl of each PCR product was
added to 1.5 µl of formamide dye mix and then loaded into the
wells of a 12g/l microplate array diagonal gel electrophoresis
(MADGE gel). Gel was prestained in a solution of 10 µl ethidium bromide in 100 ml of 1xTris-borate-EDTA, pH 8.3 for
10min in an electrophoresis tank (31). The gels are supported
on glass and contain 96 wells (6.28mm3) for sample loading in
an 8×12 array. Electrophoresis was at 10 V/cm at room temperature for 45min. We observed the gel with the use of an ultraviolet trans-illuminator and acquired a digital image of the
gel with a CCD camera and frame grabber (GS8000 Documentation System, UVP Inc, USA).
Statistical analysis
The frequencies of ε2, ε3, and ε4 alleles were estimated by the
gene counting method. To express variances of the allele frequencies, i.e. the sample size-dependent standard error of the
estimated frequencies, the upper and lower limits of the 95%
confidence intervals for the three alleles were calculated. Chisquare statistics were used to test for goodness of fit to the
Hardy-Weinberg equilibrium.
Only five apoE genotypes were included in the estimation
of impact of apoE polymorphism on quantitative traits. Subjects with an E2/4 genotype were not included because of
the potentially opposite effects of the ε2 and ε4 alleles on
serum lipid levels. The subjects were pooled into three
groups (E2-, E3-, and E4-containing genotypes) to explore
the allelic effect and to increase statistical power. The E2group was composed of the subjects with E2/2 and E2/3
genotypes, the E3-group was composed of the E3/3 subjects
and the E4-group was composed of the E3/4 and E4/4 subjects. A one way analysis of variance (ANOVA) was performed separately for men and women to test the null hypothesis of equality of lipid levels between ApoE genotypes
(or genotype groups). We considered statistical significance
at the 0.05 level.
Initially both HDL cholesterol and TG concentrations, were
normalized by taking natural logarithms to ensure the distribution of the residual error terms for each dependent variable
was Gaussian. All lipid values were adjusted to remove the effects of the set of significant covariates (age, body mass index
(BMI) and cigarette smoking). The impact of apoE alleles on
levels of blood lipids was determined separately within each
group using the average excess statistics (32):
Fii · µ ii + (1/2) Σi=/j F ij · µ ij
αi = ———————————
– µ,
Fi
where αi is the average excess of the ith allele, j is the other allele at the locus, µij is the mean lipid level of the ijth genotype,
µ is the overall group lipid mean, Fii is the observed frequency
of the homozygous ii class, Fij is the observed frequency of the
heterozygous ij class, and Fi is the allele frequency of the ith allele.
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Tab. 3 Serum lipid levels (mmol/l) in relation to apoE genotypes in a healthy population of Serbia.

Results
ApoE genotype and allele frequencies

Genotype

The numbers and relative frequencies of the common
apoE genotypes in a sample of 591 Serbians are shown
in Table 2. The most frequent allele was ε3 (relative frequency 0.742), the next most common ε2 (relative frequency 0.147), followed by ε4 (relative frequency
0.111). The apoE genotype frequencies in the Serbian
healthy population studied were in Hardy-Weinberg
equilibrium (χ2 = 8.98, p = 0.11).
Association of apoE polymorphism with serum
lipid levels
Adjusted means of serum lipid levels (total cholesterol,
HDL cholesterol, LDL cholesterol and TGs) according to
apoE genotypes are shown in Table 3. A significant difference in both LDL cholesterol and TG levels was obtained in whole sample and in LDL cholesterol levels in
men as well.
The sample of 591 healthy subjects (398 men and
193 women) was grouped according to their genotypes
(see Materials and Methods). Table 4 presents the average adjusted serum lipid levels for each apoE genotype
group in men and women. In men, levels of both total
and LDL cholesterol among the three apoE genotype
groups differed significantly (p <0.05). Subjects in the
apoE4 genotype group were found to have a significantly higher value of total cholesterol compared with
the ones of both apoE2 (p = 0.021) and apoE3 (p =
0.022) group. Subjects in the apoE4 genotype group
had significantly higher LDL cholesterol in comparison
with the apoE2 genotype group (p = 0.006). The same
effects of apoE polymorphism were not observed in
women. We also observed a borderline significance for
the effect of apoE polymorphism on TG level in men
(p = 0.06). TG levels were higher in both apoE2 and
apoE4 groups compared with the apoE3 group. No apparent effect was seen in women. Variation of HDL cho-

Tab. 2 Allele frequencies and prevalance of apoE genotypes
in a Serbian population.
Allele

Relative frequency

ε2
ε3
ε4

0.147
0.742
0.111

Genotype

E2/2
E2/3
E2/4
E3/3
E3/4
E4/4
Whole sample

Observed

Expected

n

(%)

n

(%)

22
113
17
331
102
6
591

3.70
19.10
2.90
56.00
17.30
1.00
100

13
128.84
19.50
325.05
97.52
7.09
591

2.20
21.80
3.30
55.00
16.50
1.20
100

Total

HDL

LDL

Tri-

apoE

n

cholesterolcholesterolcholesterolglycerides
(mmol/l) (mmol/l) (mmol/l)
(mmol/l)

Whole
sample

591

5.96

1.39

3,89

1.49

2/2

22

5.71

1.46

3.55

1.43

2/3
2/4

113
17

5.84
5.88

1.40
1.38

3.75
3.62

1.52
1.93

3/3

331

5.95

1.38

3.92

1.45

3/4
4/4

102
6

6.17
6.23

1.40
1.38

4.07
3.98

1.53
1.93

ANOVA (p) NS

NS

<0.05

<0.05

Men
22

398
14

5.94
5.61

1.32
1.41

3.89
3.40

1.60
1.60

23

73

5.84

1.37

3.74

1.59

24
33

12
216

5.72
5.91

1.25
1.30

3.54
3.91

2.05
1.55

34

80

6.21

1.33

4.12

1.66

44

3
5.95
ANOVA (p) NS

1.25
NS

3.73
<0.05

2.15
NS

Women

193

6.01

1.51

3.90

1.32

22
23

8
40

5.88
5.89

1.56
1.45

3.79
3.79

1.16
1.41

24

5

6.21

1.63

3.80

1.68

33
34

115
22

6.06
5.95

1.51
1.54

3.95
3.85

1.31
1.21

44

3

6.33

1.54

4.11

1.50

NS

NS

NS

ANOVA (p) NS

lesterol levels among three apoE groups was not significant in both sexes.
In Table 5 we have summarized the estimates of the
average excess of the three ε alleles (α) on each of the
lipid traits. A general tendency is clear in the Serbian
data. The ε2 allele was associated with lower both total
and LDL cholesterol, where the ε4 allele had the opposite effect.

Discussion
The apoE allele frequencies found in the present study
are somewhat different from those reported in other
white populations. The frequency of the ε2 allele estimated here (0.147) is the highest ever reported to our
knowledge. The increase of the ε2 allele frequency is
compensated for by a lowering of the ε4 frequency
(0.111), whereas the ε3 allele frequency remains comparable to frequencies reported in other white populations (26).
In the present study, associations of apoE polymorphism with the lipids studied were consistent with the
well-identified effects of apoE (6, 21, 33): ε4 increased
both total and LDL cholesterol while ε2 decreased it.
The relation between apoE polymorphism and HDL
has been reported in some studies (34, 35), but not in
others (36). The connection of apoE polymorphism and
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Tab. 4

Serum lipid levels (mmol/l) in relation to apoE genotype groups.
ApoE Group

Variable

All

E2
(E2/2, E2/3)
(mmol/l)

E3
(E3/3)
(mmol/l)

E4
(E3/4, E4/4)
(mmol/l)

ANOVA
p-value
(mmol/l)

Whole sample (n)
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

574
5.96
1.39
3.89
1.49

135
5.77
1.40
3.68
1.48

331
5.90
1.37
3.89
1.43

108
6.12
1.39
4.03
1.53

<0.05
NS
<0.05
NS

Men (n)
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

386
5.94
1.32
3.89
1.60

87
5.80
1.38
3.69
1.57

216
5.90
1.31
3.91
1.52

83
6.20
1.33
4.12
1.66

<0.05
NS
<0.05
NS

Women (n)
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides

188
6.01
1.51
3.90
1.32

48
5.72
1.46
3.67
1.30

115
5.90
1.50
3.83
1.25

25
5.83
1.54
3.76
1.18

NS
NS
NS
NS

NS: not significant

Tab. 5 Average excess (mmol/l) of the three common apoE
alleles on the serum lipid traits in a Serbian population (whole
sample).
Average excess of the allele (α)(mmol/l)
Allele Total
cholesterol

HDL
cholesterol

LDL
Triglycerides
cholesterol

ε2
ε3
ε4

0.018
–0.004
0.008

-0.222
0.017
0.158

–0.179
0.004
0.210

0.007
–0.010
0.089

HDL may be explained by these facts: apoE polymorphism affects cholesterol ester transfer protein activity;
apoE is involved in extracellular efflux of cholesterol;
apoE modulates LPL activity. We did not find any significant association between apoE polymorphism and HDL
cholesterol level in both sexes, although there was a
slightly lower average concentration in male ε4 carriers.
Whereas the effect on serum cholesterol levels is almost constant in most populations studies, there are
controversial results about the effect on triglycerides,
since they vary widely among and within individuals,
masking a clear effect of apoE phenotype (37). Concentration of TGs appear to have more complex relations
with apoE. Persons with either ε2 or ε4 alleles have
higher TG levels than individuals with ε3. This Ushaped trend has been reported in many studies (36, 38,
39). The association of ε2 with higher concentration of
TGs would be expected, because remnants of TG-rich
lipoproteins would be cleared more slowly in these individuals. Individuals with ε4 have lower LPL activity,
which could explain the higher TG concentration they
have.
It has been established that males and females have

different natural histories of disease, including predisposing characteristics of life-style, and have different
frequency distribution of lipids and apolipoproteins,
providing strong evidence that the genotype profiles
should be investigated in a gender-specific manner (36,
39–44). Thus, several studies have reported similar results, finding differences that were highly significant in
males, but not in females, for total and LDL-cholesterol
(39, 42). Recently, Kamboh et al. (44) found in a study of
an African black population that the apoE polymorphism is significantly associated with both total and
LDL-cholesterol, but only in women. Our findings are in
agreement with the proposed general effect of this
polymorphism on serum cholesterol level. However,
controversial results concerning gender-specific aspects of the effects in different ethnic populations could
suggest that they should not be considered as fully independent of the total genetic pool of a particular population and/or specific environmental background. This
statement implies there should be more detailed studying of both gene-gene and gene-environment interaction to evaluate diseases risk in the future.
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