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Summary Background and aim: HDL-cholesterol (HDL-C) is inversely related to
the risk of ischemic heart disease. Many genes are reported to affect HDL-C serum
levels in both hyperlipidemic and normolipidemic populations, though the data are
controversial. We examined the effect of common gene polymorphisms known to
interfere with HDL-C metabolism (apolipoprotein E, cholesterol ester transfer
protein and apolipoprotein A-IV gene polymorphisms) on HDL-C plasma levels in
normolipidemic subjects.
Methods and results: The study population consisted of 200 normolipidemic
individuals visiting our clinic for a routine check-up. None of the above gene
polymorphisms affected HDL-C levels in our population. However, participants
carrying the allele E4 of the apolipoprotein (apo) E gene, the allele B1 of the TaqIB
polymorphisms in the cholesterol ester transfer protein (CETP) gene and the allele
T of the apoA-IV gene (A to T polymorphism at site 347) (nZ28) had statistically
significantly lower HDL-C levels compared to those not carrying the above allele
combination (0.99G0.33 vs 1.28G0.35 mmol/L, pZ0.04).
Conclusion: In this study, we describe a subgroup of normolipidemic individuals
with low HDL-C levels due to genetic variability, and we discuss the underlying
possible mechanisms involved.
ª 2005 Elsevier Ltd. All rights reserved.
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Introduction

HDL-cholesterol (HDL-C) is inversely related to the
risk of ischemic heart disease. The atheroprotec-
tive mechanism of the high density lipoproteins
(HDL) is mainly focused on the reverse cholesterol
transport [1]. Apolipoproteins (apo) A-I and A-IV
are the primary acceptors of cellular cholesterol
[2,3]. The effluxed cholesterol is then transferred
to bigger HDL particles in a process in which
enzymes play an important role [4]. The esterifi-
cation of the free cholesterol by lecithin choles-
terol acyl transferase (LCAT) allows the package of
the cholesterol inside HDL molecules. Cholesterol
ester transfer protein (CETP) plays a notable role
in cholesteryl ester (CE) transport in plasma by
transferring CE from HDL to triglyceride-rich lip-
oproteins. Finally, the delivery of HDL-C to the
liver proceeds through receptors possibly medi-
ated by apoE.

ApoA-IV polymorphisms have been associated
with variations in plasma concentrations of HDL-C,
LDL-cholesterol (LDL-C), triglycerides (TRG), lipo-
protein (a) [Lp(a)] as well as apoA-1 and apoB [5e
12]. However, other studies failed to detect any
association between apoA-IV polymorphisms and
plasma lipid parameters [13e15]. TaqIB polymor-
phism of the CETP gene influences the CETP serum
levels, and therefore affects HDL-C levels [16e18].
Numerous studies have shown an effect of apoE
polymorphisms on plasma lipid parameters. In-
deed, this effect was consistent for total choles-
terol (TCHOL) and LDL-C but controversial for TRG,
HDL-C and Lp(a) [19e21]. Thus, it is suggested that
HDL-C may be influenced by a number of gene
polymorphisms.

We examined the effect of the above common
gene polymorphisms known to participate in HDL-C
metabolism on HDL-C levels in normolipidemic
individuals visiting our outpatient internal medi-
cine clinic for a routine check-up.

Methods

Our study population consisted of normolipidemic
individuals (fasting TCHOL and TRG plasma levels
below 6.2 and 2.1 mmol/L, respectively) visiting
our outpatient internal medicine clinic for their
yearly check-up. None of the participants was
receiving drugs affecting plasma lipid levels such
as hypolipidemic drugs (statins, fibrates), b-block-
ers, diuretics, estrogens, etc. Individuals with
diabetes mellitus (fasting glucose O6.9 mmol/L),
hypertension (blood pressure O140/90 mmHg),
abnormal thyroid function (TSH O20 mU/L or
!0.03 mU/L), renal failure (creatinine O150
mmol/L), proteinuria (urinary protein O0.150 g/
24 h), hepatic disease (aspartate or alanine
aminotransferase O2 times the upper normal
values), obesity (body mass index (BMI)
O30 kg/m2) and alcoholism were also not included.
Finally, 200 individuals participated in our study.

After informed consent of all participants,
blood samples were obtained after a 14-h over-
night fast for gene genotype detection as well as
the determination of lipid parameters. Blood
samples were centrifuged for 30 min (3600!g)
and then the plasma was separated and stored at 4
�C for analysis of lipid parameters. Plasma for the
assay of Lp(a) was frozen and stored at �70 �C.
DNA was extracted from the whole blood
specimens and the genetic analysis was
performed only in patients who fulfilled the
inclusion criteria.

Concentrations of TCHOL and TRG were deter-
mined enzymatically on the Olympus AU600 Clin-
ical Chemistry analyzer (Olympus Diagnostica,
Hamburg, Germany). HDL-C was determined in
the supernatant, after precipitation of the apoB-
containing lipoproteins with dextran sulphate-
Mg2C (Sigma Diagnostics, St. Louis, MO, USA).
LDL-C was calculated using the Friedewald for-
mula. ApoA1, -B and -E were measured with

Table 1 The characteristics of the study population
(the values are expressed as meanGSD)

Characteristics Study
population
(nZ200)

Reference
range

Male/female 101/99
Age, years 39G10
BMI, kg/m2 23G6
Cigarette habit,
no/yes

143/57

TCHOL, mmol/L 5.2G0.95 a

TRG, mmol/L 1.44G0.86 a

LDL-C, mmol/L 3.49G1.17 a

HDL-C, mmol/L 1.2G0.4 a

apoA1, g/L 1.45G0.22 1.15e1.90
apoB, g/L 0.98G0.26 0.70e1.60
apoE, g/L 0.039G0.014 0.023e0.063
Lp(a), g/L 0.08 (0.008e0.62) 0.01e0.30

TCHOL, total cholesterol; TRG, triglycerides; LDL-C, LDL
cholesterol; HDL-C, HDL-cholesterol; apo, apolipoprotein;
Lp(a), lipoprotein (a).
a According to the recently published NCEP guidelines,

levels of TCHOL, LDL-C and TRG greater than 6.21, 4.14 and
2.26 mmol/L, respectively are regarded as elevated, while
a low HDL-C should be defined as a level of !1.04 mmol/L in
both men and women.



Table 2 Lipi ssed as meanGSD)

Gene Geno
l/L)

HDL-C
(mmol/L)

apoA-I
(g/L)

apoB
(g/L)

apoE
(g/L)

Lp(a)
(g/L)

apoA-IV
347

AA 1.2 1.22G0.5 1.46G0.3 0.98G63 0.04G0.01 0.09
(0.02e0.58)

AT+T 1.1 1.16G0.3 1.43G0.4 0.99G0.2 0.04G0.01 0.08
(0.008e0.52)

p-value NS NS NS NS NS

apoE nonE 1.3 1.23G0.5 1.45G0.2 0.97G0.3 0.05G0.02 0.07
(0.008e0.52)

E4 1 1.15G0.4 1.44G0.2 1.00G0.3 0.04G0.01 0.09
(0.02e0.62)

p-value NS NS NS NS NS

CETP B2B2 1.2 1.22G0.3 1.46G0.2 0.98G0.3 0.03G0.02 0.08
(0.008e0.62)

1.1 1.13G0.5 1.44G0.3 0.98G0.3 0.05G0.03 0.08
(0.02e0.60)

p-value B1B1 NS NS NS NS NS

NS, not statistic apolipoprotein A-IV polymorphism at position 347; apoE, apolipoprotein E.
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d profile and gene polymorphisms of the study population (the values are expre

types n Sex
(m/f)

Age
(years)

BMI
(kg/m2)

Smoke
habit
(no/yes)

TCHOL
(mmol/L)

TRG
(mmol/L)

LDL-C
(mmo

126 63/63 37G12 23G3 90/36 5.19G1 1.44G0.9 3.46G

T 74 38/36 35G10 24G6 51/23 5.20G0.9 1.44G0.9 3.51G

NS NS NS NS NS NS NS

4 148 72/76 36G10 24G7 105/43 5.20G0.9 1.54G1.3 3.52G

52 29/23 36G15 22G5 37/15 5.10G1 1.36G1.7 3.48G

NS NS NS NS NS NS NS

70 40/30 37G9 23G4 50/20 5.19G1.1 1.35G0.9 3.44G

130 61/69 35G13 23G3 93/37 5.21G0.9 1.60G1.7 3.55G

+B1B2 NS NS NS NS NS NS NS

ally significant; CETP, cholesterol ester transfer protein TaqIB polymorphism; apoA-IV 347;
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a Behring Nephelometer BN100 using reagents
(antibodies and calibrators) from Date Behring
Holding Gmbh (Liederbach, Germany). The apoA1
and -B assays were calibrated according to the
International Federation of Clinical Chemistry
(IFCC) standards. Lp(a) levels were determined
by the enzyme immunoassay Macra Lp(a) (Trinity
Biotech, Jamestown, NY, USA). The lower limit of
detectability was 0.8 mg/dL.

DNA was extracted from the whole blood speci-
mens [22]. The TaqIB polymorphism of the CETP
gene, the apoE genotyping and the apoA-IV
347 gene polymorphism site were performed as
previously described [23e25].

Statistical analysis was performed with SAS
statistical software. Student’s t-test for indepen-
dent samples was used to estimate the effects of
the gene polymorphisms on lipid parameters.
Since serum triglycerides were not normally
distributed in all groups, triglyceride data were
transformed into natural logarithms. The effect
of the gene polymorphisms on Lp(a) levels was
tested using ManneWhitney U-test. A general
linear model was finally used to analyze the
effect of the combination of genetic and envi-
ronmental factors on HDL-C.

Table 3 Lipid profile of individuals carrying allele E4
of the apoE gene, allele B1 of the TaqIB polymorphism
in the CETP gene and allele T of the apoA-IV gene
compared to the other individuals (the values are
expressed as meanGSD)

Variable Group 1
(nZ172)

Group 2
(nZ28)

p-value

Sex, m/f 84/86 17/13 NS
Age, years 38G16 39G10 NS
BMI, kg/m2 24G4 23G4 NS
Smoking habit,
no/yes

118/52 25/5 NS

TC, mmol/L 5.2G0.9 5.17G0.95 NS
TRG, mmol/L 1.38G0.98 1.55G1.01 NS
LDL-C,
mmol/L

3.48G1.01 3.50G1.16 NS

HDL-C,
mmol/L

1.28G0.35 0.99G0.33 0.04

apoA-I, g/L 1.48G0.33 1.39G0.44 NS
apoB, g/L 0.94G0.18 1.03G0.25 NS
apoE, g/L 0.038G0.035 0.039G0.010 NS
Lp(a), g/L 0.08

(0.008e0.62)
0.06
(0.02e0.56)

NS

Group 2: individuals carrying the allele E4 of the apoE gene,
allele B1 of the TaqIB polymorphisms in the CETP gene and
allele T of the apoA-IV gene (A to T polymorphism at site
347). Group 1: other individuals. NS, not statistically
significant.
Results

The clinical characteristics and the lipid profile of
the study population are shown in Table 1. All
genotype frequencies were in Hardy Weinberg
equilibrium. None of the alleles studied influenced
plasma lipid parameters (Table 2). However, as
shown in Table 3, individuals carrying allele E4 of
the apoE gene, allele B1 of the TaqIB polymor-
phisms in the CETP gene and allele T of the apoA-IV
gene (A to T polymorphism at site 347) had
statistically significantly lower HDL-C levels com-
pared to those not carrying the above allele
combination (pZ0.04). On the contrary, there
were no significant differences in the values of
other lipid parameters or other variables, such as
age, sex, BMI and smoking habit between the two
groups (Table 3). Finally, the above genetic com-
bination still affected HDL-C levels significantly
when the general linear model was applied taking
into account age, sex, BMI, smoking habit and TRG
levels (pZ0.05) (Table 4).

Discussion

We examined the effect of common gene poly-
morphisms involved in HDL-C metabolism on HDL-C
levels in normolipidemic individuals. HDL-C levels
are inversely related to ischemic heart disease and
gene polymorphisms associated with low HDL-C
levels may identify individuals at high risk for
ischemic heart disease.

None of the individual gene alleles studied
(apoA-IV and -E and CETP) influenced HDL-C levels.
However, subjects carrying allele E4 of the apoE
gene, allele B1 of the TaqIB polymorphism in the
CETP gene and allele T of the apoA-IV gene tended
to have lower HDL-C levels compared to those not

Table 4 General linear model for HDL-C signifi-
cance taking age, sex, BMI, smoking habit, TRG and
the allelic combination of apoE, apoA-IV 347 and
CETP as covariates

General linear modela F-value p-value

Gene combinationb 3.888 0.05
Sex 0.583 0.44
Age 0.290 0.59
BMI 3.998 0.05
Smoking habit 0.44 0.49
TRG 11.067 0.001

a R2Z0.23, pZ0.01.
b apoE, apoA-IV 347 and CETP gene polymorphism combi-

nation.
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Figure 1 Schematic representation of the reverse cholesterol transport: Cellular free cholesterol (FC) is transported
from peripheral cells to plasma through receptors. This process is possibly mediated at least in part by apolipoprotein
(apo) A-IV. The esterification of FC to cholesteryl ester (CE) by LCAT allows the package of cholesterol inside bigger
particles forming mature HDL molecules. CETP mediates the lipid exchange between HDL and VLDL, a process that is
a part of the reverse cholesterol transport. HDL particles finally enter hepatic cells through apoE binding to cellular
receptors. Genes encoding for proteins involved in the formation of HDL particles (apoA-IV or LCAT) or in the
metabolism of HDL (apoE or CETP) may affect HDL-cholesterol levels.
carrying the above alleles. Interestingly, the com-
bination of these alleles significantly affected
HDL-C levels. As shown in Table 3, individuals
with E4, TaqIBI and T allele combination had lower
HDL-C levels compared to those not carrying the
above allele combination. ApoA-IV favors the
uptake of cell cholesterol [2,3]. The esterification
of the free cholesterol by LCAT allows the package
of the cholesterol inside HDL molecules [4]. CETP
plays an important role in cholesteryl ester (CE)
transport in plasma by transferring CE from HDL to
triglyceride-rich lipoproteins [4]. ApoA-IV has been
proved to be an activator of the LCAT, as well
as a modulator of the CETP [26,27]. The effect of
the apoA-IV gene polymorphisms at site 347 on the
uptake of cell cholesterol and the activation of the
LCAT and CETP has not yet been established.
Speculation is that the T allele is associated with
a lower rate of cell cholesterol efflux or lower
LCAT activity, resulting in low HDL-C levels
[2,3,26]. The B1 allele of the TaqIB polymorphism
of the CETP gene is associated with higher CETP
plasma levels and lower HDL-C levels [16e18]. The
co-existence of allele BI of the CETP gene and
allele T of the apoA-IV gene may be associated
with both higher plasma levels and enzyme activ-
ity, resulting in even lower HDL-C levels [27].
Finally, the delivery of HDL-C to the liver proceeds
through receptors possibly mediated by apoE.
Since the allele E4 shows greater affinity with
cellular receptors, HDL carrying apoE might exhibit
higher catabolic rates when present [28] (Fig. 1).
These protein interventions in HDL metabolism
may be the target of newly designed drugs aiming
to elevate HDL-C plasma levels in individuals
at high risk for cardiovascular disease. The fact
that none of the above gene polymorphisms affect
HDL-C levels separately suggests that the impact
of the above alleles on HDL-C levels is low.

In conclusion, we describe a subgroup of nor-
molipidemic individuals with low HDL-C levels due
to genetic variability and we put forward a relevant
speculation.
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