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Summary 
Apolipoprotein B (apo B) is the major protein component of LDL, VLDL and chylomicrons. Numerous polymorphisms 
of the apolipoprotein B gene have been described. Particularly, the insertion/deletion polymorphism located in the 
coding part of the signal peptide of apo B, associated with modification of lipid concentrations and the risk of 
cardiovascular disease, has been reported in the general population. No such study in the Tunisian population has been 
performed. The aim of our study was to assess the effect of insertion/deletion polymorphism of the apolipoprotein B 
gene on lipid levels in a sample of the Tunisian population. A total of 458 unrelated subjects (321 men and 137 women) 
were included. The insertion/deletion polymorphism was determined by electrophoresis on polyacrylamide gels after 
PCR amplification. The relative frequencies of the Ins and Del alleles were 0.74 and 0.26, respectively. These 
frequencies were similar to those found in other Caucasian populations. There was no significant difference in serum 
TC, TG, and HDL-C levels due to the influence of the genotypes. However, significant variation among the three 
genotypes was seen for LDL-cholesterol (p<0.001) and apo B (p<0.001) levels. Individuals homozygous for the Del 
allele had higher levels than individuals homozygous for the Ins allele, while individuals heterozygous for both alleles 
exhibited intermediate levels. When the data were analyzed in men and women separately, a similar effect was seen in 
both groups. Our results show that distribution of apo B insertion/deletion polymorphism in Tunisians is similar to other 
Caucasian population and confirm the reported association with serum LDL-cholesterol and apo B concentrations. 
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Introduction 

 
Epidemiological studies have identified plasma 

lipid levels as one of the risk factors for development of 
atherosclerosis (Avogaro et al. 1979). As a major protein 
in chylomicrons, very low density lipoprotein (VLDL), 
intermediate density lipoprotein (IDL) and low density 
lipoprotein (LDL) particles, apolipoprotein B (apo B), is a 

ligand for the LDL receptor mediating internalization of 
LDL particles (Brown and Goldstein 1986). It is also 
important in the assembly and secretion of chylomicrons 
from the intestine and VLDL from the liver (Oloffson et 
al. 1987). Because of its central role in lipid transport and 
metabolism, the examination of the variations of the 
apo B gene could help to explain interindividual variation 
in lipid levels and susceptibility to coronary heart disease. 
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The gene coding for human apo B is 43 kb in length with 
81 bp coding for a 27-amino acid signal peptide. This 
terminal signal sequence directs the emerging protein to 
translocate through the endoplasmic reticulum membrane. 
The polymorphism of signal peptide was first typed 
directly using the polymerase chain reaction (PCR) by 
Boerwinkle and Chan (1989). A significant association 
was detected between the insertion/deletion 
polymorphism and plasma glucose levels in Europeans 
and Mexican Americans (Boerwinkle et al. 1991). Some 
studies have also demonstrated associations between the 
insertion/deletion polymorphism and lipid levels (Hansen 
et al. 1993, Choong et al. 1999, Boekholdt et al. 2003, 
Jemaa et al. 2004a,b). Anderson et al. (1997) indicated 
that apo B polymorphism affects interindividual variation 
in serum lipoprotein and lipid levels in African 
populations. Besides the insertion and deletion alleles, a 
99-bp rare allele was detected in African blacks 
(Anderson et al. 1997), Caucasians (Hixson et al. 1992), 
and Mexican Americans (Boerwinkle et al. 1990). This 
allele contains a 29-amino acid signal peptide as a result 
of the addition of two leucines in a region that normally 
has six identical codons for leucine (Hixson et al. 1992).  

Although the apo B signal peptide polymorphism 
has been extensively studied in different populations, 
there is no information about its distribution in the 
Tunisian population. In this study, we report the allele 
frequency of this polymorphism in a sample of healthy 
Tunisians and examine the influence of this 
polymorphism on serum lipid and apolipoprotein 
concentrations.  

 
Materials and Methods 
 
Subjects 

A total of 458 unrelated healthy subjects (321 
men and 137 women) without a past record of clinical 
coronary manifestations, were recruited. The average age 
of the subjects was 51.6 years (range 32-65 years) and 
was similar for males and females (52.2 and 50.3 years, 
respectively). All subjects gave their informed consent 
and the protocol was approved by the Rabta Hospital 
Ethics Committee. 

Weight and height were measured on the 
subjects barefooted and lightly clothed. Body mass index 
(BMI, kg/m2) was calculated and obesity was defined as 
BMI >30 kg/m2. Diabetes was defined as a fasting blood 
glucose level above 7 mmol/l or the use of antidiabetic 
drugs, or both. Hypertension was defined as systolic 

blood pressure ≥ 140 mm Hg and/or diastolic blood 
pressure ≥ 90 mm Hg or the use of antihypertensive drugs 
or both. Dyslipidemia was defined as a total cholesterol 
(TC) level above 6.47 mmol/l and/or triglyceride (TG) 
level above 2.26 mmol/l.  

  
Lipid, lipoprotein and apolipoprotein measurements 

Blood samples were obtained after an overnight 
fast. Plasma levels of TC, TG and HDL-cholesterol 
(HDL-C) were measured by standardized enzymatic 
procedures, and apo AI and apo B were measured using 
turbidimetric assay on a Hitachi 912 analyzer. LDL 
cholesterol (LDL-C) was calculated according to formula 
of Friedwald et al. (1972).  

 
DNA analysis 

Genomic DNA was prepared from white blood 
cells by phenol extraction (Marcadet et al. 1987). 
Insertion/deletion polymorphism was analyzed after 
amplification of the corresponding region by the 
polymerase chain reaction (PCR) as described elsewhere 
(Jemaa et al. 2004a). The primers for PCR were obtained 
from QBiogene SA. The product gives to a 93-bp 
fragment corresponding to the insertion (Ins) allele or an 
84-bp fragment corresponding to the deletion (Del) allele. 
The difference of 9 bp corresponds to the presence or 
absence of three amino acids (Leu-Ala-Leu) in the signal 
peptide of the apo B. 

 
Statistical analysis 

Statistical analysis was performed using the 
SYSTAT statistical software, version 10. Differences 
among lipid and lipoprotein concentrations in different 
groups of individuals were compared using the Student’s 
t-test normally distributed. The allele frequencies and 
genotype distribution were estimated by gene counting. 
Triglycerides were logarithmically transformed before the 
analysis to obtain the normal distribution. To evaluate the 
effect of polymorphism on the variation of lipid, one-way 
ANOVA was performed. A value of p<0.05 was 
considered statistically significant. 

 
Results 

 
Descriptive characteristics of all studied subjects 

are presented in Table 1. The mean age was 51.6±9.9 
years. Men had a higher proportion of diabetes and 
smokers than women. The prevalence of hypertention, 
obesity and dyslipidemia were significantly higher in 
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women than in men. Serum levels of TC, LDL-C, HDL-C 
and apo AI were significantly higher in women than in 
men. No differences between men and women were 
observed for TG, and apo B.  

 The Del allele frequency in this population was 
0.26 which is similar to the data from other Caucasian 
populations. The frequencies of Del allele were 0.30 in 
women and 0.24 in men. There was no significant 
difference in allele frequencies between the two samples. 
The distribution of all genotypes was in Hardy-Weinberg 
equilibrium.  

Table 2 shows the influence of apoB signal 
peptide genotypes on serum lipids and apolipoproteins in 
the entire sample and by sex. There was no significant 
difference in serum TC, TG, and HDL-C levels according 
to genotypes. However, significant variation among the 
three genotypes was seen for LDL-cholesterol (p<0.001) 
and apo B (p<0.001) levels. Individuals homozygous for 
the Del allele have higher levels than individuals 
homozygous for the Ins allele, while individuals 
heterozygous for both alleles have intermediate levels. 
When the data were analyzed in men and women 
separately, a similar effect was seen in both groups. 
 
Discussion 

 
The present study is the first that has examined 

the allelic frequencies and the effect of insertion/deletion 

polymorphism of the apo B gene in the Tunisian 
population.  

The Del allele frequency observed in our 
population was 0.26. Similar values were observed in 
control groups by other investigators with Del allele 
frequencies of 0.297 (Finland) (Turner et al. 1995), 0.297 
(UK) (Turner et al. 1995), 0.348 (Northern Europe), 
0.333 (Central Europe) (Turner et al. 1995), 0.302 
(Southern Europe) (Turner et al. 1995), 0.205 (American 
Africans) (Hixson et al. 1992), 0.335 (American Whites) 
(Hixson et al. 1992), 0.300 (Peacock et al. 1995), 0.310 
(Marshall et al. 1994), 0.308 (Toulouse) (Visvikis et al. 
1993), 0.293 (Strasbourg) (Visvikis et al. 1993) and 0.333 
(Belfast) (Visvikis et al. 1993).  

The apo B Ins/Del polymorphism has often been 
studied with regard to lipid levels and atherosclerosis. 
Most of the authors found Del allele to be associated with 
elevated total cholesterol and LDL-cholesterol levels in 
control samples. Our results in this population show an 
increase of the concentrations of LDL-cholesterol and 
apo B levels associated with the Del allele, which is in 
good agreement with most of the studies (Renges et al. 
1991, Saha et al. 1992, 1993, Hubáček et al. 2001, Bohn 
et al. 1994, Kammerer et al. 1996, Gardemann et al. 
1998) but not with all (Boekholdt et al. 2003, Gaffney et 
al. 1993, Gajra et al. 1994, Glisic et al. 1997). In our 
study, the carriers of Ins allele have lower LDL-
cholesterol and apo B concentrations, Ins/Del subjects 

Table 1. Anthropometric and metabolic variables in the studied population  
 

Variable Total population 
(n = 458) 

Men 
(n = 321) 

Women 
(n = 137) 

P 

Age (years) 51.6 ± 9.9 52.2 ± 9.6 50.3 ± 10.5 NS 
BMI (kg/m2) 27.4 ± 6.4 26.2 ± 4.9 30.4 ± 8.4 < 0.001 
Diabetes (%) 17.4 19.2 12.4 < 0.05 
HTA (%) 32.5 29.7 38.7 < 0.05 
Obesity (%) 27.5 21.1 43.1 < 0.001 
Dyslipidemia (%) 18.4 15.8 24.8 < 0.02 
Smokers (%) 48.8 68.5 13.4 < 0.001 
TC (mmol/l) 5.02 ± 0.98 4.92 ± 37 5.20 ± 0.95 0.004 
TG (mmol/l) 1.51 ± 0.85 1.55 ± 0.88 1.41 ± 0.79 NS 
LDL-C (mmol/l) 3.10 ± 0.85 3.03 ± 0.82 3.23 ± 0.90 0.03 
HDL-C (mmol/l) 1.19 ± 0.33 1.13 ± 0.25 1.32 ± 0.38 < 0.001 
Apo B (g/l) 0.96 ± 0.24 0.95 ± 0.24 0.97 ± 0.25 NS 
Apo AI (g/l) 1.36 ± 0.29 1.30 ± 0.26 1.48 ± 0.32 < 0.001 

 
Data are expressed as means ± S.D.  
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have intermediate concentrations, and Del allele carriers 
have higher concentrations in both sexes. No association 
was found between Del allele and total cholesterol levels. 
In contrast to previous studies (Peacock et al. 1995, 
Visvikis et al. 1993, Bohn et al. 1994, Kammerer et al. 
1996, Zaman et al. 1997, Hong et al. 1997) and to our 
present study, Xu et al. (1990) observed that the Del allele 
was associated with lower levels of serum triglycerides in 
a population of 106 Finnish individuals, whereas in 
French Whites but not Mexican Americans, the Del allele 
of the apo B Ins/Del gene variation was weakly associated 
with increased serum triglyceride levels (Boerwinkle et 
al. 1991). 

A number of explanations for the lack of 
consistency among populations in the association between 
allelic variations of the apo B signal peptide and total 
cholesterol, LDL-cholesterol and apo B levels can be 
suggested. First of all, more genes can be involved in the 
determination of altered lipid metabolism. Interactions 
between these genes can differ between populations and 
also among different samples of the same population. 
Secondly, the effect of an allele may differ across various 
populations, because its phenotypic expression may be 
different in different environmental milieus. Interactions 
between genes and the environment may result in one 
allele being associated with the disease in one 

Table 2. Comparison of variables between apoB peptide Ins/Del genotypes and by sex. 
 
Variables Ins/Ins Ins/Del Del/Del P 

Men and women n = 255 n = 171 n = 32  

Age (years) 52.3 ± 10.2 50.9 ± 9.7 50.5 ± 8.4 NS 
TC (mmol/l) 5.02 ± 0.98 4.99 ± 0.98 4.99 ± 0.93 NS 
TG (mmol/l) 1.55 ± 0.94 1.44 ± 0.75 1.45 ± 0.57 NS 
LDL-C (mmol/l) 3.03 ± 0.88 3.10 ± 0.80 3.67 ± 0.69 0.001 
HDL-C (mmol/l) 1.19 ± 0.36 1.19 ± 0.25 1.21 ± 0.25 NS 
Apo AI (g/l) 1.37 ± 0.27 1.33 ± 0.32 1.39 ± 0.31 NS 
ApoB (g/l) 0.94 ± 0.22 0.96 ± 0.24 1.14 ± 0.29 0.001 

Men n = 184 n = 119 n = 16  

Age (years) 52.2 ± 9.9 52.0 ± 9.4 53.7 ± 8.9 NS 
TC (mmol/l) 4.45 ± 1.06 4.92 ± 0.98 4.94 ± 0.95 NS 
TG (mmol/l) 1.60 ± 0.97 1.50 ± 0.77 1.50 ± 0.65 NS 
LDL-C (mmol/l) 3.00 ± 0.80 3.05 ± 0.80 3.57 ± 0.69 0.04 
HDL-C (mmol/l) 1.13 ± 0.31 1.13 ± 0.25 1.16 ± 0.25 NS 
Apo AI (g/l) 1.33 ± 0.26 1.26 ± 0.27 1.27 ± 0.19 NS 
ApoB (g/l) 0.93 ± 0.23 0.97 ± 0.22 1.14 ± 0.31 0.003 

Women n = 69 n = 52 n = 16  

Age (years) 52.5 ± 11.2 48.4 ± 10.2 47.3 ± 6.6 NS 
TC (mmol/l) 5.25 ± 0.98 5.07 ± 0.93 5.51 ± 1.03 NS 
TG (mmol/l) 1.43 ± 0.90 1.32 ± 0.68 1.62 ± 0.48 NS 
LDL-C (mmol/l) 3.15 ± 0.98 3.21 ± 0.77 3.78 ± 0.69 0.004 
HDL-C (mmol/l) 1.34 ± 0.44 1.32 ± 0.33 1.29 ± 0.25 NS 
Apo AI (g/l) 1.47 ± 0.29 1.49 ± 0.35 1.49 ± 0.32 NS 
ApoB (g/l) 0.95 ± 0.22 0.94 ± 0.26 1.14 ± 0.28 0.01 

 
Values are mean ± S.D. TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein; HDL-C, high-density lipoprotein; 
ApoAI, apolipoprotein AI; apoB , apolipoprotein B 
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environment and other alleles of the same genes being 
associated with pathological symptoms in another 
environment. The mechanism explaining the association 
of Ins/Del polymorphism with plasma lipid variations is 
not yet well understood. Compared to the Ins allele, the 
Del allele is characterized by the absence of three amino 
acids (Leu-Ala-Leu), which could lead to alterations in 
the hydrophobicity of the signal peptide. Indeed, the 
deletion of the tripeptide in the hydrophobic part of the 
signal peptide affects in several in vitro models (Sturley et 
al. 1994, Benhizia et al. 2001, Plonné et al. 2001) the 
translocation of nascent apo B, its assembly with the 
lipids and its secretion in VLDL form, particulary in the 
presence of lipids (Benhizia et al. 2001). It has been 
shown in rats that an unfavorable assembly of VLDL is 
associated with a direct hepatic production of LDL 
(Plonné et al. 2001). This might happen in Del allele 
carriers. Another hypothesis concerns the possibility that, 
if assembly and secretion in VLDL are defective, lipids 
(including cholesterol) may accumulate in the cell and 
then provoke a decrease in the synthesis of LDL-
receptors. It has been shown that the stimulation of 
assembly and secretion of VLDL is associated with an 

increase of the transcription of the LDL-receptor gene in a 
model of obese mice (Siri et al. 2001). Yet, the absence of 
a significant effect of the Ins/Del polymorphism on the 
plasma TG in our study could serve as an argument 
against both these hypotheses. Nevertheless, an effect of 
the Ins/Del polymorphism on the kinetics of the secretion 
of VLDL has already been found in the absence of a 
significant effect on plasma triglycerides (Riches et al. 
1998, Watts et al. 2001). Finally, an indirect effect of the 
Ins/Del polymorphism by linkage disequilibrium with a 
functional polymorphism cannot be excluded.  

In conclusion, we have found in this sample from 
the Tunisian population, that genetic variants in the signal 
peptide region of the apo B gene are associated with 
changes in LDL-cholesterol and apo B levels. Because the 
Del allele is associated with higher LDL-C and apo B 
levels, individuals carrying this allele may be at a higher 
risk of developing atherosclerosis.  
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