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We have examined the frequency of the EcoRI, XbaI and MspI RFLPs of the apolipoprotein B (apo B) gene in 110 type 2
diabetic patients and 91 healthy control subjects in order to ascertain whether variation in this gene may influence the devel-
opment of non-insulin dependent diabetes mellitus (type 2 diabetes). Serum lipids including total-cholesterol (T-Chol), tria-
cylglycerol (TAG), apolipoprotein E (apo E), apolipoprotein AI (apo AI), apolipoprotein B and lipoprotein (a) (Lp(a)) were
analysed. Genomic DNA was extracted and the apo B polymorphic regions amplified by the polymerase chain reaction.
Regions carrying EcoRI, XbaI, and MspI restriction sites present in the apo B gene were amplified and digested separately
by the respective enzymes. No significant difference for genotypic frequencies was observed for the EcoRI, XbaI and MspI
restriction sites in type 2 diabetic patients as compared to controls. Type 2 diabetic patients and controls with EcoRIþ/þ and
XbaI þ/þ genotypes had higher apo E levels. The MspI þ/þ genotype is more frequent in the patient and control groups
with elevated T-Chol. Furthermore, the EcoRI �/�, XbaI �/�, and MspI þ/þ genotypes were found to be significantly
more frequent in type 2 diabetic patients with higher blood glucose levels. This study identifies the apo B gene polymorph-
isms in modulating plasma lipid/lipoprotein and glucose levels in patients with type 2 diabetes. Copyright # 2005 John
Wiley & Sons, Ltd.
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INTRODUCTION

Type 2 diabetes mellitus is a heterogeneous disorder
that develops in response to both genetic and environ-
mental factors.1–5 The predisposition to type 2 dia-
betes is thought to be conferred by a number of
different genes that in isolation may have only minor
effects, but in combination lead to the characteristic
pathophysiological condition.6 This genetic suscept-
ibility may be preferentially conferred by an unfa-

vourable combination of individual polymorphisms
in the genes involved, each one controlling part of
the pathogenic process.7

Apolipoprotein B is a major protein component of
low density lipoprotein (LDL). Apo B plays a central
role in lipoprotein metabolism through regulation of
total cholesterol (T-Chol) and LDL concentrations in
plasma. This regulation is mediated by binding of apo
B, present in LDL, to LDL receptors (LDLR) on the
cell surface.8 Genetic polymorphisms of apo B have
been shown to have a significant effect on plasma lipid
levels and have been associated with type 2 diabetes in
some studies.9,10 Diabetic dyslipidemia comprises
multiple lipoprotein disorders. The most typical find-
ings are high triacylglycerol (TAG) concentrations,
low levels of high density lipoprotein-cholesterol
(HDL-Chol) and normal or slightly increased
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LDL-Cholesterol (LDL-Chol).11–13 Some degree of
lipid alteration persists in type 2 diabetic patients
despite improved metabolic control accompanying
therapy.12,14 The interaction of apo B with LDLR
mediates the uptake of LDL from the liver and periph-
eral cells; hence, apo B plays an important role in cho-
lesterol homeostasis.15 Apo B is the largest
monomeric protein sequenced so far, containing
4536 amino acid residues. Its gene has been mapped
to the short arm of chromosome 2, with an approxi-
mate length of 43 kilobases and 29 exons.16 The clon-
ing and sequencing of the apo B gene has made it
possible to study the variations in the apo B gene at
the DNA level. Several studies have reported that
some restriction fragment length polymorphisms
(RFLP)9,10,17 of apo B are associated with type 2 dia-
betes, or with variations in plasma lipids, while others
do not find such an association.18 The EcoRI poly-
morphism of the apo B gene detects a mutation in
the coding region (exon 29) G12669A, replacing
Glu by Lys in the peptide, the main domain for recog-
nition of the LDL-receptor.19,20 MspI polymorphism
in codon 3611 of the mature apo B protein, results
in an amino acid change from arginine to glutamine.21

On the other hand, the polymorphic region of XbaI is
caused by a base substitution (A!T) in the threonine
codon, resulting in a silent mutation.22,23 Apo B gene
MspI and XbaI polymorphisms in exon 26 have been
associated with variations in lipid levels.24–26 Apo B
EcoRI RFLP is related to changes in LDL-Chol dur-
ing low and high cholesterol intake.27

Since the contribution of apo B gene polymorph-
isms to the development of type 2 diabetes differs
among populations, the aim of the present study, is
to investigate the influence of the EcoRI, XbaI and
MspI polymorphisms over lipid parameters and their
association with type 2 diabetes by evaluating their
frequency distributions in Turkish patients with this
condition compared with controls.

MATERIAL AND METHODS

Subjects

We have studied 111 unrelated type 2 diabetic patients
(48 men and 63 women). These were outpatients from
the Turkish Diabetes Hospital (_Istanbul, Turkey). The
diagnosis was based on the criteria of The Expert
Committee on the Diagnosis of Diabetes Mellitus.28

The study protocol was approved by the Ethics Com-
mittee of the _Istanbul University, Cerrahpasa Faculty
of Medicine, and informed consent was obtained from
each participant. The control group consisted of 94

unrelated healthy individuals (31 men and 63 women)
not taking medication, who either attended a routine
health check at a general practice or were staff of
the Cerrahpasa Faculty of Medicine (_Istanbul Univer-
sity, Turkey). The hepatic and endocrine functions
of the patients were normal and all were relatively
well controlled with glycosylated haemoglobin
(HbA1c)� 6–7% (normal range � 8%). Patients with
macro- and microangiopathic complications were
excluded from this study.

Clinical and biochemical evaluation

Blood samples were collected after overnight (>12 h)
fasting. Serum was obtained after leaving the blood
tubes for 30min at room temperature followed by
10min centrifugation. The body mass index (BMI)
was calculated and overweight (obese) was defined
as a value >25 kg/m2.29 The biochemical analysis
included determination of fasting plasma glucose,
TAG, T-Chol, apo E, apo AI, apo B and Lp(a). Serum
TAG and T-Chol levels were measured using standard
enzymic methods (Merck, Darmstadt, Germany),
automated on an AU5021 analyser (Olympus, Merck).
Serum apo E was determined by turbidimetry auto-
mated on a Cobas-Mira analyser (Roche, Meylan,
France); serum apo AI, apo B and Lp (a) were
determined by immunonephelometry on a Behring
Nephelometer analyser with Behring reagents (Beh-
ringwerke, Marburg, Germany). Sera were analysed
without pretreatment and diluted in double-distilled
water when lipid or apolipoprotein levels exceeded
reference values. Pooled sera were included in each
series of measurements for apo E. Between assays
coefficient of variation of these methods were 2.14,
4.66, 0.95, 1.52, 2.92, 4.34 and 1.53% respectively
for T-Chol, TAG, glucose, apo E, apo AI, apo B and
Lp (a).

Molecular analysis

Genomic DNA was extracted from leukocytes by a
salting out procedure.30 The desired segments were
amplified by PCR31 using the apo B EcoRI,32 XbaI,33

and MspI34 protocols with the respective primers
(Gibco BRL, Rockville, MD, USA); EC1:50-CTG
AGA GAA GTG TC T TCG AAG- 30 and EC2:50-
CTC GAA AGG AAG TGT AAT CAC-30 for EcoRI;
XB1:50- GGA GAC TAT TCA GAA GCTAA- 30 and
XB2:50- GAA GAG CCT GAA GAC TGA CT- 30 for
XbaI; MS1:50- CAA TTC AGT CCA GGA GAA
GCA-30 and MS2:50- CAG CAA CCG AGA AGG
GCA CTC AG- 30 for MspI.
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The final amplification products were submitted to
digestion with the respective restriction enzymes
(EcoRI, XbaI and MspI) and visualized on 1.5% agar-
ose gel. The apo B alleles with the restriction sites pre-
sent for the enzymes XbaI, MspI, and EcoRI are
designated as Xþ, Mþ, and Rþ and those alleles
lacking the restriction site as X�, M�, and R�,
respectively.

Statistical analysis

Statistical analyses were conducted using Unistat 5.1
software. Serum TAG and Lp (a) have been logarith-
mically transformed before the analysis to obtain nor-
mal distribution of data. A comparison of variables
between two groups or among three groups was per-
formed using an unpaired t-test or one-way ANOVA,
respectively. Hardy–Weinberg equilibrium for geno-
type frequencies was estimated by the chi-square test.
The variables across the various genotypes and groups
for each RFLP were estimated by two-way ANOVA
with an interaction term to test the influence of geno-
types on the lipid profile. p values less than 0.05 were
considered significant.

RESULTS

Three polymorphisms present in the apo B gene were
analysed: EcoRI, XbaI and MspI in 111 type 2 dia-
betics and 94 control subjects. The BMI and biochem-
ical (T-Chol, TAG, apo E, apo AI, apo B and Lp(a))
characteristics of subjects are shown in Table 1. The
frequency distributions of major type 2 diabetes risk
factors did not show any significant difference
between patient and control groups (Table 2). The
genotype frequency distributions for the type 2 dia-
betic and control groups with respect to EcoRI, XbaI,
and MspI polymorphisms were compared. The apo B
gene EcoRI, XbaI, and MspI polymorphisms frequen-

cies for þ/�, �/� and þ/þ genotypes were respec-
tively 34.2, 1.8, 64; 46.7, 43, 10.3; 37.8, 26.1, 36 in
subjects with type 2 diabetes, and 36.2, 6.4, 57.4;
41.5, 50, 8.5; 46.8, 27.7, 25.5 in the control group.
No significant difference was observed in genotype
frequencies between the type 2 diabetic and control
groups. Hardy–Weinberg equilibrium was tested on
the whole study population ( n¼ 205). According to
Hardy–Weinberg proportion, the analysed genotypes
are in equilibrium. Association of the apo B gene
EcoRI, XbaI, and MspI polymorphisms with lipid
parameters are shown in Table 3, 4 and 5, respectively.
The apo E levels were found to be elevated in

Table 1. Demographic data of the non-insulin dependent diabetes
mellitus and control groups

Patient (n¼ 111) Control (n¼ 94)

Age (years) 57.99� 9.16 55.46� 11.26
BMI (kgm�2) 27.39� 4.34 26.86� 4.15
Glucose (mmol l�1) 8.25� 3.62y 3.61� 0.59
Total cholesterol (mmol l�1) 4.73� 2.49 5.48� 1.30
Triacylglycerol (mmol l�1) 1.99� 1.36 1.75� 0.90
Apolipoprotein E (mg l�1) 41.00� 14.52 49.21� 31.18*
Apolipoprotein AI (g l�1) 1.42� 0.27 1.41� 0.26
Apolipoprotein B (g l�1) 1.15� 0.37 1.11� 0.28
Lp(a) (g l�1) 0.14� 0.16 0.18� 0.17

Values are represented as mean � SD. *p< 0.05, yp< 0.001.

Table 2. Risk factors for non-insulin dependent diabetes mellitus
in patients and control subjects

Diabetes n (%) Control n (%) p

Gender
Male 48 (43.2) 31 (33) NS
Female 63 (56.8) 63 (67.1) NS

Dyslipidemia 25 (22.5) 17 (18.7) NS
Obesity 75 (67.6) 57 (62.6) NS
Smokers 15 (18.8) — —

The variables were compared with the �2 test among groups. NS,
not statistically significant.

Table 3. Effects of ApoB gene EcoRI polymorphism on clinical
parameters in non-insulin dependent diabetes mellitus patients and
control subjects

Genotype

Rþ/R� Rþ/Rþ
Control (n¼ 34) Control (n¼ 54) p
Patient (n¼ 38) Patient (n¼ 70)

BMI (kgm�2) Control 27.39� 3.85 26.85� 4.23 NS
Patient 26.96� 4.42 27.68� 4.29

Glucose Control 3.67� 0.71 3.61� 1.28 <0.001
(mmol l�1) Patient 9.02� 3.63 7.73� 3.39
T-Chol Control 5.13� 1.41 5.76� 1.44 NS
(mmol l�1) Patient 5.17� 1.77 4.53� 2.03
TAG Control 1.88� 0.94 1.74� 0.88 NS
(mmol l�1) Patient 1.79� 1.02 2.11� 2.66
Apo E (mg l�1) Control 47.96� 22.16 51.08� 36.72 <0.05

Patient 40.59� 13.21 41.53� 31.31
Apo AI (g l�1) Control 1.37� 0.25 1.44� 0.27 NS

Patient 1.42� 0.05 1.43� 0.04
Apo B (g l�1) Control 1.11� 0.27 1.18� 0.32 NS

Patient 1.16� 0.04 1.15� 0.05
Lp(a) (g l�1) Control 0.16� 0.18 0.19� 0.17 <0.01

Patient 1.16� 2.14 1.96� 2.60

Values are represented as mean� SE. NS, not statistically
significant. Total-Cholesterol, T-Chol; triacylglycerol, TAG; apoli-
poprotein E, Apo E; apolipoprotein AI, Apo AI; apolipoprotein B,
Apo B; lipoprotein (a), Lp(a).
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XbaI þ/þ genotypes both for controls and diabetic
patients ( p< 0.05), whereas elevated apo E levels
were found in controls with EcoRI þ/þ genotype.
T-Chol levels were found to be higher in MspI þ/þ
genotype carriers in control and diabetic groups

( p< 0.05). Furthermore, the EcoRI þ/� ( p<
0.001), XbaI �/� ( p< 0.001), and MspI þ/þ
( p< 0.01) genotypes were detected significantly more
frequently among type 2 diabetic patients with higher
plasma glucose levels.

Table 4. Effects of ApoB gene XbaI polymorphism on clinical parameters in non-insulin dependent diabetes mellitus patients and control
subjects

Genotype

Xþ/X� X�/X� Xþ/Xþ p
Control (n¼ 39) Control (n¼ 47) Control (n¼ 8)
Patient (n¼ 49) Patient (n¼ 48) Patient (n¼ 11)

BMI (kg/m�2) Control 26.90� 3.60 26.91� 4.60 26.28� 3.47 NS
Patient 26.98� 4.49 27.59� 4.52 28.14� 3.34

Glucose (mmol l�1) Control 3.47� 0.56 3.53� 0.73 4.87� 2.91 <0.01
Patient 8.06� 3.67 8.71� 3.51 7.16� 4.31

T-Chol (mmol l�1) Control 5.70� 1.39 5.17� 1.14 6.20� 2.62 NS
Patient 5.07� 2.02 4.50� 1.80 4.71� 2.16

TAG (mmol l�1) Control 1.83� 0.93 1.64� 0.89 1.98� 0.63 NS
Patient 2.09� 1.69 1.55� 1.01 3.61� 5.37

Apo E (mg l�1) Control 46.31� 17.40 46.38� 19.90 78.16� 82.59 <0.05
Patient 42.50� 21.43 36.34� 13.43 57.22� 62.91

Apo AI (g l�1) Control 1.44� 0.24 1.43� 0.27 1.29� 0.30 NS
Patient 1.44� 0.04 1.39� 0.04 1.46� 0.09

Apo B (g l�1) Control 1.22� 0.26 1.05� 0.25 1.24� 0.56 NS
Patient 1.09� 0.09 1.17� 0.04 1.17� 0.07

Lp(a) (g l�1) Control 0.19� 0.18 0.19� 0.18 0.11� 0.12 NS
Patient 0.16� 0.03 0.13� 0.02 0.11� 0.02

Values are represented as mean� SE. NS, not statistically significant. Total-Cholesterol: T-Chol; triacylglycerol, TAG; apolipoprotein E,
Apo E; apolipoprotein AI, Apo AI; apolipoprotein B, Apo B; lipoprotein (a), Lp(a).

Table 5. Effects of ApoB gene MspI polymorphism on clinical parameters in non-insulin dependent diabetes mellitus patients and control
subjects

Genotype

Mþ/M� M�/M� Mþ/Mþ p
Control (n¼ 44) Control (n¼ 26) Control (n¼ 24)
Patient (n¼ 42) Patient (n¼ 26) Patient (n¼ 40)

BMI (kgm�2) Control 27.54� 4.27 25.51� 3.45 27.10� 4.21 <0.05
Patient 26.54� 4.81 26.94� 3.67 28.61� 4.09

Glucose (mmol l�1) Control 3.67� 1.41 3.48� 0.72 3.66� 0.59 <0.01
Patient 8.49� 3.52 7.32� 2.85 8.57� 4.14

T-Chol (mmol l�1) Control 5.46� 1.30 5.07� 1.29 6.01� 1.68 <0.05
Patient 4.84� 2.05 3.30� 1.93 5.51� 1.34

TAG (mmol l�1) Control 1.52� 0.38 1.23� 0.57 2.79� 1.00 NS
Patient 1.27� 0.29 0.91� 0.19 3.43� 3.13

Apo E (mg l�1) Control 50.07� 41.06 37.32� 11.35 61.64� 15.71 NS
Patient 37.20� 9.98 28.84� 6.61 53.83� 39.54

Apo AI (g l�1) Control 1.38� 0.22 1.47� 0.31 1.44� 0.27 NS
Patient 1.42� 0.04 1.38� 0.04 1.45� 0.09

Apo B (g l�1) Control 1.14� 0.30 0.96� 0.25 1.33� 0.23 NS
Patient 1.07� 0.07 1.14� 0.03 1.15� 0.06

Lp(a) (g l�1) Control 0.19� 0.18 0.20� 0.18 0.15� 0.17 NS
Patient 0.14� 0.02 0.11� 0.02 0.10� 0.02

Values are represented as mean� SE. NS, not statistically significant. Total-Cholesterol: T-Chol; triacylglycerol, TAG; apolipoprotein E,
Apo E; apolipoprotein AI, Apo AI; apolipoprotein B, Apo B; Lipoprotein (a), Lp(a).
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DISCUSSION

Different subsets of genes are probably sufficient to
confer susceptibility to type 2 diabetes and suscept-
ibility genes are likely to vary between, and possibly
within, populations. Moreover, environmental factors
that have still not been fully defined contribute to the
development of type 2 diabetes. Thus disease suscept-
ibility genes may be present in unaffected individuals
who show a lack of symptoms because they lack the
required complement of disease susceptibility genes
or necessary environmental factors to induce diabetes.
Because of the frequent association of altered choles-
terol and TAG metabolism with diabetes, genes that
affect lipid metabolism have also been considered as
candidate genes for type 2 diabetes. To our knowledge
the present study represents the first investigation of
the common polymorphisms (EcoRI, XbaI and MspI)
of the apo B gene in a Turkish samples with type 2
diabetes and their influence on lipid parameters and
disease.

Lipid variation is a usual feature in patients with
type 2 diabetes. Several studies have demonstrated
an association between variations in the apo B gene
and lipoprotein levels which may contribute to the
development of type 2 diabetes. The polymorphisms
of apo B have been studied more often in coronary
artery disease (CAD) by various study groups27,33–44

and less frequently in type 2 diabetes.17,18,45,46 The
allelic variation of apo B gene polymorphisms may
have some association with various ethnic groups.
The EcoRI Rþ/Rþ genotype has been reported to
occur most frequently among Koreans,47 Japanese,32

Caucasions,33 and multiethnic Asian populations,10

whereas the EcoRI R�/R� genotype has been shown
to be the major genotype in Finns34 and Caucasions
generally.48,49 In our study, the Rþ/Rþ genotype
was found to be the highest in frequency when com-
pared to Rþ/R� and R�/R� in both patients and con-
trols. The frequency of the XbaI X- allele is high in
North Indians,33 Koreans47 and multiethnic Asian
populations.10 Ghusn et al.45 and Gutierrez et al.18

found no statistically significant difference in the inci-
dence of apo B EcoRI and XbaI alleles respectively
among type 2 diabetic patients compared to controls.
While Houlston et al.9 found the E- allele over-repre-
sented in type 2 diabetic patients when compared to
controls. In our study, we found the XbaI Xþ/X�
genotype frequency to be highest among diabetics,
whereas the X�/X� genotpe had the highest fre-
quency in the controls. In the present study, no signif-
icant differences were observed in genotype
frequencies at the EcoRI, XbaI and MspI polymorphic

sites in the apo B gene between type 2 diabetic
patients and controls.

Apo B polymorphisms in type 2 diabetes have been
studied in a number of populations, and data showing
the effect of EcoRI polymorphism on cholesterol
levels differ among these ethnic groups. Ukkola
et al.46 have reported higher plasma cholesterol and
TAG concentrations in type 2 diabetic patients with
the Xþ/Xþ genotype, whereas Houlston et al.9 and
Gutierrez et al.18 did not find any significant relation-
ship between XbaI polymorphism and serum lipids in
patients with type 2 diabetes. The apo B gene EcoRI
E�/E� genotype was found to be correlated with
higher TAG levels in type 2 diabetic patients.9

Hypercholesterolemic patients with EcoRI Rþ/Rþ
(presence of the cutting site) are known to have lower
T-Chol, VLDL-Chol, LDL-Chol and slower fractional
catabolic rate (FCR) for LDL, and their VLDL is
richer in cholesterol than that of patients with EcoRI
Rþ/R�. Thus, hypercholesterolemia can be due to
particle-related slow clearance of LDL in some
patients.36 Thus, results concerning the role of apo
B polymorphisms in lipid metabolism are contradic-
tory, and depend on the particular population. In the
present study we were not able to show a clear signif-
icant association of the EcoRI polymorphism in the
apo B gene with variation in T-Chol, whereas a signif-
icant association was observed for apo E and Lp(a)
levels in the Rþ/Rþ genotype of type 2 diabetic
patients who had higher levels of apo E and Lp(a) in
comparison to the Rþ/R� genotype. On the other
hand, the Rþ/R� genotype of the EcoRI site was sig-
nificantly associated with higher levels of plasma glu-
cose as compared to the Rþ/Rþ genotype. In our
study, although the lipid variables were lower in the
X�/X� genotype when compared to Xþ/X� and
XþXþ, the difference did not reach significance
either in the type 2 diabetic or in the control group
except for apo E. The apo E levels were found to be
significantly higher in Xþ/Xþ for both groups when
compared to the X�/X� and Xþ/X� genotypes. The
MspI polymorphism has not been found to be asso-
ciated with differences in serum lipid concentra-
tions.41,48–51

An explanation for the differences in allele fre-
quency and lipid association of the apo B polymorph-
isms among the populations studied, is that in the
genetic background there may be a more important
factor than environmental variation, such as diet or
lifestyle. Another possibility is that this may be the
result of differences in linkage disequilibria between
the different polymorphic sites of the apo B gene in
the different populations.
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In conclusion, there was no significant difference in
genotypic frequencies of the EcoRI, XbaI and MspI
sites of the apo B gene between the patient and control
groups, and the presence of the EcoRI and XbaI cut-
ting site of the apo B gene is associated with higher
serum apo E levels, whereas the presence of the MspI
restriction site is associated with higher T-Chol levels
in this sample of Turkish type 2 diabetic patients. The
EcoRI, XbaI and MspI genotypes were found to be
associated with plasma glucose levels.
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