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INTRODUCTION

Apolipoprotein B (Apo B) is a major
apolipoprotein of the cholesterol and triacylglyc-
erol-rich lipoproteins in plasma (chylomicrons,
very low-density lipoproteins (VLDL), interme-
diate-density lipoproteins (IDL), low-density li-
poproteins (LDL) and lipoprotein (a) particles).
Apo B is essential for the formation and secre-
tion of these lipoproteins. It is involved in the
assembly and secretion of both chylomicrons
from the small intestine and VLDL from the
liver, and thus in the transport of cholesterol and
triglycerides in serum. Besides, it functions as a
ligand for an LDL-receptor that mediates the
cellular uptake of cholesterol. Dyslipidemia and
dyslipoproteinemia, which are often observed
in DM II, are characterized by elevated choles-
terol, triglyceride (TG), VLDL-TG and Apo B
serum levels and by the usually decreased HDL-
cholesterol level. All these represent primary
risk factors of cardiovascular disease and can
be found in up to 70% of the DM II patients.

The human Apo B gene has been cloned,
mapped and characterized from ¢cDNA and the
high genetic variation of the Apo B gene has
been determined (Lusis et al., 1988; Berg et al.,
1986; Young et al., 1990) in different associa-
tion studies dealing with the genetic linkage
between the Apo B gene variation and different
clinical phenotypes, such as hyperchole-
sterolemia (Weisgraber et al., 1988; Soria et al.,
1989), hypertriglyceridemia, or coronary artery
disease. Several Apo B polymorphisms (esp.
X¥ba I, Eco RI, Mspl, ins/del in signal peptide
region, 3'VNTR of the gene) have been de-
scribed but their influence on plasma lipid lev-
els and their association with coronary heart
disease remains controversial (Law et al., 1986;
Rajput-Williams et al., 1988; Saha et al., 1992;
Aalto-Setala et al., 1988; Darnfors et al., 1989,
Talmud et al., 1987).

The genetic variation of the Apo B gene is

involved in the regulation of lipid and
apolipoprotein blood levels, which confirms that
this gene may be one of the candidate genes
participating in the development of atheroscle-
rosis (Ye et al., 1995).

The Apo B 3'VNTR, located 73 bp down-
stream from the 3'end of the second
polyadenylation signal of the Apo B gene on
chromosome 2p 24 (21) (Ludwig et al., 1989),
consists of the dimeric AT-rich core repeat se-
quence of 30 bp. There are at least 15 differemt
alleles in length and about 77% of the popula-
tion are heterozygous for different alleles at this
site. Different alleles vary in length, ranging
over about 400 bp as a result of the numbers of
two related 15 bp hypervariable elements (/. e.
30 bp). It 15 one of the most highly polymor-
phic genetic loci in man. The direct DNA
sequence determination clearly shows that the
exact sequence of the repeat units among alle-
les of the same size is not necessarily identical.
Several recent studies have confirmed that some
types of alleles have effect on lipid and lipopro-
tein levels when present but the results are incon-
sistent (Turner et al., 1995). DNA variability in
the Apo B 3"VNTR has been reported to be asso-
ciated with myocardial infarction {Hegele et al.,
1986; Friedl et al., 1990) and 3"VNTR-L allele
(number of repeat units more than 39) was present
in patients with coronary heart disease apparently
more frequently when compared with the fre-
quency in control subjects (Ye et al., 1995),

The aim of our study was to ascertain the al-
lelic variability at the Apo B 3"VNTR in Czech
DM II patients in comparison with Czech gen-
eral population and to determine the effect of this
genetic polymorphism on serum lipid levels.

MATERIALS AND METHODS

Subjects
The Czech general population comprised 200
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unrelated individuals (Prague area) of both gen-
ders (115 males, 85 females). The clinical data of
these subjects were not available, the impaired
glucose tolerance and diabetes were not deter-
mined in this group and therefore they could not
be excluded. The Czech DM II patient group com-
prised 142 unrelated individuals (Prague area) of
both genders (51 males, 91 females).

Methods

The genomic DNA was extracted from leu-
kocytes of peripheral blood using common
methods (Maniatis et al 1989). The VNTRs were
determined by PCR. amplification of this region
using the primer sequencies (Boerwinkle etal.,
1989).

5  primer 5' ATGGAAACGGAGAAATTATG
3 and

3" primer 5' CCTTCTCACTTGGCAAATAC
3" { Amitoff).

In the total volume of 50 pl, each amplifi-
cation reaction contained (final concentrations):
100 ng of target DNA, 10 mmol/l Tris- HCI pH
8.3, 50 mmol/l MgCl,, 0.01 % gelatine, 2.5 U
Tag DNA polymerase (Appligene), 0.5 pmol/]
of each primer and 200 pmol/l of each dNTP
{USB). The denaturation step of the PCR was
carried out at 94° C for 1 minute, annealing at
58°C for 1 minute, and extension at 72° C for 4
minutes in a programmable heat block (Perkin-
Elmer Thermal Cycler).

PCR products (20 pl) were electro-phoresed
on 2% Metaphor agarose gel (Sigma) at 50V
for 5 hours. The subsequent separation of al-
leles provided a high resolution, allowing dif-
ferentiation of up to a single repeat unit. The
nomenclature introduced by Boerwinkle
(1989) was followed throughout the study.
Having measured the relative migration of the
PCR products with respect to the DNA size
standards (from 50 to 1000 bp, USB), the ob-
served DNA-fragments ranged in size from 510
to 930 bp - each allele differed in length from
its neighbouring allele by 30 bp i.e. two 15 bp
- repeat units.

The statistical analysis was performed by
means of the Statistica software package. Al-
lele frequencies of the Apo B 3'VNTR in both
groups were determined by direct gene count-

ing. Differences in obtained genotype frequen-
cies in comparison with the expected values for
Hardy-Weinberg equilibrium were estimated by
the exact test (Guo et al., 1992). We considered
the statistical significance to be 0.01. An agree-
ment of the allele distribution in both groups
was tested by the t-statistic which was calcu-
lated in the following way:

where, N, = total number of alleles in the
general po]:ruiatiun group, N, = total number of
alleles in the DM II patients, p, = allele fre-
quency in the general population group, p, =
allele frequency in the DM II patients. We con-
sidered the statistical significance to be
p<0,0034 (p = 0.05/number of comparison be-
tween groups, i. e. 15).

The influence of Apo B genotypes on se-
rum lipid levels was tested by the non-paramet-
ric Kruskal-Wallis test (persons on beta-
blockers, diuretics and hypolipidemic drugs
were excluded). We considered the statistical
significance to be 0.05.

RESULTS AND DISCUSSION

The comparison of the VNTRs allele distri-
butions between the Czech general population
and the Czech DM II patient group is illustrated
in figure 1.

Fifteen segregating alleles and fifty-one dif-
ferent genotypes were detected in Czech gen-
eral population (Table 1) and thirteen segregat-
ing alleles and forty-eight different genotypes
were detected in the Czech DM II patient group
{Table 2). The frequency distribution of alleles
at the VINTR site was, as expected, bimodal in
the Czech general population group. One mode
was around 35-VNTR and 37-VNTR allele. The
less frequent mode was observed at 47-VNTR
and 49-VNTR allele. Similar bimodality in the
allele distribution was described by others
{Boerwinkle et al 1989; Ludwig et al., 1989),
The bimodal distribution was not so apparent
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in the DM I patient group (Fig. 1). Mo devia- tween general population and the DM 11 patient
tions from Hardy-Weinberg equilibrium were  group by the t-statistic indicated a significant
detected in general population (P = 0.029), but  difference in the frequency of allele 41-VNTR
the frequency distributions of genotypes in the  (Fig. 1). Thus, the influence of allele 41-VNTR
DM I patient group were not in Hardy- in the genotype on plasma lipid levels (choles-
Weinberg equilibrium (P=0.01). The disequli-  terol, HDL-cholesterol and triglyceride) was
brium was caused, as expected, mainly by the  estimated. It was tested by non-parametric
occurance of a higher number of 35-/35-WVNTR  Kruskal-Wallis test. No significant differences

homozygotes. among the groups were found (Table 4).

The most common genotypes of the Apo B Our data suggest that the polymorphism of
3'VNTR in the DM II patient group and corre-  the Apo B 3"VNTR does not influence choles-
sponding lipid levels are given in Table 3. terol, HDL-cholesterol and triglyceride levels

The comparison of allele frequencies be-  in the Czech DM II patients.

Table 1: Genotype and allele frequency distributions at the Apo B 3"VNTR in Czech general population

Allele Number  Fre-
Length of alleles in bp of  guency

25 27T 0% XM 33 35 3 39 41 43 45 47 49 51 5} alleles
510 540 570 o000 630 660 o900 720 750 TR0 B10 B40 BT0 S00 930

25 - - - . 1 - - - - - - 1 - - - 2 0.5
27 - - 1 - - - . * B . - + s - 1 0.25
9 - | 2 3 1 - - - - | - - - g 20
3l 2 4 4 5 - 1 1 1 6 4 - - 31 7.75
33 3 8 B 3 = - 3 7 4 2 1 49 12.25
5 17 29 3 2 - 4 3 & 1 - 98 24.5
7 15 7 - 1 1 i 4 3 99 24.75
k] 5 - - 1 1 1 1 - 27 6.75
41 = . . = = * = 3 0.75
43 - - - - - - 2 0.5
45 I - I - - 13 325
47 3 1 - - 36 9.0
49 - 1 - 22 5.5
51 = - 8 2.0
53 - 1 0.25
Total 400 104}
Table 2: Genotype and allele frequency distributions at the Apo B 3’'VNTR in Czech DM 11 patients

Allele Number  Fre-

Length af alleles in bp of  guency

27 29 1 33 35 n kL 43 45 47 4% 51 alleles
540 570 600 630 660 690 720 750 TR0 E10 B40  HTO 900

7 . - - - . 1 - . . - - 1 - 2 0.7
9 1 - 1 1 1 - - - 1 - - - ] 2,82
31 2 5 2 6 - - - - - - 1 1% 6.34
13 4 4 9 2 3 I 3 I 1 - 40 14.08
15 13 9 1 2 1 2 2 1 - 51 17.96
a7 16 5 2 1 5 7 3 . 1 28.52
i9 . 2 - 1 - 1 . 12 423
41 k] - 1 1 i - 149 660
43 1 2 - 2 - 9 317
45 - - - . 15 528
47 1 2 . 12 4.23
49 - . 15 5.28
51 - 2 0.7

'[m:l, 284 104
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Fig. 1. Frequency distribution of the Apo B 3'VNTR alleles in Ceech general population and in Czech 1M1
patients

allele 15 27 19 31 33 is 37 39 41 43 45 47 49 51 51
-statistic 0.233 0376 0.486 0481 0432 0041 027 0.061=0.001 0006 0187 0000 O00 Q005 (399

Table 3: The most common genotypes of the Apo B 3'WNTR (frequency higher than 2% in the DM 1 patient
group and corresponding lipid levels

I¥NTR Number Relarive Triglyceride* Cholesterof* HIEA -l ®
genolype of carriers Srequency {mmald) {rmeldf) (rmmol/ 1)
(*5)

20433 3 2.1 I 46086 6.2£1.35 111004

3133 5 3.5 1.6£0.51 6.8121.68 1.3120).58
EITER) b 4.2 1.5320.92 5. Thex(.33 1.3£00.52
33733 4 28 1.1340.37 4.9420.67 1.3520,15
337315 4 28 5.35£3.24 6. T£1.08 1020029
3337 9 6.3 2.361.76 0.28=1.13 11820 38
3341 5 2.1 1.08£0.62 T.53%1.63 I.51=0.22
3345 3 2.1 1.3820.91 0.05x] .94 [ SR
35/35 13 9.2 1.97&1.96 6.4%x].31 I 4440035
15137 9 6.3 1.8741.09 6. 340,51 15820047
17037 6 1.3 2.00%].21 6.35£1.43 1.3420 56
3139 5 152 2.0940.6 6.2520,76 1.280 1K
348 5 152 3.83+3.32 72020063 1A 34
1747 7 4.493 2.66x].58 T.O04£1.066 1 32030
3749 3 2.1 3.07+£0.53 T.48£0.79 1.270.11
41141 3 2.1 0.71£8.29 8.57«3.14 | idxld, 20

*(patients on h;'pqllpldcmlc drugs were excluded
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Table 4: The influence of allele 41-VNTR in genotype on plasma lipid levels tested by the Kruskal-Wallis test (KW

test)
Total Number of genotypes
nuniher 415 41~ —f- KW rest P
Cholesteral 142 13 25 104 0212 08994
HDL-cholesterol 136 13 14 99 2.565 0.2773
Triglyceride 142 13 25 104 2799 01.2467
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ABSTRACT A sample of 200 unrelated individuals
from the Prague area representing the Cieech general popu-
lation was studied for the Apo B 3"VNTR (variable num-
ber of andem repeats) polymorphism. Polymorphisms at
the Apo B logi are associated with various manifestations
of diseases such as dyslipidemias, dyslipoproteinemias,
Diabetes Mellitus Type 11 (DM 1) The influence of the
Apo B 3IWNTHR alleles polymarphism on plasma lipid lev-
els (chalesterol, HDL-cholesterol, triglycerides) was stud-
ied in o sample of 142 unrelated DM 11 patients. The al-
lele distribution in Czech general population was in
Hardy-Weinberg equilibrium, in contrast to the Czech DM
11 patient group. Mo apparent association between the Apo
B VVNTR genotype and plasma lipid levels (cholesterol,

HDL-cholesteral, irnglycerides) was observed.
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