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Low-density lipoprotein receptor gene polymorphisms

Polymorphisms of the low-density
lipoprotein receptor gene in Brazilian
individuals with heterozygous familial
hypercholesterolemia
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Abstract

Familial hypercholesterolemia (FH) is a metabolic disorder inherited
as an autosomal dominant trait characterized by an increased plasma
low-density lipoprotein (LDL) level. The disease is caused by several
different mutations in the LDL receptor gene. Although early identifi-
cation of individuals carrying the defective gene could be useful in
reducing the risk of atherosclerosis and myocardial infarction, the
techniques available for determining the number of the functional
LDL receptor molecules are difficult to carry out and expensive.
Polymorphisms associated with this gene may be used for unequivocal
diagnosis of FH in several populations. The aim of our study was to
evaluate the genotype distribution and relative allele frequencies of
three polymorphisms of the LDL receptor gene, HincII1773 (exon 12),
AvaII (exon 13) and PvuII (intron 15), in 50 unrelated Brazilian
individuals with a diagnosis of heterozygous FH and in 130
normolipidemic controls. Genomic DNA was extracted from blood
leukocytes by a modified salting-out method. The polymorphisms
were detected by PCR-RFLP. The FH subjects showed a higher
frequency of A+A+ (AvaII), H+H+ (HincII1773) and P1P1 (PvuII)
homozygous genotypes when compared to the control group (P<0.05).
In addition, FH probands presented a high frequency of A+ (0.58), H+
(0.61) and P1 (0.78) alleles when compared to normolipidemic indi-
viduals (0.45, 0.45 and 0.64, respectively). The strong association
observed between these alleles and FH suggests that AvaII, HincII1773

and PvuII polymorphisms could be useful to monitor the inheritance
of FH in Brazilian families.
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Familial hypercholesterolemia (FH) is a
common autosomal dominant disease with
an estimated world prevalence of 0.2% (1).
It is caused by defects in the gene coding for
the low-density lipoprotein receptor (LDLR)
preventing normal clearance of plasma LDL.
The disease is clinically characterized by
elevated LDL-cholesterol (LDL-C) levels in
blood, tendon xanthomas, and premature
coronary heart disease (1). However, these
symptoms are not always present, especially
in children, and hence do not allow an un-
equivocal diagnosis. As an appropriate diet
and drug treatment of FH patients can reduce
their risk of future coronary heart disease, it
would be advantageous to identify the af-
fected subjects before the onset of clinical
symptoms. Thus, molecular characterization
of the LDLR gene appears to be a useful tool
for diagnosis. It has been demonstrated that
the disease is caused by several different
mutations in the LDLR gene (2-5). Although
the early identification of individuals carry-
ing the defective gene could be useful in
reducing the risk of atherosclerosis and myo-
cardial infarction, the available techniques
for determining the number of the functional
LDLR molecules are difficult and expen-
sive. However, several authors have shown
that polymorphisms associated with this gene
may be used to monitor the inheritance of the
defective allele in FH families (6-8).

In the present study, we report the geno-
type distribution and the relative allele fre-
quencies for three polymorphisms of the
LDLR gene, HincII1773 (exon 12), AvaII (exon
13) and PvuII (intron 15), in 50 unrelated
Brazilian individuals clinically diagnosed as
FH heterozygotes and in 130 normolipidemic
controls.

The subjects were selected according to
the following criteria: normolipidemic con-
trols had total cholesterol levels £5.7 mmol/
l with LDL-C <4.0 mmol/l, triglycerides £1.8
mmol/l, and a negative family history of
hyperlipidemias, coronary heart disease, or
other clinical signs of atherosclerosis. FH

patients had total cholesterol levels ³7.5
mmol/l with LDL-C ³5.2 mmol/l, a triglyc-
eride level not exceeding 2 mmol/l, plus two
of the following: tendon xanthomas in the
proband or in one or more first degree rela-
tives, hypercholesterolemic children in the
family, cholesterol levels ³7.5 mmol/l in two
or more family members, and a family his-
tory of coronary artery disease in one or
more first or second degree relatives younger
than 50 years, and absence of the 3500 muta-
tion, characteristic of familial defective apo-
lipoprotein B-100 (9). All subjects gave in-
formed consent to participate in the study.

Serum lipid and lipoprotein concentra-
tions were determined after an overnight
(>12 h) fast by standard procedures. Genom-
ic DNA was extracted from peripheral blood
leukocytes by a salting-out procedure (10).
The 3500 mutation in the apolipoprotein B-
100 gene was detected according to the pro-
cedure described by Cavalli et al. (11). The
AvaII, HincII1773, and PvuII polymorphic sites
of the LDLR gene were detected by PCR-
RFLP, according to previously described
procedures (12,13). Allele frequencies and
genotype distribution for each polymorphic
site were estimated by gene counting. Chi-
square analysis was used to test Hardy-
Weinberg equilibrium and for comparison
of allele frequencies and genotype distribu-
tion between the studied groups, with the
level of significance set at 5%.

Clinical details, lipid and lipoprotein con-
centrations (mean ± SD) in serum from 50
unrelated Caucasian FH subjects and 130
normolipidemic controls are shown in Table
1. As expected, serum total cholesterol, tri-
glyceride and LDL-C concentrations were
higher in FH subjects (P<0.0001). HDL-C
concentrations were similar for the two
groups.

All subjects, FH and controls, showed
absence of the 3500 mutation in the apolipo-
protein B-100 gene.

Table 2 gives the genotype distribution
and the relative allele frequencies for FH
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patients and controls for the polymorphisms
studied. None of the genotype distributions
differed significantly from the one expected
for a sample in Hardy-Weinberg equilib-
rium. The FH patients showed a greater fre-
quency of A+A+ (AvaII), H+H+ (HincII1773)
and P1P1 (PvuII) homozygous genotypes
when compared to the normolipidemic con-
trols (c2 = 7.07, P = 0.0292; c2 = 8.92, P =
0.0116 and c2 = 10.1, P = 0.0064, respec-
tively). In addition, FH probands presented a
high frequency of A+, H+ and P1 alleles
when compared to normolipidemic individu-
als (Table 2). However, the relative allele
frequencies found in the Brazilian FH pa-
tients were similar to those for other FH
individuals from Caucasian populations (6-
8).

In conclusion, the strong association ob-
served between A+, H+ and P1 alleles and
FH suggests that AvaII, HincII1773 and PvuII
polymorphisms of the LDLR gene could be
useful as genetic markers to monitor the
inheritance of familial hypercholesterolemia
in Brazilian families. However, family stud-
ies are required to support this assumption.
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Table 1 - Clinical details of Brazilian heterozygous familial hypercholesterolemia (FH)
patients and normolipidemic controls.

Values are reported as mean ± SD. ns, Nonsignificant (Student t-test).

FH Controls P

N (female/male) 50 (40/10) 130 (85/45)
Age (years) 50.0 ± 8.3 54.1 ± 8.8 ns
Body mass index (kg/m2) 28.4 ± 4.7 26.6 ± 6.0 ns
Total cholesterol (mmol/l) 11.4 ± 1.7 4.4 ± 0.6 <0.0001
Triglycerides (mmol/l) 1.3 ± 0.4 1.0 ± 0.4 <0.0001
HDL-cholesterol (mmol/l) 1.2 ± 0.2 1.3 ± 0.3 ns
LDL-cholesterol (mmol/l) 9.7 ± 1.8 2.7 ± 0.6 <0.0001
Presence of xanthomas (%) 60 0
Positive family history of premature 90 0
atherosclerosis (%)

Table 2 - Comparison of genotype distribution and relative allele frequencies of three
polymorphisms of the LDLR gene in Brazilian individuals with heterozygous familial
hypercholesterolemia (FH) and normolipidemic controls (NC).

a+/- Indicates presence/absence of a restriction site; bP1/P2 indicates absence/pres-
ence of a restriction site.

Polymorphism Genotype distribution (%) Allele frequency

AvaIIa A+A+ A+A- A-A- A+ A-
FH (N = 50) 34 48 18 0.58 0.42
NC (N = 130) 16 58 26 0.45 0.55

c2 = 7.07 (2 d.f., P = 0.0292) c2 = 4.38 (1 d.f., P = 0.0364)

HincII1773
a H+H+ H+H- H-H- H+ H-

FH (N = 50) 35 52 13 0.61 0.39
NC (N = 130) 18 55 27 0.45 0.55

c2 = 8.92 (2 d.f., P = 0.0116) c2 = 6.77 (1 d.f., P = 0.0093)

PvuIIb P1P1 P1P2 P2P2 P1 P2
FH (N = 50) 64 29 7 0.78 0.22
NC (N = 130) 38 52 10 0.64 0.36

c2 = 10.1 (2 d.f., P = 0.0064) c2 = 5.99 (1 d.f., P = 0.0144)
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