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An exon 4 mutation identified in the majority of South
African familial hypercholesterolaemics

M J Kotze, L Warnich, E Langenhoven, L du Plessis, A E Retief

Abstract
The prevalence of familial hypercholesterolaemia
(FH) is significantly higher in the Afrikaans speak-
ing population (Afrikaners) of South Africa than
reported in most other populations. A founder gene
effect has been proposed to explain the high FH
frequency, implying that the same low density
lipoprotein (LDL) receptor gene defect is present in
the majority of affected Afrikaners. By using DNA
amplification and sequence determination, we have
detected a point mutation in DNA from two
Afrikaner FH homozygotes. A cytosine to guanine
base substitution at nucleotide position 681 of the
LDL receptor cDNA results in an amino acid
change from aspartic acid to glutamic acid at
residue 206 in the cysteine rich ligand binding
domain of the LDL receptor. Since three previously
mapped transport deficient alleles of the LDL
receptor were also traced to cysteine rich repeats of
the protein, these results suggest that the mutation
is responsible for the receptor defective mutation
predominantly found in Afrikaner FH homozygotes.
The mutation gives rise to an additional DdeI
restriction site in DNA of affected subjects and
segregation of the mutation with the disease was
confirmed in five large Afrikaner FH families. We
predict that 65% ofaffected South African Afrikaners
carry this particular base substitution. Amplification
of genomic DNA, using the polymerase chain
reaction method, and restriction enzyme analysis
now permit accurate diagnosis of the mutation in
subjects with FH.

Mutations in the gene for the low density lipoprotein
(LDL) receptor cause familial hypercholesterolaemia
(FH), a common autosomal dominant disease.'
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Subjects inheriting two mutant LDL receptor genes
(FH homozygotes) have no normal receptors and their
cholesterol levels are about four times the normal.
Coronary artery atherosclerosis usually manifests
before the age of 10 in homozygotes and they
frequently suffer heart attacks in childhood. In FH
heterozygotes inheriting one mutant gene, only half of
the LDL receptors are normal, resulting in reduced
clearance of LDL from the circulation. Plasma
concentrations of LDL are approximately twice the
normal value in these patients and they typically
suffer heart attacks in their fourth to seventh decade
of life.
The prevalence of heterozygous FH appears to be

approximately 1 in 500 among the general population
of most countries,' but in the South African Afrikaans
speaking population (Afrikaners), however, FH
occurs at a five to 10 times higher frequency.2 LDL
receptor studies of South African FH homozygotes
have shown a predominance of a receptor defective
mutation of the 'slow maturation' type3 and this
finding correlates with a founder gene effect.4 A
similar mutation appears to be responsible for the
disease in the Watanabe heritable hyperlipidaemic
(WHHL) rabbit and an FH family and in both gene
defects were identified in exon 4 of the LDL receptor
gene.5 6
The analysis ofLDL receptor gene mutations at the

molecular level was made possible by the cloning of
the normal LDL receptor gene7 8and the availability
of cloned gene probes. A study of restriction fragment
length polymorphism (RFLP) haplotype associations
at the LDL receptor gene locus in Afrikaner FH
families has shown a predominant association of two
haplotypes with the disease.9 '0 In 70% ofFH families
studied, the defective gene cosegregated with the rare
allele of a NcoI RFLP," while the rare allele of a Stul
RFLP12 segregated with FH in 20% of the families.
This association was further confirmed by haplotype
studies in 27 unrelated FH homozygotes. Twenty-
four were homozygous for the NcoI haplotype, while
three were heteroallelic for the NcoI and StuI
haplotypes.
We recently reported on two LDL receptor gene

mutations associated with FH in a number of
Afrikaner FH patients. 13 14 A guanine to adenine base
substitution in exon 4 seemed to be the molecular
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defect in FH patients with the associated rare StuI
allele. The second mutation, a guanine to adenine
base transition in exon 9, was identified in FH
homozygotes with the NcoI associated haplotype. In
screening for these mutations in Afrikaner FH
patients, it was observed that in at least half of the
patients these mutations were not present. We
consequently used the polymerase chain reaction
(PCR)'5 method to amplify genomic DNA from an
FH homozygote, homoallelic for the NcoI associated
haplotype but normal for the mutation in exon 9, to
permit analysis of these sequences without previous
cloning. Direct DNA sequence analysis of the PCR
amplified DNA showed a point mutation at the 3' end
of exon 4 in the LDL receptor gene. Segregation of
the mutation with the disease was confirmed in five
FH families. Restriction enzyme analysis of genomic
DNA, enzymatically amplified using synthetic oligo-
nucleotides specific for exon 4, now permits accurate
diagnosis of this mutation in affected subjects.

Materials and methods
SUBJECTS
The homozygous and heterozygous FH patients and
normocholesterolaemic subjects studied have been
described previously.9 '0 DNA sequence analysis was
performed in two clinical FH homozygotes (FH 840
and 835), homoallelic for the NcoI haplotype.
Pedigree analyses were performed in five FH families
in whom the rare allele of the NcoI RFLP segregates
with the disease. Methods used in determination of
lipoproteins and preparation of DNA have been
described elsewhere.9

DNA SEQUENCING OF INTRON 4 (5' END)
To PCR amplify exon 4 from the 5' to 3' end for DNA
sequence analysis, we needed oligonucleotide primers
flanking the exon. The dideoxy chain terminating
method'6 and oligonucleotide primer T (see below)
were used to sequence the 5' end of intron 4 in the
recombinant clone lambda FH 8-30.'7 The sequence
data were used for the synthesis of oligonucleotide
primer U (see below).

DNA AMPLIFICATION
The following oligonucleotide primers were syn-
thesised (Beckman Instruments) for amplification of
exon 4 of the LDL receptor gene:

5'to 3': 5'-CATCCATCCCTGCAGCCCCC-3'(H)
5'-CGACTGCGAAGATGGCTCGGA-3' (T)

3' to 5': 5'-GGGACCCAGGGACAGGTGATAGGAC-3' (U).

Genomic DNA amplification with the Taq poly-
merase (Amersham International) was performed
according to a modification of the procedure described

by Saiki et al. l Target sequences were amplified in 1
x reaction buffer (10 x buffer: 10 mmol/l Tris-HCl,
pH 8-3, 50 mmol/l KCI, 1-5 mmol/l MgCI2, 001%
(w/v gelatine) in a 100 Ml reaction volume containing 1
,tg of genomic DNA, 0-2 mmol/l each deoxyadenosine
triphosphate, deoxycytosine triphosphate, deoxy-
guanosine triphosphate, and deoxythymidine tri-
phosphate, and 100 pmol of each oligonucleotide
primer. Samples were covered with a drop of mineral
oil, heated at 96°C for 10 minutes to denature the
DNA, and allowed to cool at 56°C for one minute.
One unit of Taq polymerase was added to each
sample which was then transferred to 72°C for two
minutes for primer directed DNA synthesis. Sub-
sequent rounds consisted of a one minute denaturation
step at 92°C, a one minute primer annealing step at
55°C, and an extension step at 72°C for two minutes.
A total of 35 cycles was performed in a Hybaid
heating block.
The PCR products from DNA of FH patients and

control subjects were used for either direct DNA
sequencing or restriction enzyme analysis.

DNA SEQUENCING OF PCR AMPLIFIED DNA
DNA fragments were sequenced by the dideoxy chain
termination method,'6 using the above oligonucleo-
tide primers specific for exon 4 and a commercial kit
(Taq Track, Promega). The sequences obtained in
FH homozygotes were compared to sequence data
from normal control subjects and the sequence
published for exon 4 of the LDL receptor gene.7

RESTRICTION ENZYME ANALYSIS OF PCR AMPLIFIED DNA
Aliquots (50 Fld) of the DNA samples, amplified with
primers T and U, were digested with five units of
DdeI, subjected to gel electrophoresis in 8% poly-
acrylamide gels, and visualised by ultraviolet fluor-
escence after staining with ethidium bromide. The
sizes of the resultant DNA fragments after DdeI
digestion were deduced by comparison with a
standard marker (0174 DNA digested with HaeIII).

Results
DNA SEQUENCING
Sixty nucleotides at the 5' end of intron 4 were
sequenced in a recombinant clone lambda FH 8-30,'7
containing exons 4 to 11 of the LDL receptor gene.
The sequence obtained was used for the synthesis of
oligonucleotide primer U (5'-GGGACCCAGGG
ACAGGTGATAGGAC-3'). PCR amplification of
exon 4 sequences from genomic DNA of two FH
homozygotes, using oligonucleotides U and H,8
produced a 450 bp DNA fragment. Direct DNA
sequence analysis of the fragment using oligonucleo-
tide T, specific for the middle portion of exon 4,7
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Exon 4

I I
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Figure 1 Gel electrophoresis ofDdeI digested, PCR amplified exon 4 DNA. Lanes: (1) DNA from a normal control. (2) DNA
from an FH heterozygote. (3) DNA from a homoallelic FH homozygote. (4) DNA from a heteroallelic FH homozygote.

showed a single base substitution at the 3' end of exon
4 in the LDL receptor gene. A cytosine was replaced
by a guanine at nucleotide position 681 in the FH
patients, changing amino acid 206 from aspartic acid
to glutamic acid. The mutation was observed by
comparing the sequence data of exon 4 in the affected
subjects with the sequence published for the LDL
receptor cDNA7 and the sequences obtained in
normal controls. From these data we deduced that D+- D-- D-- D-- D+- C
the substitution of a guanine for a cytosine will result
in an additional DdeI restriction endonuclease b FH male and fem
recognition site in mutated alleles of affected subjects. D+- D-- D.- (heterozygous)

nale

ANALYSIS OF DdeI DIGESTED GENOMIC DNA

Fig 1 illustrates DNA restriction patterns after DdeI
digestion of PCR amplified genomic DNA (using
oligonucleotides T and U) and gel electrophoresis of
the products. The digestion of DNA from a normal
control subject resulted in fragments of 100 and 134
bp (lane 1). The presence of an additional DdeI
restriction site in the mutated allele was confirmed in
DNA from an FH homozygote, where the 134 bp
fragment was cleaved into two fragments of 64 and
70 bp (lane 3). DNA from an FH heterozygote (lane
2) or a heteroallelic FH homozygote (lane 4) shows the
constant 100 bp fragment, together with the 134 bp,
70 bp, and 60 bp fragments, indicating heterozygosity
for the exon 4 mutation.

ANALYSIS OF THE MUTATION IN NORMAL AND FH
FAMILIES
The mutation at the 3' end of exon 4 in the LDL
receptor gene was studied in five informative FH
families (15 normal and 23 affected offspring). The
presence of the mutation, as seen by an additional
DdeI restriction site in the amplified DNA of affected
subjects, correlates with high LDL cholesterol levels
in these patients. An example of one family is shown
in fig 2. These data, together with the absence of the

Figure 2 Segregation ofFH and the mutant allele ofthe LDL
receptor gene in afamily with the disease. PCR amplifiedDNA
from family members was digested with DdeI (D) and
electrophoresed in 80/o polyacrylamide gels. The normal allele is
indicated by the absence (-) ofa DdeI restriction site and the
mutant allele by the presence (+) ofthe site.

mutation in 12 unrelated normal subjects, suggest
that the exon 4 mutation causes the disease in the
affected family members.

FREQUENCY OF THE MUTATION IN FH PATIENTS
To estimate the frequency of the 3' end exon 4
mutation among Afrikaner FH heterozygotes, we
screened DNA samples from 40 unrelated subjects
who were classified clinically as having the hetero-
zygous form of FH.9 Of these, 26 were found to have
the mutation, indicating that approximately 65% of
Afrikaner FH heterozygotes have this particular LDL
receptor gene mutation. The predominance of the 3'
end exon 4 mutation in Afrikaner FH patients was
further confirmed by restriction enzyme analysis of
DNA from 26 FH homozygotes. Of these 'unrelated'
homozygotes who were screened, 13 were found to
have the mutation in the heterozygous form, while 10
were homozygous for the mutation (63% of the alleles
studied). Although the founder origin for FH among
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Afrikaners4 implies that affected subjects could have
been related many years ago, none of the family units
studied was known to be related at the level of first or
second cousins.

Discussion
At least four different classes of LDL receptor gene
mutations, based on measurements ofLDL receptors
found on the surface of cultured fibroblasts, can be
distinguished.'9 In the first receptor negative class,
the mutant gene fails to synthesise functional LDL
receptor proteins. In class 2 mutations, the defective
receptors are synthesised, but are not processed to the
mature form or transported to the cell surface. Class 3
mutations are those in which the receptors fail to bind
LDL normally and class 4 mutations encode inter-
nalisation defective LDL receptors. A variant of the
class 2 mutation, which produces receptors that are
converted to the mature form at an abnormally slow
rate, has been identified in WHHL rabbits and in
several FH homozygotes,5 including three South
Africans.3 19 Yamamoto et aP reported that the gene
mutations in both the WHHL rabbits and an FH
patient with the variant receptor defective mutation
involve small in frame deletions in exon 4 of their
LDL receptor genes. Exon 4 of the LDL receptor
gene was subsequently selected for analysis because of
the presence of these known mutations in the cysteine
rich region of the gene that cause disruption of LDL
receptor transport to the plasma membrane.

In order to amplify exon 4 from the 5' to 3' end
using the PCR method, oligonucleotide primers
outside the coding sequence were needed. The
sequence for the synthesis of the 3' end oligonucleo-
tide primer was obtained by sequencing 60 nucleo-
tides at the 5' end of intron 4 in the genomic clone
lambda FH 8-30. '7 PCR amplification and sequencing
of genomic DNA from two FH homozygotes, using
the 3' and 5' end8 oligonucleotide primers for exon 4
of the LDL receptor gene, detected a cytosine to
guanine base substitution at nucleotide position 681 of
the cDNA. This mutation was found in 65% of
Afrikaner FH heterozygotes and occurred in the
homozygous form in 13 patients from 10 different
families. In total, 92 defective LDL receptor genes
were analysed in the Afrikaner FH population, of
which 59 (64%) show the 3' end exon 4 mutation.
Studies are currently under way to determine the
population frequencies of the mutations in exon 9 and
the middle portion of exon 413 14 in the remaining
Afrikaner FH patients.
The above results indicate that the 3' exon 4 point

mutation accounts for the majority of LDL receptor
gene mutations among the Afrikaans speaking FH
population in South Africa. The cytosine to guanine
base substitution at nucleotide position 681, resulting
in a substitution of a glutamic acid for an aspartic acid

at residue 206, has so far not been observed in any
other ethnic group. Although it remains to be
investigated whether this amino acid change in exon 4
causes a similar transport deficient mutation, as was
described for the exon 4 deletions in WHHL rabbits
and FH patients,S 6 it may be expected to represent
the receptor defective mutation predominantly found
in Afrikaner FH homozygotes.3 19 To date three of
the four transport deficient alleles described at the
LDL receptor gene have been traced to cysteine rich
repeats of the protein.6 20 21 The mutation described
in this study does not remove any of the cysteine
residues in the LDL receptor protein, but its presence
is likely to have a marked effect on the folding pattern
of the cysteine rich domain, in such a way that the
formation of proper disulphide bonds are prevented.
Although it is at present not clear whether the aspartic
acid to glutamic acid change at residue 206 is directly
related to the functional defect of the LDL receptor in
subjects with the mutant allele, family studies on the
segregation of this allele strongly suggest that the
mutation in exon 4 causes the disease in affected
family members. However, recreation of the mutation
in expressible cDNAs and transfection studies will be
necessary to confirm that the mutation results in an
abnormally processed receptor protein.
The identification in Afrikaner FH patients of the

point mutation at the 3' end of exon 4, together with
those in exon 9 and the middle of exon 4,13 14
indicates that the high frequency of FH in South
Africa is caused by three founder genes. Ampli-
fication of genomic DNA from blood and tissue
samples by the PCR method, using synthetic oligo-
nucleotides specific for exons 4 and 9, now permits
accurate diagnosis of these mutations by restriction
enzyme analysis. It will also be possible to use this
method to screen unselected subjects of Afrikaner
ancestry to determine the frequencies of these
mutations in the population.
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