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Screening for mutations in exon 4 of the LDL
receptor gene: identification of a new deletion
mutation

Leonora Theart, Maritha J Kotze, Elzet Langenhoven, Odell Loubser,
Armand V Peeters, Caroline J Lintott, Russell S Scott

Abstract
DNA from 14 unrelated New Zealand fa-
milial hypercholesterolaemia (FH) het-
erozygotes, originating from the United
Kingdom, was screened for mutations in
exon 4 of the low density lipoprotein re-
ceptor (LDLR) gene. One patient was het-
erozygous for mutation D206E, which was
initially identified in South Africa. The
chromosomal background of this mutant
allele was compatible with that described
previously in Afrikaner and English
patients, suggesting that this mutation ori-
ginated in the United Kingdom. The 2 bp
deletion in codon 206 and mutations
D154N and D200G, previously reported in
English FH patients, were not detected in
this sample. In one of the patients, how-
ever, a new deletion of 7 bp was identified
after nucleotide 581 (or 582) in exon 4 of
the LDLR gene.
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Familial hypercholesterolaemia (FH) is caused
by mutations in the low density lipoprotein
receptor (LDLR) gene. Variation in the clinical
expression of heterozygous FH often com-
plicates the diagnosis of this autosomal dom-
inant disease, which is characterised by raised
LDL cholesterol levels and the presence of
tendon xanthomata and coronary heart disease
(CHD). Although accurate diagnosis of FH is
possible by means of molecular methods, their
use in heterogeneous populations is limited at
present owing to mutational heterogeneity of
the LDLR gene. In some parts of the world,
however, where specific FH related mutations
occur in a large proportion of patients, owing
to "founder effects" resulting from migration
and cultural or geographical isolation,"4 cost
effective DNA diagnosis ofFH can be applied.
We have previously reported on the value of a
molecular diagnostic service for FH in Af-
rikaners7 where three founder related LDLR
gene mutations are responsible for FH in up
to 90% of cases.5 Screening for these mutations
in other populations has shown that the D 1 54N
and D206E mutations in exon 4 of the LDLR
gene are likely to be of English origin, while
the V408M mutation in exon 9 of the gene
originated in the Netherlands.89

In this study we investigated the possibility
that specific LDLR gene mutations were in-
troduced from the United Kingdom to New
Zealand, thereby facilitating diagnosis of FH

at the genomic level. We screened polymerase
chain reaction (PCR) amplified'0 genomic
DNA from 14 unrelated subjects with hyper-
cholesterolaemia originating from the United
Kingdom for mutations in exon 4 of the LDLR
gene. This gene region appears to be par-
ticularly mutation prone and was found to be
mutated in about 8% of FH patients in the
United Kingdom.8'

Materials and methods
PATIENTS
The patient sample consisted of 14 apparently
unrelated hypercholesterolaemic subjects (nine
males, five females) attending the Lipid Dis-
orders Clinic at the Christchurch Hospital in
New Zealand (table). These study participants,
originating from the United Kingdom, were
diagnosed as FH heterozygotes based on the
presence of tendon xanthomata and a positive
family history of hypercholesterolaemia con-
sistent with autosomal dominant inheritance.
All patients had received previous extensive
dietary counselling, and were stabilised on diets
containing <30% of total energy as fat. All
patients were previously using hypolipidaemic
drug therapy, which was withdrawn six weeks
before baseline blood tests. All patients had
normal renal, hepatic, and thyroid function.
Blood samples for measurement of lipids were
obtained after a 12 hour fast following six weeks
on diet alone.

PLASMA LIPID AND LIPOPROTEIN
DETERMINATIONS
Levels of total plasma cholesterol (TC),
total triglycerides (TG), and HDL cholesterol
(HDLC) were determined in the Hunter-Nye
Lipid Laboratory in Dunedin (NZ). TC and
TG were measured in plasma and plasma frac-
tions using enzymatic kits (Boehringer Mann-
heim) and controls from the Australian Lipid
Standardisation programme. HDLC was
measured in the supematant obtained after
precipitation of lipoproteins containing
apolipoprotein B from plasma. Plasma
LDL cholesterol (LDLC) was calculated
by the Friedewald equation (LDLC=TC-
(HDLC +TG/2 18).

LOW DENSITY LIPOPROTEIN RECEPTOR
FUNCTION
LDLR function was assessed using the method
of Cuthbert et al. 12 Peripheral blood lym-
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Clinical and demographic characteristics of 14 study participants

Patient Sex Age (y) TC TG HDLC LDLC XMTA CHD

(mmcliill)

FH1 F 69 98 10 1-8 7-4 + +
FH2 F 43 85 09 1-2 6-9 + -
FH3 M 31 8-9 14 1-3 6-9 + -
FH4 M 55 7-1 1-0 1-0 5-6 + -
FH5 M 67 7-4 2-0 0-9 5-5 + +
FH6* F 62 10-3 1-4 1-0 86 + -
FH7 F 46 7-4 0-8 1-2 59 + -
FH8* M 44 12-9 1-7 1-2 10-9 + +
FH9 M 70 10-1 12 1-4 8-2 + -
FH10 M 43 9-8 1-1 1-2 8-1 + -
FHll F 22 8-7 1-6 1-8 6-2 + -
FH12 M 41 9-9 1-8 12 79 + -
FH13 M 35 7.3 11 1-4 5.4 + -
FH14 M 38 116 18 11 9-6 + +

* Molecularly characterised FH heterozygotes.
Diet treated lipid levels are given for total cholesterol (TC), triglycerides (TG), high density lipoprotein cholesterol (HDLC), and
low density lipoprotein cholesterol (LDLC).
XMTA, tendon xanthomas; CHD, coronary heart disease.

phocytes were isolated from 10 ml of EDTA
anticoagulated blood. In each well 5 x 103 cells
were cultured in RPMI 1640 medium sup-

plemented with 1% lipoprotein poor plasma
and 0 5 jtg/ml of phytohaemagglutinin. Me-
vinolin (0 5 jtmol/l) was included in all cultures
except for control wells which contained
DMSO. Human LDL isolated from nor-

mocholesterolaemic subjects was added at con-
centrations between 0 and 5,ug/l to triplicate
wells. Each control culture was treated ident-
ically and with similar concentrations of LDL.
After 96 hours incubation, 1 ptCi [H3] -thy-
midine was added and a further 18 hour in-
cubation was carried out. Cells were then
harvested and [H3]-thymidine incorporation
into DNA was measured by scintillation count-
ing for one minute.
The percentage of mevinolin inhibition was

calculated and data were plotted using the
sigma Plot computer program. The assay de-
sign allowed the measurement of receptor
function from lymphocytes isolated from a

maximum of three different hyperlipidaemic
subjects together with an internal control pro-
vided by a healthy normocholesterolaemic sub-
ject. Patients with normal LDLR function (four
of the initial 18 study participants) were ex-

cluded from this study and were screened for
mutations in the apolipoprotein (apo) B-100
gene'3 14 causing familial defective apo-
lipoprotein B-100 (FDB).

ANALYSIS OF GENOMIC DNA

Genomic DNA was extracted from peripheral
blood samples and exon 4 of the LDLR gene
amplified by the PCR methodl' using two pairs
of oligonucleotide primers"1516:

5'half: 5'-CATCCATCCCTGCAGCCCC-3'(H)
5'-GGGGTCGTTGTCGCAGGCCC-3'(4-3)

3'half: 5'-CGAGGCCTCCTGCCCGGTGCTCACC-3'(42)
5'-GGGACCCAGGGACAGGTGATAGGAC-3'(U).

PCR conditions were according to Kotze et

al,5 except that the 5' half of exon 4 was amp-
lified at an annealing temperature of 63°C.

Aliquots of amplified 3' exon 4 DNA of the
LDLR gene were digested with DdeI, MboII,
or MspI, in order to screen for the D206E,

D154N, or D200G mutations respectively.51'
Samples were electrophoresed for two hours
at 100V on 3% Metaphor gels (FMC Bio-
products), stained with ethidium bromide, and
photographed under ultraviolet light.

Directly after PCR amplification, 5 pl ali-
quots of the 5' half and 3' half exon 4 LDLR
gene products from subjects normal for the
three above mentioned mutations were mixed
with an equal volume of gel loading buffer
(95% formamide, 20 mmol/l EDTA, 0 05%
bromophenol blue, 0-05% xylene cyanol) and
electrophoresed on a 30 cm vertical and 1 mm
thick low cross linking (1 %C) 10% poly-
acrylamide gel supplemented with 15% urea. 7
Electrophoresis was performed in 0-6 TBE at
room temperature (<30°C) at 800 V for five to
six hours. The gel was stained in a solution of
0-6 x TBE containing 1 jtg ml-' ethidium bro-
mide.

After detection of altered heteroduplex bands
characteristic of a small deletion in the 3' half
of exon 4 in one subject, the remaining PCR
product was electrophoresed overnight on a
standard 5% polyacrylamide gel at 150V to
obtain adequate separation of the normal and
mutant alleles. The faster migrating mutant
allele (homoduplex) was excised from the gel
and eluted overnight in TE (1O mmol/l Tris-
Cl, 1 mmol/l EDTA (pH 80). Before re-
amplification of an aliquot of the eluate with
the set of 3' half primers (see above), primer
4-2 was phosphorylated at its 5' end. Single
stranded templates were prepared by using a
PCR preparation kit according to the man-
ufacturer's (Pharmacia Biotechnology, Upp-
sala, Sweden) instructions and sequenced with
T7 DNA polymerase (T7 sequencing kit, Phar-
macia Biotechnology).

Haplotype analyses were performed using
four intragenic LDLR gene polymorphisms:
the SmaI restriction fragment length poly-
morphism (RFLP) in intron 7,18 the StuI RFLP
in exon 8,'9 the AvaII RFLP in exon 13,2° and
the NcoI RFLP in exon 18.21 Genotypes at the
polymorphic sites were determined by re-
striction enzyme digestion of PCR amplified
DNA and gel electrophoresis. FH associated
haplotypes were deduced by homozygosity for
the polymorphisms analysed.
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Screening for mutations in exon 4 of the LDL receptor gene
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Results
The clinical and demographic c:
of the study population are sumn
table. All 14 patients showed redu
function consistent with heterc
Analysis of band patterns of PC
exon 4 DNA ofthe patients after d
DdeI, MboII, or MspI showed th
heterozygous for the D206E mut
typing at four polymorphic sites
this patient was homozygous fi
(+ +), StuI (+ +) and, AvaII (-
and heterozygous for the NcoI (
The chromosomal background
change at nucleotide 681 was thu
with the originally described mut

Heteroduplex analysis of PC
amplified from the 5' half (21L
half (330 bp) of exon 4 did not
mobility bands characteristic of p
scribed mutations. In FH8, how(
of the 330 bp fragment showed
migrating heteroduplex bands ar
migrating homoduplex band (fig
DNA sequence analysis of the fas
mutant allele of this patient sh
deletion (TAGCCCC or AGC
tween nucleotides 581 (or 582)
590) (figure). This deletion causer
mutation, whereby a truncated p
first 173 residues of the LDLR
ditional eight abnormal residues (.
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codon (codon 182) would be creal
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indicating that the 7 bp deletion

with haplotype SmaI -/StuI + /AvaII + INcoI +
of the LDLR gene.

Discussion
We screened 14 New Zealand patients pre-
senting with primary hypercholesterolaemia
and clinical signs of cholesterol deposition for
mutations in exon 4 of the LDLR gene. Mut-
ations in this region of the gene were found to
underly FH in about 8% of patients in the
United Kingdom,8"' from where the study

Abnormal population originated. Furthermore, more than
allele 20% of the point mutations and small re-

arrangements reported to date reside in exon
4,22 including the first molecularly char-

G A TCc acterised de novo mutation.23
4* In our study population one patient was

heterozygous for the previously described
D206E mutation, and her genotype was con-
sistent with the mutation being carried on the
same haplotype as was reported originally in a
South African FH homozygote.'524 This muta-
tion, occurring in the majority of affected Af-
rikaners (~ 60%),' gives rise to a relatively mild
form of FH.25 Subsequent detection of this
mutation in FH patients of English ancestry in

itation in exon 4 the United Kingdom,8 the Netherlands,9 North
Iysis in a America,22 and now also in New Zealand, in-
encing. Left, dicates that the mutation originated in the

United Kingdom. This view is further sup-
ported by the haplotype analyses that were
conducted in the respective studies.
The new mutation identified in exon 4 in-

volves a 7 bp deletion after nucleotide 581 (or
haracteristics 582) in the LDLR gene. This mutation has
iarised in the not been observed in 500 normal chromosomes
iced receptor screened by heteroduplex analysis (data not
)zygous FH. shown), and is consistent with the FH pheno-
.R amplified type and reduced receptor function observed
ligestion with in FH8. If the RNA is spliced normally, the
iat FH6 was deletion can be expected to lead to a frameshift
:ation. Geno- and stop codon, and the resulting truncated
showed that protein is likely to be rapidly degraded in the
or the SmaI cell. Further evidence for the dysfunctional
- -) RFLPs, nature of the deletion mutation is the fact that
+-) RFLP.
of the base

is compatible
ant allele.
tR products
5 bp) and 3'
show altered
oreviously de-
ever, analysis
two slower

id one faster
gure). Direct
ter migrating
owed a 7 bp
CCCT) be-
and 589 (or
s a frameshift
)rotein of the
with an ad-
Ala-Arg-Pro-
mature stop
ted. FH8 was
Ps analysed,
is associated

it occurred in the highly conserved apo-
lipoprotein (apo) E/apo B binding repeat 5 of
the LDLR.26 Repeat 5 is unique among the
seven ligand binding repeats in that its struc-
tural integrity is required for binding of both
the receptor's ligands. Binding of apo B-100
of LDL requires the integrity of repeats 2 to
7, whereas binding of apo E of P-VLDL is
determined predominantly by repeat 5.27

In summary, two of the 14 FH patients
analysed in this study were heterozygous for
mutations in exon 4 of the LDLR gene, and
haplotype data indicated that mutation D206E
was introduced from the United Kingdom to
New Zealand. Ofthe initial study population of
18 lipid clinic patients, three clinically affected
cases exhibiting normal LDLR activity were
heterozygous for the apo B3500 mutation causing
FDB (H Lu et al, submitted). These resulted
in a total of 5/18 (28%) patients having the
molecular basis of their hypercholesterolaemia
determined. Owing to the small numbers ana-
lysed, we cannot deduce whether the mutations
in the study population are representative of
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those that will be found in other FH patients
in New Zealand. Future screening for the new
7 bp deletion identified in this study, as well as

the point mutations detected in the LDLR
and apo B genes, will allow frequency de-
termination of the respective mutations. Fur-
thermore, DNA screening of additional family
members for known mutations will be of par-

ticular importance in children and young adults
without tendon xanthomas, where prevention
of symptomatic FH can be achieved by low-
ering of CHD risk factors early in life. Such
screening can be performed cost effectively
by heteroduplex analysis in low cross linked
polyacrylamide gels. 1728
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