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LDL receptor gene polymorphisms

Pairwise PIC values were calculated from the
observed frequency of the haplotypes in the control
population. For subjects heterozygous for both
polymorphisms, the relative frequency of the two
possible haplotypes was determined from the
frequency of the unambiguously observed haplo-
types, using an estimation maximisation algorithm.

STATISTICAL ANALYSIS

x? analysis was used to test the hypothesis of random
association between the alleles of two particular
RFLPs. Statistical significance was considered to be
at the 0-05 level. The lipid variables were corrected
for height, weight, age, and sex differences by
polynomial regression. One way analysis of variance
was used to test for association of the RFLPs with
phenotypic variation. Analysis was carried out
using the MINITAB program (State College,
Pennsylvania).

Results

The LDL receptor gene fragments detected by the
3’ receptor cDNA probe in Southern blot hybridisa-
tions using the four different enzyme digests are
shown in fig 1. Fig 2 shows a map of the 3’ half of the
LDL receptor gene with positions of the varying
enzyme sites marked and the approximate sizes of
the hybridising fragments shown below the map.
The varying Stul site is the nearest to the 5’ end of
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the gene, while the Apall and Pvull varying sites
are close together in intron 15. Our preliminary
mapping data indicate that the varying Ncol site is at
the 3’ end of the gene.

Table 1 shows the genotype distribution and
relative allele frequency in both the normal and FH
sample examined for all four RFLPs. None of
the genotype distributions differed significantly
from that expected for a sample in Hardy Weinberg
equilibrium. The frequency of the Pvull, Stul, and
ApaLl RFLPs did not differ significantly between
the two populations. However, the frequency of the
common allele (N1) of the Ncol RFLP is 0-74 in the
control sample but a lower frequency of 0-63 is
observed in the sample of FH subjects, and this
difference is statistically significant (x2=5-20, 1 df,
p<0-025 by gene counting).

In table 2 correlation coefficient (A) values are
presented for all six pairwise combinations of the
four polymorphisms with the confidence limits to
examine whether there is a significant deviation
from A=0 (that is, linkage disequilibrium). The A
values are similar in the control group and in the
patients with FH (not shown). The pairwise poly-
morphism information content (PIC) values are also
presented in table 2. The highest value is 0-61 for the
Ncol and Apal.l polymorphisms, which makes these
RFLPs the most informative when used together.
The Stul polymorphism has-the -lowest rare allele
frequency and a PIC value of 0-1 (table 1) when
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FIG1 Southern blot hybridisation with the 3' LDL receptor cDNA probe p2HH1 using four different restriction enzyme
digests, Stul, Pvull, ApaLl/BamHI, and Ncol, to detect the four RFLPs. In each we have designated the rare allele S2, V2,

A2, and N2.
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TABLE1 Genotypedistribution andrelativeallele frequency
of the Stul, Pvull, ApaLl, and Ncol RFLPs in controls and
FH patients from London.
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used on its own, and it does not provide significant
extra information when combined with any of the
other RFLPs.

Since PIC values are highest for the ApaLl and

Genotype Relative allele PIC
distribution frequency valke  Ncol RFLPs (table 1), we have compared the
P SISi sis2sis2 susz 010 relative genotype frequency when using the four
Controls (n=154) 138 15 1 0-94/0-06 RFLPs in conjunction with using the Ncol and
FH (n=61) 6 5 0 096004 ApaLl RFLPs only (table 3). When using the two
Puull VIVI VIV2 V2V2  VIV2 031 RFLPs only, 71% of the control population and
Controls (n=147) 79 6l 7 0-75/0-25 84% of the FH group are heterozygous for one or
FH(@=59 3 2 2 07602 both polymorphisms. Using the four RFLP geno-
ApaLl AlAl AlA2 A2A2 AUA2 037 types, we found that 76% of the controls and 86% of
Controls (n=66) 18 33 15 0-520-48
FH (1=53) X > 0se044 the FH group were heterozygous for at least one
Neol NINI NIN2 N2N2 NUN2 031 i
Controls (n=117) 0 52 s 0-74/0-26 TABLE.Z .A values and PIC values of the pairwise
FH (n=126) 50 61 15 0-63/0-37* combinations of four RFLPs.
*x2=5-20, 1 df by gene counting (p<0-025). A value* 95% confidence No Combined
limits PIC value
Stul $1=15+7-2 kb.
§2=17+7-2 kb. Pvull-Neol 035 0195-0-487 69 057
Pyull-Stul 043 0282-0-557 69 037
Prull Vimle 0425135 kb, Pvull-ApaL 0-63 0-514-0-723 66 054
= . Necol-Stul 018 0:013-0337 69 0-43
ApaLVBamHI A1=6-6+2-8+3-8+1-7 kb. Ncol-ApaLl 0-35 0-191-0-492 66 0-61
A2=9-4 +3-8+1-7 kb. Stul-Apal.l 0-30 0-136-0-448 66 0-47
Ncol N1=3-4+7+9 kb. *All A values are significantly different from 0 (p<0-05), that is, linkage
N2=13 +7+9 kb. disequilibrium.
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FIG2 Map of the 3’ half of the LDL receptor gene showing the positions of the varying sites of the Stul (S), Pvull (V),
ApalLl(A), and Ncol (N) RFLPs. The fragments that are detected by probe p2HH1 are shown below. BamHI sites are
marked B. The cDNA probe p2HHI spans the exons from the BamHlI site in exon 10 to the BamHI site in exon 18. We used
double Ncol/Stul digests to map the varying Ncol site to the Alu repeat region of exon 18. The 13 kb Ncol fragment is
reduced to 3-6 kb by the Stul cutting site in exon 18 and the 9 kb Ncol fragment is reduced to 5 kb by the Stul site in

intron 15. The 7 kb and 3-4 kb Ncol fragments remain uncut by Stul digestion. This map has been confirmed by the use of
an exon 13 and 14 specific cDNA probe (cut out of p2HH1) which hybridises to the 7 kb Ncol fragment only (not shown).

"yBuAdoo Ag palosioid 1senb Ag £202 ‘6 aunc uo /wod fwig Bwily/:dny woly papeojumod '886T 4270100 T U0 £59°0T G2 BWI/9ETT 0T St paysiignd s :18U8D PN


http://jmg.bmj.com/

LDL receptor gene polymorphisms

polymorphism and therefore potentially informative
for diagnosis of FH.
We have also used the polymorphisms to see if we

TABLE 3 Genotype distribution in controls and FH patients
using either two or four RFLPs.

Genotype Controls FH

Ncol ApalLl No Relative  No Relative
% of % of
total total

11 12 16 24 11 21

12 12 16 24 14 27

11 11 13 20 8 15-5

12 22 9 14 8 15-5

12 11 5 75 7 13-5

11 22 4 6 0 0

22 22 2 3 0 0

22 12 1 1-5 4 7-5

Total 66 52

Heterozygous for least 1 RFLP =71% =84%

Stul Pvull Apall  Ncol No Relative  No Relative
% of % of
total total

11 11 12 12 14 21 8 15

11 1 11 1 13 20 7 135

11 12 12 1 13 20 9 17

11 12 22 12 7 10-5 6 11-5

11 11 11 12 N 7-5 7 13-5

12 22 22 11 3 4.5 0 0

12 12 12 1 3 45 0 0

11 12 12 12 2 3 5 9-5

11 11 22 22 2 3 0 (1]

12 12 22 12 2 3 1 2

11 11 12 22 1 1-5 3 6

22 22 22 11 1 1-5 0 0

12 22 22 12 0 0 1 2

12 12 12 12 0 0 1 2

11 12 12 22 0 0 1 2

12 11 11 11 0 0 1 2

11 11 12 11 0 0 2 4

Total 66 52

Heterozygous for least 1 RFLP =76% =86%

TABLE 4 Mean cholesterol levels of subjects in the normal
London population with different RFLP genotypes.

Genotype No Mean cholesterol F statistic
level (mmol/l)(SD)

S1S1 138 5.64 (0-93) F=1-50

S1S2 15 5-31 (1-07) (p>0-05)

§282 1 4-49 (—)

V1vl 9 5-60 (0-91)

Viv2 61 5-48 (0-94) F=0-69

vav2 7 5-88 (1-14) (p>0-05)

AlAl 18 5-51 (0-94)

AlA2 33 5-26 (0-87) F=0-53

A2A2 15 5-27 (0-72) (p>0-05)

NiIN1 34 5-35 (0-86)

NIN2 32 5-31 (0-89) F=0-08

N2N2 3 5-51 (0-22) (p>0-05)

Chol 1 levels are adjusted for age, sex, height, and weight.
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can detect significant differences in cholesterol
levels in groups of subjects with different RFLP
genotypes. Table 4 gives the mean cholesterol levels
in normal subjects with different LDL receptor
RFLP genotypes. When one way analysis of variance
was carried out, no significant differences in choles-
terol levels were found associated with the different
genotypes, although subjects with the S2 allele have
lower levels of cholesterol. No differences in LDL
cholesterol or apo B levels were found in subjects
with different RFLP genotypes (data not shown).

Discussion

There are now several effective lipid lowering drugs
and therapies available to treat patients with FH and
to reduce their risk of coronary artery disease. Once
detected either by conventional biochemical methods
or by genetic tests, affected subjects can be given
advice with regard to other risk factors (smoking,
diet, and exercise) and prophylactic drug therapy for
the hypercholesterolaemia to lessen the risk of
development of premature atherosclerosis. One of
the aims of this study was therefore to determine the
usefulness of four RFLPs of the LDL receptor gene
as linkage markers for diagnosis in families with
known FH. The usefulness of such polymorphisms
for family (linkage) studies depends on the relative
frequency of the alleles and the degree of linkage
disequilibrium between the alleles of the different
polymorphisms.

The frequency of the Pvull RFLP in this sample is
the same as previously reported for the London
population.?” The Stul RFLP was first reported in
the South African Afrikaner population 2! where
the frequency of the common S1 allele was found to
be 0-92, which is not significantly different from the
frequency we observe here. The Ncol RFLP was
also reported in South African Caucasians®> where
the frequency of the N1 allele is 0-64 compared to
0-74 in the London population. This difference is
not statistically significant and might be the result of
chance variation in the small samples studied, or
may reflect the different ethnic origins of the two
populations. The Apall RFLP in intron 15 was
reported to have a frequency for the 6-6 kb allele
(Al) of 0-43 when measured in 13 American
Caucasians, but we have found the frequency of
the Al allele in the London sample to be 0-52,
which makes it more useful than previously
thought.

The four polymorphisms are all clustered in the 3’
half of the gene with the Stul site being nearest to
the 5’ end in exon 8 and the Ncol site nearest to the
3’ end in exon 18. If there were linkage equilibrium
(random association of the alleles) between the four
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RFLPs, we would expect their combined PIC value
to be greater than 0-9. However, there is significant
linkage disequilibrium between all of them which
reduces the overall PIC value to approximately 0-7.
Over such small genetic distances the degree of
linkage disequilibrium is not related primarily to the
physical distance between the varying genetic
markers, but is rather the result of the evolutionary
history of the four polymorphisms. However, the
data are consistent with the physical map of the
location of the polymorphisms.

For linkage studies, most of the information can
be obtained by using only the two polymorphisms
ApalLl and Ncol, whose combined PIC value is 0-61.
This means that, using these two RFLPs alone,
roughly two thirds of FH families will be informative
for genetic studies. It is likely that some of the other
RFLPs that have been recently reported, but not
used in this study,?>2® will be additionally useful for
early diagnosis of FH in families or occasionally for
prenatal diagnosis where both parents have hetero-
zygous FH.

We have also compared the frequency of LDL
receptor RFLPs in FH patients and the normal
population in London. We have used four RFLPs
and have observed a statistically significant difference
only in the allele frequency of the Ncol RFLP. The
absence of the varying cutting site (rarer N2 allele)
occurs more frequently in the FH group than in the
controls. This suggests that in our London FH
sample, a mutation has occurred on an N2 allele and
is making a significant contribution to mutations
causing FH in this patient group. From this we
would predict that a large proportion of the patients
possessing a defective LDL receptor gene associated
with an N2 allele will have a common mutation, and
they may therefore share a common haplotype using
the other RFLPs. Further haplotype analysis and
receptor binding studies are being carried out to
confirm this prediction. It is, however, possible that
this observation could have occurred by chance
alone and this will need to be confirmed in larger
studies. It is possible that the frequency of these four
RFLPs is different in populations from different
geographical areas. This is the case for polymor-
phisms of the apo AI/CIII/AIV gene cluster, which
show significant differences in allele frequency even
within different parts of the UK.3 Thus, if the
origins of the patient and control groups are not the
same, this could lead to the observed differences in
frequency. Our patients and controls are all Cauca-
sians from London, but they probably originate
from several different European countries.

We have also attempted to use these RFLPs to see
if variation in the LDL receptor gene may contribute

to the determination of normal serum cholesterol
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levels in non-FH hyperlipidaemic and normal
subjects. For example, a variation in the promoter
region of the gene might result in slightly reduced
transcription of the gene and thus lower receptor
numbers on the cell surface. Alternatively, amino
acid changes in the ligand binding region might
slightly reduce the affinity for binding LDL, and
both of these changes might predispose a subject to
develop moderately raised levels of LDL cholesterol.
Some family data have been reported®’ to support
the hypothesis that four different ‘normal’ LDL
receptor variants exist, but this has not been
confirmed. We have determined the mean choles-
terol levels of persons in the normal population with
different LDL receptor RFLP genotypes to study
the effect of variation at this locus on normal lipid
levels. This approach has proved fruitful in the
analysis of variation associated with the apo B and
apo Al polymorphisms.*¥* However, in our control
sample there are no statistically significant differ-
ences in mean serum cholesterol (table 4), LDL
cholesterol, or apo B levels associated with different
Stul, Pvull, Apall, or Ncol genotypes. Some
differences in cholesterol levels associated with the
Stul RFLP were noted, and it is possible that these
differences would reach statistical significance if
repeated in a larger sample. This failure to detect a
significant association may be because the RFLPs
used are all in the 3’ region of the gene and it is
possible that other polymorphisms, particularly
those nearer the promoter and ligand binding
regions at the 5’ end of the gene, would be more
useful. At present we have no evidence that variation
at the LDL receptor locus is involved in determining
cholesterol levels in the non-FH population.
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