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A functional mutation in the LDLR promoter
(�139C4G) in a patient with familial
hypercholesterolemia
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A novel sequence change in repeat 3 of the promoter of the low-density lipoprotein receptor (LDLR) gene,
�139C4G, has been identified in a patient with familial hypercholesterolemia (FH). LDLR -139G has been
passed to one offspring who also shows an FH phenotype. Transient transfection studies using luciferase
gene reporter assays revealed a considerable reduction (7471.4% SEM) in reporter gene expression from
the �139G variant sequence compared to the wild-type sequence, strongly suggesting that this change is
the basis for FH in these patients. Analysis using electrophoretic mobility shift assay demonstrated the loss
of Sp1 binding to the variant sequence in vitro, explaining the reduction of transcription.
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Introduction
Familial hypercholesterolemia (FH) is an autosomal domi-

nant disorder characterized by an impaired clearance of

cholesterol from the plasma, with the resulting hyper-

cholesterolaemia leading to an accelerated risk of athero-

sclerosis and coronary heart disease. In the majority of

cases the disease is caused by mutations in the gene coding

for the low-density lipoprotein receptor (LDLR), but

mutations in the apolipoprotein-B, and proprotein con-

vertase subtilisin/kexin type 9 (PCSK9), genes produce a

similar phenotype.1 Of the LDLR mutations, nearly all

occur within coding regions and are summarized at

www.ucl.ac.uk/fh. This report describes a novel sequence

change, -139C4G in repeat 3 of the LDLR promoter.

Materials and methods
FH proband and family

The proband is a female born in Turkey in 1955, referred to

the Royal Free Hospital lipid clinic, London, UK, with

pretreatment fasting total cholesterol, 10.3mmol/l; LDL-

cholesterol (LDL-C) 8.1mmol/l. On examination, the

patient showed tendon xanthoma in the left Achilles

tendon. The patient had a body mass index of 33.3 kg/m2,

had no previous history of ischaemic heart disease (IHD),

was normotensive, and non-diabetic. Following treatment

of 40mg Atorvastatin daily, total cholesterol reduced to

5.3mmol/l and LDL-C to 2.6mmol/l. The proband’s father

had possible IHD and throat cancer, and died at the age of

57; her mother suffered 3 myocardial infarctions (MI) and

died at the age of 54. Her eldest sister had IHD and died at

the age of 47, and one of her brothers had an MI and

coronary artery bypass graft surgery and died at the age of

50. The two remaining brothers and sister were found to

have high cholesterol, and are now on treatment. The

proband has two daughters and a son. Only the son, aged

20, had indications of FH, with total cholesterol of
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8.8mmol/l and LDL-C 6.7mmol/l, and is currently on

treatment with 20mg Simvastatin daily.

DNA extraction and sequencing

DNA was extracted from blood by standard methods,2 and

for the full screen of all coding exons, including intron–

exon junctions and of the promoter region of the LDLR,

SSCP analysis was carried out essentially as described,3 and

dHPLC as described.4 The presence of the LDLR

c.�139C4G mutation was confirmed by sequencing and

subsequently determined by PCR-RFLP using BsmF I (NEB,

Hertfordshire, UK).

Mutagenesis of LDLR reporter plasmid

A 595bp fragment of the 50 flanking region of the LDLR

gene, from position �600 to �5 was cloned into the pGL3

reporter plasmid (Promega, Southampton, UK).5 Using the

QuickChange Site-Directed Mutagenesis kit (Stratagene, La

Jolla, CA, USA) as directed, a C4G mutation was created at

position �139 (mutagenesis primers available on request).

The 595bp fragment was sub-cloned into WT pGL3

plasmid, and the mutation verified by direct sequencing

using the DYEnamic Dye Terminator kit protocol (GE

Healthcare, Buckinghamshire, UK) on the MegaBACE 1000

(GE Healthcare).

Transfection assays

Huh7 cells were seeded at a density of 2.15�104/well in a

96-well plate and grown to confluence overnight in high-

glucose Dulbecco’s modified Eagle’s medium (PAA, Pasch-

ing, Austria) supplemented with 2mM L-glutamine and

10% fetal bovine serum. Cells were transfected with 250ng

pGL3 reporter construct with 10ng pRLTK as a transfection

control. Transfection was carried out in Opti-Mem serum-

free media (Sigma, Dorset, UK) using Lipofectamine 2000

(Invitrogen, Paisley, UK) as described in the manual. Media

was replaced 24h following transfection, with serum-

containing media described above, and the cells left for 2

days before harvesting. Cells were lysed using Passive Lysis

Buffer (Promega) and luciferase expression was determined

using the Dual Luciferase Reporter Assay System (Promega),

and measured in the Tropix TR717 Microplate Lumin-

ometer (PE Applied Biosystems, Warrington, UK). Lucifer-

ase activity was determined as the mean of eight

transfections with the assay performed in triplicate.

Electrophoretic mobility shift assay

Purified Sp1 protein (Active Motif, Rixensart, Belgium)

derived from HeLa nuclear extract was used to bind DNA

sequences. Probes sequences for the 22bp sequences

are available on request, and comprised Sp1 consensus

Figure 1 Pedigree of proband’s family. Untreated total and LDL-C levels (mmol/l) are shown in the tested individuals. Individuals who fulfil the
clinical diagnosis of FH are shown half-filled. The LDLR �139G4C genotype is shown.
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sequence, LDLR wild-type sequence, and corresponding

LDLR �139G sequence.

Probes were labelled using the Biotin 30-end DNA

Labelling kit (Pierce, Rockford, IL, USA) as described in

the manual. Each binding reaction consisted of 2ml 10�
binding buffer (100mM Tris, 500mM KCl; pH 7.5), 25ng

purified Sp1, 2nmol biotin-labelled DNA, made to a total

of 20 ml with H2O, and incubated at 251C for 30min,

followed by the addition of 5� loading buffer. Samples

were electrophoresed on a 6% polyacrylamide gel for

150min at 120V. Transfer to nylon membrane was

achieved through Southern transfer and detection using

the Chemiluminescent Nucleic Acid Detection Module

(Pierce, USA).

Results
Detection of mutation

Mutation detection was carried out by SSCP and dHPLC

analysis, and identified no mutations within LDLR coding

regions. Analysis of the LDLR promoter identified a C4G

change at position �139: a region within a putative Sp1-

binding site. The mutation was subsequently detected by

digestion with BsmF I, and all members of the proband’s

immediate family were found to be free of the mutation,

except for the son that showed an FH phenotype (Figures 1

and 2).

Luciferase reporter assay

The liver cell line, Huh7, was transfected with a pGL3

luciferase reporter construct containing the LDLR promo-

ter �139C4G variation. As a positive control, transfection

was carried out using the equivalent wild-type pGL3

construct, and as negative controls, two constructs pre-

viously reported to diminish promoter activity: �138T4C6

and �138delT.5 Transfection of the �139C4G-carrying

construct demonstrated a 74% (71.4% SEM) reduced mean

level of luciferase activity in Huh7 cells, compared to the

wild-type construct, and comparable to the levels produced

by both LDLR-138 variants (T4C: 3.2-fold70.6% SEM;

delT: 3.7-fold70.5% SEM reduction in luciferase activity

compared to wild-type construct).

Electrophoretic mobility shift assay

A 22bp sequence flanking the LDLR-139G variant and

the respective wild-type sequence were used to determine

Sp1 binding site

SREBP1 binding site SREBP1 binding site v -139C>G

CCGTTCGAAACTCCTCCTCTTGCAGTGAGGTGAAGACATTTGAAAATCACCCCACTGCAAACTCCTCCCCCTGCTAGAA

^ -153C>T  ^ -142C>T
^ -138T>C
^ -138DelT
^ -137C>T

TATA box
^ -135C>G

ACCTCACATTGAAATGCTGTAAATGACGTGGGCCCCGAGTGCAATCGCGGGAAGCCAGGGTTTCCAGCTAGGACACAGCAGGTCGTGAT

^ -120C>T Transcription start site

CCGGGTCGGGACACTGCCTGGCAGAGGCTGCGAGCATGGGGCCCTGGGGCTGGAAATTGCGCTGGACCGTCG

^ -136C>T

Figure 2 LDLR promoter and reported FH-causing sequence changes. Representation of the LDLR promoter, indicating location of transcription
factor binding sites (SREBP: sterol response element binding protein). FH-causing mutations are highlighted: c.�153C4T;7 c.�142C4T;8

c.�138T4C;6 c.�138delT;5 c.�137C4T;9 c.�136C4T;10 c.�135C4G;9 c.�120C4T.7

Purified Sp1

Sp1-specific band 

+ + + -

Probe Sp1 LDLR LDLR LDLR
WT WT-139G

Figure 3 DNA binding of Sp1 to wild-type and �139G variant.
Results of electrophoretic mobility shift assay (EMSA) using purified
Sp1 protein. Lanes contain Sp1 consensus sequence, LDLR wild-type,
and LDLR-139G probes as indicated.
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the differential binding of Sp1 to the two sequences using

purified Sp1 protein. The Sp1 consensus sequence and the

LDLR wild-type sequence created an Sp1-specific band; the

LDLR-139G variant probe produced no Sp1-specific band

(Figure 3).

Discussion
A mutation has been identified at position �139C4G

in the promoter of a heterozygous FH patient originally

from Turkey. This was the only mutation to be identified

in the proband after examination of all coding sequences,

intron/exon junctions and 245bp of promoter sequence.

Transient transfection assays in the Huh7 cell line

indicated that the c.�139C4G mutation is capable of

considerably reducing transcriptional activity of the

LDLR promoter. The c.�139C4G mutation adds to the

list of FH-causing mutations occurring in the LDLR

promoter (Figure 2), particularly prevalent within

repeat 3. This region is believed to enhance expression

through the binding of the transcription factor, Sp1,

and as with the adjacent mutation, c.�138T4C,6 this

variation has been shown to impair the binding of

Sp1 in vitro.
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