
Familial hypercholesterolemia (FH, OMIM #143890)

is one of the most common monogenic disorders in

the heterogeneous group of hypercholesterolemias.

FH is autosomal, dominantly inherited, with an esti-

mated prevalence of about 1 in 500 people in most of

European countries (Goldstein et al. 2001). In a ma-

jority of cases, FH is caused by mutations in the

low-density lipoprotein receptor gene (LDLR). So far,

more than 800 various mutations, distributed across

the entire length of LDLR, have been described

(http://www.ucl.ac.uk/fh).

The high incidence of heterozygous FH, and its

high risk of developing premature cardiovascular

disease (CVD) in young affected adults, make this

an inherited disorder of significant importance in

the public health care.
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Abstract. Natural history of the disease in 4 unrelated Polish children with homozygous familial hypercholester-

olemia (FH) is described. Their phenotypic homozygosity was established by identification of known LDLR

gene mutations on both alleles, respectively: p.G592E & p.G592E in Patient 1; p.G592E & p.C667Y in Patient 2;

p.S177L & p.R350X in Patient 3; and p.G592E & deletion in the promoter region, exons 1 and 2 in Patient 4.

Heterozygosity of the mutations was revealed in all patients’ mothers and fathers (obligatory heterozygotes) and

in 1 out of 4 siblings studied. FH was diagnosed at the age of 4 months to 9 years by cholesterol screening among

family members of patients with early cardiovascular disease episodes. At the time of FH detection, the children

were asymptomatic. Only in 2, some skin eruptions were found. Antihyperlipidemic therapy was started, includ-

ing a lipid-lowering diet, cholestyramine, and HMG-CoA inhibitors if necessary. No cardiovascular symptoms

appeared during the observation up to the age of 18, 20, 19, and 17 years, respectively. An increase in external ca-

rotid artery diameter was found in a patient at the age of 9 years, and LDL-apheresis was introduced in his ther-

apy. We conclude that the analysis of LDLR gene mutations in the studied FH children made it possible to

identify 4 presymptomatic FH homozygotes and to introduce early appropriate treatment. Multicenter analysis of

such persons would finally determine if the early lipid-lowering procedures can significantly reduce the risk of

premature cardiovascular disease in homozygous FH.
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During childhood the FH heterozygotes are

clinically recognized only by random detection of

increased total (and LDL) serum cholesterol levels

ranging between 7.5 and 13 mmol L–1. Normal to-

tal cholesterol values are below 5.18 mmol L–1

(<200 mg dl–1). The cardiovascular symptoms of

heterozygous FH are extremely rare during child-

hood. The only symptoms reported sometimes in

heterozygous FH children are xanthomas on the

Achilles tendons and extensor tendons of hands

and feet. Long-term multicenter studies, which in-

clude several hundred FH heterozygotes, cover

usually only a few homozygotes, mainly young

adults.

Generally, the occurrence of symptoms during

childhood is thought to be an indicator of homozy-

gous FH (Goldstein et al. 2001). The various man-

ifestations of coronary artery disease and the

typical skin symptoms can be found in homozy-

gous or compound heterozygous FH patients be-

fore the age of 20 years (Couture et al. 1998;

Goldstein et al. 2001; Marais et al. 2004). Affected

persons, also children, usually present

xanthelasmas, lipid deposits in the eyelid, and

arcus cornealis (a white deposit of lipids in the

outer rim of the cornea). In addition, they may

show planar xanthomas on the dorsal aspect of the

interdigital webs of the hand, natal cleft, and flex-

ural surfaces of elbows and knees. Tuberous

xanthomas on extensor aspects of elbows and

knees, and – to a lesser extent – in the gluteal fold

and on the ankles, develop later in life (Marais

et al. 2004). The serum cholesterol concentration

in the homozygous FH persons ranges between 16

and 26 mmol L–1 (Goldstein et al. 2001). It has

been shown that the clinical symptoms vary

among genetically confirmed homozygous FH pa-

tients, and there are studies stating the dependency

of the phenotypic expression of FH on the type of

LDLR gene mutation (Hoeg 1993; Moorjani et al.

1993; Bertolini et al. 1999).

The aim of this study was to describe a natural

history of the disease in 4 Polish homozygous FH

children with confirmed LDL-receptor gene muta-

tions. The patients’ parents declared to be unre-

lated. The patients were selected for the molecular

investigation on the basis of severe elevation of se-

rum cholesterol (normal threshold: 5.18 mmol L–1,

equal to 200 mg dl–1) in accordance with the inter-

nationally accepted criteria (WHO 1999). The pa-

tients were identified by a molecular study of

a large cohort of 96 unrelated children with hyper-

cholesterolemia and early CVD event(s) in the

families. In 63 of them (65.6%), including 4 chil-

dren presented in this report (4.2%), the molecular

analysis revealed mutation(s) in LDLR or APOB

genes. Some molecular results of Patient 3 were

reported previously (Gorski et al. 1998).

During DNA sequencing, 16 pairs of primers

were designed to cover the promoter region and all

18 exons, including the intronic boundaries of the

LDLR gene. A fragment of exon 26 of the APOB

gene was amplified by using primers, as described

before (Schuster et al. 1992). The sequence reac-

tions were performed by using the Big Dye Termi-

nator ABI Prism Kit v.3.1, and analyzed on an ABI

Prism 310 sequencer (Applied Biosystems, USA).

To detect large deletions or insertions, the multi-

plex ligation-dependent probe amplification

(MLPA) was used. The MLPA kit was obtained

from MRC-Holland (Amsterdam, The Nether-

lands). The procedure was performed according to

the manufacturer’s protocol. All mutations pre-

sented are named according to the new nomencla-

ture (www.hgvs.org).

The course of the disease in the patients and

their families, together with the biochemical and

molecular findings, are shown in Table 1. The di-

agnosis of FH was established at the age of 4

months to 9 years. At the time of clinical diagno-

sis, only 2 children showed mild skin lipid storage,

and none developed CVD. The presence of LDLR

gene mutations was confirmed later. Subse-

quently, the molecular diagnosis of FH was also

established (or excluded) in the patients’ relatives,

leading to the introduction of appropriate treat-

ment.

Initially, before molecular data availability, the

homozygous phenotype of FH was considered

only in 2 out of the 4 reported cases (Patient 3 from

the family at risk, and Patient 4 with skin eruptions

and resistance to the lipid-lowering procedures).

The mutations on both alleles of LDLR were iden-

tified at the age of 15, 17, 16 and 14 years in Pa-

tients 1–4, respectively (i.e. also in 2 remaining

non-symptomatic hyperchlesterolemic children),

which led to the diagnosis of homozygosity in

all 4. However, the positive family history on both

parents’ sides, as well as the hypercholesterolemia

detected in both parents should have alarmed doc-

tors earlier.

All 4 patients are carefully monitored. Now, in

their early adulthood, 3 years after molecular con-

firmation of the FH homozygous phenotype, the

patients have no clinical skin and CVD symptoms.

However, some of them have needed the intensive

chemotherapy, including HMG-CoA reductase in-

hibitors as well as LDL apheresis in Patient 3.
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Our patients included 1 true homozygote and 3
compound heterozygotes in the LDLR gene.
All mutations, namely p.S177L, p.R350X,
p.G592E, p.C667Y and the 20-kb deletion of the
promoter region and exons 1 and 2, were de-
scribed previously and were of European origin.
One mutation (p.G592E) was found on 4 out of 8
examined alleles, and was also the most frequent

among Polish FH heterozygotes, reaching 13.5%
(unpublished data); the remaining 4 mutations
were sporadic. The mutations found in Patients 1
and 2, with relatively mild clinical phenotypes, are
located in the region encoding the epidermal
growth factor homology domain (p.G592E and
p.C667Y). The p.G592E is a missense mutation,
defined as functional class V, resulting in a resid-
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Table 1. Family history, clinical characteristics, and initial biochemical data of 4 children with homozygous FH

confirmed by molecular analysis

Patient,
sex

Family history Age at diagnosis: first symptoms,
course of the disease

TC/LDL-C/
HDL-C(mmol/l)

Mutations

1, boy Mother: non-symptomatic; TC 7.7,
LDL-C 6.5, HDL-C 1.12; grand-
mother's brother: sudden death at
age of 58.Father: non-symptomatic;
TC 8.2, LDL-C 6.5, HDL-C 1.49;
his brother suddenly died at age of
31; grandmother infarction at age
of 60.Older brother: healthy,
TC 3.6, LDL-C 2.1, HDL-C 1.28

9 years
Without CVD and skin changes;
on treatment (lipid-lowering
diet, cholestyramine,
HMG-CoA reductase inhibitors
in adjusted doses).No pathologi-
cal signs and symptoms at age
of 15.

14.6/12.5/1.59 P.[G592E]+[G592E]
(ex 12/ex 12)
Mother: p.G592E
Father: p.G592E
Brother: WT

2, boy Mother: coronary disease, bypass
at age of 51, diabetes mellitus;
TC 11.4, LDL-C 9.8, HDL-C 1.42.
Father: infarction at age of 50,
xanthomas of palpebrae; TC 9.4,
LDL-C 6.0, HDL-C 1.21; several
deaths of his relatives at about 40
years due to CVD. Two older sis-
ters healthy.

9 years
At age of 6–12 months: planar
cutaneous xanthomas on elbows
and knees, which later disap-
peared.At age of 9 years: obe-
sity, thrombocytopenia; on
treatment (lipid-lowering diet,
cholestyramine, HMG-CoA
reductase inhibitors). At age of
17 years: without CVD and skin
changes.

21.7/19.1/0.83 P.[G592E]+[C667Y]
(ex 12/ex 14)
Mother: p.C667Y
Father: p.G592E
Sisters: WT

3, boy Mother: non-symptomatic; TC 9.4,
LDL-C 7.7, HDL-C 1.39; both
grandfathers died with infarction at
age of 50.
Farther: non-symptomatic; TC 6.8,
LDL-C 4.8, HDL-C 1.01; maternal
uncle died at age of 36 due to
CVD; paternal uncle presented
with severe atherosclerosis. Older
sister healthy.

6 yearsCutaneous xanthomas
since age of 5. At diagnosis:
multiple planar xanthomas be-
tween fingers, on elbows, knees,
buttocks and Achilles tendons.
No reduction of serum choles-
terol on treatment
(lipid-lowering diet,
cholestyramine, HMG-CoA
reductase inhibitors);
LDL-apheresis since 9 years
due to changes in external ca-
rotid artery endothelium, re-
vealed by Doppler ultrasound.
No progression of changes up to
age of 16.

21.2/19.7/1.28 P.[S177L]+[R350X]*
(ex 4/ex 7)
Mother: p.R350X
Father: p.S177L
Sister: WT

4, girl Mother: non-symptomatic; TC 8.7,
LDL-C 5.7, HDL-C 2.33; LDL re-
ceptor activity in lymphocytes 51%
of normal threshold**
Father: non-symptomatic; TC 8.2,
LDL-C 5.3, HDL-C 1.76; LDL re-
ceptor activity 53.9%**.
Older sister with homozygous FH
phenotype: TC>20.6; death at age
of 13 due to myocardial infarction.
Brother: non-symptomatic; TC
7.25, LDL-C 4.7, HDL-C 1.68;
LDL receptor activity 53.9%**.

4 months (by cholesterol screen-
ing of a family at risk)
On treatment since 8 months of
age (lipid-lowering diet,
cholestyramine, HMG-CoA
reductase inhibitors). Without
CVD and skin changes up to
age of 14.

18.1/14.5/1.40 p.[G592E]+[20 kb de-
letion]
(ex 12/ prom & ex 1–2)
Mother: 20-kb del
Father: p.G592E
Sister: ND
Brother: p.G592E

TC = total cholesterol, control value 4.81 + 1.19 mmol L–1; LDL-C = LDL cholesterol, control value 2.85 + 1.19 mmol L–1; HDL-C = HDL cho-

lesterol, control value 1.32 + 0.28 mmol L–1; WT = wild type; ND = not determined. *published data [Gorski et al. 1998]; **performed by
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ual receptor activity of 5–15% of the normal
threshold. The p.C667Y mutation causes the mu-
tant receptor to be rapidly degraded (class IIA) and
results in a very low residual receptor activity,
of less than 2% of the normal threshold
(http://www.ucl.ac.uk/fh). In addition, both cases
displayed quite a good response to the treatment
with the low-lipid diet and cholesterol-lowering
drugs, since both patients probably retained some
residual LDL-receptor activity that was
up-regulated by the use of HMG-CoA reductase
inhibitors. Reduction of cholesterol levels was
comparable to that obtained in heterozygous FH
patients. In fact, homozygous FH was not consid-
ered in these patients until the molecular investi-
gation was performed. In contrast, Patient 3,
compound heterozygous for p.S177L and
p.R350X, presented a more severe clinical pheno-
type. The p.S177L mutation, located in the
ligand-binding region, is a class IIb + III mutation
resulting in a very low receptor activity (<2% of
the normal threshold), while the p.R350X muta-
tion leads to a null allele (class 1), not producing
any LDL-receptor protein at all (http://www.
ucl.ac.uk/fh).

Our Patient 4, compound heterozygous for

p.G592E and a large deletion of the promoter re-

gion and exons 1 and 2, who has been treated phar-

macologically since infancy, is now aged 17 years,

without any symptoms. The p.G592E mutation is

known to retain some residual activity, but appar-

ently also the large deletion retains some activity,

since the LDL-receptor activity in lymphocytes

was 26.3% of the normal threshold. Her father and

brother, both carriers of p.G592E, had an

LDL-receptor activity of 53.9% of the normal

threshold, while her mother, with the deletion of

the promoter region and exons 1 and 2, had the ac-

tivity decreased to 51%. The proband’s older sis-

ter, untreated at that time, died suddenly at the age

of 13 years due to an acute myocardial infarction,

indicating that this combination of mutations leads

to accelerated atherogenesis.

Our data are in agreement with the suggestion

of other authors (Mooriani et al. 1993; Bertolini

et al. 2000) that phenotypic expression of FH is

also determined by the type of mutation in the

LDLR gene. However, it is known that a vast array

of other genetic factors modulate phenotypic se-

verity of the mutated LDLR gene (Hoeg 1993).

It is important to underline that a family history

positive for CVD on both parents’ sides should

draw a pediatrician’s attention to a possibility of

homozygous FH status. Presymptomatic identifi-

cation of these patients at the highest risk of CVD

seems to be of great importance. It is supposed that

an early start of dietary fat restriction, choles-

terol-lowering drugs or LDL-apheresis may sub-

stantially reduce the cardiovascular morbidity and

mortality of the patients with homozygous FH.

In summary, we conclude that the analysis of

LDLR gene mutations in the studied

hypercholesterolemic children made it possible to

identify 4 presymptomatic FH homozygotes and

to introduce appropriate early treatment.

Multicenter analysis of a large cohort of such pa-

tients for a long time would finally explain the nat-

ural history of the disease, the genotype-

phenotype correlation, and could confirm or ex-

clude that the lipid-lowering management during

childhood can significantly reduce the risk of pre-

mature CVD.
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