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Severe xanthomatosis associated with familial
apolipoprotein E deficiency

Giso Feussner

Abstract
Aim-To present the clinical, dermato-
logical, and histological features of a
patient with generalised xanthomatosis,
familial apolipoprotein (apo) E defi-
ciency, and unusual type III hyperlipopro-
teinaemia (HLP).
Methods-The underlying molecular de-
fect was disclosed using molecular bio-
logical techniques. The unusual xan-
thomas were histologically analysed and
the morphology of the abnormal lipopro-
tein particles examined using electron
microscopy.
Results-A 10 base pair deletion in exon 4
of the proband's apo £ gene (base pairs
4037-4046 coding for amino acids 209-212
ofthe mature protein) was identified. This
is predictive for a reading frameshift
encoding a premature stop (TGA) in
codon 229. The mutation is responsible for
delayed catabolism of atherogenic lipo-
protein remnants, lipid storage in
monocyte/macrophages, and phenotypic
expression ofxanthomatosis early in life.
Conclusions-Familial apo E deficiency is
a rare genetic disease which offers the
unique opportunity to study the impact of
apo E on lipoprotein metabolism and
development of atherosclerosis in hu-
mans.
(_ Clin Pathol 1996;49:985-989)
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Type III hyperlipoproteinaemia (HLP) is a dis-
turbance of the metabolism of triglyceride and
cholesterol rich remnants of chylomicrons,
very low density lipoproteins (VLDL), and
intermediate density lipoproteins (IDL), col-
lectively referred to as 1-VLDL. Affected sub-
jects develop accelerated atherosclerosis in-
volving both coronary and peripheral
arteries.' Typical (and nearly pathognomonic)
findings are palmar xanthomas (orange-
yellowish discolourations of the palmar
creases) which have been reported to occur in
these patients at a rate of 39%.3 However, the
proportion of type III HLP cases with xantho-
mas might be overestimated as this is a clinical
criterion of diagnosis. The most common

underlying genetic defect for the lipoprotein
abnormalities in type III HLP is the synthesis
of an abnormal isoform of apolipoprotein
(apo) E, apo E2, which does not bind normally
to lipoprotein receptors.6 About 1% of the
population are homozygous for apo E2, but

only about 2% of these genetically predisposed
individuals develop type III HLP at some stage
of their lives. Hence the prevalence of this lipo-
protein disorder is estimated to be around 1 in
5000 in the general population. Therefore, apo
E2 homozygosity is a necessary but not
sufficient condition for the development of the
disorder. This suggests that type III HLP is a
multifactorial disease-that is, additional fac-
tors, either genetic or environmental, are
required for its phenotypic expression.7 A
severe form of type III HLP is caused by com-
plete or relative lack of functionally active apo
E (familial apo E deficiency). This, however, is
a rare genetic condition, and so far only four
independent cases have been reported.8'-2 In
only two of the analysed patients have the
underlying molecular defects been dis-
closed.'2 13 Recently, we identified a further
subject with familial apo E deficiency and
xanthomatosis.'4 The molecular defect was a
10 base pair deletion in exon 4 of the proband's
apo £ gene. We now describe in detail the clini-
cal, dermatological, and histological features of
this person. Characterisation of such cases is
mandatory, as apo E deficiency offers the
unique opportunity to study and assess the
impact of apo E on lipoprotein metabolism and
development of atherosclerosis in human
subjects.

Methods
Venous blood samples were obtained in the
morning after a fast of at least 12 hours. Serum
was extracted for analysis of total cholesterol,
triglycerides, and high density lipoprotein
(HDL) cholesterol, which were measured
using enzymatic kits from Boehringer Mann-
heim, Mannheim, Germany.
Genomic DNA was isolated from nucleated

blood cells contained in 10 ml ofEDTA blood
according to the method of Miller et al.'5
The 3' part of exon 4 of the apo £ gene'6 from

the patient and control subjects was amplified
using the polymerase chain reaction (PCR) in
an automated DNA thermocycler exactly as
described elsewhere.'4 Amplified DNA prod-
ucts were analysed for size on a 2% agarose gel.
PCR products were subcloned via "TA cloning
into pCR II-vector" (Invitrogen, Heidelberg,
Germany). Several clones were used for DNA
sequence analysis, which was carried out using
T7 DNA polymerase (Pharmacia, Freiburg,
Germany).
Apo E phenotypes were determined using

one dimensional isoelectric focusing (IEF) of
plasma, as described before.'7
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Figure 1 Xanthomas on the ears in the patient with apo
E deficiency.

Figure 2 Tubero-eruptive xanthomas on the elbows of the
patient with apo E deficiency.

Lipoproteins were separated by sequential
ultracentrifugation into VLDL (d < 1.006
g/ml), IDL (d, 1.006-1.019 g/ml), LDL (d,
1.019-1.063 g/ml), and HDL (d, 1.063-1.21
g/ml), as described before.18

Negative staining for electron microscopy
was performed as described.'9 In short, a drop
of each lipoprotein specimen (20 gl) was care-

Figure 3 Orange-yellowish discolourations of the palmar
creases (xanthoma striata palmaris) in apo E deficiency.

fully pipetted on a copper grid covered with a
thin film of polyvinyl formaldehyde. After a
short drying period (60 seconds) phospho-
tungstic acid (4% in 0.4% saccharose solution,
pH 7.0) was used for negative staining of the
lipoprotein particles for 15 minutes. The grids
were dried and examined with an electron
microscope (Zeiss TEM 109 T, Oberhochen,
Germany).

Results
While screening hyperlipidaemic subjects for
apo E phenotypes, a patient with apo E
deficiency was identified. The proband (BG)
was a slightly obese (weight 78 kg, height 171
cm, body mass index 26.3 kg/M2n) 30 year old
German man of Hungarian ancestry. He had
had a history of xanthomas and hyperlipidae-
mia since about five years of age. Physical
examination (at age 30) revealed unusual xan-
thomas on the ears (fig 1), numerous tubero-
eruptive xanthomas on his knees and elbows
(fig 2), and orange-yellowish discolourations in
the creases of the palms (palmar xanthomas)
(fig 3), soles, armpits, and in the joints of the
hands. The proband did not show any clinical
and laboratory evidence of cardiovascular,
renal, hepatic or endocrine disorders, except
hyperlipidaemia. Lipid values at the time of the
initial examination (at age 30) were total
cholesterol 11.4 mmol/l; triglycerides 3.7
mmol/l; VLDL cholesterol 7.2, LDL
cholesterol 3.2, and HDL cholesterol 1.1
mmol/l, respectively. At the time of writing the
patient currently follows a low fat, low
cholesterol diet and is being treated with
micronised fenofibrate (200 mg/day). Recent
serum cholesterol and triglyceride values were
6.5 and 1.2 mmol/l (12 months after start of
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Figure 4 Time course ofserum lipids (cholesterol and
triglycerides) during lipid lowering treatment in the patient
with apo E deficiency.

treatment) (fig 4). VLDL cholesterol was 2.1,
LDL cholesterol 3.1, and HDL cholesterol 1.4
mmol/l, respectively. The skin changes re-

gressed slightly with treatment but are still dis-
tinctly prevalent. At the patient's request his
ear xanthomas were removed surgically. Histo-
logical examination revealed numerous benign,
histiocytic, lipid laden foam cells (fig 5).

Particle size distribution of plasma lipopro-
teins obtained in the fasting state from the
proband, a subject with "classic" type III HLP,
with the homozygous apo E2/2 phenotype, and
a healthy control with the heterozygous apo

E3/2 phenotype, were analysed electron micro-
scopically (fig 6). In the proband electron
microscopy showed VLDL, IDL, and LDL
particles all of which were heterogeneous in
size, and smaller HDL particles than those
seen in the controls.

Discussion
Xanthomas have been reported to occur in type
III HLP at certain exposed locations of the
body, such as tubero-eruptive xanthomas on

Figure 5 Histological examination of the ear xanthomas in the patient with apo E
deficiency. Note extensive accumulation of lipid laden histiocytes (mainlyfoam cells).

the elbows or knees and typical orange-
yellowish discolourations of the palmar creases
(xanthoma striata palmaris).' However, the
process of xanthoma formation in the proband
began early in life at different unrelated
locations and had been clinically manifest since
about five years of age. Xanthomatosis in chil-
dren or adolescents is rather rare in "classic"
type III HLP where xanthomas do not usually
develop before the fourth or fifth decade of
life.l" Apo E deficiency inducing type III HLP
is a genetic condition that has been described
in only four unrelated kindreds in different
parts of the world.8"2The patient reported here
synthesised a truncated and functionally defec-
tive form of apo E due to a 10 base pair
deletion in the fourth exon of his apo E gene."4
This molecular defect leads to severe general-
ised atypical xanthomatosis. Only in two other
patients with familial apo E deficiency have the
underlying molecular defects been
described.'2 '3 In one case a point mutation in
the 3' splice junction of the third intron of the
apo £ gene was found.13 As a consequence, apo
E mRNA species of this subject contained
chain termination codons within the intronic
sequence coding for short apo E peptides that
were not detectable by gel electrophoretic
techniques.'3 In the other case a single
nucleotide substitution of an A for a G was
identified, which converted amino acid 210 of
the mature protein, tryptophan (TGG), to a
premature chain termination codon (TAG),
thus leading to the synthesis of a truncated apo
E peptide of 209 instead of the normal 299
amino acids.'2 The proband was homozygous
for this mutation, leading to a moderate form
of type III HLP. Our patient, however,
expressed a severe clinical phenotype of the
disease. Western blot analysis, following so-
dium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and immuno-
chemical visualisation by chemiluminescence,
demonstrated the presence of minimal
amounts of a truncated apo E (molecular
weight = 30 kilodaltons) in his plasma and d >
1.21 g/ml ultracentrifugation fraction, but not
in the different lipoprotein fractions (VLDL,
IDL, LDL, and HDL, respectively).'4 This
indicates the presence of a functionally inactive
apo E fragment with reduced affinity for
lipoproteins. However, it does not preclude the
proband's truncated apo E peptide preserving
some of its physiological functions.
The occurrence of atypical xanthomas in apo

E deficient mice has been described recently.20
With a hypercholesterolaemic diet apo E
"knockout" mice rapidly developed massive
xanthomatous lesions in various tissues. It was
suggested, therefore, that the lack of apo E, and
not the hypercholesterolaemia itself, was the
reason for the atypical xanthomatosis in these
animals. Thus apo E obviously has an impor-
tant role in tissue distribution of cholesterol
deposition20 and cutaneous foam cell
formation.2' The underlying pathophysiologi-
cal mechanism(s) might be similar in our
proband. Hence these observations in human
apo E deficiency and in apo E deficient mice22
document the essential role of apo E in
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Figure 6 Analysis of VLDL (d < 1.006glml) and IDL (d, 1.006-1.019glml) fractions (top) and LDL (d, 1.019-1.063glml) and HDL (d,
1. 063-1.21 glml) fractions (bottom) of the proband with apo E deficiency (A and D), a patient with "classic" type IIIHLP with the homozygous apo
E212 phenotype (B and E), and a normal control with the heterozygous apo E312 phenotype (C and F) by electron microscopy, indicating the presence of
heterogeneous VLDL, IDL, and LDL, and small HDL in the proband.

chylomicron and VLDL remnant metabolism.
In vivo the slow catabolism of triglyceride rich
lipoprotein particles results in the occurrence
of an abnormal and highly atherogenic lipopro-
tein fraction (O-VLDL) in the plasma of type
III HLP subjects. We also observed ,-VLDL in
our proband (not shown). One metabolic con-
sequence of 3-VLDL accumulation is an
increased storage of cholesterol esters in
macrophages.23.25 These lipid laden cells then
become foam cells which are found in early
atherosclerotic lesions.26 Histological examin-
ation of the ear xanthomas in the proband also
showed massive foam cell accumulation (fig 5).
This, however, has also been described in
homozygous apo E deficient mice2" but has not

been shown before in humans with apo E defi-
ciency, and is proof of accelerated atherosclero-
sis early in life.

Therapeutic interventions included a low
fat, low cholesterol diet in combination with
micronised fenofibrate treatment. Fibrates are
the drugs of first choice in type III HLP and
fenofibrate has been shown to be most effective
in this genetic condition.27 This regimen
distinctly improved (fig 4) but did not totally
normalise the dyslipidaemia in the patient.
However, this is the first report of efficient
fenofibrate treatment in familial apo E defi-
ciency.

In conclusion, apo E deficiency results in
severe type III HLP and generalised atypical
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xanthomatosis. The underlying metabolic de-
fect is an accumulation of atherogenic lipopro-
tein remnants, probably as a result of reduced
affinity of these (apo E depleted) particles to
lipoprotein receptors. The disturbances of
lipoprotein metabolism created by the lack of a
functionally active apo E seem to be even more
pronounced than those caused by structural
variants of apo E. Hence apo E deficiency is a
rare but unique human model system that per-
mits the study of the effects of apo E on
lipoprotein metabolism and the subsequent
development of atherosclerosis.

Electron microscopy was kindly done by Professor H-J Grone,
Medizinisches Zentrum fur Pathologie, Marburg, Germany.
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