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Mutations in the ABCG8 gene are associated
with sitosterolaemia in the homozygous
form and xanthelasmas in the heterozygous form

Background: Sitosterol is the most abundant plant sterol found in our
diet. Sitosterolemia (OMIM 210250), also known as phytosterolaemia,
is a rare autosomal recessive disease caused by the inability to efficiently
excrete plant sterol, and is characterized by cutaneous xanthomas and
accelerated atherosclerosis. Sitosterolaemia is caused by homozygous or
compound heterozygous mutations in either ABCG5 or ABCG8 (both on
chromosome 2p21), which encode the sterol efflux transporter ABCG5
(sterolin-1) and ABCG8 (sterolin-2), respectively. Objectives: To inves-
tigate a Tunisian family with several members who manifested with
generalized cutaneous xanthomas, whereas others had only isolated xan-
thelasmas. Materials & methods: Genetic analysis was performed based
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on exome sequencing of DNA obtained from five affected individuals
and one unaffected individual from a Tunisian family. Results: A novel
mutation in the ABCG8 gene, designated c.965-1G>C, was identified
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by exome sequencing in the members of this family. The homozygous
form was associated with generalized cutaneous xanthomatosis while
the heterozygous form was linked to isolated xanthelasmas. Conclu-
sion: Our results indicate a gene dosage effect of ABCG8 and suggest
that individuals at risk should be followed closely.
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xanthoma

itosterolaemia (OMIM 210250), also known as phy-
tosterolaemia, is a rare autosomal recessive disease
caused by the inability to efficiently excrete plant

terol and is characterized by cutaneous xanthomas and
ccelerated atherosclerosis [1]. Sitosterolaemia is caused
y homozygous or compound heterozygous mutations in
ither ABCG5 or ABCG8 (both on chromosome 2p21),
hich encode the sterol efflux transporter ABCG5 (sterolin-
) and ABCG8 (sterolin-2), respectively. ABCG5 and
BCG8 transporters pump sterols into the intestinal lumen
r into bile which are subsequently excreted by the body.
hese transporters are expressed in enterocytes, in the prox-

mal small intestine and hepatocytes. Sitosterolaemia is
onsidered a disorder of increased intestinal absorption and
ecreased biliary excretion of plant sterols [2-4]. It is still
ot clear whether the liver or the intestine has a greater role
n maintaining the balance of non-cholesterol sterols, yet
wo anecdotal reports suggest a predominant role for the
iver in the regulation of non-cholesterol sterols [5, 6].
JD, vol. 27, n◦ 5, September-October 2017
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he prevalence of sitosterolaemia is unknown. To date, 40
ases have been reported [7]. However, sitosterolaemia may
e more frequent than previously thought, as its true preva-
ence is unknown because most clinicians are unaware of it
8].
he clinical manifestations of sitosterolaemia vary widely
nd encompass a wide spectrum of phenotypic hetero-
geneity. Some individuals with homozygous mutations
may appear almost totally asymptomatic. On the other
hand, other patients may manifest variable symptoms as
severe as sudden and premature death due to cardiovascu-
lar complications [9, 10]. The major clinical manifestations
of sitosterolaemia are tendinous or tuberous xanthomas
on extensor areas (such as the Achilles tendon), exten-
sor tendons of the hand, elbows, and knees [11, 12].
These xanthomas can occur in childhood or manifest in
adults and can present in various and sometimes unusual
locations such as the heels, knees, buttocks, and elbows
[1].
Minor trauma plays an important role in the development of
xanthomas, explaining their predominance on the extensor
surfaces [13]. Xanthomas may begin to appear at an early
age in patients with sitosterolaemia, even during the first
year of life [14, 15]. Intertriginous xanthomas are a very
rare type of planar xanthomas that have been reported to
be pathognomonic for homozygous familial hypercholes-
519
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and xanthelasmas in the heterozygous form. Eur J Dermatol 2017; 27(5): 519-23

terolaemia [16]. However, they have also been reported in
patients with sitosterolaemia [15].
The pathophysiology of development of xanthomas seems
to resemble that of early stages of atherosclerotic plaques,
i.e. as clusters of foam cells; this sheds light on the inher-
ently increased cardiovascular risk in patients with xan-
thomas [17]. Even xanthelasmas (which were previously
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onsidered to be only a cosmetic lesion) have been found
o be associated with an increased cardiovascular risk and
educed average lifespan [18]. In contrast to normolipemic
anthomas, those in patients with sitosterolaemia regress
nd may completely disappear as plasma cholesterol levels
ecrease (although plant sterol levels may still be rel-
tively high) [15, 19-23]. However, some patients may
e completely asymptomatic and the only manifestation
n some cases is haematological changes which include
tomatocytic haemolysis, large platelets, splenomegaly, and
bnormal bleeding [24-28].
n this study, we evaluated a Tunisian family with several
embers who had clinical manifestations of generalized

utaneous xanthomas while others had only isolated xanthe-
asmas. We found a novel mutation in the ABCG8 gene that
ccounts for the observed phenotypes with a gene dosage
ffect.

ubjects and methods

atients
Tunisian family presenting with generalized xanthomato-

is in two of its members and isolated xanthelasmas in three
f its members was recruited to this study as part of the
enodermatosis-approved Institution Review Board (IRB)
rotocol der.mk.01. All individuals signed a consent form
or blood sample collection. Skin biopsy was taken from
he elbow of one of the affected members with generalized
anthomatosis.

xome sequencing
enomic DNA (gDNA) was isolated from peripheral blood

ymphocytes collected from the family members and unre-
ated healthy control individuals. We performed exome
equencing on DNA obtained from five affected individ-
als and one unaffected individual from a Tunisian family.
he exome capture method used was the V6 Sure Select
it from Agilent, and the libraries were run on a HiSeq4000
latform from Illumina at Macrogen-South Korea. The gen-
rated Fastq files were mapped to reference genome using
he Burrows-Wheeler Alignment Tool (BWA), and sub-
equently insertion/deletion realignment was carried out
sing the Genome Analysis Tool Kit (GATK) software
hich was also used for variant calling and filtering. Vari-

nt annotation was carried out using SnpEff and results
ere recorded in Excel alongside the BAM and VCF files.
or all five samples, the total number of analysed bases was
ithin the 7-7.8 × 106 range. The average throughput depth
f target regions was 128.5 with more than 70% coverage
f >50×. We first filtered the ∼100,000 single nucleotide
olymorphisms (SNPs) and indels by eliminating the syn-
nymous variants and those variants in the non-coding
20

egions of the genes to reach around 12,000 SNPs and
ndels. The latter were then filtered out again to keep only
he variants with less than a minor allele frequency of 10%
MAF<10%). Cross comparative analysis between mem-
ers of the same family was performed using the variant
all software from Illumina, taking into consideration an
utosomal recessive pattern of inheritance, focusing thus
n only variants shared between the two affected siblings
Time: 11:35 am

and inherited on both alleles using an ABI3500 platform at
the Molecular Core Facility of the American University of
Beirut, as previously described [29].

Results

Clinical phenotypes
We examined six patients from a Tunisian family presen-
ting with cutaneous xanthomatosis of different severities.
Two of the patients showed generalized cutaneous xan-
thomatosis affecting elbows, knees, intertriginous areas,
the eyelids, as well as the scapula. Three other indivi-
duals had isolated xanthelasmas (eyelid xanthomatosis) and
another individual was unaffected (figure 1). None of the
family members had any systemic involvement or history
of early-onset coronary artery disease.
A skin biopsy obtained from the elbow of the 25-year-old
woman with disseminated xanthomatosis showed foamy
histiocytes in the dermis confirming the clinical diagnosis
of xanthomatosis (figure 2).
We subsequently performed blood laboratory tests, inclu-
ding lipid profiling, which were all within the normal range
(the lipid profile did not include plant sterols). Serum and
urine protein electrophoresis were performed to rule out
plasma cell dyscrasias and were also normal. In the set-
ting of the clinical, histological, and laboratory findings,
a diagnosis of either familial idiopathic xanthomatosis or
sitosterolaemia was considered.

Exome sequencing results
After filtration and analysis of the exome sequencing
data, we identified a homozygous mutation in the ABCG8
gene, designated c.965-1G>C (splice acceptor) in the
two individuals with generalized cutaneous xanthomatosis
(NM_0022437.2). The other three individuals with xan-
thelasmas were heterozygous for the mutation, and the
unaffected member was wild-type for both alleles (figure 3).
The mutation was predicted to be damaging based on
both Polyphen-2 and SIFT in-silico analysis. The allele
frequency for the mutation was close to zero in the inter-
national database, as well as in 200 control Lebanese and
Arab individuals. Sanger sequencing of DNA from the six
family members confirmed the exome sequencing results.

Discussion

Sitosterol is the most abundant plant sterol found in our
diet, and is the predominant form in patients with sitostero-
laemia [24, 30]. The most common sources of plant sterols
include nuts, seeds, chocolate, avocados, vegetable oils,
EJD, vol. 27, n◦ 5, September-October 2017

wheat germs, and margarine [1, 26]. Plant sterols are struc-
turally similar to cholesterol but differ due to the presence
of an ethyl group (sitosterol), methyl group (campesterol),
or a double bond (stigmasterol) [31].
Dietary cholesterol and non-cholesterol sterols are
absorbed form the intestinal lumen via the sterol influx
transporter, Nieman Pick C1 Like 1 (NPC1L1), which
has higher affinity to cholesterol than to plant sterols
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Figure 1. Individuals from the Tunisian family with homozygou
thomatosis involving the scapula, knuckles, elbows, and knees. Pa
xanthelasmas.
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igure 2. Skin biopsy taken from the elbow of a 25-year-old
oman with disseminated xanthomatosis shows foamy histio-

ytes in the dermis (A). Immunoperoxidase stain for CD68 is
ositive in histiocytes (B).
JD, vol. 27, n◦ 5, September-October 2017

26, 32, 33]. In enterocytes, about 50-60% of absorbed
holesterol is esterified by acetyl-sterol O-acyltransferase
(SOAT2), which is transported to the liver and packed

n chylomicrons [34]. Un-esterified cholesterol or plant
terols are pumped back into the intestinal lumen by the
terol efflux transporters ABCG5 and ABCG8 [26]. Plant
s mutation in the ABCG8 gene showing disseminated xan-
tients with heterozygous mutation in the ABCG8 had isolated

sterols not pumped back to the intestinal lumen then become
part of the chylomicrons, are transported to the liver, and
are eventually pumped out into the bile by the hepatic
ABCG5/ABCG8 transporters [26, 30].
In our study, we identified a novel mutation in the ABCG8
gene, designated c.965-1G>C, in a Tunisian family. The
mutation most likely results in the abolition of the splice
acceptor site, resulting in subsequent exon skipping, pre-
mature termination, and mRNA decay. Interestingly, in the
homozygous form, the mutation was associated with gener-
alized tuberous, tendinous and intertriginous xanthomatosis
while for the heterozygous pattern, the patients showed iso-
lated xanthelasmas. Xanthomas most commonly occur in
the setting of hyperlipidaemia, less commonly in associa-
tion with monoclonal gammopathy, and the remaining cases
are considered idiopathic. On the other hand, isolated xan-
thelasmas are rarely associated with hyperlipidaemia, and
521

are considered idiopathic. Here, we showed that at least
a subset of idiopathic xanthomatosis and xanthelasmas are
linked to mutations or altered function of the ABCG8 pump
protein. Little is known about the prevalence of mutations
in ABCG5/8 and their associated phenotypes worldwide,
and whether or not such mutations could be linked to
defects in LDLR and hypercholesterolaemia. A better
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Figure 3. Pedigree of the family with sitosterolaemia with
corresponding genotype/phenotype. The core family was com-
posed of a boy and a girl in their 20s, both diagnosed with
severe xanthomatosis (black circle and square), who were
found to harbour the c.965-1G>C variant in the ABCG8 gene
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riginous xanthomas in a breastfed infant: case report and brief review.
n both alleles (-/-). Their parents, as well as a parental aunt,
ere heterozygous for the mutation (-/+) and had only isolated
anthelasmas (dashed circles and square). The second pater-
al aunt was healthy (white circle) with no mutation in ABCG8
+/+).

nderstanding of the function of ABCG8 and the possi-
le crosstalk with other lipid-related molecules, such as
DL, will contribute to uncovering the pathophysiology of
utaneous xanthomatosis, as well as simple xanthelasmas.
efects in either ABCG5 or ABCG8 result in increased

ntestinal absorption and decreased biliary excretion of
lant sterols, leading to extremely high plasma levels of
lant sterols (50 to 200-fold) [2, 3]. These are carried in low-
ensity lipoprotein (LDL) and very-LDL particles [2, 11].
he levels of plant sterols cannot be measured in the blood
sing regular blood tests used to measure total cholesterol,
DL, and HDL. Gas chromatography-mass spectrome-

ry (GC-MS) or liquid chromatography-mass spectrometry
re reliable methods to measure plant serum sterol levels
nd screen sitosterolaemia, in which increased plant sterol
evels and sitosterol:cholesterol levels are almost invariably
bserved [31].
n clinical cardiology practice, we and others have identified
number of young patients (of less than 40 years) devel-

ping coronary artery disease with supposedly unidentified
isk factors, yet upon coronary artery catheterization, they
howed cholesterol plaques. We are currently in the pro-
ess of studying these patients to see whether a subset
f them may have elevated plant sterols. This may alter
he diet generally prescribed for patients with metabolic
yndrome which generally relies on an increased intake of
lant derivatives, including plant sterols, as some may carry
berrations in ABCG5 and ABCG8, increasing the risk of
orsening conditions.

n conclusion, we identified a novel mutation in the ABCG8
ene, which in the homozygous form was associated with
eneralized xanthomatosis, and in the heterozygous form
22

as associated with isolated xanthelasmas. Future work
ill identify whether plant sterols constitute a risk fac-

or for coronary artery disease in a subset of patients with
alfunctioning ABCG5/ABCG8 proteins. �
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