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Abstract

Familial hypercholesterolemia is a common genetic
hypercholesterolemia caused by mutations in
LDLR, APOB and PCSK9 that leads to premature
atherosclerosis. Other rare disorders like sitosterolemia
can present the same phenotype but have distinct
therapeutic interventions. We present a case of
severe hypercholesterolemia in a 5-year-old child
found to have both familial hypercholesterolemia and
sitosterolemia. The proband was diagnosed initially
as familial hypercholesterolemia, but the lack of
pathogenic variants with Sanger approach questioned
this hypothesis. High levels of sitosterol established
the diagnosis of sitosterolemia, genetically confirmed
by an ABCG8 homozygous variant c.1974C>G/p.
(Tyre58*). Next-generation sequencing re-sequence
for familial hypercholesterolemia genes revealed an
APOB heterozygous functional variant (c.11477C>T/p.
(Thr3826Met), in a region previously unstudied. The
mother presented with the same genotype but a
milder phenotype. Control of low-density lipoprotein
cholesterol levels was only accomplished with dietary
and therapeutic intervention for both sitosterolemia
and familial hypercholesterolemia. The correct diagnosis
of dyslipidemia is important to establish proper dietary
and pharmacological intervention for atherosclerosis
prevention.
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Introduction

Familial hypercholesterolemia (OMIM 143890) is the
most common of all genetic hypercholesterolemias,
with defects in LDLR, APOB and PCSK9 genes accounting
for the majority of cases.! However, there are other
rare disorders presenting with the same phenotype,?
as sitosterolemia (OMIM 210250). In this disease,
patients can present with high levels of low-density
lipoprotein cholesterol (LDL-C) and plant sterol
accumulation in tendons and arteries, also contributing
to increased cardiovascular risk.2 The defect in this
case is in ABCG5 / ABCGS8 genes, that encode two
transporter proteins expressed in enterocytes and
hepatocytes that participates in the excretion of
absorbed dietary sterols, preventing their accumulation
in blood and tissues.® Clinically it can present with
tuberous xanthomas, accelerated atherosclerosis,
and occasionally macrothrombocytopenia.* Correct
diagnosis is important to guide proper dietary and/or
pharmacological interventions for the prevention of
atherosclerosis.

The aim of this study is to describe a case of severe
hypercholesterolemiainachild and motherfoundto have
both sitosterolemia and familial hypercholesterolemia.

Case Report

The proband was a 5-year-old girl referred for severe
hypercholesterolemia and xanthomas. Clinical,
biochemical, and genetic investigation of the proband
and all available family members was performed. She
had normal growth and psychomotor development
and normal physical examination, except for yellowish
plagues on knees and ankles. Biopsy of the dermal
plaques confirmed tuberous xanthomas.
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Complex Phenotype of Hypercholesterolemia

Initial lipid profile showed LDL-C 391 mg/dL (reference
values < 130 mg/dL), high-density lipoprotein
cholesterol (HDL-C) 34 mg/dL (reference values 36-73
mg/dL), triglycerides 89 mg/dL (reference values <
150 mg/dL), apolipoprotein B 208 mg/dL (reference
values 51-126 mg/dL), apolipoprotein A1 99 mg/dl
(reference values 86-179 mg/dL), apolipoprotein B /
apolipoprotein Al ratio 2.6 (reference values < 0.6) and
lipoprotein (a) 78 mg/dL (reference values < 30 mg/
dL). Apart from intermittent macrothrombocytopenia
and slight elevation of aspartate aminotransferase and
alanine aminotransferase, laboratory evaluations were
considered unremarkable.

Cardiovascular exam was normal except for ambulatory
monitoring of blood pressure which showed systolic
pre-hypertension and nocturnal systolic grade 2
hypertension and a non-dipping pattern. Carotid intima-
media thickness was on percentile 50-75.°

The proband (V:2 in Fig. 1A) is the second child of
consanguineous parents, both with hypercholesterolemia.
The mother (IV:10 in Fig. 1A) was first diagnosed with
hypercholesterolemia at 28 years and had xanthomas as
a child. She tried many statins with diverse side effects
and no significant improvement on the lipid profile. She
was also under methotrexate for psoriatic arthritis that
had to suspend for thrombocytopenia. Lipid profile only
improved after she suspended methotrexate and later
when ezetimibe was added to a statin (Fig. 2B). The father
(IV:9 in Fig. 1A) was also treated with a statin. Three of
the proband grandparents (lll.1, I1l.2 and lll.4 in Fig. 1A), a
paternal aunt and an uncle (IV:1 and IV:2 in Fig. 1A) were
also referred to have hypercholesterolemia, although we
could not determine the lipid profile. Another paternal
uncle had a myocardial infarction when he was 50 years old.
From the maternal side only one maternal uncle (IV:13) was
reported to have hypercholesterolemia (Fig. 1A).

Due to severe hypercholesterolemia in the proband
and parents, a presumptive diagnosis of familial
hypercholesterolemia was given according to Simon
Broome criteria.® However, the diagnosis of familial
hypercholesterolemia was questioned when the first
molecular results using the Sanger protocol found no
mutations in the LDLR, APOB (two fragments of exons 26
and 29) and PCSK9 genes. The Sanger protocol included
polymerase chain reaction amplification followed by
Sanger sequencing of”:

- Fragments of exon 26 (c.10423_10765) and exon
29 (c.12987_13321) where the most commons APOB
mutations have been found;

- Promoter region, coding, and splicing regions (including
+50bp of intron regions flanking the exons) of the LDLR
and PCSK9 genes’.
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Figure 1. Results of the genetic diagnosis: A. Pedigree of the
family. B. Sequencing electropherograms with the molecular
results for the ABCG8 variant. C. Sequencing electropherograms
with the molecular result for the APOB variant.
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It also includes the study of LDLR large rearrangements
by multiplex ligation-dependent probe amplification
technique.

At this point, genetic investigation progressed to
next-generation sequencing methodology that
included the study of the three genes causing familial
hypercholesterolemia (LDLR, APOB and PCSK9) and

three other genes considered alternative molecular
etiologies (LDLRAPI1, LIPA, APOE). For all genes the
promotor region, exons, and introns up to *15bp
were analyzed as previously described.? Briefly, a gene
panel was sequenced including LDLR, APOB, PCSK9,
LDLRAP1, APOE and LIPA genes. SureSeq™ (Oxford
Gene Technology, OGT, Oxford, United Kingdom) next-
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Figure 2. Low-density lipoprotein cholesterol evolution of the proband (A) and her mother (B).

Portuguese Journal of Pediatrics '&'



Complex Phenotype of Hypercholesterolemia

generation sequencing library preparation was prepared
following manufacturer protocol. A 4nM pool consisting
of 24 individual DNA libraries was loaded into a v2 300
cycle Miseq cartridge and run on an lllumina Miseq
(Nlumina, Little Chesterford, Essex, United Kingdom).
Of the targeted regions, 97% were covered at > Q30.
The FASTQ files were analysed using OGT SureSeq
Interpret software (Oxford Gene Technology, Oxford,
United Kingdom).

The next-generation sequencing study uncovered a
heterozygous variant in exon 26 of the APOB gene
(c.11477C>T/p.(Thr3826Met) (rs61744153), not
detected by the methodology previously used.
This variant has been proven to affect the binding
of apolipoprotein B / LDLR by functional studies as
reported elsewhere.?

At the same time, on clinical ground, other etiologies
for hypercholesterolemia were being investigated.
Elevation of transaminases and macrothrombocytopenia
prompted the investigation of cholesteryl ester storage
disease and sitosterolemia.

Sterol analysis®in the index patient revealed an increased
cholestanol (43.6 umol/L, controls 3.52-23.8 umol/L)
and B-sitosterol (470 umol/L, not detected in controls).
The mother, at that time under ezetimibe and a statin,
showed normal cholestanol and high B-sitosterol (224
umol/L, not detected in controls). Sterol analysis was
normal in the father and sister.

After the sterol chromatography, sitosterolemia was
confirmed by the finding of ahomozygous known nonsense
mutation (c.1974C>G/p.(Tyr658*)) (rs137852989) in the
ABCGS8 gene (c.[1974C>G]; [1974C>G]/p.[(Tyr658%*)];
[(Tyre58%*)]). All exons of ABCG8 gene were analyzed by
polymerase chain reaction and Sanger sequencing.
Family studies revealed that the proband mother
(IV:10) had the same mutations in the ABCGS8 gene (in
homozygosity) and in the APOB gene (in heterozygosity)
(Figs. 1B and 1C). Both maternal grandparents,
as expected, have the ABCG8 nonsense variant in
heterozygosity and all carriers of the APOB variant have
a hypercholesterolemic phenotype, showing this way
co-segregation of the hypercholesterolemia with this
genotype (c.11477C>T/p.(Thr3826Met) (Fig. 1A).

When a familial hypercholesterolemia diagnosis was
assumed, the proband was put on a low saturated fat diet
with vegetable stanol supplementation. After six months,
she was started on pravastatin (up to 30 mg/day) and
then changed to rosuvastatin 10 mg/day, resulting only
then in a moderate reduction of LDL-C levels (Fig. 2A).
After the diagnosis of sitosterolemia the child changed
to a low phytosterol diet, stopped rosuvastatin and
initiated ezetimibe 10 mg/day. Five months later the
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tuberosum xanthomas had attenuated, phytosterols
and LDL-C diminished (Fig. 2A).

When the APOB variant was found, the child was put on
a diet restricted in both saturated fat (meat and dairy
sources) and phytosterol (plant source). Rosuvastatin 10
mg/day was also added to ezetimibe as the combination
of diet intervention with ezetimibe was not enough
to control LDL-C levels (Fig. 2A). After five years of
follow-up, the child is growing and developing normally,
xanthomas have disappeared, phytosterols diminished
from 470 mmol/L to 242 mmol/L, and vitamin A
supplementation was needed.

Discussion

Here we present a case of severe hypercholesterolemia
with both a homozygous null variant in the ABCG8 gene
and a heterozygous variant in the APOB gene, causing
sitosterolemia and familial hypercholesterolemia,
respectively. The mother was found to have the
same genotype, although now she presents a milder
phenotype. It has been reported that the phenotype of
sitosterolemia subjects improves with agel® explaining
the difference between the proband and the mother.

Until recently, the routine genetic diagnosis of familial
hypercholesterolemia comprised the study of the
entire LDLR gene and only two APOB fragments located
in the LDLR binding region, and in some cases the
study of PCSK9 gene.!! So, when the routine familial
hypercholesterolemia diagnosis test was found to be
negative, a next generation sequencing protocol was
performed which included the complete study of six
genes (all exons, promotor, and splice regions (+/-50
bp) of the three familial hypercholesterolemia causing
genes, plus three genes responsible for alternative
molecular causes of the familial hypercholesterolemia
phenotype: autosomal recessive hypercholesterolemia
(LDLRAP1), lysosomal acid lipase deficiency (L/PA) and
dysbetalipoproteinemia (APOE). Only one variant was
found in APOB, outside the described binding region
to the LDLR. This variant has been found before in
familial hypercholesterolemia cohorts worldwide and
was showed to affect apolipoprotein B / LDLR binding by
functional analysis.® However, following the American
College Medical Genetics and Genomics'? this variant
is classified as variant of unknown significance, since
there is not enough evidence to classify it as pathogenic
or benign. Nevertheless, since the functional study
showed that the apolipoprotein B / LDLR binding was
affected, the finding of this APOB variant established a
possible diagnosis of familial hypercholesterolemia in the
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proband. More than 50% of LDLR variants found in familial
hypercholesterolemia patients worldwide are classified
as variant of unknown significance!® and are described as
familial hypercholesterolemia causing variants.
Sitosterolemia was also investigated since it is a
known alternative molecular etiology for the familial
hypercholesterolemia phenotype and the child had
intermittent macrothrombocytopenia. The sterol
chromatography confirmed the presence of large
concentrations of B-sitosterol and cholestanol. A
homozygous pathogenic stop codon variant was found
in the last exon, exon 13 of ABCG8 gene, confirming
the diagnosis.

Determining the complex genotype was essential to
establishing the correct patient management. Control of
LDL-C levels was only achieved with a combined dietetic
(restriction in both saturated fat and phytosterol) and
pharmacological (statin and ezetimibe) approach for
both sitosterolemia and familial hypercholesterolemia,
which can be considered a therapeutic proof that
the patient has indeed sitosterolemia and familial
hypercholesterolemia.

This study highlights the importance of the study of
all familial hypercholesterolemia genes and other
alternative molecular etiologies with a more complete
next-generation sequencing panel to fully understand
the patient phenotype.

Our lab has now decided to change the genetic diagnosis
of familial hypercholesterolemia to a next generation
sequencing panel of eight genes (LDLR, APOB, PCSK9,
LDLRAP1, APOE, LIPA, ABCG5 and ABCGS). So, whenever
possiblethisnovel eight-gene nextgenerationsequencing
panel should be implemented for the molecular study
of familial hypercholesterolemia as suggested by
international familial hypercholesterolemia experts.!
This will improve the knowledge of the etiology of the
familial hypercholesterolemia phenotype and will allow
better patient identification and management.

The clinical phenotype presented by patients with
sitosterolemia, and familial hypercholesterolemia have

a considerable overlap, but each entity has specific
treatment approaches. Target sequencing panels allow
for the study of familial hypercholesterolemia genes and
other alternative molecular etiologies in one run and
increase the correct identification of the disorder and
the understanding of the underlying pathophysiology.
This study provides strong evidence that next generation
sequencing panels for familial hypercholesterolemia
diagnosis should include the sitosterolemia genes. The
correct identification of the origin of the dyslipidemia
is important to establish the correct diagnosis and to
establish the different dietary and pharmacological
interventions for the prevention of atherosclerosis.

WHAT THIS CASE REPORT ADDS

® The genetic diagnosis of hypercholesterolemia is important for
the correct management of the disease.

* Next-generation sequencing panels for familial hypercholesterolemia
diagnosis should be frequently updated as the number of causal
genes increases.

e To our knowledge this is the first reported case of diagnosis
and management of both sitosterolemia and familial
Lhypercholesterolemia.
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Fendtipo Complexo de Hipercolesterolemia numa Familia com MutagGes ABCG8 e APOB

Resumo

A hipercolesterolemia familiar é uma hipercolesterolemia
genética comum causada por mutagdes nos genes LDLR,
APOB e PCSK9, que leva a aterosclerose prematura. Outros
alteragGes raras, como a sitosterolemia, podem apresentar
o mesmo fendtipo, mas a intervengao terapéutica é distinta.
Apresentamos um caso clinico de hipercolesterolemia grave
numa crianga de 5 anos com hipercolesterolemia familiar e
sitosterolemia. O probando foi diagnosticado inicialmente
como hipercolesterolemia familiar, mas a auséncia de
variantes patogénicas com a abordagem de Sanger pos
em causa essa hipdtese. Niveis elevados de sitosterol
permitiram estabelecer o diagndstico de sitosterolemia,
confirmado geneticamente por uma variante homozigotica
ABCGS8, ¢.1974C> G / p. (Tyr658 *). A nova sequéncia
por sequenciamento de nova geragdo para genes de
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hipercolesterolemia familiar revelou uma variante funcional
heterozigdtica APOB (c.11477C>T / p. (Thr3826Met), numa
regido ndo estudada anteriormente. A mae apresentou o
mesmo gendtipo, mas um fendtipo mais ligeiro. O controlo
dos niveis de colesterol das lipoproteinas de baixa densidade
s6 foi conseguido com intervengdo dietética e terapéutica,
tanto para sitosterolemia como para hipercolesterolemia
familiar. O diagndstico correto da dislipidemia é importante
para estabelecer uma intervengao dietética e farmacoldgica
adequada para a prevencgao da aterosclerose.

Palavras-Chave: Absorc3o Intestinal/genética; Fatores de Risco;
Hiperlipoproteinemia Tipo Il/diagndstico; Hiperlipoproteinemia
Tipo Il/dietoterapia; Hiperlipoproteinemia Tipo Il/genética;
Hiperlipoproteinemia Tipo Il/tratamento farmacolégico;
Hipercolesterolemia; Mutagdo; Pré-Escolar



