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KEYWORDS: CONTEXT: Approximately 20% to 40% of clinically defined familial hypercholesterolemia (FH)
Genetic cases do not show a causative mutation in candidate genes (mutation-negative FH), and some of
hypercholesterolemia; them may have a polygenic origin.

ABCGS5/GS; OBJECTIVE: The aim of this work was to study the prevalence of ABCG5/GS8 genetic variants in
Noncholesterol sterols; mutation-negative FH, as defects in these genes relate to intestinal hyperabsorption of cholesterol
Cholesterol absorption and thus ABCG5/GS8 variants could explain in part the mechanism of hypercholesterolemia.

DESIGN, SETTING, AND PATIENTS: We sequenced the ABCG5/G8 genes in 214 mutation-negative
FH and 97 controls. Surrogate markers of cholesterol absorption (Sa-cholestanol, B-sitosterol, campes-
terol, stigmasterol, and sitostanol) were quantified by high-performance liquid chromatography—tan-
dem mass spectrometry in both studied groups.

RESULTS: We found 8 mutation-negative FH patients (3.73%) with a pathogenic mutation in
ABCG5/G8 genes. We observed significantly higher concentration of surrogate markers of cholesterol
absorption in mutation-negative FH than in controls. In addition, we found significantly higher concen-
trations of cholesterol absorption markers in mutation-negative FH with ABCG5/GS defects than in
mutation-negative, ABCG5/G8-negative FH. A gene score reflecting the number of common single
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nucleotide variants associated with hypercholesterolemia was significantly higher in cases than in con-
trols (P =.032). Subjects with a gene score above the mean had significantly higher Sa-cholestanol and
stigmasterol than those with a lower gene score.

CONCLUSIONS: Mutation-negative FH subjects accumulate an excess of rare and common gene
variations in ABCG5/GS8 genes. This variation is associated with increased intestinal absorption of
cholesterol, as determined by surrogate makers, suggesting that these loci contribute to hypercholester-
olemia by enhancing intestinal cholesterol absorption.
© 2017 National Lipid Association. All rights reserved.

Introduction

Genetic hypercholesterolemias (GHs) are a heteroge-
neous group of lipid disorders caused by monogenic and
polygenic defects and characterized by very high plasma
concentrations of total cholesterol (TC) due to increased
low-density lipoprotein cholesterol (LDL-C) and high risk
of premature coronary heart disease (CHD). Familial
hypercholesterolemia (FH) is the most common monogenic
GH,' with autosomal codominant transmission and with a
current estimated prevalence of about 1:200 to 250 in the
general population.”” FH is caused by mutations in
LDIR, the gene coding for the LDL receptor; APOB, cod-
ing for apolipoprotein (apo) B; PCSK9,"” which codes for
the enzyme proprotein convertase subtilisin/kexin type 9, or
APOE genes.(’ In addition, a rare recessive form of FH is
also caused by mutations in the LDLRAPI gene.’ However,
a causative mutation in candidate genes is not found in
approximately 20% to 40% of clinically defined FH cases,”
suggesting that there are either other as yet unidentified ge-
netic causative loci or these cases represent severe poly-
genic hypercholesterolemia. Actually, affected subjects
with clinical FH but without mutations in candidate genes,
accumulate some common single-nucleotide variations
(SNVs) with a small LDL-C raising effect” that do not fully
explain the high LDL-C phenotype of these subjects.

Different GWAS have shown that at least 100 /oci are
associated with LDL-C concentration in the popula-
tion.''" One of these loci is ABCGS5/GS; this gene
complex encodes the proteins ABCGS and ABCGS, which
form a heterodimer conveyor located in the membrane of
enterocytes and hepatocytes. It has been shown that
ABCGS5/G8 limits the intestinal absorption of cholesterol
and phytosterols and promotes their hepatobiliary secretion.
Severe functional mutations in ABCG5/GS8 cause sitostero-
lemia, a rare autosomal disorder characterized by an
increase of phytosterols in blood, up to 30 times greater
than normal.'” In addition, studies have shown that
ABCG5/G8 variation is associated with cholesterol and
noncholesterol sterol plasma levels.'”'” However, the
contribution of ABCG5/G8 loci variation to mutation-
negative FH has not been previously examined.

Considering that mutation-negative FH subjects usually
have higher noncholesterol sterol concentrations than other
types of GH,'® probably because of intestinal sterol hyper-
absorption, we hypothesized that genetic variations in

ABCGS5/G8 are involved in some forms of mutation-
negative FH. Hence, the aim of this study was to analyze
common and rare mutations in ABCG5/G8 in a large cohort
of mutation-negative FH and assess their association with
noncholesterol sterols and LDL-C, to establish the genetic
contribution of these loci in this type of GH.

Material and methods

Subjects

Unrelated subjects (n = 214), aged 18 to 79 years, with
a clinical diagnosis of non-FH GH: LDL-C above the 95th
percentile of the Spanish population,'” triglycerides (TGs)
below 200 mg/dL, and familial presentation (at least 1
first-degree relative with the same phenotype) from the
Lipid Clinics at Hospital Universitario Miguel Servet, Zar-
agoza and Hospital Clinic, Barcelona were selected for this
study. In all subjects, the absence of a pathogenic mutation
in LDLR, APOB, and PCSK9 genes was confirmed by the
Lipochip platform.”” Exclusion criteria were the presence
of an €2/e2 genotype or the p.(Leul67del) mutation in
the APOE gene. Exclusion criteria were secondary causes
of hypercholesterolemia including obesity (body mass in-
dex [BMI] >30 kg/m?), poorly controlled type II diabetes
(HbAlc >8%), renal disease with glomerular filtration
rate <30 mL/min and/or macroalbuminuria, liver diseases
(alanine transaminase >3 times upper normal limit), hypo-
thyroidism (thyroid hormone >6 mIU/L), pregnancy, auto-
immune diseases, and treatment with protease inhibitors.
Assessment of cardiovascular risk factors, personal and
family history of cardiovascular disease, intake of drugs
affecting intestinal or lipid metabolism, and anthropometric
measurements were performed in all participants. The nor-
molipemic group (n = 97) consisted of healthy, unrelated
men and women volunteers aged 18 to 79 years, who un-
derwent a medical examination at the Hospital Miguel Ser-
vet of Zaragoza. Exclusion criteria for control subjects
were personal or parental history of premature cardiovascu-
lar disease or dyslipidemia, current acute illness, or use of
drugs that might influence glucose or lipid metabolism. All
subjects signed an informed consent to a protocol previ-
ously approved by our local ethics committee (Comité
Etico de Investigacion Clinica of Aragén, Zaragoza, and
of Hospital Clinic, Barcelona, Spain).
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