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Abstract: Sitosterolemia is a disease characterized by an intestinal hyperabsorption of plant sterols and
cholesterol. Affected individuals have mutations in both alleles of either ABCG5 or ABCG8 genes,
leading to a total loss of one of the proteins and subsequent functional deficiency. We here report a
Mexican family with clinical and biochemical features of sitosterolemia carrying 2 new mutations
of the ABCG5 gene. Concentrations of sitosterol, campesterol, and cholesterol were found to be higher
for the index case (a 10-year-old girl) than for her also affected sibling (64.1 vs 19 mg/dL, 32 vs 12.1
mg/dL, and cholesterol 295 vs 235 mg/dL, respectively). Both individuals showed 2 new ABCG5 gene
mutations identified by sequencing, which is concordant with their biochemical diagnosis of sitoster-
olemia. The first mutation was a c.144 -1G.A transition that disrupts the intron 1 splicing acceptor
site. The second mutation is the deletion c.1523 delC, which occurred in exon 11, causing an amino
acid change at codon 510 (p.His510Thr) and a stop codon at codon 511 (p.Leu511X). The father is
heterozygote for the mutation c.144 -1G.A, whereas the mother is heterozygote for the mutation
c.1523 delC. In conclusion, we here report the first case of a Mexican family with sitosterolemia car-
rying two new ABCG5 gene mutations.
� 2016 National Lipid Association. All rights reserved.
Introduction

Sitosterolemia (OMIM# 210250), also known as phytos-
terolemia, is a disease characterized by an intestinal hyper-
absorption of plant sterols (sitosterol, campesterol,
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stigmasterol, and avenosterol) and cholesterol, as well as
an inability to excrete sterols into the bile.1,2 Although in
normal conditions xenosterols are poorly absorbed and
their plasmatic concentration is ,1 mg/dL, affected indi-
viduals have values ranging from 10 to 65 mg/dL.3 The
main clinical characteristic of children with sitosterolemia
is the presence of tendon and tuberous xanthomas, whereas
in young adults, it is premature coronary disease.4 Other
less common manifestations include arthralgia, intermittent
arthritis, and liver disease. Hematologic abnormalities as
macrothrombocytopenia and fragile erythrocytes with
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abnormal shape are also present and result from the accu-
mulation of circulating plant sterols and their membranous
incorporation in blood cells.1,4 Treatment for sitosterolemia
includes a diet low in shellfish and plant sterols, pharmaco-
logic therapy with bile acid–binding resins, statins, sitosta-
nol, and ezetimibe, as well as surgical methods such as ileal
bypass surgery. The drug ezetimibe seems to be most effec-
tive in reducing plasma sterol levels, promoting xanthoma
regression, and improving the cardiovascular and hemato-
logic signs in sitosterolemic patients.1,5,6

Sitosterolemia shows an autosomal recessive pattern of
inheritance. Affected individuals have mutations in both
alleles (homozygous or compound heterozygous) of either
ABCG5 or ABCG8 genes,1 leading to a total loss of one of the
proteins and subsequent functional deficiency.7 ABCG5 and
ABCG8 genes are located at human chromosomal band
2p21 in a head-to-head orientation. They belong to the
ATP-binding cassette (ABC) transporter superfamily within
the G subfamily. Both genes contain 13 exons that code for
proteins of 651 amino acids (aa) and 673 aa, respectively,
they are simultaneously transcribed because they share a bidi-
rectional promoter region.2,8 ABCG5 and ABCG8 proteins,
also known as sterolin1 and sterolin 2, respectively, form a
functional heterodimeric complex, which promotes the return
of sterols from the enterocyte to the intestine, resulting in a
very lowabsorptionof sterols (approximately 5%). In the liver
that complex is linked to the excretion of sterols into the bile.2

We report a family from Nayarit, Mexico, with clinical
and biochemical features of sitosterolemia carrying 2 new
mutations of the ABCG5 gene.

Case report

The index case (IC) is a 10-year-old girl referred to our
department with an initial diagnosis of familial hypercho-
lesterolemia. At age 4 years, xanthomas in elbows, knees,
and Achilles tendon were detected, which were surgically
removed by age 6 years. She did not receive treatment. At
age 10 years, the patient presented anemia, macrothrombo-
cytopenia, eosinophilia, and moderate hypercholesterole-
mia (total cholesterol, 292 mg/dL; low-density lipoprotein
cholesterol, 224 mg/dL; triglycerides, 141 mg/dL; and
high-density lipoprotein cholesterol, 39 mg/dL). Xantho-
mas in elbows and knees were again observed, together
with a thickening of the Achilles tendon, but xanthelasma
and corneal arcus were absent. She received pharmacologic
treatment with cholestyramine (2 g/d) and ezetimibe (5 mg/
Table 1 Biochemical values of the index case and her family

Subject Age (y) Sitosterol (mg/dL)

Index case 17 68.1
Mother 45 0.47
Father 50 1.3
Affected brother 19 19.2
Nonaffected brother 16 2.1
d) together with a reduced diet of plant sterols. The IC has
healthy and nonconsanguineous parents and two apparently
healthy brothers, ages 19 and 16 years. Lipid profile studies
were performed on each family member. All, except the
younger brother, had values concordant with a mild hyper-
cholesterolemia. In addition, the older brother showed
macrothrombocytopenia, but he did not receive treatment
(Table 1).

After each family member signed an informed consent,
10 mL of peripheral blood was taken to quantify sterol
levels by gas chromatography and for DNA extraction.
Plasmatic concentrations of sitosterol and campesterol were
higher than 10 mg/dL in the IC and in the older brother,
being both diagnosed as positive for sitosterolemia
(Table 1).

DNA was extracted by standard procedures and quanti-
fied using a nanodrop 2000 (Thermo Scientific). DNA
integrity was analyzed by electrophoresis in 1% agarose
gel. Mutational analysis of the ABCG5 and the ABCG8
genes was performed through the polymerase chain reac-
tion (PCR) method, followed by direct sequencing. Primers
used to amplify all the exons and the intron–exon bound-
aries of both genes were designed with the Oligo 6 software
(Table 2). Amplification of both genes was carried out
using 3.3 ng/ml of genomic DNA, MgCl2 to 1.5 mM,
PCR buffer 1X, 0.2 mM of each dNTP’s, and 0.33 pmol/ml
of each primer and 0.03 u/ml of DNA Taq polymerase
(Chromo Max Taq, Vivantis). PCR reactions were per-
formed in a 2720 thermal cycler (Applied Biosystems)
with a touch-down program to 3 different annealing tem-
peratures, 60�C, 58�C, and 56�C for 5, 5, and 21 cycles,
respectively. PCR products were sequenced using Ready
Reaction Big Dye Terminator kit (Applied Biosystems),
and the variants identified were sequenced with forward
and reverse primers.

Two new mutations in the ABCG5 gene were identified
in the IC and in her older brother, which is concordant with
their biochemical diagnosis of sitosterolemia. The first mu-
tation was a c.144 -1G.A transition that disrupts the intron
1 splicing acceptor site. The second mutation is the deletion
c.1523 delC, which occurred in exon 11 causing an amino
acid change at codon 510 (p.His510Thr) and a stop codon
at codon 511 (p.Leu511X). The father and the nonaffected
brother had the mutation c.144 -1G.A. The mother was
carrier of the variant c.1523 delC (Fig. 1). These mutations
were absent in a sample of 50 individuals from general
population.
Campesterol (mg/dL) Total cholesterol (mg/dL)

32.4 295
1.0 227
1.8 238
12.5 235
2.1 180



Table 2 Primers used for amplification and sequencing of
ABCG5 and ABCG8 genes

Exon Sequence (50 to 30)
Fragment
size (bp)

ABCG5
1 F CCC ACT GTC AAG ATA AGG 468
1 R GAT CCA CTA AAG AGG GAG
2 F AGG TAG GAT CAA TGC TGG 296
2 R TGT GGC TTT CTT GTT ACA AC
3–4 F TAA CAC CTA GAA CAG GGT CC 562
3–4 R AGT GAA GGA GTG ACG AGC
5 F GCC CAT GAA TTG AAA TAG 338
5 R TCC TCA GTT TGA AAA ACC
6 F TGA GTT TTA AGC ACA GAG C 320
6 R TGG AAT TAC AAG TGT GAG C
7 F CAG AGA CAT TCA AAG TGC 323
7 R TGA AGA GTA TAA AAC ACA AAA AC
8–9 F ATG GGA TGA GGT ATT ATG G 779
8–9 R ACT CAA TAG TTG CCT TTC C
10 F CTG ACA GAC CTC ACA TTC 327
10 R AGA GCA GAG AAC TTC ACC
11 F TCA CCA CAA AGG ATT TAT TC 385
11 R CCA TAA CCA CTA TCA GTT CTC
12 F AGA AAA CTA TAT TCC TGT TGG 302
12 R TTT ATT TCA AAA ATA CAT TTC C
13 F GCT TGC TAA AGT GTC CTG 449
13 R ACA AAT GGA GTC TTA ATG G

ABCG8
1 F GTT TGT AGG TGG GCT TGC 300
1 R CTG AGG GAA GAG AGA AAG G
2 F GTC GGC TCT AAG AAG TTG C 327
2 R ACT GGA CTC TGT CCT TGC
3 F GTG TAG GTG AGG ACA TAT CC 362
3 R ATA AGA AGC ATC CAT TTG TC
4 F GTC CTG GAG AGT GTA TGG 448
4 R CAA GCT GAG TTG TTC AAA C
5 F TCT CCC TTC ACT TTC AAA C 356
5 R AAC ACA GAG AGG AGC CTG
6 F ACT CAC CAG GCT CCT CTC 395
6 R TTC TCC CCT GAA TCT TTC
7–8 F CTC TTC ACC TGT GAG CAG 475
7–8 R CTT TAA TAG AAA GGG CTT AAT G
9 F TCC TCA GAG CCA CTC TAT G 409
9 R CTC AGA GGA ACA CAG CTT G
10 F TTA GAG ACT TGG GCA ATA TG 314
10 R TGA CTT CAC ATG ACC CAC
11 F AGG GAA GGT TGC TAT CTG 431
11 R CAG GCT TCA TCC AGT CAC
12–13 F ATG GGG AGA CTG AAT ATA TG 624
12–13 R GTC ATT GTC CTC ACT GTC C

F, forward primer; R, reverse primer.
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Because infertility has been associated with defective
spermatogenesis in male mice homozygotes for a nonsense
Abcg5 gene mutation,9,10 we performed a spermiogram
study in the affected brother, which showed normal values.

On the other hand, 7 polymorphic variants in the
ABGC8 gene were found in the IC (rs4148209 C.A,
rs4148210 C.T, rs4148211 A.G, rs4148212 A.C,
rs4148213 G.C, rs112765285 C.TT.T, and rs4148220
T.C; Table 3). All of them are homozygote for the
mutated alleles, except for the rs112765285, which
showed a mutated heterozygous T/TT genotype. To estab-
lish the haplotype linked to each mutation, these polymor-
phisms were also screened on the other family members.
Familial segregation analyses revealed that the mutation
c.144 -1G.A is linked to haplotype A-T-G-C-C-TT-C
(following the order 50 to 30 of the ABGC8 gene), whereas
the mutation c.1523 delC is linked to haplotype A-T-G-C-
C-T-C. Polymorphisms in the ABCG5 gene were not
found.

Discussion

To date, less than 100 cases of sitosterolemia have been
described worldwide. We are describing the first Mexican
family with 2 individuals affected with sitosterolemia,
both carriers of 2 new ABCG5 gene mutations as com-
pound heterozygotes but with important biochemical and
clinical differences between them. Concentrations of sitos-
terol, campesterol, and cholesterol were found to be
higher for the IC than for her also affected sibling (64.1
vs 19 mg/dL, 32 vs 12.1 mg/dL, and 295 vs 235 mg/dL,
respectively; Table 1). These differences correlated with
the severity of the IC’s clinical features: xantomas, thick-
ening of the Achilles tendon, anemia, and macrothrombo-
cytopenia, whereas the affected sibling only had
macrothrombocytopenia. Similar phenotypic heterogene-
ities were observed by Su et al.11 and by Park et al.12

This variability could be related to the presence of other
genes involved in the absorption and excretion of sterols
and to the exposure to several environmental factors (ie,
dietary). Another mechanism that could explain the
phenotypic heterogeneity would be gene conversion (for
review, see reference 13). This mechanism could restore
the wild sequence of the maternal or the paternal allele
converting the compound heterozygote condition to a sim-
ple heterozygote condition, in the form of mosaicism. The
earlier the gene conversion event occurs in the embryonic
stage, the greater its impact on the phenotype will be. The
complex rearrangement observed by Wang et al.14 in the
ABCG5 gene (exon 3 del388-428/ins388-408) suggests
the presence of a hotspot for recombination near or within
the ABCG5 gene, which could predispose the homologous
annealing, and then, the occurrence of recombination or
gene conversion.

The ABCG5 gene mutations observed in this family
change the reading frame and generate a premature stop
codon. The mutation c.1523 delC, located in exon 11, gen-
erates an amino acid change (p.His510Thr) and a termina-
tion codon (p.Leu511X), which results in a truncated
protein at the fourth transmembranal domain. The
c.144 -1G.A mutation is a transition that disrupts the
intron 1 splicing acceptor site and potentially leads 2
mRNA isoforms characterized by the exclusion of the



Figure 1 DNA mutations found by sequencing in this family. (A) Forward electropherogram and (B) reverse electropherogram of ABCG5
exon 11 displaying the c.1523 delC mutation. (C) Forward electropherogram of ABCG5 exon 2 showing the c.144 -1G.A mutation.

Colima Fausto et al Two new ABCG5 gene mutations and sitosterolemia 207
exon 2 or by the retention of the intron 1. Translation of
the isoform containing the intron 1 results in a truncated
protein of 48 aa, whereas translation of the isoform
without exon 2 generates a reading frame shift that
changes the coding sequence from codon 48 to codon
171, where a stop codon is created.

Twenty-three other mutations in the ABCG5 gene have
been reported.1 Several of these mutations are nonsense,
frame shift or splicing, and code for truncated polypeptides,
whereas others are missense and interfere in the formation
Table 3 ABCG8 gene polymorphisms found in the index case and he

Polymorphism* Location
Index
case

rs4148209 C.A Intron 1 A/A
rs4148210 C.T Intron 1 T/T
rs4148211 A.G Exon 2 G/G
rs4148212 A.C Intron 2 C/C
rs4148213 G.C Intron 2 C/C
rs112765285 C.TT.T. Intron 9 T/TT
rs4148220 T.C Intron 10 C/C

Parental right-handed haplotypes are linked to the mutations.

*Polymorphisms were ordered from 50 to 30 of the ABCG8 gene sequence.
of stable ABCG5/ABCG8 heterodimers and their traf-
ficking out of the endoplasmic reticulum.15 Taking into
account our results, 6 of 25 ABCG5 gene mutations
disrupt splicing sites: intron 1 -1G.A (this study), intron
7 11G.A,2 intron 7 12A.G,16 intron 9 12A.G,5 intron
10 -1G.A, and intron 12 11G.A.1,2,16–18 Moreover, only
2 ABCG5 mutations involving a deletion have been identi-
fied: the first one is the complex rearrangement exon 3
del388-428/ins388-408, observed by Wang et al.14 and
the second is the exon 11 c.1523 delC observed by us.
r family

Mother Father
Affected
brother

Nonaffected
brother

C/A C/A A/A C/A
C/T C/T T/T C/T
A/G A/G G/G A/G
A/C A/C C/C A/C
G/C G/C C/C G/C
T/T C/TT T/TT T/TT
T/C T/C C/C T/C
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Haplotype analyzes have suggested the existence of a
founder effect for ABCG8 gene mutations but not for
ABCG5 gene mutations. We established haplotypes with 7
polymorphisms located within the ABCG8 gene. Our re-
sults showed that mutations c.144 -1G.A and c.1523
delC are linked to haplotypes A-T-G-C-C-TT-C and A-T-
G-C-C-T-C, respectively. Although our findings cannot be
compared with others because these mutations had not
been previously reported and they were observed in a single
family, this information could be useful in future studies.

In conclusion, we reported 2 new ABCG5 gene muta-
tions, c.144 -1G.A and c.1523 delC, in a Mexican family
with sitosterolemia.
References

1. Escol�a-Gil JC, Quesada H, Julve J, et al. Sitosterolemia: diag-

nosis, investigation, and management. Curr Atheroscler Rep.

2014;16(7):424.

2. Kidambi S, Patel SB. Sitosterolaemia: pathophysiology, clinical

presentation and laboratory diagnosis. J Clin Pathol. 2008;61(5):

588–594.

3. Lee MH, Lu K, Patel SB. Genetic basis of sitosterolemia. Curr Opin

Lipidol. 2001;12(2):141–149.

4. Calandra S, Tarugi P, Speedy HE, et al. Mechanisms and genetic de-

terminants regulating sterol absorbtion, circulating LDL levels, and

sterol elimination: implications for classification and disease risk. J

Lipid Res. 2011;52(11):1885–1926.

5. L€utjohann D, von Bergmann K, Sirah W, et al. Long-term efficacy and

safety of ezetimibe 10 mg in patients with homozygous sitosterolemia:

a 2-year, open-label extension study. Int J Clin Pract. 2008;62(10):

1499–1510.

6. Salen G, von Bergmann K, L€utjohann D. Ezetimibe effectively re-

duces plasma plant sterols in patients with sitosterolemia. Circulation.

2004;109(8):966–971.
7. Lu K, Lee MH, Hazard S. Two genes that map to the STSL locus

cause sitosterolemia: genomic structure and spectrum of mutationsin-

volving sterolin-1 and sterolin-2, encoded by ABCG5 and ABCG8,

respectively. Am J Hum Genet. 2001;69(2):278–290.

8. Berge KN, Tian H, Graf GA, et al. Accumulation of dietary choles-

terol in sitosterolemia caused by mutations in adjacent ABC trans-

porters. Science. 2000;290:1771.

9. Chase TH, Lyons LB, Bronson RT, et al. The mouse mutation ’throm-

bocytopenia and cardiomyopathy’ (trac) disrupts Abcg5: a spontaneous

single gene model for human hereditary phytosterolemia/sitosterole-

mia. Blood. 2010;115:1267–1276.

10. Solca C, Tint GS, Patel SB. Dietary xenosterols lead to infertility and

loss of abdominal adipose tissue in sterolin-deficient mice. J Lipid

Res. 2013;54(2):397–409.

11. Su Y, Wang Z, Yang H, et al. Clinical and molecular genetic

analysis of a family with sitosterolemia and co-existing erythrocyte

and platelet abnormalities. Haematologica. 2006;91(10):1392–

1395.

12. Park JH, Chung IH, Kim DH, et al. Sitosterolemia presenting with se-

vere hypercholesterolemia and intertriginous xanthomas in a breastfed

infant: case report and brief review. J Clin Endocrinol Metab. 2014;

99(5):1512–1518.

13. Chen JM, Cooper DN, Chuzhanova N, et al. Gene conversion: mecha-

nisms, evolution andhumandisease. Nat RevGenet. 2007;8(10):762–775.

14. Wang J, Joy T, Mymin D, et al. Phenotypic heterogeneity of sitoster-

olemia. J Lipid Res. 2004;45:2361–2367.

15. Graf GA, Cohen JC, Hobbs HH. Missense mutations in ABCG5 and

ABCG8 disrupt heterodimerization and trafficking. J Biol Chem.

2004;279(23):24881–24888.

16. Wang Z, Cao L, Su Y, et al. Specific macrothrombocytopenia/hemo-

lytic anemia associated with sitosterolemia. Am J Hematol. 2014;

89(3):320–324.

17. Kaya Z, Niu DM, Yorulmaz A, et al. A novel mutation of ABCG5

gene in a Turkish boy with phytosterolemia presenting with macro-

trombocytopenia and stomatocytosis. Pediatr Blood Cancer. 2014;

61(8):1457–1459.

18. Wang G, Wang Z, Liang J, et al. A phytosterolemia patient presenting

exclusively with macrothrombocytopenia and stomatocytic hemolysis.

Acta Haematol. 2011;126(2):95–98.

http://refhub.elsevier.com/S1933-2874(15)00389-X/sref1
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref1
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref1
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref1
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref2
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref2
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref2
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref3
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref3
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref4
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref4
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref4
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref4
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref5
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref5
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref5
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref5
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref5
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref6
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref6
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref6
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref6
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref7
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref7
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref7
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref7
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref8
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref8
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref8
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref9
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref9
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref9
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref9
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref10
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref10
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref10
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref11
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref11
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref11
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref11
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref12
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref12
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref12
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref12
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref13
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref13
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref14
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref14
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref15
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref15
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref15
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref16
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref16
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref16
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref17
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref17
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref17
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref17
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref18
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref18
http://refhub.elsevier.com/S1933-2874(15)00389-X/sref18

	Two novel mutations in the ABCG5 gene, c.144 -1G﹥A and c.1523 delC, in a Mexican family with sitosterolemia
	Introduction
	Case report
	Discussion
	References


