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A novel homozygous variant in the ABCG8 gene
identified in a child with sitosterolemia
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Published: 10 Oct 2026 To investigate the etiology of anemia and recurrent epistaxis in a Chinese boy, we
conducted a comprehensive blood morphological examination. Whole-exome sequencing

Academic Editor: (WES) was performed to identify potential pathogenic variants. Gas chromatography-mass

Yiping Sh

clzstd?:or: spectrometry (GC-MS) was used to measure plasma phytosterols. Peripheral blood film
Ping Zhang analysis revealed stomatocytosis and large platelets. A novel homozygous missense
Production Editor: variant (c.680T>C; p. Leu227Pro) was identified in the ABCG8 gene. GC-MS demonstrated
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significantly elevated plasma phytosterol levels. In vitro minigene assays indicated that this
variant may disrupt ABCG8 mRNA splicing. This study suggests that abnormal blood
morphology can hint at potential inherited metabolic disorders; however, a definitive
diagnosis requires genetic testing and specific biochemical indicators. Exonic variants may
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not only alter single nucleotides but also affect splicing. Our findings expand the spectrum of pathogenic ABCG8
variants.

INTRODUCTION

Sitosterolemia is a rare autosomal recessive disease. It was first reported in 1974!"). The disease is related
mainly to the adenosine triphosphate (ATP)-binding cassette subfamily G member 5 or member 8 (ABCG5
or ABCGS8). Mutations in these two genes predispose patients to reduced biliary excretion and increased
intestinal absorption of sterols"”. The carrier frequency of deleterious mutations in ABCG5 and/or ABCGS8 in
the general population may exceed 1 in 200,000 individuals®.

The disease typically presents with xanthomas, hematological disorders, arthralgia, atherosclerosis,
splenomegaly, and markedly elevated phytosterol and low-density lipoprotein (LDL) levels'*!. However,
patients with only hematological symptoms are likely to be missed or misdiagnosed”'. The diagnosis of
sitosterolemia depends on plasma phytosterols and/or mutations in the ABCG5/ABCGS genes!'“.

Here, we describe a boy with sitosterolemia 1 (OMIM#210250) caused by a novel homozygous missense
variant in the ABCGS gene inherited from both parents. This variant was initially classified as a variant of
uncertain significance (VUS). Minigene experiments subsequently demonstrated a greater proportion of
aberrant splicing in the mutant construct, which led to the reclassification of the variant as likely pathogenic
(LP)".

CASE PRESENTATION

Patient phenotype

A 3-year-old male with a history of refractory nasal hemorrhage was admitted. The patient exhibited pallor
and fatigue during severe episodes. Physical examination revealed no xanthomas, petechiae,
hepatosplenomegaly, or musculoskeletal abnormalities. Ecchymoses, hematochezia, and other hemorrhagic
manifestations were not observed. Anthropometric measurements showed a height of 100 cm (3rd-10th
percentile) and a weight of 14 kg (3rd-10th percentile).

The patient was born at term via vaginal delivery (G2P2) and has two healthy sisters and no family history of
inherited metabolic disorders. The parents are of Han Chinese ethnicity and are not consanguineous. He
exhibited selective eating behaviors, avoiding vegetables and meat (particularly fatty meat) and mainly eating
rice.

Hematological evaluation revealed bicytopenia, with red blood cell (RBC) and platelet counts below the
lower limit of normal. The platelet large cell ratio (P-LCR) exceeded the upper limit of normal
[Supplementary Table 1]. Peripheral blood film analysis demonstrated anisocytosis with macrocytes,
polychromatic erythrocytes, and stomatocytes. Numerous large platelets were observed [Figure 1A and B].
Bone marrow aspiration revealed trilineage hyperplasia, with frequent large platelet precursors [Figure 2A].
The proportion of platelet-producing megakaryocytes was 22%, lower than the normal median of 35.24% but
within the range between the 2.5th and 97.5th percentiles (reference range 10.12%-64.06%) [Figure 2B]®. The
patient’s lipid and coagulation parameters were within normal limits. Cardiac, vascular, and abdominal
visceral ultrasound examinations were unremarkable. Flow cytometric analysis revealed normal expression
of the platelet membrane glycoproteins CD41a, CD42a, CD42b, and CDé1 (data not shown).

The patient underwent iron replacement therapy. Although hematological parameters improved significantly
(hemoglobin concentration increased to 123 g/L; platelet count fluctuated between 101 and 138 x 10°/L)
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Figure 1. (A and B) Representative images from different fields of view of the same slide. Peripheral blood smears revealed large platelets
(blue arrows) and stomatocytes (black arrows).
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Figure 2. (A and B) Representative images from different fields of view of the same slide. Bone marrow smear showed (A) large platelets
distributed in clusters (black arrows); (B) a platelet-producing megakaryocyte (blue arrow).

[Supplementary Table 1], refractory epistaxis persisted despite therapeutic intervention.

Genetic testing and functional validation

To elucidate the underlying etiology, we conducted whole-exome sequencing (WES). Peripheral blood
samples were collected from the proband, both parents, and sisters for WES. Online prediction tools (https://
swissmodel.expasy.org/, https://rddc.tsinghua-gd.org/) were used to predict the pathogenicity of the variant.

Plasma phytosterols were tested by gas chromatography-mass spectrometry (GC-MS). In vitro minigene
experiments were used to verify the abnormal splicing function caused by the variant. Briefly, the mutant
and wild-type vectors of the ABCG8 gene were constructed using the vector backbones pcDNA3.1 [Figure
3A] and pcMINI-C, respectively. The resulting constructs were transiently transfected into HeLa and 293 T
cells. After 48 h of culture, the cells were harvested for transcriptional analysis.

Results of GC-MS

GC-MS results showed that plant sterol levels increased significantly [Supplementary Table 2].
The pretreatment p-sitosterol concentration of the patient was 565.99 pmol/L (reference range
3.74-14.58 umol/L), which was approximately 38-fold higher. The p-sitosterol concentrations of the
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Figure 3. The results of minigene verification. (A) Minigenes were constructed with the pcDNA3.1 vector; (B) Transcription analysis of the
minigene. Band a corresponds to the normally spliced transcript (713 bp), whereas band b shows a deletion of 71 bases from the 3’ region
of exon 5; (C) Cartoon illustration of the splicing abnormalities in the minigene experiment. “a” means band a, normal transcript; and “b"”
means band b, aberrantly spliced product; (D) Sanger sequencing of the minigene cDNA. “a"” means band a, normal transcript; and "b"
means band b, aberrantly spliced product.

heterozygous carriers (his mother and two sisters) were approximately 1.5 times the upper limit of normal.

Results of WES and in silico predictions

A novel homozygous missense variant in the ABCG8 gene (NM_022437.3), c.680T>C, was found in the
proband [Figure 4A and B]. Sanger sequencing confirmed that his parents and two sisters were heterozygous
carriers of the variant. This variant is unreported. Conservation analysis revealed that this variant site is
highly conserved across multiple species [Figure 4C]. Three-dimensional structural prediction indicated that
this amino acid substitution (p.Leu227Pro) may disrupt the hydrogen bond with isoleucine at position 223
[Figure 4D]. An online prediction suggested that this variant may disrupt normal mRNA splicing [Figure
4E].

Results of minigene assay
The results of the in vitro minigene assay demonstrated that the mutation (c.680T>C, p.L227P) may disrupt
ABCG8 mRNA splicing [Figure 3B-D and Supplementary Figures 1-3]. Consistent findings were observed
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Figure 4. Genetic test results for the patient and pathogenicity analysis of the variant. (A) Pedigree of the family: the black arrowhead
indicates the proband. The proband is homozygous for c.680T>C in the ABCGS8 gene, and his parents and sisters are all heterozygotes; (B)
Sanger sequencing of the ABCG8 gene in the family; red arrowheads indicate the variant c.680T>C in the ABCG8 gene; (C) Conservation
analysis of the affected residue across species revealed strong evolutionary preservation of this amino acid position; (D) Computational
modeling predicts that this missense variant disrupts a critical hydrogen bond between Leu227 and Ile223; (E) An online prediction
indicates that this variant may cause abnormal mRNA splicing. The blue regions correspond to exons, whereas the light-colored areas
indicate a 71-bp deletion at the 3" end of exon 5.

when two distinct vector systems (pcDNA3.1 and pcMINI-C) were used. Both the wild-type and the mutant
exhibited both normal and aberrant splicing (71 bp deletion on the right side of Exon5). The proportion of
aberrantly spliced band b was slightly less than 50% in the wild-type, whereas it approached 60% in the
mutant [Figure 3B and Supplementary Figure 1]. The deletion of 71 base pairs at the 3 end of Exon 5 may
induce a frameshift, equivalent to c.624_694del, p.Tyr209AsnfsTer43. It is predicted to produce a truncated
protein consisting of 250 amino acids [Supplementary Figure 4].

Minigenes may not fully represent the splicing behavior of endogenous genes in vivo. We attempted
to detect mRNA expression in peripheral blood samples from the patient. However, the assay was
unsuccessful because of the extremely low expression level of the ABCGS8 gene in peripheral blood
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[Supplementary Figure 5] (https://www.gtexportal.org/home/).

Diagnosis, treatment, and follow-up

The diagnosis of sitosterolemia was established by the greatly increased plant sterol concentrations in his
plasma and the variant in the ABCGS8 gene. Once diagnosed, we recommended that the patient avoid foods
rich in plant sterols and shellfish sterols, including chocolate, nuts, shellfish, soy products, and vegetable oil.
If the condition becomes uncontrolled, we recommended administration of the sterol absorption inhibitor
ezetimibe. As the patient did not take the medication regularly, the plant sterol levels decreased after
treatment but remained significantly above the normal reference range [Supplementary Table 2].

At the last follow-up (age 7 years), his electrocardiogram was unremarkable, and his height (113.8 cm) and
weight (18.6 kg) were below -2 and -1 standard deviations (SD), respectively.

DISCUSSION AND CONCLUSION

We report a case of sitosterolemia primarily presenting with epistaxis and bicytopenia. WES revealed a novel
homozygous missense mutation inherited from both parents. This variant has not been recorded in the
natural population (gnomAD v4.1, https://gnomad.broadinstitute.org/), supporting the potential
pathogenicity of the variant (PM2_supporting). Based on in silico predictions, this missense variant is likely
to alter protein structure and function [Figure 4D; REVEL score of 0.741 (PP3)]. Splicing prediction
suggested that this variant might disrupt RNA splicing [Figure 4E]. Subsequent in vitro minigene
experiments indicated that the variant may affect ABCG8 mRNA splicing. This aberrant splicing may lead to
protein truncation [Figure 3, Supplementary Figures 1 and 4]. Because ABCGS is expressed at very low levels
in peripheral blood, we could neither verify in vivo splicing abnormalities caused by this variant nor
determine the degree of aberrant splicing. PVS1 at the supporting strength level was used (PVS1_strength
(RNA)_supporting)®. The results of in vivo functional experiments indicated that this variant significantly
affected the metabolism of phytosterols. The hallmark phenotype of sitosterolemia is elevated plant sterol
levels, a condition arising from biallelic loss-of-function variants in either the ABCG5 or ABCGS8 gene. Given
that WES ruled out pathogenic variants in ABCGS5, the patient’s specific phenotype is most likely attributable
to mutations in ABCG8 (PP4_moderate). In accordance with the SVI Recommendation for in trans Criterion
(PM3) - Version 1.0, https://clinicalgenome.org/working-groups/sequence-variant-interpretation/, for a rare
homozygous variant, PM3 at the Supporting strength level was applied (PM3_Supporting). In accordance
with the guidelines of the American College of Medical Genetics and Genomics (ACMG), this variant is
considered likely pathogenic (LP).

The human genome contains numerous potential splice sites. Single-nucleotide mutations within exons may
disrupt normal splicing, resulting in consequences beyond simple amino acid substitution"”..

The missense variant (p.Leu227Pro) is located in a helix of the ABCGS cytoplasmic domain [Supplementary
Figure 6A]. Computational modeling revealed that this substitution disrupts a critical hydrogen bond
between residues Leu227 and Ile223, potentially compromising the stability of the ABCGS protein [Figure
4D and Supplementary Figure 6B]. This cytoplasmic domain constitutes the nucleotide-binding domain of
the ABCG5/ABCGS heterodimer!"?.. We hypothesize that the identified variant may impair ATP binding or
hydrolysis. Because transmembrane phytosterol transport is ATP-dependent, such functional perturbations
could disrupt sterol efflux"?.

In silico prediction suggested that this variant may result in aberrant splicing. In vitro studies showed that
both the wild-type and mutant exhibited normal and abnormal splicing, suggesting a naturally weak splicing
site in this region. However, minigene assays can assess only the splicing patterns of specific gene fragments
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and may not fully recapitulate in vivo expression dynamics. Further validation is needed to determine
whether this variant functions primarily as a missense mutation or by disrupting mRNA splicing. If the
splicing effect is the primary mechanism, truncation may trigger nonsense-mediated mRNA decay (NMD),
resulting in loss of function of the ABCGS protein. Otherwise, the missense mutation may produce a full-
length but functionally abnormal protein.

Patients who present solely with bleeding or anemia are at risk of being overlooked or misdiagnosed.
Peripheral blood morphology analysis plays a crucial role in raising clinical suspicion for such disorders. The
majority of affected patients present with hypercholesterolemia and xanthomas'*"*.. However, a distinct
subset of patients exhibit primarily hematological symptoms!*'?. The exact mechanism of stomatocytosis in
sitosterolemia is unclear. Incorporation of excess phytosterols into RBC membranes disrupts lipid
composition and enhances membrane rigidity. This loss of membrane flexibility impairs RBC deformability,
which may promote stomatocyte formation".

Previous studies have reported that the accumulation of phytosterols in platelet plasma membranes during
sitosterolemia may induce platelet activation, promote microparticle generation, and subsequently lead to
platelet dysfunction"”. Recent research has indicated that thrombocytopenia is caused neither by a lack of
megakaryocytes nor by abnormal proteins in the platelets themselves. Notably, platelet count increases as
phytosterol levels decrease!"®. Consistent with the findings of earlier studies, the proportion of platelet-
producing megakaryocytes in our patient fell within the normal reference range.

The patient presented with a normal lipid profile and impaired growth, without cutaneous xanthomas. We
hypothesize that his phenotype may be attributed to his dietary pattern characterized by low fat intake.
Previous studies have shown that LDL cholesterol levels in sitosterolemia patients may be either elevated or
normal***.. His growth retardation may be attributable to picky eating and malnutrition.

Despite exhibiting normal cholesterol levels, patients with sitosterolemia frequently develop premature
coronary artery disease!"’. Growing evidence shows a strong association between sitosterolemia and
cardiovascular morbidity"**'). Early therapeutic intervention can significantly improve both clinical
manifestations and biochemical parameters. Patients who maintain rigorous dietary compliance can achieve
near-normalization of their phenotypic and metabolic profiles??l. Ezetimibe, as a first-line drug, is an
effective inhibitor of plant sterol and cholesterol uptake and can improve plant sterol tolerance. The addition
of ezetimibe to dietary control further reduced plasma plant sterol levels and was beneficial for increasing
platelet count'**. Unfortunately, none of the effective treatments return plant sterols to normal®".

These findings suggest that heterozygous carriers may have a biochemical phenotype. They are also at risk of
developing atherosclerotic cardiovascular disease (ASCVD)"?. For carriers, dietary intervention and clinical
follow-up may reduce the risk of adverse outcomes. From a genetic counseling perspective, if a couple has
more children, there is a 25% chance that their offspring will be affected. For his sisters, carrier screening of
their spouses is recommended to reduce the risk of having affected children.

Limitations

We acknowledge several limitations. First, we were unable to verify whether this variant causes splicing
abnormalities in vivo, as ABCGS is expressed at very low levels in peripheral blood and other relevant tissues
(e.g., liver, small intestine, and bone marrow) that are difficult to obtain. Second, functional studies were not
conducted to determine whether this variant primarily causes a missense effect or disrupts mRNA splicing.
The impact of this truncation on mRNA degradation and missense-mediated ATP binding dysfunction
warrants further investigation.
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CONCLUSION

In short, we identified a novel homozygous missense variant (ABCGS8: p.Leu227Pro) in a child with
sitosterolemia. The nonspecific manifestations of anemia and bleeding may result in diagnostic confusion.
The presence of stomatocytes and large platelets in the blood smear provides valuable clues for disease
diagnosis. WES technology enables the detection of disease-associated genetic variants, while markedly
elevated phytosterol levels serve as critical diagnostic biomarkers for sitosterolemia.
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