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A novel endoglin mutation in hereditary hemorrhagic
telangiectasia type 1: A case report
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Abstract. Hereditary hemorrhagic telangiectasia (HHT) is
an autosomal dominant disorder characterized by aberrant
vascular development. Mutations in two genes, endoglin
(ENG) and activin receptor-like kinase 1 (ACVRLI) are
associated with HHT. The present case study revealed the
molecular diagnosis in a family exhibiting the clinical features
of HHT disease. The coding exon and flanking intronic
regions of the ENG and ACVRLI genes were sequenced and a
novel mutation in exon 10 of ENG was observed in the family.
The mutation (c.1426C>T) in exon 10 of the ENG gene caused
a G476X mutation, which results in a premature stop codon
and a truncated ENG protein. This finding demonstrated a
novel mutation in the ENG gene in a Chinese family, which
suggested that a truncated ENG protein may cause HHT. The
present study established a genetic test to confirm the clinical
diagnosis in individuals and provide an opportunity for early
detection and management of the disease.

Introduction

Hereditary hemorrhagic telangiectasia (HHT), also termed
Rendu-Osler-Weber syndrome, is an autosomal dominant
disease characterized by telangiectases and arteriovenous
malformations (AVMs) of the skin, mucosa and viscera, with
direct arteriovenous connections lacking capillary beds. One
of the predominant manifestations of HHT is nose bleeding or
epistaxis (1). Clinical diagnosis of HHT is based on the family
history, recurrent nosebleeds, mucocutaneous telangiectasis,
and AVMs in the brain, lung, liver and gastrointestinal tract (2).

Genetic studies have demonstrated that heterozygous
mutations in endoglin (ENG) or activin receptor-like kinase 1
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(ACVRL1) cause HHT. The ENG gene is located on chromo-
some 9q34.1 and consists of 15 exons (exon 9 has two parts: 9a
and 9b), which encode ENG, a type III transforming growth
factor (TGF)-P receptor. Mutations in the ENG gene may lead
to type 1 HHT (3). Type 2 HHT is attributed to mutations in
the ACVRLI gene, which is located on chromosome 12q13. A
total of 9/10 exons (exon 2-10) of the ACVRLI gene code for
the ACVRLI protein, a type I TGF-f receptor (4). These gene
products are involved in TGF-associated angiogenesis.

Several mutations in the two genes have been identified in
patients with HHT worldwide (5). However, few studies have
been performed using Chinese individuals. In the present
study, a family diagnosed with HHT was reported and the
coding exons and flanking intronic regions of the ACVRLI
and ENG genes were sequenced. This revealed a novel muta-
tion in the ENG gene. This finding identified a novel truncated
ENG protein that causes HHT and a presymptomatic mutation
carrier in the family, providing an opportunity for early detec-
tion and management of the disease.

Case report

A 38 year-old male patient was referred to the Department of
Laboratory Medicine, Tongji Hospital (Hubei, China) with
a history of epistaxis lasting >20 years. Systemic evaluation
revealed minor skin telangiectasia. For several years, epistaxis
was frequent and the patient learned to pack his own nose. In
2010, the patient was admitted to the Department of Laboratory
Medicine, Tongji Hospital for anemia and frequent nose
bleeding. In 2012, the patient was admitted again for epistaxis.
A skull and brain magnetic resonance imaging/magnetic
resonance angiography revealed no telangiectasia lesions.
The patient was treated with traditional temporary relief
for the nose bleeds. However, epipharyngoscope revealed
multiple telangiectasia lesions throughout the nose (Fig. 1).
The present case study was approved by the ethics committee
of The Ethical Committee of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology,
Wuhan,China.

The patient's medical and family history was carefully
investigated. The son of the proband (7 years old) exhibited
frequent nosebleeds. The patient's father and uncle had a long
history of epistaxis, and the eventual cause of mortality was
cerebral hemorrhage. The patient's brother and cousin also had
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Figure 1. Epipharyngoscope revealed the lesions in patients with hereditary hemorrhagic telangiectasia type 1. The upper panel demonstrates the normal nasal
cavity, the lower panel demonstrates the nasal septum of the patient with HHT. The arrows highlight the hemorrhagic foci.
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Figure 2. Pedigree of family with HHTI. There are eight individuals with HHTI, including the proband, and 42 healthy individuals in this family. HHT1,
hemorrhagic telangiectasia type 1.
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Figure 3. Clinical sequencing results from the two patients with hereditary hemorrhagictelangiectasia presented. (A) The proband (upper) and the son (lower)

exhibited a heterozygous exon 10 of endoglin mutation (c.1426C>T; pz476X). (B) The proband (upper) exhibited a heterozygous synonymous mutation
¢.159C>T and the son (lower) exhibited no mutation in exon 2.
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a long history of epistaxis. The family history of epistaxis is
shown in Fig. 2. The family history and recurrent epistaxis,
requiring cautery, resulted in the patient being referred for
HHT molecular testing. Informed consent for clinical genetic
testing was obtained for all individuals tested. Genetic
screening of the ENG and ACVRLI genes was performed on
all family members. Two mutations were detected in the ENG
gene from the proband, one synonymous mutation (159C>T in
exon 2) and a nonsense heterozygous mutation (1426C>T in
exon 10). The nonsense mutation was also detected in the other
family members with HHT and a presymptomatic mutation
carrier (the son of the proband's brother; 2 years old). However,
the synonymous mutation 159C>T was only detected in the
proband, which suggested that this was a novel mutation. The
sequencing results are shown in Fig. 3.

Discussion

The present case study reported a family with clinically and
genetically confirmed HHT. Genetic screening of two of the
HHT-associated genes, ACVRLI and ENG, in the Chinese
family revealed a substitution mutation at codon 1426 on
exon 10 of the ENG gene. This substitution mutation (C1426A)
leads to CAG (Gln, G) being changed into TGA (termina-
tion codon, G476X). This was the first time, to the best of
our knowledge, that this novel mutation was observed in
a patient with HHT. It has been demonstrated that in ENG,
~15% of sequence variants are nonsense, 38% are small dele-
tions/duplications, 7% are large deletions/duplications, 12%
are splice site mutations and 27% are missense mutations.
It has been suggested that these mutant proteins may cause
a dominant negative effect by disrupting normal endoglin
function (6,7).

ENG is a member of the type 111 TGF-p family receptors
and functions as a homodimer. Of all HHT1 cases, ~80% lead
to premature stop codons and truncated endoglin proteins,
and the resultant protein may act as a dominant negative
allele by reducing the fraction of the protein produced from
the remaining normal allele (8). It has been demonstrated
that mutated endoglin proteins are expressed at low levels,
mediated by nonsense mediated mRNA decay (9). Notably,
patients with mutations in endoglin have significantly lower
endoglin levels in peripheral blood monocytes compared with
the controls (10). It has been hypothesized that the mutated
proteins may be misfolded and unstable, and fail to reach
the cell surface, therefore rendering them unable to form
heterodimers with normal endoglin (6). This implies that
haplo-insufficiency is the predominant underlying mecha-
nism; however, individuals with HHT exhibit great variability
in the age of disease onset, and clinical manifestations and
severity, even within a family with the identical mutation. This
suggested that other mechanisms may account for the develop-
ment of the clinical symptoms.

HHTI1 and HHT2 are clinically similar in presentation,
however, vary in genotype-phenotype correlation studies.
A previous study suggested that the clinical manifestations
of mutations in ENG are more severe compared with those
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caused by mutations in ACVRLI (11), with an earlier age of
onset of epistaxis and the appearance of telangiectasias, and a
higher incidence of pulmonary AVMs.

In conclusion, the molecular investigation of ACVRLI1
and ENG is an important diagnostic tool for confirmation of
the clinical diagnosis. In the present study, a novel mutation
in ENG was revealed, which may contribute to the clinical
phenotypes exhibited by this family. Furthermore, in the
investigated family, all asymptomatic family members were
screened and exhibited no mutation, with the exception of one
individual. This suggested that genetic screening of asymp-
tomatic family members may allow the detection of harmful
forms of vascular lesions in advance, prior to complications
arising. The patient was advised to maintain humid air and
to apply lubricants, including saline, to prevent crusting over
the nasal mucosa. Multi-slice CT and MRI were performed to
determine whether there was the visceral hemorrhage.
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