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Objectives. Hereditary hemorrhagic telangiectasia (HHT) is an autosomal dominant vascular disorder characterized by re-
current epistaxis, telangiectasia, and visceral arteriovenous malformations (AVMs). Activin A receptor-like type 1 
(ACVRL1/ALK1) and endoglin (ENG) are the principal genes whose mutations cause HHT. No multicenter study 
has yet investigated correlations between genetic variations and clinical outcomes in Korean HHT patients.

Methods. Seventy-two members from 40 families suspected to have HHT based on symptoms were genetically screened 
for pathogenic variants of ACVRL1 and ENG. Patients with genetically diagnosed HHT were also evaluated.

Results. In the HHT genetic screening, 42 patients from 24 of the 40 families had genetic variants that met the pathogenic 
criteria (pathogenic very strong, pathogenic strong, pathogenic moderate, or pathogenic supporting) based on the 
American College of Medical Genetics and Genomics Standards and Guidelines for either ENG or ACVRL1: 26 
from 12 families (50%) for ENG, and 16 from 12 families (50%) for ACVRL1. Diagnostic screening of 42 genetically 
positive HHT patients based on the Curaçao criteria revealed that 24 patients (57%) were classified as having defi-
nite HHT, 17 (41%) as having probable HHT, and 1 (2%) as unlikely to have HHT. Epistaxis was the most common 
clinical presentation (38/42, 90%), followed by visceral AVMs (24/42, 57%) and telangiectasia (21/42, 50%). Five 
patients (12%) did not have a family history of HHT clinical symptoms.

Conclusion. Only approximately half of patients with ACVRL1 or ENG genetic variants could be clinically diagnosed as 
having definite HHT, suggesting that genetic screening is important to confirm the diagnosis. 
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INTRODUCTION

Hereditary hemorrhagic telangiectasia (HHT), also known as 
Rendu-Osler-Weber disease, is a rare vascular disease with a 
worldwide prevalence of 1 in 5,000–8,000 [1]. HHT is clinically 
diagnosed by the Curaçao diagnostic criteria: (1) recurrent nose-
bleeds (epistaxis); (2) cutaneous or mucosal telangiectasia; (3) 
visceral arteriovenous malformations (AVMs); and (4) a family 
history of HHT. The HHT diagnosis is probable or definite if two 
or three criteria are present, respectively [2].

The clinical presentation of HHT is highly variable even among 
affected members within a family. The most common clinical 
symptom is epistaxis; more than 90% of HHT patients experi-
ence epistaxis and the average age of onset is 12 years [3]. Se-
vere gastrointestinal bleeding occurs in 25% of patients who are 
over 60 years old [4]. Another common symptom is AVMs in in-
ternal organs, including the brain, lung, and liver. Cerebral AVMs 
(CAVMs) can cause life-threatening complications, such as intra-
cranial hemorrhage [1]. Pulmonary AVMs (PAVMs) increase the 
risk of developing cerebral abscess and embolic stroke due to 
the failure to filter pathogens and thrombus particles [5,6].

Three genes encoding proteins involved in the transforming 
growth factor-β signaling pathway have been reported to be as-
sociated with HHT: endoglin (ENG), activin A receptor-like type 
1 (ACVRL1/ALK1), and SMAD family member 4 (SMAD4) 
[1,7,8]. Among these, ENG (HHT1) and ACVRL1 (HHT2) ac-
count for up to 96% of HHT cases [7,9]. More than 1,000 vari-
ants have been identified in ENG and ACVRL1 loci [10]. SMAD4 
mutations cause a combination of HHT and juvenile polyposis 
and are found in fewer than 2% of HHT patients [9]. Genetic 
characterizations of Korean HHT patients have been reported 
[11-13]. However, these studies have included only a few HHT 
patients. In this study, we screened genetic variants in ENG and 
ACVRL1 in 72 individuals enrolled at multiple centers and in-
vestigated correlations between genetic variants and clinical 
outcomes in Korean HHT patients.

MATERIALS AND METHODS

Genetic screening
A total of 72 members from 40 families at six participating hos-

pitals were included in this study. Serum samples from the pa-
tients were transferred to Gachon HHT center (Incheon, Korea) 
for genetic screening of ENG and ACVRL1. The study group in-
cluded four previously described families (family No. 1, 2, 5, 6) 
including a total of 27 individuals with known pathogenic vari-
ants and clinical symptoms [12,13]. The genetic variant analyses 
were performed after obtaining informed consent from patients 
and their family members. All experimental procedures were re-
viewed and approved by the Institutional Review Board of the 
Lee Gil Ya Cancer and Diabetes Institute, Gachon University 
(Incheon, Korea; IRB No. GU1102-001).

Genomic DNA isolation
Blood samples were collected into vacuum blood collection 
tubes containing ethylenediaminetetraacetic acid (EDTA). Ge-
nomic DNA was isolated from 200 μL of the collected whole 
blood samples using the Exgene Blood SV mini kit (GeneAll, 
Seoul, Korea) according to the manufacturer’s protocol.

Polymerase chain reaction amplification and sequence  
analysis of ENG and ACVRL1
All exons of ENG and ACVRL1 and their flanking sequences 
were amplified by polymerase chain reaction (PCR) using Prime-
STAR HS DNA Polymerase (Takara Bio, Shiga, Japan) using ap-
propriate primer sets as previously described [12]. The PCR prod-
ucts, which were separated on a 1%–2% agarose gel, were puri-
fied using the QIAquick Gel Extraction Kit (QIAGEN, Hilden, 
Germany) or the Expin PCR SV Kit (GeneAll). Then, the puri-
fied PCR products were subjected to direct sequencing. The Gen-
Bank accession numbers for the reference sequences of ENG 
and ACVRL1 are followings: NC_000009.12 (ENG genomic 
DNA), NM_000118.3 (ENG cDNA), NP_000109.1 (ENG pro-
tein), NC_000012.12 (ACVRL1 genomic DNA), NM_000020.3 
(ACVRL1 cDNA), and NP_000011.2 (ACVRL1 protein). Mis-
sense variants were analyzed using PolyPhen-2 (http://genetics.
bwh.harvard.edu/pph2/) [14], SIFT (https://sift.bii.a-star.edu.sg/) 
[15], and PROVEAN (http://provean.jcvi.org/index.php) [16], 
which are in silico predictive programs for predicting the possible 
impact of an amino acid substitution on a human protein. Poly-
Phen-2 predicts the substitution impact using straightforward 
physical and comparative considerations [14]; SIFT uses sequence 
homology and the physical properties of amino acids [15]; PROVE-
AN uses an alignment-based score approach [16]. The genome 
aggregation database (v3.1) (https://gnomad.broadinstitute.org/) 
was used to obtain the frequencies of variants in large popula-
tions. Variants were classified as pathogenic very strong (PVS), 
pathogenic strong (PS), pathogenic moderate (PM), pathogenic 
supporting (PP), benign stand-alone (BA), benign strong (BS), 
and benign supporting (BP), and then the selected criteria were 
combined according to the scoring rules to identify a pathogenic 
classification from five categories (pathogenic, likely pathogenic, 
benign, likely benign, or uncertain significance) based on Ameri-

  Among the enrolled Korean hereditary hemorrhagic telangi-
ectasia (HHT) families, 50% had ENG and 50% had ACVRL1 
genetic variants.

  Epistaxis was the most common symptom, followed by viscer-
al arteriovenous malformations and telangiectasia in Korean 
HHT patients.

  Genetic screening is important to confirm the HHT diagnosis.
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can College of Medical Genetics and Genomics (ACMG) Stan-
dards and Guidelines [17].

Clinical analysis
We retrospectively reviewed the clinical symptoms, physical ex-
aminations, family histories, and clinical histories of 42 patients 
from 24 families who were positive in the HHT genetic screen-
ing (ENG1 or ACVRL1). Patients meeting more than three of 
the Curaçao criteria were classified as definite HHT, patients 
meeting two criteria were classified as probable HHT, and pa-
tients meeting less than two criteria were classified as unlikely. 
We analyzed the clinical manifestations according to the Cura-
çao criteria and the genetic variants in the 42 patients. The clini-

cal manifestations of 30 patients from 16 families who were 
negative for genetic screening were also reviewed (Fig. 1).

Statistics
Statistical analyses were carried out using GraphPad Prism ver. 
7.03 (GraphPad, San Diego, CA, USA). The clinical presentations 
of patients between the ENG and ACVRL1 pathogenic variant 
groups were compared using Fisher’s exact test.

RESULTS

Gene variant analyses of Korean patients with suspected HHT
We performed genetic analyses for all family members who 
agreed to undergo testing. The analysis showed that all symp-
tomatic members in each family had the same genetic variant. 
Among 72 individuals in 40 families who were referred for ge-
netic screening, a total of 42 had genetic variants that met the 
pathogenic criteria (PVS, PS, PM, or PP) based on the ACMG 
Standards and Guidelines [17]. Twenty-six patients in 12 families 
(50%) had genetic variants in ENG, and 16 patients in 12 fami-
lies (50%) had genetic variants in ACVRL1 (Tables 1-3). Among 
the 12 ENG genetic variants, 11 were classified as pathogenic or 

Table 1. Results of HHT genetic screening in 24 families

Gene No. of families
No. of tested 

family members
No. of members with 

genetic variants

ENG 12 35 26
ACVRL1 12 19 16
Total 24 54 42

HHT, hereditary hemorrhagic telangiectasia. 

Fig. 1. Seventy-two family members of patients with definite or prob-
able hereditary hemorrhagic telangiectasia (HHT) were genetically 
screened for pathogenic variants in known HHT genes (ENG and 
ACVRL1). Clinical and genetic analyses were performed of the ge-
netic variant-positive and negative patients.

72 Patients (40 families) referred for
suspected HHT

Genetic screening 
(ENG, ACVRL1)

42 Patients (24 families)

Clinical analysis

30 Patients (16 families)

Clinical analysis

Positive Negative

Table 2. ENG genetic variants in HHT patients and their family members (12 families)

Family 
no.

Variant 
location

Variant type Nucleotide changea) Protein changea) Classificationb) Reference

1 Intron 3 Substitution/splicing defect c.360+1G>A p.? Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
2 5′-UTR Substitution/translation defect c.1-127C>T New upstream translation 

start codon
Likely pathogenic (PS3, PM2, PP1, PP4) [12]

8 Exon 13 Deletion/frameshift c.1687del p.Glu563Lysfs*10 Pathogenic (PVS1, PM2, PP4, PP5) [10]
18 Exon 13 Deletion/frameshift c.1687del p.Glu563Lysfs*10 Pathogenic (PVS1, PM2, PP4, PP5) [10]
20 Intron 3 Substitution/splicing defect c.360+1G>A p.? Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
21 Exon 7 Substitution/missense c.821C>T p.Thr274Ile Uncertain significance (PM2, PP4) [10]
22 Exon 1 Deletion/frameshift c.63del p.Thr22Glnfs*21 Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
24 Exon 3 Deletion-insertion/nonsense c.276_277delinsAT p.Arg93* Pathogenic (PVS1, PM2, PP4) This study
26 Intron 3 Substitution/splicing defect c.360+1G>A p.? Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
31 Exon 13 Duplication/frameshift c.1690_1693dup p.His565Argfs*3 Pathogenic (PVS1, PM2, PP4) This study
33 Exon 7 Deletion-insertion/frameshift c.857_858delinsG p.Asn286Argfs*73 Pathogenic (PVS1, PM2, PP4) This study
34 Exon 11 Duplication/frameshift c.1342dup p.Leu338Profs*53 Pathogenic (PVS1, PM2, PP4) This study

HHT, hereditary hemorrhagic telangiectasia; p.?, an effect on the protein level is expected, but it is not possible to give a reliable prediction of the conse-
quences; PVS, pathogenic very strong; PM, pathogenic moderate; PP, pathogenic supporting; PS, pathogenic strong; *, termination by nonsense mutation. 
a)The reference sequences to describe variants were NC_000009.12 (genomic DNA), NM_000118.3 (coding DNA), and NP_000109.1 (protein). b)The clas-
sification was based on the Standards and Guidelines for the Interpretation of Sequence Variants: A Joint Consensus Recommendation of the American 
College of Medical Genetics and Genomics and the Association for Molecular Pathology [17]. 
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likely pathogenic, and one was classified as of uncertain signifi-
cance according to the ACMG Standards and Guidelines [17]. 
These variants included splicing defects by substitution (3/11), 
frameshifts by deletion (3/11), frameshifts by duplication (2/11), 
a frameshift by deletion-insertion (1/11), a nonsense variant by 
deletion-insertion (1/11), and a translation defect by substitution 
(1/11) (Table 2). One missense variant by substitution (family 21 
c.821C>T; p.Thr274Ile) was found in a definite HHT patient and 
her daughter who exhibited epistaxis. This variant was also re-
ported in two members of a Danish family who suffered from 
epistaxis, telangiectasia, and CAVMs [18]. In silico prediction 
results of this variant were inconsistent. The PolyPhen-2 [14] and 
PROVEAN [16] programs predicted the variant as being prov-
ably damaging/deleterious, while the SIFT [15] program predict-
ed it as being tolerated (Supplementary Table 1). Although the 
variant was classified as being of uncertain significance according 
to ACMG Standards and Guidelines [17], we suspect that this 
variant was pathogenic because (1) at least four definite HHT 
patients had this variant (PP4), (2) the variant was not detected 
in the genome aggregation database (PM2), (3) two out of three 
in silico programs predicted this variant as to be deleterious, and 
(4) the p.Thr274Ile variant was not detected in ENG homologs. 
It is of interest to note that the same splicing defect variant 
(c.360+1G>A) was detected in three unrelated families (1, 20, 
and 26) (Table 2). There were 12 families with ACVRL1 genetic 
variants, which were classified as pathogenic (5/12), likely patho-
genic (3/12), or of uncertain significance (4/12) [17], including 
frameshifts by deletion (2/12), frameshifts by duplication (2/12), 
missense variants by substitution (6/12), a splicing defect by sub-
stitution (1/12), and a nonsense variant by substitution (1/12) 
(Table 3). Among six missense variants, two variants (family 6 

c.199C>T; p.Arg67Trp and family 10 c.925G>A; p.Gly309Ser) 
were previously reported in several HHT families in more than 
five different studies [10] and classified as likely pathogenic [17]. 
One missense variant (family 32 c.1124A>G; p.Tyr375Cys) 
that was previously reported in a Chinese patient [19] and three 
novel missense variants (family 12 c.781G>C; p.Ala261Pro, 
family 30 c.605T>G; p.Val202Gly, and family 38 c.1005T>G; 
p.Asn335Lys) were classified as being of uncertain significance 
[17]. We suspected that the four missense variants were patho-
genic because (1) these variants were not detected in the genome 
aggregation database (PM 2) and ENG homologs and (2) three 
in silico programs (PolyPhen-2 [14], SIFT [15], and PROVEAN 
[16]) predicted these variants to be deleterious (PM3) (Supple-
mentary Table 1). A substitution variant (c.1048+5G>A) found 
in family 40 was reported to cause a splicing defect based on a 
functional test [20].

Clinical characteristics of Korean patients with HHT
Of the 42 patients with HHT genetic variants, 55% were male 
and their mean age was 53.9 years. Twenty-six (62%) and 16 
(38%) patients had ENG and ACVRL1 genetic variants, respec-
tively. Epistaxis was the most common clinical presentation 
(38/42, 90%), followed by visceral AVMs (24/42, 57%) and tel-
angiectasia (21/42, 50%). Thirty-seven patients (88%) had a 
family history of HHT. Among the patients with AVMs, 12 pa-
tients (29%) had PAVMs, six patients (14%) had CAVMs, four 
patients (10%) had hepatic AVMs (HAVMs), and two patients 
(5%) had gastrointestinal tract lesions. Based on the Curaçao 
criteria, 24 patients (57%) had definite HHT, 17 (41%) had 
probable HHT, and 1 (2%) were unlikely to have HHT (Table 4).

A comparison between the clinical presentations of the ENG 

Table 3. ACVRL1 genetic variants in HHT patients and their family members (12 families)

Family 
No.

Variant 
location

Variant type
Nucleotide 
changea) Protein changea) Classificationb) Reference

5 Exon 3 Duplication/frameshift c.252dup p.Val85Argfs*84 Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
6 Exon 3 Substitution/missense c.199C>T p.Arg67Trp Likely pathogenic (PM2c), PP1, PP3, PP4, PP5) [10]
10 Exon 7 Substitution/missense c.925G>A p.Gly309Ser Likely pathogenic (PM2, PP1, PP3, PP4, PP5) [10]
12 Exon 7 Substitution/missense c.781G>C p.Ala261Pro Uncertain significance (PM2, PP3, PM4) This study
16 Exon 10 Substitution/nonsense c.1435C>T p.Arg479* Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
17 Exon 8 Deletion/frameshift c.1118del p.Lys373Serfs*42 Pathogenic (PVS1, PM2, PP1, PP4, PP5) [10]
28 Exon 3 Duplication/frameshift c.121dup p.Cys41Leufs*128 Pathogenic (PVS1, PM2, PP4) This study
30 Exon 5 Substitution/missense c.605T>G p.Val202Gly Uncertain significance (PM2, PP3, PP4) This study
32 Exon 8 Substitution/missense c.1124A>G p.Tyr375Cys Uncertain significance (PM2, PP3, PP4) [10]
35 Exon 9 Deletion/frameshift c.1311_1315del p.Asp437Glufs*15 Pathogenic (PVS1, PM2, PP4) This study
38 Exon 7 Substitution/missense c.1005T>G p.Asn335Lys Uncertain significance (PM2, PP3, PP4) This study
40 Intron 7 Substitution/splicing defect c.1048+5G>A p.? Likely pathogenic (PS3, PM2, PP4) [9,20]

HHT, hereditary hemorrhagic telangiectasia; *, termination by nonsense mutation; PVS, pathogenic very strong; PM, pathogenic moderate; PP, pathogenic 
supporting; p.?, an effect on the protein level is expected, but it is not possible to give a reliable prediction of the consequences; PS, pathogenic strong.
a)The reference sequences to describe variants are NC_000012.12 (genomic DNA), NM_000020.3 (coding DNA), and NP_000011.2 (protein). b)The classi-
fication was based on the Standards and Guidelines for the Interpretation of Sequence Variants: A Joint Consensus Recommendation of the American 
College of Medical Genetics and Genomics and the Association for Molecular Pathology [17]. c)One c.199C>T variant indicated as pathogenic is reported 
in the genome aggregation database.
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and ACVRL1 genetic variant groups revealed that more patients 
with ENG genetic variants (65%) met the definite HHT Cura-
çao criteria than patients with ACVRL1 genetic variants (44%) 
(Table 5). PAVMs were more frequent in ENG patients than in 

ACVRL1 patients. Among the 30 patients who were negative in 
the genetic variant screening, six showed definite clinical mani-
festations of HHT (Table 6).

Case presentation
A proband was a 49-year-old man (family 16), diagnosed with 
HHT, who presented with recurrent epistaxis, PAVM, and telan-
giectasia lesions; he also had a family history of epistaxis and 
telangiectasia. Telangiectasia lesions were detected on the tongue, 
lips, and nasal mucosa. He underwent surgery for a brain abscess 
that was suspected to be a complication associated with PAVM 
(Fig. 2). His two sons also had epistaxis and telangiectasia le-
sions and had a history of syncope. 

Table 4. Clinical characteristics of the 42 patients who had HHT ge-
netic variants

Characteristics Value

Sex
   Male 23 (55)
   Female 19 (45)
Age (yr) 53.9
Genotype
   ENG 26 (62)
   ACVRL1 16 (38)
Clinical presentation
   Epistaxis 38 (90)
   Telangiectasia 21 (50)
   Family history 37 (88)
   AVM 24 (57)
      Pulmonary 12 (29)
      Cerebral  6 (14)
      Hepatic  4 (10)
      Gastrointestinal 2 (5)
Curaçao criteriaa)

   Definite 24 (57)
   Probable 17 (41)
   Unlikely 1 (2)

Values are presented as number (%).
HHT, hereditary hemorrhagic telangiectasia; AVM, arteriovenous malfor-
mation.
a)Classification according to the Curaçao criteria: definite, three or more 
criteria; probable, two criteria; unlikely; less than two criteria. 

Table 5. Comparison of the clinical presentations of patients in the 
ENG and ACVRL1 genetic variant groups

Clinical characteristics ENG (n=26) ACVRL1 (n=16) P-value 

Mean age (yr) 55.3 53.4 -
Curaçao criteriaa) -
   Definite 17 (65) 7 (44)
   Probable 9 (35) 8 (50)
   Unlikely 0 1 (6)
Clinical presentation
   Epistaxis 24 (92) 14 (88) 0.628
   Telangiectasia 12 (46) 9 (56) 0.751
   Family history 25 (96) 12 (75) 0.061
   AVM 18 (42) 9 (56) 0.511
      Pulmonary 12 (46) 0 <0.001
      Cerebral 3 (12) 4 (25) 0.397
      Hepatic 1 (4) 3 (19) 0.146
      Gastrointestinal 2 (8) 2 (13) 0.628

Values are presented as number (%).
AVM, arteriovenous malformation.
a)Classification according to the Curaçao criteria: definite, three or more 
criteria; probable, two criteria; unlikely; less than two criteria.

Table 6. Clinical analysis of family members who were negative in 
the genetic screening

Curaçao criteriaa) No. of members (%)

Definite   6 (20)
Probable 0
Unlikely 24 (80)

a)Classification according to the Curaçao criteria: definite, three or more 
criteria; probable, two criteria; unlikely; less than two criteria.

Fig. 2. Telangiectasia lesions (circles) were detected on the nasal 
mucosa (A, B), tongue (C), and lip (D) in an hereditary hemorrhagic 
telangiectasia (HHT) patient (family 16). Pulmonary arteriovenous 
malformation lesions (arrows) in lung computed tomography images 
in the same HHT patient (E, F). 

A B

C D

E F
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DISCUSSION

To our knowledge, this study is the first to present the results of 
large-scale HHT genetic testing in Korea. In this study, we per-
formed genetic analyses of ENG and ACVRL1, but not SMAD4 
because the majority (up to 96%) of patients with HHT have 
pathogenic variants of ENG or ACVRL1 [7,9]. We found an equal 
number of families with ENG or AVCRL1 genetic variants. In a 
Japanese HHT study, 27 families had ENG pathogenic variants 
and 17 families had AVCRL1 pathogenic variants [21]. A study 
on Danish patients with HHT showed that ENG pathogenic 
variants were found in 47 families (44%), AVCRL1 pathogenic 
variants in 45 families (42%), SMAD4 pathogenic variants in 
three families (3%), and unknown mutations in 12 families (11%) 
among 107 unrelated families [18]. In an Austrian patient co-
hort, pathogenic variants in ENG (37.5%) and ACVRL1 (62.5%) 
were identified as the cause of HHT [22]. 

In total, 341 ENG and 260 ACVRL1 pathogenic or suspected 
pathogenic variants have been reported in the HHT Mutation 
Database [10]. In our study, the same splicing defect in the ENG 
gene (c.360+1G>A) was found in three unrelated patients in 
families 1, 20, and 26. According to the HHT Mutation Database 
[10], this splicing variant is one of the most frequent pathogenic 
variants in HHT patients and has been reported in 13 different 
studies [10]. The pathogenicity of genetic variants classified as 
being of uncertain significance based on ACMG Standards and 
Guidelines [17] requires further evaluation.

Several genetic studies investigating the correlations between 
genetic variants and clinical phenotypes in HHT patients have 
yielded variable results. The case records of 21 Swedish HHT pa-
tients indicated that pathogenic variants in ENG, ACVRL1, and 
SMAD4 resulted in different HHT phenotypes [23]. For example, 
the prevalence of PAVMs was reported to be higher in patients 
with ENG variants than in patients with ACVRL1 variants (60% 
vs. 8%), whereas HAVMs were more common in HHT patients 
with ACVRL1 variants [23]. In a study of 78 patients in Japan, 
which included 53 HHT patients with ENG variants and 25 HHT 
patients with ACVRL1 variants, PAVMs and CAVMs were pre-
dominantly observed in patients with ENG variants, while HAVMs 
were more commonly detected in patients with ACVRL1 variants 
[21]. In our study, the most common symptoms were epistaxis 
(90%), a family history of HHT (88%), and AVMs (57%). The 
incidence of PAVMs was significantly higher in patients with ENG 
variants (46%) than that in patients with ACVRL1 variant (0%), 
but the incidence of HAVMs was higher in patients with ACVRL1 
variants. Unlike the Japanese study, CAVMs were predominantly 
observed in patients with ACVRL1 variants.

HHT can only be diagnosed by clinical symptoms according to 
the Curaçao criteria. However, genetic testing is considered to be 
the gold standard. Of the genetic variant-positive patients in our 
study, 57% were classified as having definite HHT, while 41% had 
probable HHT. A previous study showed that 9.1% of patients 

with ENG or ACVRL1 variants and 45.5% of patients without 
those variants were classified as having probable HHT [24]. 

The penetration of HHT is age-dependent. Therefore, genetic 
screening of HHT-related genes should be performed in young 
individuals to prevent critical complications later in life [1]. The 
average age at diagnosis was 48.6 years for HHT2 and 35.1 years 
for HHT1, although typically the first symptom was epistaxis, 
which started at juvenile ages in Japanese patients [21]. If there is 
an HHT patient with a pathogenic variant in a family, other at-risk 
family members should undergo genetic analysis, clinical exami-
nation, and a presymptomatic screening. Because of the risks as-
sociated with HHT, early genetic screening and prompt treatment 
of PAVM in affected family members are important. In patients 
who are positive for an HHT gene variant, even those without 
severe symptoms, annual examinations should be performed. 

In a previous study, members of 12 out of 107 families (11%) 
had no pathogenic variants in the genes responsible for HHT, 
even though they met the Curaçao criteria [18]. In our study, 
five families (six patients) who were negative in the genetic anal-
ysis were classified as having definite HHT by the Curaçao cri-
teria, suggesting that they suffered from HHT nonetheless. In 
these families, the pathogenic variants might reside outside of 
the coding sequence, such as the CT-rich hotspot in ACVRL1 in-
tron 9 [25] or other genetic loci including SMAD4 in these fami-
lies. In one family, a patient had CAVMs and another patient 
had PAVMs. However, even after exhaustive exome analyses, 
the genetic cause remained unknown. Because we only conduct-
ed exon sequencing of the ENG and ACVRL1 genes, exome or 
whole genome sequencing would be useful to identify genetic 
variants in these variant-negative families. Although these pa-
tients were negative in the genetic study, they should be closely 
monitored for clinical progression.

The diagnosis of HHT based on clinical symptoms according 
to the Curaçao criteria is insufficient. Genetic analysis is required 
for a definitive diagnosis of HHT, which can increase the accura-
cy of the HHT diagnosis. Therefore, genetic testing should be 
performed during presymptomatic screenings of at-risk family 
members, as affected family members should be diagnosed as 
early as possible to prevent severe complications.
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