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Purpose: Hereditary hemorrhagic telangiectasia is an autosomal dominant disorder characterized by arteriovenous

malformations (AVM), mostly cutaneous and mucous (telangiectases), but also involving the lungs (PAVM), liver

(HAVM) and brain (CAVM). We studied the relationship between the phenotype and genotype in patients with a

proven mutation in either ENG (HHT1) or ACVRL1 (HHT2). Methods: Clinical features and their age of onset were

compared between HHT1 and HHT2. The type of mutation was also analyzed. Clinical manifestations were

distinguished from lesions found by screening. Results: Ninety-three HHT1 patients and 250 HHT2 patients were

included. Epistaxis occurred later in HHT2, with incomplete penetrance (P � 0.0001). Symptomatic PAVMs were

more frequent in HHT1 (34.4 vs. 5.2%, P � 0.001), as were cerebral abscesses (7.5 vs. 0.8%, P � 0.002).

Gastrointestinal bleeding occurred more frequently in HHT2 (16.4 vs. 6.5%, P � 0.017). Symptomatic hepatic

involvement was only seen in HHT2 patients. PAVMs were more frequently detected in asymptomatic HHT1

patients (54 vs. 12.8%, P � 0.0001). PAVMs and HAVMs were often family clustered in HHT1 and HHT2,

respectively. Truncating mutations were associated with a higher frequency of epistaxis and telangiectasis, in

HHT2. Conclusion: This study shows major differences between HHT1 and HHT2 phenotypes, which should be

taken into account for future clinical studies. Genet Med 2007:9(1):14–22.
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Hereditary hemorrhagic telangiectasia (HHT, Rendu-Os-
ler-Weber disease) [OMIM#187300] is an autosomal domi-
nant disease characterized by widespread arteriovenous mal-

formations (AVM). The disease is present worldwide and its
incidence is estimated to be about 1/8,000.1–3 Common man-
ifestations are severe and recurrent nosebleeds and muco-cu-
taneous telangiectases, which are clusters of abnormally di-
lated vessels. Visceral complications include pulmonary
(PAVM), hepatic (HAVM) and cerebral (CAVM) arterio-
venous malformations and can be life-threatening.1 Gastroin-
testinal (GI) telangiectases are frequent and may cause severe
bleeding. Although visceral complications have long been con-
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sidered to be rare, according to earlier studies based on com-
plicated AVMs, the currently held view is different, mainly due
to the application of more sensitive screening methods.4 –12

HHT is caused by germline mutations in two major genes:
ENG [GenBank AH006911], encoding endoglin, a TGF-� type
III receptor and ACVRL1 [GenBank AH005451], encoding ac-
tivin receptor-like kinase type 1 (ALK-1), a TGF-� type I
receptor.13,14 ALK-1 induces the activation of Smad-1/Smad-5
which balance the ALK-5 pathway through Smad-2/Smad-3 in
endothelial cells, whereas endoglin influences both ALK-1 and
ALK-5 pathways.15,16 Evidence for the existence of two other
HHT-associated genes has recently been reported.17,18 Fur-
thermore, in a subset of families with combined juvenile pol-
yposis and HHT, mutations have been identified in MADH4,
that encodes Smad-4.19

Pulmonary involvement appeared to be more frequent
in HHT1 [OMIM#187300] (ENG) families, and HHT2
[OMIM#600376] (ACVRL1) was initially considered to be a
mild disease.20 –22 However, several case reports suggested that
hepatic involvement may not be rare in HHT2.5,23,24 Several
recent studies, published almost simultaneously, confirmed
the higher prevalence of PAVMs and CAVMs in HHT1 and
suggested a major prevalence of HAVMs in HHT2.25–29 In
these studies, the frequency of clinical symptomatic manifes-
tations was not distinguishable from the frequency of AVMs
found during systematic screening in mutation carriers. Up to
now, phenotype-genotype correlation studies included a rela-
tively small number of patients, except for the study of Lette-
boer et al.27 However, in this latter case DNA analysis was not
performed on all members of the families that were included in
the study. As previously suggested by others, the results of ear-
lier studies may have been influenced by the proportion of
patients in whom the presence of the mutation had not been
extensively documented. Bias could be due to the overlap of
clinical manifestations between mutation-negative and muta-
tion-positive individuals and to the exclusion of patients
known to have mutations but who did not fill the consensus
criteria for HHT.30

The aim of the present study was to determine the influence
of the mutated gene and of the type of mutation on the pheno-
type in a large cohort of genotyped patients, making the dis-
tinction between clinical manifestations of the disease and
AVMs found by screening in asymptomatic patients.

MATERIALS AND METHODS
Clinical evaluation and criteria used for the diagnosis of visceral
AVMs

One of the purposes of the French-Italian HHT network was
to homogenize the clinical survey and treatment of HHT pa-
tients among the different participating medical centers in
France and Northern Italy. The clinical evaluation included
medical, personal and family history and physical examina-
tion. Personal history of epistaxis included the frequency and
duration of bleeding episodes as well as the use of local endo-
nasal therapy or treatment for anemia. Epistaxis was consid-

ered to be related to HHT if: 1) it occurred or had occurred
spontaneously and recurrently during the patient’s life; 2) it
had led to anemia, needing iron supplementation or blood
transfusions; or 3) it had required local treatment including
cauterization, laser ablation, or surgery. During clinical exam-
ination, careful screening for telangiectases was performed,
and their number and location in the characteristic sites ac-
cording to the HHT international diagnostic criteria (fingers,
tongue, lips and fingers),30 were noted. For the purpose of the
present study, patients were divided into 4 groups according to
the number of telangiectases observed at the time of examina-
tion (0, 1– 4, 5–29, �30).

Screening for PAVMs and HAVMs was recommended to
asymptomatic patients and accepted by a majority of them
(66.8% for pulmonary screening and 60% for liver screening).
The benefits, limits and consequences of screening for CAVMs
were discussed with the patients and 21% of them had re-
quested brain MRI. Endoscopy was performed only in patients
with a history consistent with GI bleeding (hemorrhage or se-
vere anemia).

The diagnosis of pulmonary involvement was made either in
patients presenting with symptoms (e.g., dyspnea, cyanosis) or
complications (mainly brain abscess), or in asymptomatic
HHT patients who underwent screening using contrast trans-
thoracic echocardiography, chest radiograph, and/or oxygen
shunt test as described.31 PAVM was confirmed by chest com-
puted tomography (CT) scan. HAVMs were diagnosed in ei-
ther 1) symptomatic cases referred for management of hepatic
manifestations of the disease (hepatomegaly with pulsatile
mass, thrill, or audible bruit; cardiac manifestations or portal
hypertension related to hepatic shunts) and morphological
confirmation of liver involvement by CT scan or ultrasonog-
raphy; or 2) asymptomatic cases with liver abnormalities de-
tected by systematic screening using Doppler ultrasonography
(enlargement of the hepatic artery, abnormal velocity or flow
of hepatic arteries, hepatic veins, or portal veins).10,32 GI in-
volvement was defined by the presence of upper or lower an-
giodysplasia detected at endoscopy performed for overt or oc-
cult bleeding (severe anemia). Central nervous system (CNS)
involvement was based on the presence of CAVMs or medullar
AVMs on MRI that was performed on patients with neurolog-
ical manifestations of the disease (e.g., intracerebral hemor-
rhage, medullar compression); patients with atypical neuro-
logical symptom (e.g., migraine); and asymptomatic patients.

Mutation analysis

Only patients from the clinical database in whom a muta-
tion in either ENG or ACVRL1 had been searched for and
found at the time of the study were included. The detailed
description of our mutation analysis has been previously
reported.23,33,34 For the purpose of the present study, muta-
tions were divided into two groups according to their potential
effect at the protein level: 1) Truncating mutations, including
nonsense mutations, small size deletions, insertions/duplica-
tions leading to a frameshift, and large deletions/duplications
that usually lead to a complete lack of the protein; and in-frame
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mutations included missense mutations and small deletions,
duplications and insertions that conserved the reading frame.
Splice-site mutations were not considered due to their low oc-
currence and to their unknown functional consequence. No
distinctions concerning mutations in exons encoding different
domains of the proteins were made since endoglin has a very
small intracellular domain compared to its extracellular do-
main while the situation is reversed for ALK-1.

Database and statistical analysis

This study was conducted with IRB approval of the Hospices
Civils de Lyon. Data were collected in a database using the
FileMaker Pro 5.0 software (FileMaker Inc., Santa Clara, CA).
De-identification was performed prior to data extraction. The
characteristics of the patients were compared using t-tests for
quantitative data and �2 test or Fisher’s exact tests for qualita-
tive data. Probability curves for absence of epistaxis, according
to patient age, were estimated using the Kaplan-Meier method
for the two mutated genes and compared using the log-rank
test. Logistic regression models were used to quantify the effect of
gene mutation on epistaxis, telangiectases and the different vis-
ceral AVMs after adjustment for the age of the patients at the time
of their inclusion in the database, and gender. Separate analyses
were made for symptomatic and asymptomatic AVMs. Data were
analyzed using SAS software, version 8 (SAS Institute, Cary, NC).
P � 0.05 was considered statistically significant.

RESULTS

The present study was carried out on 343 patients selected
from the French-Italian HHT network database: 93 had a mu-
tation in ENG (HHT1) and 250 in ACVRL1 (HHT2). There
were 135 probands and 208 relatives. The only relatives of a
proband who were included in this study were those carrying
the family mutation, whether they had HHT symptoms or not.
The distribution of the number of patients by family was the
following: 49% (66/135) only included the proband, 34% (46/
135) included 2–3 individuals, 12% (16/135) 4 – 6 individuals,
2% (3/135) 7–10 individuals and 3% (4/135) � 10.

The mean age was lower among HHT1 than among HHT2
patients (44 � 18 years vs. 52 � 16 years, P � 0.0001). The sex
ratio (F vs. M) was 3:2, with no significant difference between
the HHT1 and HHT2 groups. The distribution of mutation
types was different (P � 0.001): the majority of patients in the
HHT1 group had truncating mutations whereas the majority
of patients in the HHT2 group had in-frame mutations.

Clinical expression in HHT1 and HHT2 groups

In the present study, we made the distinction between the
AVMs associated with clinical manifestations (Table 1) and
those that remained asymptomatic at the time of the study and
were only disclosed by systematic screening (Table 2).

The age of onset for epistaxis was earlier in HHT1 (P �
0.0001), with complete penetrance whereas about 9% of the
HHT2 patients over 60 years did not experienced epistaxis (Ta-
ble 1; Fig. 1). Telangiectases were more frequently found in

HHT1 than HHT2 patients, although the difference did not
achieve significance (Table 1). We compared the number of
telangiectases of each characteristic site (i.e., lips, fingers,
tongue and nose) between HHT1 and 2. HHT1 patients had a
larger number of telangiectases on the lips than HHT2 patients
(11 vs. 2%). Bleeding from cutaneous or mucous (tongue and
lips) telangiectases occurred in both groups with the same fre-
quency (26%). GI bleeding, confirmed by endoscopy in each

Table 1
Frequency of the symptomatic clinical manifestations according to the

mutated gene

Clinical involvement
HHT1�2
(N � 343)

HHT1
(N � 93)

HHT2
(N � 250) P

Epistaxis 313 (91.2%) 90 (96.8%) 223 (89.2%) 0.027

Telangiectases 324 (94.5%) 91 (97.8%) 233 (93.2%) NS

Pulmonary 45 (13.1%) 32 (34.4%) 13 (5.2%) �0.001

Brain abscess 9 (2.6%) 7 (7.5%) 2 (0.8%) 0.002

Dyspnea 12 (3.5%) 10 (10.8%) 2 (0.8%) �0.001

GI 47 (13.7%) 6 (6.5%) 41 (16.4%) 0.017

Liver 19 (5.5%) 0 (0%) 19 (7.6%) NS

Central nervous system 5 (1.5%) 2 (2.2%) 3 (1.2%) NS

NS, Not significant.

Table 2
Frequency of the arteriovenous malformations found during systematic

screening according to the mutated gene

Visceral
involvement HHT1�2 HHT1 HHT2 P

PAVM 46/199 (23.1%) 27/50 (54%) 19/149 (12.8%) �0.0001

HAVM 107/197 (54.3%) 20/46 (43.5%) 87/151 (57.6%) NS

CAVM 4/72 (5.6%) 2/22 (9.1%) 2/50 (4%) NS

Numbers in denominator refers to the patients who underwent screening for
each organ.
NS, Not significant.

Fig. 1 Kaplan-Meier survival curve showing probability of remaining free of epistaxis.
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case, was present in 13.7% of the patients and was more com-
mon in HHT2 (16.4 vs. 6.5%, P � 0.017). Overt bleeding was
only reported in HHT2 (5%).

A higher proportion of HHT1 patients had a symptomatic
expression of PAVMs (34.4 vs. 5.2%, P � 0.001) and pulmo-
nary symptoms were more frequently present at onset in
HHT1 than in HHT2 patients (15 vs. 1%, P � 0.0001). Cere-
bral abscesses, as a complication of PAVMs, were also more
frequent in the HHT1 group (7.5 vs. 0.8%, P � 0.002). PAVMs
were more frequently detected in asymptomatic HHT1 pa-
tients (Table 2; 54 vs. 12.8%; P � 0.0001). Anamnestic data
revealed that pulmonary involvement was found more fre-
quently in relatives of HHT1 patients (71 vs. 22%, P �
0.001).

Symptomatic HAVMs, manifested mainly by cardiac failure
or portal hypertension, were only reported in HHT2 patients
(7.6%). Liver involvement was more frequently detected, by
echodoppler screening, in HHT2 patients (57.6 vs. 43.5%),
although the difference did not achieve significance. Anamnes-
tic data revealed that liver involvement was present in the fam-
ily of HHT2 patients but was not reported in relatives of HHT1
patients (61 vs. 0%, P � 0.001).

Approximately 1.5% of the patients experienced bleeding of
AVMs of the central nervous system (cerebral or spinal) with-
out difference between HHT1 and HHT2. CAVMs were de-
tected by MRI screening in a slightly higher proportion of
HHT1 patients (9.1 vs. 4%), although the difference did not
achieve significance.

Influence of the type of mutation on HHT1 and HHT2 phenotypes

In the HHT2 group, epistaxis (96.7 vs. 84.9%, P � 0.004)
and telangiectases (97.8 vs. 90.4%, P � 0.05) were more com-
mon in patients with a truncating mutation than in those with
an in-frame mutation (Table 3). No difference was observed
for GI bleeding or symptomatic expression of PAVMs,
HAVMs and CAVMs in both HHT1 and 2 patients. For the
AVMs found by screening (Table 4), there was a trend toward
a higher frequency of PAVMs in HHT1 patients with a trun-
cating mutation compared to those with an in-frame mutation
(63.6 vs. 33.3%).

Fifteen patients from the HHT2 group carried the same
1112dupG mutation. This mutation has been reported exclu-
sively in patients living in or originating from the French
Rhône-Alpes region and is likely to result from a founder
effect.33 We compared the frequency of the clinical features of
the disease between these patients and those with the other
ACVRL1 mutations, in order to determine whether this muta-
tion could be associated with a specific phenotype. No differ-
ences were found.

Effect of the mutated gene on the phenotype after adjustment on
age and gender

Epistaxis (OR � 0.29, P � 0.05) and pulmonary involve-
ment, either symptomatic (OR � 0.10, P � 0.0001) or found
by screening (OR � 0.13, P � 0.0001), were more frequent in
the HHT1 group (Tables 5 and 6). There was also a trend to-
ward a higher frequency of telangiectases in the HHT1 group

Table 3
Frequency of the symptomatic clinical manifestations according to the type of mutation

Clinical Involvement HHT1 HHT2

Truncating (N � 57) In frame (N � 24) Significance Truncating (N � 90) In frame (N � 146) P

Epistaxis 56 (98.2%) 22 (91.7%) NS 87 (96.7%) 124 (84.9%) 0.004

Telangiectases 55 (96.5%) 24 (100%) NS 88 (97.8%) 132 (90.4%) 0.033

Pulmonary 19 (33.3%) 8 (33.3%) NS 7 (7.8%) 5 (3.4%) NS

GI 3 (5.3%) 1 (4.2%) NS 13 (14.4%) 25 (17.1%) NS

Liver 0 0 – 7 (7.8%) 11 (7.5%) NS

Central nervous system 1 (1.8%) 1 (4.2%) NS 0 3 (2.1%) NS

NS, Not significant.

Table 4
Frequency of the arteriovenous malformations found during systematic screening according to the type of mutation

Visceral Involvement

HHT1 HHT2

Truncating In frame Significance Truncating In frame Significance

PAVM 21/33 (63.6%) 4/12 (33.3%) NS 4/39 (10.3%) 11/103 (10.7%) NS

HAVM 16/30 (53.3%) 4/11 (36.4%) NS 25/44 (56.8%) 57/100 (57.0%) NS

CAVM 2/15 (13.3%) 0/4 NS 0/15 1/32 (3.1%) NS

Numbers in denominator refers to the number of patients who underwent screening for each organ.
NS, Not significant.
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(OR � 0.26, NS). The risk for GI bleeding was higher in HHT2
patients and in females, although it did not achieve signifi-
cance, with a moderate but highly significant effect of the age
(OR � 1.26 for an increase of 5 years of age, P � 0.0001). For
liver involvement, there was no effect of the mutated gene but
a moderate effect of age for asymptomatic AVMs (OR � 1.31,
P � 0.0001) and a strong effect of gender for both symptomatic
(OR � 3.74 for M vs. F, P � 0.05) and asymptomatic AVMs
(OR � 3.35, P � 0.0001). We tested the interaction between
the mutated gene and gender on the prevalence of HAVMs.
The effect of gender on HAVMs was higher in the HHT2 group
(OR � [F]4.7 vs. [M]3.5), although this did not achieve signif-
icance.

DISCUSSION

Clinical expression of HHT1 and HHT2 appear to be con-
sistently different. The previous suggestion, by Berg et al25 that
HHT1 has a more severe outcome is still valid, at least for the
occurrence of PAVMs and CAVMs and their complications,
but has to be modulated by data from recent studies, including
ours. Each of the four recent studies, including the present one
dealing with phenotype-genotype correlations in HHT and in-
cluding a sufficient number of patients to allow statistical sig-
nificance, has brought complementary and sometimes con-
trasting data.25,27,29 Data on genotype-phenotype correlations
from the literature are summarized in Table 7. According to
our recent molecular studies, an overrepresentation of patients
with an ACVRL1 mutation in our French/North Italian popu-
lation is very likely and explains why, contrary to other studies
cited in Table 7, our cohort has a large excess of HHT2
patients.33,34

Epistaxis, telangiectases and GI bleeding in HHT1 and 2

Epistaxis occurs at a younger age in HHT1 patients.25,29 Re-
sults from the present study, including a larger number of pa-
tients than previous ones, suggests that the penetrance of epi-
staxis may not be complete in HHT2, even in older patients.
However, despite the later age of onset, the burden of epistaxis
may be important in adult HHT2 patients.29 We observed a
trend toward a higher penetrance of telangiectases in HHT1.
This is consistent with previous data showing that telangiecta-
ses occurred later in HHT2.25 The number of telangiectases, at
least in the most specific sites such as lips, may also be higher in
HHT1, as suggested by our results.

Data concerning the frequency of GI involvement are more
contrasted. Kjeldsen et al27 found a higher frequency of GI
lesions in HHT1 patients, but the number of patients was small
whereas Letteboer et al27 did not find any difference. Our study
provides statistically significant results, with a higher occur-
rence of GI lesions in HHT2. It is important to note that
endoscopic screening is usually performed in patients in
whom there is an overt GI hemorrhage or a severe anemia
unexplained by the epistaxis and suggestive of occult bleed-
ing. As a consequence, the extent to which endoscopy is
used may vary from one group to another. Our global fre-
quency of GI involvement is consistent with previous epi-
demiological reports1,35 whereas the very high frequency
found in some studies may be a consequence of a different
mode of patient selection.27

Visceral lesions in HHT1 and 2

The frequency of PAVMs is very high in HHT1 and signifi-
cantly lower in HHT2. The difference was highly significant,
even in studies including a relatively small number of

Table 5
Results of the logistic regression for the symptomatic clinical manifestation: Adjusted odds ratios (95% confidence interval)

Clinical involvement HHT2 vs.HHT1 P Age (5 years) P Sex (F vs.M) P

Epistaxis 0.29 (0.08–1.01) 0.05 0.98 (0.87–1.11) NS 1.04 (0.42–2.27) NS

Telangiectases 0.26 (0.06–1.18) NS 1.13 (0.98–1.31) NS 1.04 (0.39–2.76) NS

Pulmonary 0.10 (0.05–0.22) �0.0001 1.01 (0.92–1.12) NS 1.26 (0.61–2.57) NS

GI 2.19 (0.87–5.51) NS 1.26 (1.13–1.41) �0.0001 2.00 (0.98–4.12) NS

Liver – – 1.11 (0.95–1.30) NS 3.74 (1.05–13.3) 0.042

Central nervous system 0.76 (0.12–5.01) NS 0.96 (0.91–1.02) NS 0.92 (0.15–5.77) NS

NS, Not significant.

Table 6
Results of the logistic regression for the arteriovenous malformation found during systematic screening: Adjusted odds ratios (95% confidence interval)

Visceral Involvement HHT2 vs. HHT1 P Age (5 years) P Sex (F vs. M) P

PAVM 0.13 (0.06–0.27) �0.0001 0.97 (0.86–1.09) NS 1.73 (0.80–3.72) NS

HAVM 1.15 (0.55–2.42) NS 1.31 (1.17–1.47) �0.0001 3.35 (1.75–6.39) �0.0001

CAVM 0.28 (0.02–3.09) NS 1.05 (0.72–1.54) NS 0.17 (0.02–1.83) NS

NS, Not significant.
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patients.25–27,29 The higher prevalence of PAVMs in HHT1 was
already obvious in HHT pedigrees at the time of the identifi-
cation of ENG.22 In addition to their earlier age of onset,
PAVMs have more severe consequences in HHT1 patients. In
our series of patients, symptomatic forms of PAVMs and brain
abscesses were significantly more frequent in the HHT1 group
and a recent report suggested that HHT1 patients tended to
have more PAVMs with a sufficient size to recommend treat-
ment by transcatheter embolization than did HHT2 patients.29

A significantly higher occurrence of HAVMs in HHT2 pa-
tients was suggested by two recent studies.27,29 In both cases the
authors did not screen for HAVMs routinely but on the basis of
clinical symptoms and signs such as a hepatic bruit on auscul-
tation, heart failure, abdominal pain or elevated hepatic en-
zymes. We found patients with symptomatic hepatic involve-
ment only in the HHT2 group. In our 10 years of experience in
the Lyon center, 100% (n � 10) of the HHT patients who
underwent hepatic transplantation were found to have a mu-
tation in ACVRL1 (unpublished data), in accordance with a
recent report.36 HAVMs are often family clustered in HHT2.
When applying echodoppler screening in asymptomatic pa-
tients, the higher frequency of HAVMs in HHT2 did not
achieve significance. Surprisingly, the echodoppler features of
liver involvement were present in 57.6% of the HHT2 group
but also 43% of the HHT1 group, which is higher than previ-
ously reported.10 These findings contrast with the small num-

ber of patients presenting with severe consequences of liver
involvement, such as cardiac failure, portal hypertension and
biliary necrosis, suggesting that hepatic lesions seen by echo-
doppler may remain silent in the majority of patients for many
years, perhaps for life.12,37 There is a need for longitudinal sur-
vey of these patients to improve our understanding of the nat-
ural history of HAVMs since their complications are life-
threatening.

Two recent studies reported a higher frequency of CAVMs
in HHT1 (about 15%) than in HHT2 (1.3–3%).24,27,29 In the
present study, the percentage of CAVMs in patients who un-
derwent brain MRI screening was higher than in HHT1, al-
though this did not achieve significance. We also studied the
occurrence of CAVMs with a clinical expression. They were
found in 1.5% of the patients, with no difference between
HHT1 and HHT2. These data are in accordance with those
from the previous French epidemiological study in which ce-
rebral vascular lesions were present in 3% of the 1,270 patients
studied.1

Is the phenotype in HHT1 and 2 influenced by the type of
mutation?

We tested the hypothesis of a more deleterious effect of the
mutations leading to a premature stop codon compared to
in-frame mutations. Although splitting mutations in two sub-
types is somehow arbitrary, recent in vitro studies of blood

Table 7
Synopsis of the published data about phenotype-genotype correlation studies in HHT

Source No. of patients Epistaxis Telangiectasis PAVM

Bossler 2006 77 HHT1
50 HHT2

NS NS 52/77 (67.5%)
vs. 24/50 (48%)

Berg 2003 49 HHT1
34 HHT2

100% penetrance for both genes.
Earlier age at onset for

HHT1 (P � 0.01)

Higher penetrance and
earlier age at onset for
HHT1 (P � 0.0001)

17/49 (34.5%)
vs. 0/34 (P � 0.001)

Bayrak-Toydemir
2006

61 HHT1
50 HHT2

100% penetrance at 40 yrs.
Earlier age at onset for

HHT1 (P � 0.001)
Over 30 yrs, episodes more

frequent in HHT2
(P � 0.012)

NS 36/61 (59%) vs.
13/45 (29%)
(P � 0.002)

Kjeldsen 2005 39 HHT1
16 HHT2

NS – 18/39 (46.1%) vs. 2/16
(12.5%, P � 0.02)

Letteboer 2006 735 HHT1a

216 HHT2a
– – 167/343 (48.7%) vs. 6/114

(5.3%, P � 0.000001)

This study 93 HHT1
250 HHT2

Incomplete penetrance in HHT2.
Earlier age at onset

for HHT1 (P � 0.0001)

Higher frequency in
HHT1 but nsa

Higher frequency in HHT1
for symptomatic and
asymptomatic PAVMs
and for their
complications

For GI and visceral lesions number are given for HHT1 vs HHT2.
a These numbers refer to the whole cohort of patients belonging to HHT1 or HHT2 families. HHT diagnosis was based on clinical or molecular data and HHT
mutation was not proved for all the family members of an index cases.
NS, Not significant.
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outgrowth endothelial cells from HHT patients showed that
truncating mutations of ACVRL1 may have more dramatic
effects than missense mutations on cell morphology and func-
tional tests.38 We observed a higher frequency of epistaxis in
the patients with a truncating mutation, in both HHT1 and 2,
although it was only significant for HHT2. Telangiectases were
also more frequent in patients from the HHT2 group. In the
HHT1 patients, PAVMs were found more frequently by sys-
tematic screening in patients with a truncation mutation. In-
terestingly, another group recently reported that a larger per-
centage (69%) of HHT1 patients with missense mutations
had two or fewer organs affected compared to those with
truncating mutations (38%, P � 0.033).29 These data need
to be replicated and refined on larger samples of patients.
Even if the effect of the type of mutation is moderate, it may
represent relevant information for use in the clinical man-
agement of relatives of index cases that also carry the muta-
tion.

In phenotype-genotype correlation studies, the presence of
multiple affected individuals from the same family (and shar-
ing the same mutation) may have an effect on the results. In the
present study, however, such a family effect may be negligible
since a large majority (83%) of the patients was composed of
single index cases or probands with only one or two affected
relatives, whereas large families (�10 individuals) accounted
only for a small proportion (3%). On the other hand, the 50

patients sharing the 1112dupG ACVRL1 mutation may be con-
sidered as a large family, even if their genealogical relationship
could not be documented. Clinical expression in these patients
was not different from other HHT2 patients.

We are conscious that, although the current view is that
ENG and ACVRL1 mutations are mainly due to haplo-insuffi-
ciency, a specific effect of a given mutation may be masked
when pooled with others.39 – 41 This would be in accordance
with a recent experimental report suggesting that some of the
HHT2-related mutations generate a dominant-negative effect
whereas the others give rise to a null phenotype via loss of
protein expression or receptor activity.42 It would therefore be
interesting to delineate the phenotype associated with the most
common ACVRL1 recurrent mutations, gathering a large
number of patients from different families.

Influence of sex and age on phenotype in HHT1 and 2

Many years prior to the identification of ENG and ACVRL1,
it had been observed that some HHT features, like PAVMs
were more frequent in females.43,44 In a recent study, a higher
prevalence of PAVMs was found in females, but only in the
HHT1 group, whereas HAVMs were found to be more fre-
quent in females from both HHT1 and 2.27 Although we did
not confirm the influence of sex on the occurrence of PAVMs,
we found a strong and significant predominance of HAVMs in
females, both for symptomatic and asymptomatic lesions. Fur-

Table 7
continued

GI HAVM CAVM Mutation Type Commentary

NS NS 7/77 vs. 0/50 –

7/19 vs. 1/9 – 4/49 (8.1%) vs.
1/34 (2.9%)

– Autofilled questionnaire
based-study

NS 1/59 (1.7%) vs.
13/47 (27.7%,
P � 0.001)

Cerebral : 10/61 (16.4%)
vs. 1/50 (2.0%)

Spinal : 0/61
vs. 2/50 (4.0%)

69% of HHT1 patients
with a truncating
mutation have 2 or more
organs involved vs. 38%
for missense mutations
(P � 0.033)

Higher mean age in
the HHT2 group

22/39 (56.4%) vs.
3/16 (18.8%)

– 1/39 (2.0%) vs.
1/16 (4.3%)

–

56/78 (71.8%) vs.
19/29 (65.5%)

11/144 (7.6%) vs.
13/32 (40.6%,

P � 0.00001)

38/260 (14.6%) vs.
1/76 (1.3%,
P � 0.0015)

– Association CAVM�PAVM more
frequent in HHT1.

PAVM more frequent in HHT1
females.

HAVM more frequent
in females.

Higher frequency in
HHT2 (P � 0.05)

Higher frequency
in HHT2 but nsa.

Clinical manifestations
only in HHT2

NS Higher prevalence of epistaxis
and telangiectases in patients
with a truncating mutation
in HHT2 (P � 0.05).

Symptomatic and
asymptomatic HAVMs
more frequent in
females (P � 0.05)
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thermore, nine out of the 10 patients who underwent hepatic
transplantation in the Lyon medical center were females (un-
published data), in accordance with a recent report.36 The pen-
etrance of most of the clinical features of HHT is age-related,
although our data suggest that the effect of age is more pro-
nounced for hepatic and GI involvement, that are more com-
monly found in older patients.10,12

Relationship between clinical expression and gene function

It has been proposed that ENG mutations may be more del-
eterious since endoglin is probably required for both the
ALK-1 and ALK-5 pathways.16,25 Alternatively, ALK-1 and en-
doglin may not exert the same function in different tissues. The
higher frequency of PAVMs in HHT1 may be related to an
additional function of endoglin in the lung, distinct from its
role in the TGF-� pathway.25 On the other hand, ACVRL1
mutations are associated with primary pulmonary arterial hy-
pertension in a subset of patients.45,46 Pathogenic mechanisms
may partially differ from one organ to another. Pulmonary and
CNS involvement usually consists of single or multiple AVMs,
whereas liver is affected by diffuse remodeling of the vascular
and perivascular structures with extended periportal fibrosis.47

Furthermore, symptoms related to CAVMs and PAVMs are
usually found in young adults whereas clinical symptoms re-
lated to HAVMs do not usually occur before the 5th decade.
The occurrence of AVMs may be influenced by additional fac-
tors such as modifier genes, hormones or a second hit that may
explain the wide intrafamilial variability of the phenotype.48,49

Is there an impact of genotype-phenotype correlations on clinical
survey?

Although many recent data, including ours, need to be con-
firmed and refined, some of them may already allow the delin-
eation of subgroups of patients with a higher risk of developing
visceral AVMs. The very high prevalence of PAVMs in HHT1
may suggest that pulmonary screening could be proposed ear-
lier and repeated more frequently in these patients and their
relatives carrying the family mutation, even if they are asymp-
tomatic at the time of molecular testing. On the other hand, the
higher risk for HHT2 patients, and especially females, to de-
velop symptomatic and dramatic HAVMs suggests that echo-
doppler screening may be more useful in these patients and
would permit the implementation of early medical treatment
for preventing cardiac consequences of the arteriovenous
shunt.

Finally, these phenotype-genotype correlation studies em-
phasize the importance of the genotype for clinical studies. To
illustrate this point, it is interesting to note that the frequency
of symptomatic lesions in our HHT2 patients is very close to
the frequency of the clinical manifestations reported in the
classical epidemiological French study in 1989.1 According to
our recent molecular studies, an overrepresentation of patients
with an ACVRL1 mutation in this population is very likely.33,34

Not taking into account the genotype of the patients may be
misleading for future medical studies.

ACKNOWLEDGMENTS

We wish to thank the Fondation pour la Recherche Médi-
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