INTRODUCTION

Hereditary hemorrhagic telangiectasia (HHT,
or Rendu-Osler-Weber syndrome; MIM#
187300) is an autosomal dominant disorder char-
acterized by aberrant vascular development. The
clinical manifestations of HHT include epistaxis,
mucocutaneous and gastrointestinal telang-
iectases, and large arteriovenous malformations
of the lung, brain, and liver [Guttmacher et al.,
1995; Shovlin and Letarte, 1999; Matsubara et
al., 2000; Garcia-Tsao et al., 2000].

Mutations in at least two genes have been
shown to be associated with HHT: endoglin
(ENG; MIM# 131195) on chromosome 9
[McAllister et al., 1994] and ALK-1 (approved
symbol, ACVRL1; MIM# 601284) on chromo-
some 12 [Johnson et al., 1996]. Molecular-ge-
netic analyses of HHT have identified disease
loci on chromosomes 9 (HHT1) and 12 (HHT?2
or ORW2; MIM# 600376) and at least one
other HHT locus has been predicted [Piantanida
et al., 1996; Wallace and Shovlin, 2000]. The
disease gene on chromosome 9q encodes
Endoglin (ENG) [Shovlin and Letarte, 1999]
which is expressed predominantly in endothe-
lial cells and associates with TGF-B signaling
receptors [Yamashita et al., 1994; Zhang et al,,
1996; Lastres et al., 1996]. The HHT disease
gene on chromosome 12 encodes an activin re-
ceptor-like kinase (ALK-1) which also encodes
areceptor of the TGF-f receptor family [Johnson
et al., 1996].

A significant proportion of HHT patients
(~30%) with ENG mutations have pulmonary
and cerebral vascular involvement {Guttmacher
et al., 1995; Berg et al., 1996; Moussouttas et
al., 2000; Matsubara et al., 2000]. These mani-
festations are often silent and present as pulmo-
nary arteriovenous malformation (PAVMs) and
cerebral arteriovenous malformation which of-
ten cause considerable morbidity and mortality
if left untreated.

The population prevalence of HHT has been
suggested to be 1 in 50,000 to 100,000 [Tuente,
1964]. Porteus et al. [1992] investigated the
prevalence of HHT in the northern region of
England and reported a minimum prevalence of
1 in 40,000. Guttmacher et al. [1994] suggested
a much higher incidence of 1 in 16,500 based
on a genetic epidemiological study in Vermont.
Clustering of HHT has also been reported in
various areas with strikingly high prevalence: 1
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in 2,300 in Jura Valley in France [Bideau et al.,
1992} and comparable prevalences in other eth-
nic groups [Vase et al., 1985; Jesserun et al.,
1993]. These results suggest a higher prevalence
of HHT than originally thought and a higher
heterogeneity in prevalence among areas.

HHT displays age-related penetrance with
manifestations developing throughout life and
varying between affected individuals even within
the same pedigree. The key to appropriate man-
agement of patients with HHT is to establish an
early diagnosis. Therefore, more sensitive screen-
ing methods should be established for early diag-
nosis to reduce the number of cases overlooked.

We performed a population genetic epidemio-
logical study of HHT in a local community
(county A) in the northern part of Japan where
clustering of HHT is suspected [Shioya et al.,
2000]. We first searched for a putative founder
mutation of the ENG gene in this community
which would provide a molecular tool for early
detection of affected members in high-risk fami-
lies. Since the prevalence of HHT is more com-
mon in Caucasians than in Asians or other
ethnic groups [Haitjema et al., 1996], we evalu-
ated the population prevalence in this commu-
nity to test whether prevalence of HHT is as
small as traditionally reported.

MATERIALS AND METHODS
Patients

All studies were performed with the approval
of the Ethical Committee of Akita University
for Research on Human Subjects. The study was
conducted in county A of Akita prefecture
(population 1.2 million) which is located in the
northern part of Japan. Nine patients of north-
ern-Akita ancestry in county A were referred to
tertiary-care hospitals (Akita University Hospi-
tal, Nakadouri General Hospital, Senboku
Kumiai General Hospital) in the local commu-
nity for therapy. These three tertiary-care hos-
pitals, located in Akita city or Ohmagari city,
cover patients from counties bordering on the
city of Akita. The potential HHT cluster was
located in county A (population 170,000), an
area bordering the south of the city of Akita.
Diagnosis criteria included the presence of three
of four key features: spontaneous and recurrent
epistaxis, teleangiectasia, visceral manifestations,
and affected first degree relatives [Shovlin and
Letarte, 1999]. HHT status for decreased an-
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cestors was judged by the presence of recurrent
epistaxis alone when no other information was
available. The pedigree structures were con-
structed based on interviews. Clinical evalua-
tions, including history, physical examination,
and portable oximetry to screen for PAVMs
[Shovlin and Letarte, 1999], were performed on
all available family members of each proband.
Additional medical history was obtained from
patient records.

Genetic Analysis

Isolation of DNA and cDNA synthesis from
mRNA. Genomic DNA was isolated from pe-
ripheral blood using the Wizard Genomic DNA
Purification Kit (Promega, Madison, WI).
mRNA was isolated, using the PolyATtract Sys-
tem 1000 (Promega, Madison, WI), from mono-
cytes prepared from fresh peripheral blood with
Ficoll Paque (Amersham Pharmacia Biotech,
Uppsala, Sweden). cDNA was transcribed by
cDNA Synthesis Kit (TaKaRa, Kyoto, Japan)
with an oligo(dT) g primer.

ENG primer sequences. ENG cDNA primers
were designed from ENG cDNA sequences
(Gene Bank accession number NM000118) ex-
cept primers ENGRT-F and ENGRTR which
were derived from the work of Pace et al. [1997].
ENG genomic primers were derived from the
genomic sequence of ENG (GenBank accession
number AF035753, AF036969-71, U37439,
U37441-2, and U37445-7) except primers for

exons 5 and 7. Primers used to amplify exon 5
and exon 7 were designed from the sequence
data reported by McAllister et al. [1994]. All
primers used in this study are shown in Table 1.

ENG mutation screens. For amplification of
genomic DNA, PCR was carried out in a 15 pl
volume containing 60 ng genomic DNA, 0.6 M
forward and reverse primers, 1.7 mM MgCI2, 0.2
mM each ANTE 1 unit AmpliTaq Gold (Perkin
Elmer, Foster City, CA) and 1.5 pl of 10x
GeneAmp Gold Buffer (Perkin Elmer). Ampli-
fication was performed in a PTC-100 Program-
mable Thermal Controller (M] Research,
Watertown, MA) using a program consisting of
an initial denaturation step of 95°C for 9 min
followed by 40 cycles of denaturation at 94°C
for 45 sec, annealing at 53°C for 45 sec, and ex-
tension at 74°C for 1 min and a final extension
step at 72°C for 7 min. cDNA reverse transcribed
from mRNA was amplified by PCR in a 30 pl
volume containing 5l of cDNA, 0.6 uM of for-
ward and reverse primers, 1.5 mM of MgClZ, 0.2
mM of each ANTE, 1.5 U of AmpliTag Gold, 3.0
pl of 10x GeneAmp Gold Buffer. Amplification
was performed according to the same PCR pro-
gram used for genomic DNA with the excep-
tion of the cycle extension time, which was for 2
min. The quality of PCR-amplified products was
assessed by agarose-gel electrophoresis. The
bands were excised and purified using a Prep-A
Gene DNA Purification Kit (Bio-Rad, Hercules,
CA). An ABI PRISM dRhodamine Terminator

TABLE 1. Primers Used in This Study

. Product
Exon Forward primer sequence (5-3") Reverse primer sequence (5-3") size
Primers for PCR amplifying genomic ENG DNA
1 ENGex1F : CCACTGGACACAGGATAAG ENGex1R : GGCTTTCTTTCAACACTGA 311bp
2 ENGex2F : ACGTTTGGAAAGTAGGAGTC ENGex2R : AAATGCCACCTCTTATGG 393bp
3 ENGex3F : AGGGTGGCACAACCTAT ENGex3R : CAGAGATGGACAGTAGGGA 270bp
4 ENGex4F : CAAATTACTTCCTGACCTCC ENGex4R : CAGAACCTGGCATATTCC 456bp
5 PENGex5F : GGGCTCTGTTAGGTGCAG pENGex5R : GGGTGGGGCTTTATAAGGGA 294bp
6 pPENGex6F : CTGTCCGCTTCAGTGTITCCATC pENGex6R : GGAAACTTCCCTGATCCAGAGGTT 230bp
7-8  ENGex7F : CTGTGGCACAGACTGTGT ENGex8R : CTAGGACCCCAAGAGTCTT 810bp
9a-9b ENGex9F2: CAGTGCCTCCTGATGGT ENGex9R : GGCCAGGTGGGTTAAGC 487bp
10-11 ENGex10F: ATGATGCCTGTTCCTCC ENGex11R: GTCCCTTCCATGCAAAC 864bp
12 ENGex12F : GATCTTCCAGGACTCACC ENGex12R: CACCTTGCCATGTGCTA 317bp
13-14 ENGex13F: ACAACAGGGTAGGGGAT ENGex14R : ATTCTGGGTCGAGTGGA 538bp
Primers for PCR amplifying cDNA
1-7 ENGCIF :GCCACTGGACACAGGATAAGG ENGCIR : GAGCTTGAAGCCACGAATGTT 926bp
4-11 ENGC3F :ACCACAGAGCTGCCATCCIT ENGC5R : TCTGACCTGCACAAAGCTCTG 1032bp
6-13 ENGC2F :ACCACAACATGCAGATCTGGA ENGC2R : TGTACCAGAGTGCAGCAGTGA 1041bp
10-14 ENGCG6F : ATGGACAGCCTCTCTTTCCAG  ENG3UZR : ATTGGTGGTGAATACACAGGG 1427bp
. 2-4 ENGRT-F :GAGAGGGGCGAGGTGACATAT ENGRT-R : CTCTTGGAAGGTGACCAGGC 276

Primers for sequencing®
i1 ENGex11F: ATTTGAAGGCAGCAGGT

“For sequencing exons except exon 11, forward or/and reverse primers for PCR amplifications were used.



Cycle Sequencing Ready Reaction Kit (Perkin
Elmer) was used to sequence the purified PCR
products. Sequence analysis was performed with
a 310 Genetic Analyzer (Perkin Elmer).
Enzyme digestion. The PCR products of exon
3 were digested with BsaAl (New England
BioLabs, Beverly, MA). Reaction mixtures con-
taining 5 pl of PCR product, 5 units of enzyme,
and 2.2 l of 10x NE Buffer in a total volume of
22 pl were incubated at 37°C for 5 hr. Fragments
were analyzed by agarose gel electorophoresis.
Linkage analyses. Linkage analysis was per-
formed to confirm that the prevalent type of HHT
was HHT1 using eight microsatellite markers, or-
dered D9S1690, D9S1677, D9S1776, D9S1682,
(ENG), D9S290, D9S164, D9S1826, and DIS158,
spanning 50 ¢M on chromosome 9q. To exclude
linkage with HHT?2 locus we used eight polymor-
phic markers, ordered D128310, D1251617,
D12S345, D12S85, ALK1, D12S368, D12583,
D12S326,and D12S5351, spanning 60 ¢M on chro-
mosome 12q. Linkage studies were performed as
using GENEHUNTER [Kruglyak et al., 1996].

RESULTS
Patients

We examined nine patients with HHT who had
been referred to tertiary-care hospitals. Pedigree
structures for these patients were constructed as
shown in Figure 1. A total of 137 pedigree mem-
bers were traced of which 81 were alive and 32
affected by HHT. Of the seven pedigrees, four
families (SB-1, SB-2, SB-3, and SB-6) had lived
in county A for more than five generations. The
other families had lived in other counties which
all bordered county A. Three patients (I1I-2, III-
9, and III-10 in SB-2) were found to originate
from the same family while the other patients
were from unrelated families (III-3 in SB-1, VI-
1in SB-3,1-1in SB-4,1I-1 in SB-5, II-5 in SB-6,
and I1I-4 in SB-7) (Fig. 1). The total number of

HHT patients currently alive and confirmed as -

being affected in county A was 23, giving an ap-
proximate population incidence of 1:8,000 in this
county. Interviews revealed affected members
and the presence of PAVMs in each pedigree
which were confirmed by the medical records in
hospitals. About 50% (16/32) of the individuals
interviewed in all families had PAVMs except
families SB-6 and SB-7. Although family SB-7
did not have PAVMs as determined from family
history, cerebral arteriovenous malformation was
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confirmed by examination of medical records in
IV-1 in SB-7. Other complications associated
with HHT were incidence of strokes at a young
age; age 44 in SB-1III-5 and age 40 in SB-3 V-3.
Although several other symptoms, gastrointes-
tinal bleeding, liver cirrhosis, and sudden death,
were reported in the interviews to have occurred
in families, these could not be confirmed by
medical records or could not be judged whether
they were associated with HHT,

Genetic Analysis

Linkage analysis. Linkage analysis was con-
ducted in two pedigrees (SB-1 and SB-2) from
which a sufficient number of subjects participated
in this study: [1I-2, 111-3, 1114, IV-1, TV-2, IV-6, IV-
7, V-1, V-3, V-4, V.5, and V6 in the SB-1 pedigree
and I1I-2, III-9, II-10, and IV-8 in the SB-2 pedi-
gree. Linkage with HHT1 locus was tested using
eight microsatellite markers (D951690- D9S1677-
D9S1776- DIS1682- Edoglin-D95290-D9S164-
D9S1826-D9S158, in order). Linkage analyses
showed suggestive linkage with HHTI locus on
chromosome 9. The maximum two-point LOD
score was obtained at D951682 (0=0): LOD Score
2.4 for pedigree SB-1 and LOD score 1.1 for pedi-
gree SB-2, and a maximum multipoint LOD score
was obtained at 38 cM: LOD Score 2.4 for pedi-
gree SB-1 and LOD score 1.1 for pedigree SB-2
(data not shown). Next, the linkage with HHT?2
locus was tested using eight markers (D12S310-
D12S1617-D125345-D12S85-ALK1-D12S368-
D12583-D125326-D12S351, in order) which
resulted in linkage with HHT2 being excluded:
LOD scores obtained by multipoint linkage analy-
ses were less than ~2.4 for the SB-1 pedigree and
~2.2 for the SB-2 pedigree and the two-point LOD
scores < —2 for each family (8=0) at D12S85 and
D12S368 in the two pedigrees.

Mutation search. Due to the weak yet sug-
gestive linkage with HHT locus we searched
for mutations of ENG in the patients. In the SB-
1 pedigree we found a novel mutation, a G to C
transversion at the splice donor site of intron 3
(Inv3+1 G>C) (Table 2). cDNA analysis of this
mutation indicated mRNA lacking exon 3 (Data
not shown). We tested the concordance between
phenotype and the presence of mutation by re-
striction enzyme polymophism using BsaAl in
SB-1 family. The results showed a complete con-
cordance between HHT phenotype and the pres-
ence of mutation (Data not shown). Another
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FIGURE1. Patients and pedigrees. Solid symbols indicate affected members. Arrows indicate patients who regularly visit
tertiary hospitals. Asterisks indicate patients with PAVMs. Those people who participated and donated their blood are

underlined.
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TABLE 2. Mutations in Endoglin Found in This Study

Pedigree Site Description Nomenclature®
SB-1 Intron 3 A splice donor site mutation leading skipping exon 3 Inv3 + 1G>C

SB-2 and SB-3 Exon 7 Insertion of A c.828-829 ins A

SB-4 Exon 8 A 4-bp deletion ¢.1120-1123 del AAAG
SB-7 Exon 11 Insertion A c.1470-1471 ins A

3Nomenclature is based on a rule proposed by Antonarakis et al. [1998].

novel mutation was a one base pair insertion (A)
at nucleotide 828 (exon 7) of the endoglin
cDNA (c.828-829 ins A) which was found in all
affected participants from SB-2 and SB-3 fami-
lies by direct sequencing (Data not shown). This
mutation causes a frameshift that results in a
premature stop codon. Still another novel mu-
tation was a 4 bp deletion (AAAG) beginning
with nucleotide 1120 (exon 8) of the endoglin
cDNA (c.1120-1123 del AAAG) found in SB-
4 (Data not shown). A frameshift mutation, in-
sertion of A (c.1470-1471 ins A), was found in
the SB-7 pedigree. However, we found no mu-
tations in the ENG gene of the SB-5 pedigree or
the proband of SB-6.

Since both the SB-2 and SB-3 pedigrees
shared the same mutation we investigated
whether this mutation was derived from a com-
mon ancestor. The haplotype analysis revealed
a common haplotype around the Endoglin gene
spanning 24.3 cM from D951690 to D9S290
suggesting an ancestral origin of the mutation
derived from a common founder in the two pedi-
grees (Data not shown).

DISCUSSION

Gastrointestinal bleeding, pulmonary arterio-
venous malformations, and cerebral involvement
(arteriovenous malformation and cerebral ab-
scess) are the major morbidities and mortalities
of HHT associated with the ENG mutation
[Shovlin and Letarte, 1999]. These complica-
tions, however, can be prevented by appropriate
follow-up of cases with family histories of HHT
and who have symptoms suggestive of HHT1.
High-risk patients are, however, often over-
looked due to three major factors. First, the ex-
pression of the disease is seen with a wide
disparity of clinical features even among mem-
bers of the same family. Second, phenotypic pen-
etrance is age-dependent, although nearly
complete by age 40. Third, there are large varia-
tions in HHT phenotypes: in some individuals
clinical symptoms are mildly expressed and thus,

may easily be overlooked [Porteus et al., 1992;
Plauchu et al., 1989]. An alternative method for
appropriate long-term care, therefore, is to es-
tablish a molecular diagnosis of HHT for high-
risk subjects.

Endoglin is a homodimeric integral membrane
protein [Gougos and Letarte, 1988, 1990] and
is expressed primarily in the vascular endothe-
lial cells [Cheifets et al., 1992; Gougos and
Letarte, 1990]. To date, more than 30 different
mutations have been reported in ENG [Shovlin
and Letarte, 1999]. Here, we report three novel
mutations in HHT patients: one mutation led
to exon skipping (SB-1), and the other two mu-
tations were insertion of A in exon 7 (SB-2 and
SB-3) and a 4 bp deletion in exon 8. The re-
maining mutation was insertion of A in exon
11, which has also been reported in European
kindred [Cymerman et al., 2000]. All of these
mutations led to frameshifts. Since all families
with proven mutations exhibited vascular com-
plications, mutation-specific phenotypes seemed
not to occur for ENG. The homogeneity of clini-
cal profiles of the families in the present study
with different mutations was consistent with the
haploinsuficiency model [Shovlin et al., 1997;
Lux et al., 2000].

Genetic epidemiological data revealed several
founder mutations of various genes in the cus-
rent study population around county A—sug-
gesting that this population is genetically isolated
[Hirano et al., 1996]. In the families from county
A and surrounding counties the mutations were
found in a single family and were not common
to multiple families (Table 2) with the excep-
tion of the mutation in exon 7 (c.828-829 ins
A). Since four mutations were found in a single
geographically defined HHT population (from
a total Akita city catchment area of less than 30
km) the lack of common ancestral changes in-
dicated that most mutations had arisen in re-
cent generations. This significant level of new
mutations should be balanced with reduction in
fitness unless the prevalence of ENG mutations
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steadily increases. One possibility by which HHT
mutations may result in reduction of fitness, es-
pecially in women, would be lower reproductive
fitness. Interestingly, vascular complications
were shown to be exacerbated during pregnancy
[Neau et al., 1988; Gammon et al., 1990;
Revelaqua et al., 1992]. Another implication of
the significant level of mutations is that ENG
may have a relatively high mutation rate. At
present, however, we do not have definitive evi-
dence regarding the mutation rate of ENG in
this population.

The variability of mutations indicates that we
should screen for family-specific mutations in
places of community-specific mutations for ac-
curate diagnosis. Mutational searches to detect
family-specific mutations failed in two families.
For one of two families a family history of vascu-
lar complications was not proven and thus, HHT
of this kindred may not be affected by a ENG
mutation but rather by an ALKI mutation as
reported previously [Johnson et al., 1996] or
another type of HHT [Piantanida et al., 1996;
Wallace and Shovlin, 2000]. Alternatively, the
absence of mutations may suggest technological
or other unknown difficulties, also as reported
previously [Shovlin et al., 1997]. Therefore, as
suggested previously [Cymerman et al., 2000],
additional effort to detect ENG expression lev-
els may be necessary. Although it was demon-
strated that two major founder mutations can
explain the high prevalence of HTT in Nether-
lands Antilles [Gallione et al., 2000], we believe
that approaches using known mutations with the
assumption of a founder mutation cannot be
applied for screening purposes even in isolated
populations due to large false negative rates. Our
current conclusion is in accord with an obser-
vation on ALK-1 mutations, which reported
more than two mutations in a local cluster of
HTT in the county of Fyn, Denmark [Kjeldsen
et al., 2001].

We found 23 affected cases in a cluster in
county A that included, however, only popula-
tions traceable by family interview and did not
include exact numbers of offspring in each pedi-
gree. Therefore, the number of patients was likely
to be underestimated. A conservative estimate
of the total population affected by HHT in this
county could be obtained by assuming that an
affected adult (age 30 years and above) has two
children, one of whom would be affected by

HHT. The number of children is based on the
typical birth rate in Japan in the 1990s. Based
on this assumption, five cases from SB-2, seven
cases from SB-3, and one case from SB-6 may
be added, leading to an estimated number of 36.
Thus, from these cases we postulated that the
population prevalence of HHT ranges from 23
(1:8,000) to 36 (1:5,000) of 170,000 people in
county A. This estimated prevalence is roughly
comparable to those reported in European and
U.S. populations [Porteus et al., 1992; Gutt-
macher et al., 1994; Kjeldsen et al., 1999]. The
present results contradict the traditional view
that HHT is rare among Asians [Haitjema et
al., 1996] and suggest that this view may be as-
sociated with poor recognition of HHT by phy-
sicians. In support of the concept that HHT is
as common in Japan as in Europeans is the early
work of Miyoshi et al. [1976] from the Southern
prefecture of Tokushima. These authors con-
ducted clinical genetic studies from five families
with HHT and estimated a prevalence rate of
2-9 affected individuals per 100,000 population
in Tokushima. We believe that approaches based
on clinical epidemiology and genetics are criti-
cal to trace high-risk subjects in families with
HHT. Such systematic follow-up will substan-
tially improve the clinical course and prognosis
by preventing unnecessary morbidity and mor-
tality of affected persons.

REFERENCES

Antonarakis SE, Nomenclature Working Group. 1998. Rec-
ommendations for a nomenclature system for human gene
nmutations. Hum Murat 11:1-3.

Berg N, Gutrmacher AE, Marchuk DA, Porteous MEM. 1996.
Clinjcal heterozeneity in hereditary hemorrhagic telang-
iectasia—are pulmonary arteriovenous malformations more

common in families linked to Endoglin. ] Med Genet
33:256-257.

Bideau A, Brunet G, Heyer E, Plauchu H, Robert JM. 1992.
An abnormal concentration of cases of Rendu-Osler dis-
ease in Valserine valley of the French Jura: a genealogical
and demographic study. Ann Hum Biol 19:233-247.

Cheifets S, Bellon T, Cales C, Vera S, Bernabeu C, Massague
J, Latarte M. 1992. Endoglin is a component of the trans-
forming growth factor-b receptor system in human endot-
helial cells. ] Bio Chem 267:19027-19030.

Cymerman U, Vera S, Pece-Barbara N, Boudeau A, White
RT, Dunn ], Letarte M. 2000. Identification of hereditary
hemorrhagic telangiectasia type 1 in newborns by protein
expression and mutation analysis of endoglin, Ped Res
47:24-35.



Gallione CJ, Scheessele EA, Reinhardt D, Duits AJ, Berg JN,
Westermann CJJ, Marchuk DA. 2000. Two common
endoglin mutations in families with hereditary hemorrhagic
telangiectasia in the Netherlands Antilles: evidence for a
founder effect. Hum Genet 107:40-44.

Gammon RB, Miksa AK, Keller FS. 1990. Osler-Weber-Rendu
disease and pulmonary arteriovenous fistulaa. Deteriora-
tion and embolotherapy during pregnancy. Chest 98:1522--
1524.

Garcia-Tsao G, Korzenik JR, Young L, Henderson XJ, Jain D,
Byrd B, Pollak JS, White Jr RI. 2000. Liver disease in pa-
dents with hereditary hemorrhagic telangiectasia. N Engl
J Med 343:931-936.

Gougos A, Letarte M. 1988. Identification of human endot-
helial cell antigen with monoclonal antibody 44G4 pro-
duced against a pre leukemic cell line. J Immunol

141:1925-1933.

Gougos A, Letarte M. 1990. Primary structure of endoglin,
an RGD-containing glycoprotein of human endothelial
cells. J Biol Chem 265:8361-8364.

Gurtmacher AE, Mckinnon WC, Upton MD. 1994. Heredi-
tary hemorrhagic telangiectasia: a disorder in search of the
genetic community. Am ] Med Genet 52:252-253.

Guttmacher AE, Marchuk DA, White RI. 1995. Hereditary
hemotrhagic telangiectasia. N Engl ] Med 333:918-924.

Haigema T, Westermann CJ, Overtoom TTC, Timmer R,
Disch F, Mauser H, Lammers JJ. 1996. Hereditary hemor-
rhagic telangiectasia (Osler-Weber-Rendu disease): new
insights in pathologenesis, complications, and treatment.

Arch Inter Med 156:714-719.

Hirano K, Yamashita S, Nakajima N, Arai T, Maruyama T,
Yoshida Y, Ishigami M, Sakai N, Takemura-Kaneda K,
Matsuzawa Y. 1996. Genetic cholesterol ester transfer pro-
tein deficiency is extremely frequent in the Ohmagari
Atrea of Japan. Marked hyperalphalipoproteinemia caused
by CETP gene mutation is not associated with longevity.
Atrterioscler Thromb Vasc Biol 17:1053-1059.

Jesserun GA, Kamphuis D], van der Zande EH, Nossent JC.
1993. Cerebral arteriovenous malformations in the Neth-
erlands Antilles: high prevalence of hereditary hemor-
thagic telangiectasia-related single and multiple cerebral
arteriovenous malformation. Clin Neurol Neurosurg

95:193-198.

Johnson DW, Berg IN, Baldwin MA, Gallione CJ, Marondel ],
Yoon S-}, Stenzel TT, Speer M, Pericak-Vance MA, Dia-
mond A, Guttmacher AE, Jackson CE, Attisano L,
Kucherlapati R, Porteous MEM, Marchuk D A. 1996.
Mutations in the activin receptor-like kinase 1 gene in
hereditary haemorrhagic telangiectasia type 2. Nar Genet
13:189-195.

Kjeldsen AD, Vase B, Green A. 1999. Hereditary haemorr-
hagic telangiectasia: a population-based study of preva-
lence and mortality in Danish patients. ] Intern Med
245:31-39.

Kjeldsen AD, Brusgaard K, Poulsen L, Kruse T, Rasmussen K,
Green A, Vase P 2001. Mutations in the AKL-1 gene and

HHT IN NORTHERN JAPAN 147

the phenotype of hereditary hemorrhagic telangiectasia in
two large Danish families. Am J Med Genet 98:298-302.

Kruglyak L, Daly MJ, Reeve-Daly MB Lander ES. 1996. Para-
metric and nonparametric linkage analysis: a unified
multipoint approach. Am ] Human Genet 58:1347-1363.

Lastres F Latemendia A, Zhang H, Ruis C, Almendro N, Lope:
LA, Langa C, Fabra A, Letarte M, Bernabeu C. 1996.
Endoglin modulates cellular response to TGF-b!. J Cell
Biol 133:1109-1121.

Lux A, Gallione CJ, Marchuk DA. 2000. Expression analysis
of endoglin missesnse and truncated mutations: insights
into protein structure and disease mechanisms. Hum Molec

Genet 9:745-755.

Matsubara S, Manzia JL, ter Brugge K, Willinsky RA,
Montanera W, Faughnan ME. 2000. Angiographic and
clinical characteristics of patients with cerebral arterio-
venous malformations associated with hereditary hem-
orrhagic telangiectasia. Am ] Neuroradiol 21:1016-1020.

McAllister KA, Crogg KM, Johnson DW, Gallione C}, Baldwin
MA, Jackson CE, Helmbold EA, Markel DS, Mckinnon
WC, Murrell J, McCormick MK, Pericak-Vanve MA,
Heutink B Oostra BA, Haitjema T, Westerman CJ],
Porteous ME, Gutmacher AE, Letarte M, Marchuk DA.
1994. Enbdoglin, a TGF-b binding protein of endothelial
cells, is the gene for hereditary haemorrhagic telangiecta-
sia type 1. Nat Genet 8:345-351.

Miyoshi K, Sumitomo T, Tada Y, Sasaki N, Shirakami A,
Yamano T, Numata Y, Kawauchi S, Shibuya K, Ohno E
1976. Osler’s disease—hereditary hemorrhagic telang-
iectasia in Japan. Results on 15 casces in 5 families of
ours and 163 cases in 71 families from Japanese litera-

ture and personal communications. Jpn J Hum Genet
20:279-280.

Moussouttas M, Fayad B, Rosenblatt M, Hashimoto M, Pollak
J, Henderson K, Ma TY, White Rl. 2000. Pulmonary arte-
riovenous malformations: cerebral ischemia and neurologic
manifestations. Neurology 55:959-964.

Neau JB, Roualde G, Bataille B, Muckensturm B, Rivasseau T,
Gil R, Lefevre JE Salles M. 1988. Recurrent intracranial
hematomas disclosing Osler-Rendu disease in a pregnant
woman. Neurochirurgie 34:64—67.

Pace N, Vera §, Cymerman U, White R, Wrana JL, Letarte
M. 1997. Murant endoglin in hereditary hemorrhagic te-
langiectasia type 1 is transiencly expressed intracellularly
and not a dominant negarive. J Clin Invest 100:2568—
2579.

Piantanida M, Buscarini E, Dellavecchia C, Minelli A, Rossi
A, Buscarini L, Danesino C. 1996. Hereditary haemorr-
hagic telangiectasia with extensive liver involvement is
not caused by either HHT1 or HHT2. ] Med Genet 33:
441-443.

Plauchu H, de Chederevian JB, Bideau A, Robert JM. 1989.
Age-related clinical profile of hereditary hemorrhagic te-
langiectasia in an epidemiologically recruited population.
Am J Med Genet 32:291-297.

Porteus MEM, Burn J, Proctor SJ. 1992. Hereditary hae-



148 DAKEISHI ET AL.

morrhagic telangiectasia, a clinical analysis. ] Med Genet
29:527-530.

Revelaqua FA, Ordorica SA, Lefleur R, Young B. 1992, Osler-
Weber-Rendu disease. Diagnosis and management of spon-
taneous hemothorax during pregnancy. NY State ] Med
92:551-552.

Shioya T, Hashimoto M, Koizumi A, Kawamura M, Miura M.
2000. Hereditary hemorrhagic telangiectasia (HHT) in
Akita prefecture, Japan. Intern Med 39:675-676.

Shovlin CL, Hughes JMB, Scott ], Seidman CE, Seidman JG.
1997. Characterization of endoglin and identification of
novel mutations in hereditary hemorrhagic telangiectasia,
Am ] Hum Genet 61:68-79.

Shovlin C, Letarte M. 1999. Hereditary hemorrhagic tele-
angiectasia and pulmonary arteriovenous malformations:
issues in clinical management and reviewer of pathologenic

mechanisms. Thorax 54:714-729.

Tuente W. 1964. Klinik und genetik der Oslefschen krankheit.
Z Menschl Vererb Konstitutionsl 37:221-250.

Vase B, Halm M, Arendrup H. 1985. Pulmonary arteriovenous
fistulas in hereditary hemorrhagic telangiectasia. Acta Med
Scand 218:105-109.

Wallace GME, Shovlin CL. 2000. A hereditary hemorrhagic
telangiectasia family with pulmonary involvement is un-
linked known HHT genes, endoglin and ALK1. Thorax
55:685-690.

Yamashita H, Ichijoro H, Grimsby S, Moren A, ten Dijke B
Miyazono K. 1994. Endoglin forms a heteromeric com-
plex with the signaling receprors for transforming growth

factor-b. ] Biol Chem 269:1995-2001.

Zhang H, Shaw ARE, Mak A, Letarte A. 1996. Endoglin is a
component of human pre b leukemic cells. ] Immunol 56:
565-573.



(] WFFERROTNTICRE T % —FK



MRS

WHFEREROTHTICEET 5 — %k

FERATRA

WSS A P,

FEFHMEEA

WA, ETIRE,
SPHZE, ZUHEE, NS
W, (oE—TE, R
EW, AR % OhEE

v/

RGBT %
B Lo i
SRR (A 5
—53)

HARPI RS

L
RFRARA B FEFHERES 2
HEAPER FAAT—IROBME T | BARPE R A

MERE (27
—I) ORI~ ==
TV

AR, PTG

FERPR T RO FEE

B i AR A
MAEYARTE (A7
—I) D=
TV

Vele—1F, (EBPIER,
Mefm

AARIZE T 28D
PRI ifn B PR AE 2 A pF
+ 5 MEVEAREE (2010
FELET Vr— M)

A H L AR
MAEPEHRE (AR T
—¥H) ORF~Y ==
%




' p
O d
,}%

K ,.
s
¥

Tl

y

=

' otf

. [
3 o : IS
L A AL
4";;31 "{h.sgl "'{Iz \f” o I o
T :A-*"’J ey g...l,l
oo 4 M




