
_Med Genet 1994;31:927-932

Genetic heterogeneity in hereditary
haemorrhagic telangiectasia: possible correlation
with clinical phenotype

Kimberly A McAllister, Felicia Lennon, Barbara Bowles-Biesecker, Wendy C
McKinnon, Elizabeth A Helmbold, Dorene S Markel, Charles E Jackson, Alan E
Guttmacher, Margaret A Pericak-Vance, Douglas A Marchuk

Department of
Genetics, Box 3175,
Duke University
Medical Center,
Durham, NC 27710,
USA
K A McAllister
D A Marchuk

Division of Neurology,
Box 2900, Duke
University Medical
Center, Durham, NC
27710, USA
F Lennon
M A Pericak-Vance

Human Genome
Center, Box 0674,
University of Michigan
Medical School, Ann
Arbor, MI 48109, USA
B Bowles-Biesecker
E A Helmbold
D S Markel
C E Jackson

Department of
Pediatrics, University
of Vermont College of
Medicine, Burlington,
VT 05401, USA
W C McKinnon
A E Guttmacher

Division of Clinical
and Molecular
Genetics, Henry Ford
Hospital, Detroit, MI
48202, USA
C E Jackson

Correspondence to
Dr Marchuk.

Received 13 June 1994
Revised version accepted for
publication 9 August 1994

Abstract
Hereditary haemorrhagic telangiectasia
(HHT) or Osler-Weber-Rendu syndrome
is an autosomal dominant vascular dys-
plasia characterised by recurrent haem-
orrhage. Our initial linkage studies found
an HHT gene to be localised to 9q3 in two
large kindreds. In the present study, we
examine an additional five unrelated HHT
families. Linkage analysis in this region
resulted in a peak multipoint location
score of 13-03, 10 cM proximal of D9S60.
We found significant evidence for het-
erogeneity of HHT. Multipoint analysis
supports the family specific two point
studies with odds of 3000000:1 showing
linkage and heterogeneity over linkage and
homogeneity. Four of the seven families
give a posterior probability of >99% of
being ofthe linked type, and three families
appear unlinked to this region of 9q, and
by multipoint analysis completely exclude
the candidate region for HHT. Two new
crossovers in affected persons in one ofthe
linked families further define the proximal
border of the candidate region on 9q3.
A possible correlation in clinical pheno-

type between the 9q3 linked families and
unlinked families is described. Although
six of the seven families clearly meet the
clinical criteria for HHT diagnosis, a sig-
nificant absence of pulmonary arterio-
venous malformations is seen in all three
9q3 unlinked families. Genetic het-
erogeneity of HHT and its potential cor-
relation with a clinical phenotype may
have a significant impact on the clinical
management and treatment of HHT
patients.

(_JMed Genet 1994;31:927-932)

Hereditary haemorrhagic telangiectasia or
Osler-Rendu-Weber (HHT), the official GDB
designation of the disease, is an autosomal
dominant disorder of multisystemic vascular
dysplasia with an estimated incidence of ap-
proximately 1 in 50000. The three primary
types of angiodysplasia exhibited are arterial
venous malformations (AVMs, particularly pul-
monary and cerebral), telangiectases (mucosal,
dermal, and visceral), and aneurysms. Pene-
trance is age dependent and is nearly complete
by the age of 40.

The most common clinical feature of HHT
is recurrent epistaxis from vascular lesions in
the nasal epithelium, which occurs in ap-
proximately 90% ofHHT patients and is often
the first identifiable feature of the disease. Ga-
strointestinal bleeding occurs in approximately
20% of HHT patients, but is often not seen
until the fourth or fifth decade of life. Te-
langiectases, which are seen in approximately
70% of affected persons, are vascular ab-
normalities originating from capillaries and
postcapillary venules that are most commonly
seen on the face and lips and frequently on the
trunk and limbs.
Pulmonary arteriovenous malformations

(PAVMs), occurring in approximately 20% of
HHT patients, are often asymptomatic until
the third or fourth decade of life and are often
only identified when serious complications re-
sult. Much of the estimated 10% mortality
of HHT is associated with the two serious
complications of undetected PAVMs: strokes
and brain abscesses.

Neurological manifestations from central
nervous system angiodysplasia can also be seen
in HHT. Approximately 10% of patients have
cerebral AVMs and 7% have cerebral an-
eurysms, which can result in cerebral haem-
orrhage.1 Another common neurological
manifestation is migraine headache, appearing
in up to 50% of affected persons. These have
been postulated to be the result ofundiagnosed
PAVMs.'
The diffuse constellation of symptoms has

been extensively studied and incidence rates
have been calculated in a number of ret-
rospective and prospective studies.2-5 Great
variability of expression is seen with a wide
disparity of clinical features even among mem-
bers of the same family, indicating that factors
other than the inherited germline mutation
determine the individual phenotype. However,
it is unclear whether all families present the
entire spectrum of clinical features. Any differ-
ences might be attributable to either allelic or
non-allelic heterogeneity. Genetic linkage for
some HHT families has recently been es-
tablished to markers on 9q3.8 Genetic het-
erogeneity has been suggested by a single family
unlinked to this region.8 The extent of genetic
heterogeneity and its relationship to the clinical
heterogeneity ofHHT has not been addressed.
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Subjects and methods
FAMILY DESCRIPTION
Each participant from the families was in-
terviewed and examined by a medical ge-
neticist. The interview included medical history
information such as time of onset and pattern
of any epistaxis, evidence for the presence of
pulmonary or cerebral arteriovenous mal-
formations, and history of gastrointestinal or
pulmonary bleeding. Pertinent medical re-
cords, including chest angiography results,
were obtained and reviewed when available.
Subjects presenting with dyspnoea, cyanosis,
or migraine headache were referred for ra-
diological examination for PAVMs. Family his-
tory was reviewed. Physical examination
included search for telangiectases on the lips,
tongue, oral or nasal mucosa, cheeks, fingers,
or elsewhere. Affected status was assigned
based on the presence of at least two of the
following three criteria: telangiectasia, re-
current epistaxis, and an affected first degree
relative.2" Informed consent was obtained and
blood samples drawn for DNA extraction, per-
formed using standard methods.
Family 1 is a seven generation pedigree of

322 known persons which includes over 65
members known to have had HHT. The ped-
igree structure and the linkage of this family to
markers on 9q has been previously published.7
Forty persons, ofwhom 21 were affected, were
included in the initial analysis. Since then, an
additional 32 family members (ofwhom 16 are
affected) have been collected and included in
this study. Thus the entire family sampled now
consists of 72 members with 37 affected. (A

revised drawing of the pedigree is available
upon request.) As is typical in HHT, in this
family the most common features of the affec-
ted state are epistaxis and telangiectases. Pul-
monary arteriovenous malformations are also
relatively common in this family; 12 members
of the kindred are known to have PAVMs.
Family 2 is a five generation pedigree in

which 45 family members have been collected
including 20 persons diagnosed as having
HHT. This family also has at least eight persons
diagnosed with PAVMs. Linkage of this family
to markers on 9q and the entire pedigree have
been previously described.7

Family 17 consists of 28 sampled persons
including four affected with HHT. (The ped-
igree drawings for this and the following fam-
ilies are shown in fig 1.) Nosebleeds and
telangiectases are also prevalent in this family.
No family member has ever been diagnosed
with a PAVM.

Family 32 has 33 collected members span-
ning five generations, 11 ofwhom are affected.
Epistaxis, telangiectases, cerebral and pul-
monary AVMs (in four affected persons: 4, 15,
28, and 32), and brain abscesses are present.
Family 33 consists of 19 sampled persons

with seven affected members. Symptoms in
the majority of persons designated as affected
include epistaxis and telangiectases on the face,
lips, tongue, and skin (and in one person, on
the abdomen). One person was diagnosed as
having cerebral AVM and one died of hepatic
failure, although the latter may be unrelated to
the HHT. No affected persons had any history
of pulmonary AVMs.
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Family 56 consists of 12 collected members
including six affected persons. This family, al-
though small, also appears to display the full
range of symptoms of HHT, including two
persons who have had treatment for PAVMs
(Nos 4 and 11).
Family 57 is a four generation kindred with

autosomal dominant epistaxis. The initial diag-
nosis given for this kindred was not HHT, but
the epistaxis in this family is not distinguishable
from the epistaxis of HHT in terms of fre-
quency, timing, and duration of episodes, age
of onset, and response to therapies. However,
the six affected members of this pedigree were
re-examined and none had telangiectases or
any suggestion of such other manifestations of
HHT as pulmonary or cerebral AVMs. Twelve
sampled members are included in this study,
with six affected persons.

GENOTYPING AND LINKAGE ANALYSIS
Analysis of simple repeat markers was per-
formed as previously described.7 HHT was
analysed as an autosomal dominant disorder
with age dependent penetrance. For estimating
the age dependent penetrance, three liability
classes were created with age ranges 0-20
(penetrance 0 2425), 21-40 (0.7275) and >40
(0 9700). Disease frequency was set at 0 01.
Two point linkage analysis was performed on
a Sun Sparc station 10 using the MLINK
subprogram of the LINKAGE computer pack-
age (version 4.9).' The analysis was repeated
using the phenotypic information on only the
affected persons to ensure that information was
coming only from those with a definitive disease

Table I Two point analysis between HHT and chromosome 9q markers

Lod score at (i
Marker
andfamily 0 00 0 05 0 10 0 15 0-20 0 30 0 40

D9S60
1 9-70 11-18 10-21 9-06 7-82 5-11 2-30
2 -x 4 04 4-27 4-10 3-74 2-68 1-36
17 -4-12 -2-22 - 1-43 - 0-95 -0-64 -0-25 -0-06
32 - x 2-47 2-64 2-54 2-31 1-63 0 75
33 -2-72 -0-26 0-17 0-33 0-38 0-31 0-14
56 0-33 0-28 0-24 0-19 0-15 0-07 0-02
57 0-29 0-25 0-20 0-16 0-13 0-06 0-02

Total -x 15-74 16-30 15-44 13-89 9-62 4-52

D9S61
1 2-19 2-63 2-43 2-13 1-80 1-09 0-46
2 1-30 1-21 1-11 0 99 0-87 0-60 0-31
17 -2-52 - 1-55 - 1-03 -0-66 -0 40 -0-09 0-02
32 5-99 5-51 4-99 4-45 3-88 2-63 1-25
33 -4-95 -2-13 - 1-35 -0 90 -0-60 -0-24 -0-06
56 0-60 0 54 0 47 0 39 0-32 0-17 0-05
57 -X -263 - 1-77 - 1-29 -0-95 -0-51 -0-21

Total -x 3-56 4-85 5-12 4-91 3-67 1-83

D9S63
1 6-75 8-60 7-71 6-66 5-52 3-19 1-09
2 - cc 5-10 5-02 4-66 4-16 2-91 1-45
17 -4-99 -2-73 - 1-72 - 1-11 -0 70 -0-22 -0-02
32 0-46 0-58 0-60 0-58 0 53 0 37 0-18
33 -X - 1-64 -0-88 -0-49 -0-27 -0 04 0-03
56 2-41 2-21 2-00 1-78 1-54 1-05 0-52
57 -x -3-08 -2-06 - 1-47 - 1-07 -0-55 -0-22

Total -x 9 03 10-67 10-59 9-72 6-71 3-03

ASS
1 3-37 5 59 5-02 4-35 3-63 2-16 0-87
2 -x 3-54 3-66 3 50 3-19 2-29 1-17
17 -0-08 -0-06 -0-06 -0 05 -0-05 -0 04 -0-02
32 3-97 3-66 3-32 2-97 2-58 1-74 0-80
33 0-33 0-34 0 33 0 30 0-25 0-15 0-07
56 1-05 0-91 0-78 0-65 0-53 0-30 0-12
57 -x - 3-27 -2-21 -1-59 - 1-16 -0-59 -0-23

Total -x 10-68 10-86 10-12 8-96 6-02 2-78

status. Multipoint analyses used the C version
ofLINKAGE distributed by Cottingham et al'0
known as FASTLINK. First, two point analysis
with disease and then multipoint analyses were
carried out. Allele frequency estimates for the
markers were obtained using the pedigree max-
imum likelihood estimation from the HHT
family data by the method of Boehnke," and
did not differ appreciably from the allele fre-
quencies listed in GDB.

Multipoint analysis was restricted to a loc-
ation score analysis of HHT with D9S60,
D9S61, D9S63, and ASS. These markers were
chosen because they were the most highly poly-
morphic markers in our pedigrees recognising
all significant linkage information, and because
they cover the region in relatively evenly spaced
intervals. Map distances between the markers
were as previously reported.'2 For the mul-
tipoint analysis, the data were recoded from
the multiallele marker systems to four to six
allele systems for computational feasibility.'3
The two point results under the complete
allelic specifications were compared with the
recoded data, in order to ensure that all the
linkage information was appropriately in-
corporated into the respecified allelic in-
formation. Furthermore, family 1 was broken
into seven smaller branches for the multipoint
analysis, as the use of the entire family in
the analysis, even with down coding, proved
computationally intractable. Comparison of
the two point results between this entire family
and the divided family resulted in loss of less
than 10% of the linkage information. The po-
sition of the disease gene was allowed to vary
in the intervals demarcated by genetic markers
using the LINKAGE subprogram, LINKMAP.
Location scores were calculated according to
Lathrop et al' and multipoint location scores
given as (location score)/4-6. Sex averaged re-
combination rates were used for this region of
the chromosome.'2

Tests ofhomogeneity were done by using the
admixture test as established in the HOMOG
series of programs. '4 The HOMOG programs
analyse three separate hypotheses: HO, the hy-
pothesis of no linkage in any family; H1, the
hypothesis of linkage in all families; and H2,
the hypothesis of linkage in only a subset of
families. HOMOG calculates the likelihood of
the data under each hypothesis. In the like-
lihood ratio test, twice the difference in the
natural log (ln) likelihood (-2 ln likelihood) is
distributed as a x2 with df equal to the differ-
ences in the estimated number of parameters.
Heterogeneity is likely if the Hi versus H2 test
is significant.

Results
CLINICAL HETEROGENEITY
A careful survey of the clinical features present
in the affected members of our families shows
that the families could be sorted into two
groups, those in which two or more affected
persons had PAVMs (families 1, 2, 32, and 56)
and those with no history of members with
PAVMs (families 17, 33, and 57). With the
exception of family 57, which only showed
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Table 2 Affecteds only two point analyses

Lod score at 0
Marker
andfamily 0 00 0-05 0 10 0-15 0-20 0 30 0 40

D9S60
1 7-46 8-78 8-04 7-13 6-13 3-97 1-80
2 -1-08 1 91 2-29 2-32 2-18 1-64 0-88
17 -0 00 -0 00 -0 00 -0 00 -0 00 -0 00 -0.00
32 -0-52 0-64 0-95 1 02 097 0 70 0 30
33 - 1 90 -0-86 -0 40 -0-18 -0 05 0-06 0-06
56 0-27 0-23 0.19 0-15 0-12 0-06 0-01
57 0-00 000 0 00 000 000 0.00 0-00

Total 4-23 10-71 11-07 10-45 9-36 6-42 3 05

D9S61
1 8-27 7-68 6-99 6-21 5 39 3-60 1-73
2 2-07 1-83 1-59 1-35 1 11 0-66 0-27
17 0 37 0-32 0-27 0-23 0-20 0 13 007
32 3-61 3-30 2-97 2-63 2-28 1-52 0-70
33 -2-50 -1-40 -0-87 -0-58 -0-38 -0-15 -0 04
56 0 30 0-26 0-21 0-17 0-13 0-06 0-02
57 -2-50 -2-33 - 1-77 - 1-32 -0-98 -0-52 -0-21

Total 9-63 9-67 9 40 8-71 7-74 5 30 2-55

D9S63
1 -6-98 -2-01 -0-06 0-85 1-25 1-28 0-76
2 -1-08 2-68 2-80 2-67 2-41 1-71 0-88
17 0-60 0-52 0-43 0-36 0-29 0-17 0-08
32 1-17 1-03 0 90 0-76 0-62 0-37 0-17
33 - 5-05 - 1-76 - 1-04 -0-63 -0 37 -0-08 0 03
56 1-50 1-37 1-24 1-09 095 0-65 0 33
57 -2-50 -2-33 - 1-77 - 1-32 -0-98 -0-52 -0-21

Total -12-33 -0-50 2-49 3-78 4-18 3 59 2-04

ASS
1 3-37 4-85 4 39 3 79 3-15 1-85 0-74
2 -1-03 2-80 2-91 2-75 2-48 1-73 0-86
17 0 01 0-02 0-03 0-03 0 03 0-02 0-01
32 2-89 2-63 2-36 2-08 1-79 1-17 0-51
33 0-48 0-42 0-36 0 30 0-24 0-15 0-07
56 0-15 0-08 0-02 -0 03 -0-07 -0-10 -0 07
57 -2-50 -2-33 - 1-77 - 1-32 -0-98 -0-52 -0-21

Total 3-37 8-48 8-30 7-61 6-64 4 30 1-92

epistaxis, the other clinical features present in
each family as a whole were otherwise in-
distinguishable. All family members in the en-
tire cohort were questioned at length during a
physical and medical history for any evidence of
PAVM involvement. Pertinent medical records,
including chest angiography results, were ob-
tained and reviewed when available. Persons
presenting with dyspnoea, cyanosis, or mi-
graine headache were referred for radiological
examination for PAVMs. In some cases, persons
with undiagnosed PAVMs were discovered.

It is difficult to gain a completely accurate
estimate of the incidence of PAVMs in the
families that show this feature, since every
affected family member has not been tested by
chest radiography. Nevertheless, we observed
that 26 of the 74 affected members collectively
in this group have been diagnosed with PAVMs.
The true incidence may be higher than this. The
second group of families showed no members
diagnosed with PAVMs out of a collective total
of 17 affected persons.

Table 3 Heterogeneity testing for significant markers

Proportion of linked families
Marker z2 p value (95% CL of alpha)

All persons
D9S60 3 072 0-0398 0 75 (0 25-0-99)
D9S61 13-786 0 0001 0-55 (0 15-0 90)
DOS63 17 690 0 0001 0 55 (0 15-0-90)
ASS 9 212 0-0012 0 80 (0 30-0-95)

Affecteds only analysis
D9S61 9-440 0.0011 0 65 (0-20-0-95)
D9S63 9 028 0 0013 0 70 (0 25-0-95)
ASS 5 86 0-0078 0-80 (0-25-0 99)

LINKAGE ANALYSIS
A summary ofour two point lod scores summed
over all seven families is presented in table
1. Peak lod scores of 16-32 (at a maximum
recombination fraction (0) of 0 09), 5 12 (0=
0-15), 10 73 (6=0 12), and 10 91 (6=0 08)
were found for the markers D9S60, D9S61,
D9S63, and ASS respectively. It is evident
from these data that some families show clear
evidence of linkage to these markers (families
1, 2, 32, and 56) whereas others (families 17,
33, and 57) appear to exclude linkage to this
region. To ensure that the negative lod scores
in the apparently unlinked families were not
primarily dependent on the unaffected persons,
we repeated lod scores in an affected only
analysis (table 2). Although some power was
lost because of fewer informative meioses, the
results of the affecteds only analysis supports
the age adjusted results.
Admixture analysis of two point data using

the HOMOG programs results in significant
evidence of heterogeneity for markers D9S61
(x2= 13 79, p=0-01), D9S63 (x2= 17-69, p=
0-01), and ASS (x2=9 21, p=0-12; table 3).
Significant evidence of heterogeneity was also
shown using affecteds only with markers
D9S61 (X2= 9.44, p = 0 11), D9S63 (x2= 9 03,
p=0-13), and ASS (X2 =S586, p=0-0078).
Multipoint analysis was performed with the
HHT gene and the four linked markers D9S60,
D9S61, D9S63, and ASS (fig 2). Analysis of
the entire data set across all families results in a
peak multipoint location score of 13-03, 10 cM
proximal of D9S60. The multipoint analysis
supported evidence for heterogeneity, with
odds of greater than 3 000 000:1 in favour of
linkage and heterogeneity versus linkage and
homogeneity. (The ln likelihood difference is
15.) On the basis of these analyses, four of
the seven families (families 1, 2, 32, and 56)
consistently show a posterior probability of
greater than 99% of being linked to chro-
mosome 9q, while three families (families 17,
33, and 57) appear to be unlinked to this region
(p<O-O1).
The multipoint curve generated using only

the 9q3 linked families indicates the most likely
location for this locus is between markers
D9S60 and D9S63. This location is over
10 000 times more likely than a position prox-
imal to this interval and over 1000 times more
likely than a position distal to this interval. The
multipoint curve generated using families 17,
33, and 57 clearly excludes the candidate region
on 9q3.

HAPLOTYPE ANALYSIS
The candidate region for the HHT locus at
9q3 is represented by a number of previously
published obligate crossovers involving affected
persons.78 However, the proximal boundary of
the HHT region was defined by a crossover in
an unaffected person.8 We have now identified
critical crossovers in two affected persons from
our family 32 (fig 3). These two crossovers both
occur between D9S60 and D9S61, definitively
placing the proximal border of the HHT can-

didate region at D9S60.
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difficult to gain a complel
of the incidence of PAV.
exhibiting this feature, sin
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fifth decade or beyond,
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by measurement of blood
radiography. We have hy
model for HHT based or

the vascular lesions form
mutation event in the nc

might follow that even v

high risk for PAVMs, fa
likelihood of the second
occurring in the appropria
the incidence of the pulrr
These linkage results in

ilies are clearly linked to 9
linkage to this region cai
the unlinked families have
mapping elsewhere than tl
It is evident that a diffic
clinical use of linkage an

erogeneity that exists foi
families affected with H]
determine decisively whe
to the 9q3 locus. At the ]

- D9S63 analysis should be used as a diagnostic tool

- ASS only with extreme caution.
Analyses of our families has shown that those

genetically linked to 9q3 show pulmonary
AVMs as a predominant feature, whereas those

,- = - unlinked to 9q3 have no known pulmonary
involvement. It is striking that in all three of
our unlinked families, we have never had a
person present with pulmonary AVMs. It is
unclear whether this reflects a lower pre-
disposition to the lesion in the unlinked families
or whether only the 9q3 linked families are at
any risk for PAVMs. The presence of PAVMs
in chromosome 9 linked families may reflect a
functional difference in the expression patterns
in pulmonary tissue for the chromosome 9
HHT gene compared to the other HHT gene
(or genes). Clearly additional families must be
ascertained and studied to confirm the cor-
relation seen in this study. However, the results
of Shovlin et at at least in part support the

20 30 40 50 PAVM-9q3 locus correlation, with the ex-
ception of a single affected person with a PAVM
in an unlinked family.

the markersD9S60,*
i scores, while the Family 57 in our study is unusual because
shows the results for all members of this pedigree present only with
>95% posterior probability hereditary epistaxis. Although the initial dia-
epresent the families with a gnosis was not given as HHT, we have included

this family in our cohort because of the his-
torical connection of hereditary epistaxis with
HHT. Hereditary epistaxis was first described

of genetic linkage of by Sutton'5 and Babington,'6 but Rendul7 first
multiplex families.67 described the association of multiple telan-
ed persons, who dis- giectases with epistaxis. Osler,'8 Weber,'9
i of clinical features, and Haines20 subsequently described additional
4uently we have iden- families with epistaxis and vascular lesions. It
dditional families. It is not clear whether the patients described by
seven families could Sutton'5 and Babington'6 were affected by

s, those in which two HHT, since only epistaxis is mentioned in their
had PAVMs and those description. Nevertheless, the term Sutton-
ers with PAVMs. It is Babington-Rendu-Osler-Weber disease has
tely accurate estimate appeared occasionally in published reports. As
Ms in those families family 57 is unlinked to 9q3, we can say that
Lce every affected fam- this family presenting with hereditary epistaxis
nined by chest radio- alone does not contain a mutation in the 9q3
that by the fourth or HHT locus. Whether this family is linked to
many of the affected the region of the other HHT locus (loci) or
!s have had some in- whether this clinical presentation is an auto-
:n clinical grounds or somal dominant disorder distinct from HHT
gases or direct chest will require the identification of the other HHT

rpothesised a two hit gene(s).
the assumption that Our previously described recombination

i only after a second events in two 9q3 linked families placed the
)rmal allele.7 Thus it 9q3 locus telomeric to GSN and centromeric
vith some persons at to D9S64 in an 18 cM interval.7 Additional
Lctors related to the recombination events tentatively narrowing the
(somatic) mutation candidate region further to an interval flanked

te tissue could reduce by D9S61 and D9S63 were based heavily on
ionary lesions. the phenotype of a young child in family 1.
dicate that some fam- Subsequent routine re-examination ofthis child
tq3, whereas in others raised the possibility that his diagnosis may
n be excluded. Thus have been mistaken. Owing to the difficulty
a mutation in a gene with his particular diagnosis, particularly con-

he HHT locus at 9q3. sidering his age, and the age dependent pene-
6ulty arises with any trance associated with this disorder, we have
ialysis given the het- reassigned his phenotype as questionable.
r this disease. Many However, we have now identified two ad-
HT are too small to ditional crossovers in affected persons in a new
!ther they are linked linked family which definitively establish the
present time, linkage proximal boundary of the candidate interval at
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Figure 3 Haplotype analysis of a small branch offamily 32. Darkened chromosomes indicate the affected haplotype.
Crossovers in affected persons 30 and 33 are illustrated between D9S60 and D9S61, and between GSN and D9S60 in
subject 40.

D9S60. The published recombination events

in affected persons place the candidate interval
for the 9q3 HHT gene between D9S60 and
D9S61, an interval calculated to be 2 cM.12
Using fluorescent in situ hybridisation to in-
terphase nuclei, Leversha et art have estimated
the physical distance between D9S60 to D9S6 1
to be a minimum of 5 megabases and up to 8
megabases. This wide variance is because of
the technical difficulty of obtaining accurate
measures when intermarker distances are

greater than 2 Mb. Nevertheless it is clear that
the region is much larger than might be pre-

dicted and in this region of the chromosome
the recombination rate appears to be two to
four fold lower than average. Narrowing this
candidate region further will require the de-
velopment of new genetic markers and iden-
tification of additional crossovers (in 9q3 linked
HHT families) within this interval.
We hope that further investigation of the

possible correlation between pulmonary AVMs
and linkage on 9q3 might indicate the extent
to which these persons from 9q3 linked HHT
families are at risk from PAVMs. If the cor-

relation we have noted continues to hold, a

clear distinction of the disorder on clinical and
molecular grounds might be made. As PAVMs
are the cause of much of the morbidity and
mortality associated with this disorder, an even-

tual molecular genetic diagnosis ofHHT could
have a significant impact on the clinical man-

agement and treatment of HHT patients, es-

pecially in regard to periodic blood gas and
radiological surveillance for HHT patients at

risk for PAVMs.
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