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SUMMARY Marfan syndrome is an autosomal dominant condition with varying phenotypic
manifestations. Affected persons are usually heterozygotes. A family is presented in which the gene
for this syndrome is segregating in a large number of members. Two sibs suffered from unusually
severe, identical, and fatal manifestations from birth, their parents having mild cardiovascular
and somatic symptoms common in Marfan syndrome. Investigation of collagen biosynthesis in
fibroblasts revealed no abnormalities in fibronectin and procollagen I and III synthesis and
secretion or in the procollagen to collagen conversion. We suggest that these two sibs are examples
of homozygosity for the Marfan syndrome gene, based on the large number of affected members,
the absence of additional consanguinity, manifestation of the syndrome in both parents, and the
severity of the disease in the two sibs.

Marfan syndrome is one of the more frequent
autosomal syndromes. Its frequency has been
estimated at 4 to 6 in 100 000 births. Approximately
15% of the cases are spontaneous mutations.1 There
is great variability of the phenotypic manifestations
of the disease which may be explained in part by
variable penetrance of the gene or genetic hetero-
geneity.2 As in most autosomal dominant diseases,
affected subjects are usually heterozygous for the
mutant gene.
We report a family in which the gene for Marfan

syndrome is segregating. In this kindred, a large
number of persons have different manifestations of
the disease. Two sibs are described in detail, with
identical uncommonly severe manifestations from
birth. These patients raise the possibility of homo-
zygosity for the Marfan syndrome gene. The
possibility of an autosomal recessive 'Marfan-like'
disease of connective tissue cannot be definitely
ruled out at present, since so far no specific abnormal
collagen for Marfan syndrome is known.

Family history and case reports

The family pedigree is presented in fig 1. The family
is of Jewish-Yemenite origin. The parents (111.3 and
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111.4) of the proband (IV.1) and his sister (IV.2) are
first cousins. They are tall compared with other
members of the family and considering their ethnic
origin. Their only skeletal manifestation of Marfan
syndrome is a moderately excavated sternum. They
both have elinical and echocardiographic evidence
of cardiovascular disease: mitral prolapse and
aortic ectasia (I1.3) and mitral prolapse only
(I1.4) (fig 2). Ophthalmological examination was
normal. The pedigree also shows that a large number
of family members have at least two major mani-
festations of Marfan syndrome, such as arachno-
dactyly, cbest deformities, scoliosis with loose
joints, and aortic insufficiency or a floppy mitral
valve or both.
The two sibs (IV.1 and IV.2) had progressively

severe manifestations from birth and died in early
infancy. Their pertinent physical findings are
summarised in the table. The older child (fig 3) was
born after 38 weeks' gestation with a birth weight of
3250 g. Head circumference was 36 cm. At birth, an
unusual phenotype was noted. The face was elong-
ated, with antimongoloid slanting eyes and corneal
opacities. The palate was high and narrow. The
forehead was narrow and hairy. The anterior
fontanelle was very large and there was a wide
metopic suture. The skin and joints were loose and
arachnodactyly of the hands and feet was evident.
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A right inguinal hernia was found. With age, joint feet. Ocular findings consisted of subluxation of the
laxity, arachnodactyly, dorsal kyphosis, and pectus lens, megalocornea, and blue sclerae. At the age of
excavatum became prominent. There was a tendency 3 months, a holosystolic murmur grade 3/6 was
to dislocation of the small joints of the hands and first heard at the cardiac apex and radiated to the
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FIG I Family pedigree.
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FIG 2 M-mode echocardiography of the patients' parents. (a) III.3, left ventricle and mitral valve. Arrow: prolapse of
posterior mitral leaflet. (b) III.3, left ventricular outflow tract and aortic valve region. Arrows: enlarged aortic root.

(c) III.4, left ventricle and mitral valve region. Arrows: slight prolapse of the posterior valve region.
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TABLE Pertinent physicalfindings in patients IV.I
and IV.2.

At birth
Skin Loose, not elastic
Joints Dislocations, hypermobility of fingers,

contracture of hips and elbows
Skeletal Arachnodactyly, camptodactyly, chest deformity
Hernias Inguinal, umbilical

Early infancy
Cardiac Severe and progressive mitral regurgitation,

progressive cardiac and coronary insufficiency
Pulmonary Emphysema, spastic bronchitis, recurrent

pulmonary infections
Ocular Ectopia lentis, megalocornea

FIG 4 Selective left ventriculography ofproband.
Small arrows: enlarged left ventricle (L V) and ectasia
of aortic sinuses (AS). Large arrows: huge left atrium
(LA) owing to mitral regurgitation.

FIG 3 General appearance of the proband. Note facial
features, loose skin, arachnodactyly, joint contractures,
and chest deformity.

axilla. Cardiological evaluations revealed progressive
mitral insufficiency with prolapse of the mitral
leaflets. Chest radiographs showed cardiomegaly
(fig 4). Repeated echocardiography showed progres-
sive dilation of the aortic root, and systolic flutter
and pansystolic prolapse of both mitral leaflets
(fig 5). He suffered from recurrent respiratory
infections and progressive cardiac insufficiency. At
15 months of age cardiac catheterisation confirmed
the presence of severe antral dilation and severe
dilation of the aortic sinuses. He developed chest
pains and electrocardiographic evidence of antero-
lateral myocardial infarction. He died at 2- years
of age at the time of open heart surgery for mitral
valve replacement. Mental development was normal.

Pathological examination showed dissection of the
pulmonary artery above the pulmonary sinuses.
There was severe mucoid degeneration of the mitral
and tricuspid valves and a thin and partially dis-
organised elastic network.
The clinical course and findings in the younger

sib were practically identical. She was born after an
uneventful term pregnancy weighing 3080 g. Birth
length was 51 - 5 cm and head circumference 36-5 cm.
She had very long limbs, a high palate, arachno-
dactyly, marked pectus excavatum, and joint and
skin laxity. A holosystolic murmur was noted from
birth. Echocardiography showed prolapsed mitral
leaflets. Radiographs showed a markedly enlarged
left ventricle. The lenses were dislocated. She
developed progressive cardiac failure from 6 months
of age and recurrent respiratory tract infections
with spastic components. Cardiac catheterisation at
the age of 2 years revealed severe mitral insufficiency
with prolapse of the mitral valve and aortic ectasia
with dilation of the aortic root. She too died at
21 years of age of cardiac failure. No necropsy could
be performed.
Numerous laboratory tests, including amino-acid

chromatography and cytogenetic studies, revealed
no abnormalities, excluding those related to the
acute phases of the disease at its different stages.
Collagen biosynthesis was studied on fibroblasts
grown in tissue culture from a skin biopsy obtained
from the proband, with the use of radioactive
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proline and mannose, protein precipitation by
trichloroacetic acid,3 slab gel electrophoresis, and
fluorescent autoradiography.4 The total quantity of
collagenous proteins was determined in the medium
fraction after dialysis against distilled water and
lyophilisation.3 The collagen content of the growth
medium from the proband's fibroblasts was 322%
compared to an average of 3 0% in medium from
two age and sex matched control fibroblast cultures.
The patterns of fibronectin and procollagens types I
and III from the fibroblast culture medium of the
proband were very similar to those of control
cultures, as well as the extracellular enzymatic
conversion of procollagen type I. No further
investigations were possible for technical reasons.

Discussion

Marfan syndrome is an autosomal dominant disease
in which a defect in the biosynthesis of collagen is
probably involved, or a structural alteration in some
other category of connective tissue.1 5 As in other
autosomal dominant traits, variable expressivity of
the gene results in a wide range of clinical manifes-
tations, possibly as a consequence of variable gene
penetrance and genetic heterogeneity. Therefore, the
actual prevalence of Marfan syndrome is unknown
and may be much greater than the estimated 4 to 6
in 100 000. Affected subjects are usually hetero-
zygotes for the mutant gene.2

14omozygosity for autosomal dominant traits is
relatively rare in human genetics, and its phenotypic
expression is frequently much more severe than
that of the heterozygous state. Examples of
such cases include achondroplasia, the moderate

FIG 5 M-mode echocardiography
ofproband. (a) Enlarged left
ventricle (open arrows, LV),
fluttering ofposterior (P) mitral
leaflet owing to ruptured chordae
tendineae, and mitral valve
prolapse (arrow). (b) Left
ventricle (LV) with multiple
echoes (arrows) within mitral valve
producing a 'tumour-like'
appearance owing to redundant
mitral valve. (c) Enlarged aortic
root (open arrows, AO).

type of autosomal dominant brachydactyly, the
Pelger-Huet anomaly of leucocytes, hereditary
haemorrhagic telangiectasia, and familial hyper-
cholesterolinaemia.6
One of the difficulties in characterising Marfan

syndrome is the absence of a specific demonstrable
defect in the biosynthesis of collagen. Lysyl oxidase
activity, the enzyme that initiates cross linking, has
been reported to be normal in fibroblasts. The
collagen in skin fibroblasts of affected subjects is
more easily extracted in aqueous and denaturating
buffers than collagen in normal controls.8 14ow-
ever, the stability of the insoluble fraction is
decreased only in growing adolescent patients.10
Furthermore, skin fibroblasts from patients with
Marfan syndrome synthesise approximately five
times more hyaluronic acid than normal human skin
fibroblasts." It has been suggested that this is
because of a defect in the control of the synthesis of
hyaluronic acid'2 owing to increased activity of the
hyaluronic acid synthetase.'3 Several alterations in
the biosynthesis of collagenous proteins in patients
with Marfan syndrome have been described. These
include differences in the proportions of collagen
types I and III14 and changes in the ultrastructure
and composition of collagen in aortic tissue.15 In the
latter case, the aortic tissue contained two distinct
ac2 chains of collagen type I. Reduced amounts of
chemically stable forms of intermolecular cross links
in skin fibroblasts were recently observed,'6 and it
was suggested that the cause of this defective
collagen could be in altered maturation. It has been
proposed that these cross link abnormalities are
secondary to a primary gene defect in the oc2(I)
peptide.'7 Dermal fibroblasts from a patient with
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Marfan syndrome were shown to synthesise two x2
collagen chains of which one contained an insertion
of approximately 20 amino-acids.17 The oc2(I) genes

have been assigned to chromosome 7 by molecular
hybridisation.5 Biochemical analyses of a large
number of Marfan syndrome patients are necessary

in order to determine whether the appearance of an

abnormal o2 collagen chain is a general and specific
defect in this condition.
We propose that the two severely affected sibs

represent examples of homozygosity for the Marfan
gene. This assumption is based on the severe and
similar course of the Marfan-like disease and the
presence of Marfan syndrome in both parents in a

family in which a large number of persons have this
syndrome. Homozygosity for Marfan syndrome may
have occurred in a large family described in
1959 and mentioned by McKusick, in which there
weie some subjects much more severely affected
born to first cousin parents.18
However, other possible genetic mechanisms have

to be considered, even though none can be proven
owing to the lack of a specific detectable abnormality
of collagen. Fried and Krakowski19 postulated
autosomal recessive inheritance for Marfan
syndrome in a family in which there were two
affected sisters in a sibship with completely normal
and non-consanguineous parents. In the family
presented here, the parents are first cousins and both
patients had a similar disease. Therefore, it could be
assumed that the patients are homozygous for an
autosomal recessive gene. The parents would thus be
heterozygous and mildly affected.
Another genetic model could be the presence of

double dominant heterozygosity in both patients.
Each parent would be heterozygous for an auto-
somal dominant gene for a different type ofabnormal
collagen at different loci, and their offspring would
thus be heterozygotes for each one of these genes.
Mutations at different loci, with alterations of
different subunits of collagen, are potentially
possible, even though they have not been demon-
strated so far.

Until further knowledge is obtained on a specific
molecular defect in Marfan syndrome, genetic
counselling will be based on theoretical recurrence
risk figures. Assuming that the two patients re-
present homozygosity for the autosomal dominant
Marfan syndrome gene, the recurrence risks in each
pregnancy would be 25% and 50% for homozygous
and heterozygous Marfan syndrome, respectively.

This work was supported in part by a grant from the
Advancement of Mankind foundation (to DD).
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