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Deficiencies of fibrillin and decorin in fibroblast
cultures of a patient with neonatal Marfan

syndrome

A Superti-Furga, M Raghunath, P J Willems

Abstract

Changes in the structure and metabolism
of fibrillin, a microfibril associated
protein, can result in classical Marfan
syndrome, and reduced expression of
decorin, a small extracellular chondroi-
tin sulphate/dermatan sulphate proteo-
glycan, has been observed in fibroblasts of
a patient with neonatally lethal Marfan
syndrome. We have studied the synthesis
of fibrillin and decorin in cultured fibro-
blasts of a further sporadic patient with
neonatally lethal Marfan syndrome.
Fibrillin immunoreactivity in the extra-
cellular matrix of the patient’s fibro-
blasts was markedly reduced, and the
fibrillar pattern was absent, in spite of
normal amounts of fibrillin mRNA.
Decorin mRNA, synthesis, and immu-
noreactivity in the matrix were also
reduced. The results indicate involve-
ment of both fibrillin and decorin in the
pathogenesis of neonatal Marfan syn-
drome in this patient, but do not indicate
which is the primary defect. We specu-
late, however, that a structural defect of
fibrillin leads to diminished incorpora-
tion of the protein into the extracellular
matrix, and that underexpression of
decorin is secondary to the primary
fibrillin defect. Combined deficiency of
fibrillin and decorin may be the cause of
the severe clinical phenotype.

(¥ Med Genet 1992;29:875-8)

Family linkage analysis and immunofluores-
cence studies in patients with dominantly
inherited Marfan syndrome (MS) have
recently converged to show that the MS locus
is on chromosome 15' and is identical to the
gene of fibrillin, a microfibril associated pro-
tein with molecular weight of 350 kDa.>* The
pathogenetic role of fibrillin has been con-
firmed by the identification of mutations in the
fibrillin gene in patients with classical MS®¢ (L
Peltonen-Palotie, personal communication).
Fibroblast cultures of MS patients show subtle
changes in the biosynthesis and extracellular
matrix deposition of fibrillin.” A second fibril-
lin gene on chromosome 5 has been linked
to a phenotypically similar but distinct dis-
order, congenital contractural arachnodactyly
(CCA)? in this disorder, no cardiovascular or
ocular anomalies are found.

The so-called neonatal Marfan syndrome
has features of classical Marfan syndrome,
such as body disproportion and heart valve

insufficiency, but also additional features such
as cutis laxa, joint contractures, muscle hypo-
plasia, crumpled ears, congenital anomalies
of the eye, and pulmonary emphysema.® The
molecular relationship of neonatal Marfan
syndrome to classical MS and to CCA is not
yet clear. In cells from one infant, deficiency of
decorin, a small proteoglycan of the extracellu-
lar matrix, was observed,” while in another
case, deficiency of laminin and fibronectin was
reported.’® In neither case was fibrillin
studied. The present study was undertaken in
order to investigate the involvement of fibrillin
and decorin in the pathogenesis of neonatally
lethal Marfan syndrome in another patient
with this rare disorder.

Case report

A detailed description of the clinical and path-
ological findings has been reported earlier in
the Journal.® Briefly, the patient was the first
child of unrelated parents with no signs of
Marfan syndrome except for mitral valve pro-
lapse in the mother. He died 20 hours after
birth of cardiac failure. Length was 55 cm and
weight was 3400g. He had arachnodactyly,
flexion contractures of several major joints,
crumpled ears, loose skin with absence of
subcutaneous fat, and hypoplasia of the calf
muscles. Pathological examination showed
biventricular enlargement of the heart with
valve insufficiency, and presence of congenital
anomalies of the iris and ciliary processes with-
out lens dislocation.®

Methods

Cultured skin fibroblasts of the patient, of
neonatal controls, and of adult MS patients
were seeded at high density in Lab-Tek
chamber slides (Nunc) and incubated for 48
hours. Fibrillin deposition in the extracellular
matrix of fibroblasts grown on the slides was
studied using a fibrillin specific monoclonal
antibody (Mab F2,? a gift of Dr M Godfrey,
Omaha, Nebraska) and a goat anti-mouse
Texas Red conjugate (Dianova). The same
slides were stained with a polyclonal rabbit
antiserum raised against the core protein of
decorin (a gift of Dr Hans Kresse, Munster,
FRG) and a swine anti-rabbit FITC conjugate
(DAKO).

To study decorin production, fibroblast cul-
tures were labelled with either 3S-methionine
and cysteine (TranSlabel, Flow) or carrier free
38-sodium sulphate (Flow) for 16 hours, and
the medium was applied to a DEAE-Trisacryl
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ion exchange column (Serva) to isolate the
proteoglycans, essentially as described by
Gl6ssl et al.'! The proteoglycans were concen-
trated using Centricon-30 spun dialysis col-
umns (Amicon), separated by electrophoresis
on sodium dodecylsulphate-polyacrylamide 4-
15% gradient gels, and visualised by autora-
diofluorography. Aliquots of the proteoglycan
preparations were treated with chondroitinase
ABC (Seikagaku) before electrophoresis.
Decorin and biglycan were immunoprecipi-
tated from patient’s and control medium using
specific antisera and protein A-Sepharose
(Pharmacia) and electrophoresed.

Total fibroblast RNA from the proband and
from controls was extracted by the guanidi-
nium isothiocyanate-caesium chloride
method, separated on agarose gels, blotted
onto nylon membranes, and hybridised to *P
labelled decorin and biglycan cDNA probes
(obtained by PCR amplification of control
fibroblast cDNA using primers designed from
the published sequences!?'?) and to a fibrillin
cDNA probe (MF-13%).

Structure and synthesis of collagens I, III,
and V in the proband’s cells had been pre-
viously studied in our laboratory and found to
be normal.?

Results

FIBRILLIN

Fibrillin immunoreactivity in the extracellular
matrix of neonatal control fibroblast cultures
was present as a reticular pattern (fig 1, left).
In seven adult MS cell strains the intensity was
reduced, but the fibrillar pattern was still pre-
sent (not shown). In the neonatal MS patient,
immunoreactivity was markedly reduced, and
fibrils could barely be identified (fig 1); fibril-
lin immunoreactivity was limited to small

Control

Anti-fibrillin

Anti-decorin

Figure 1 Double immunofluorescence study of cells of a neonatal control (left) and of the patient (right) using a
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clumps. There was no evidence of intracellular
storage of fibrillin. Northern blotting showed
that the concentration of fibrillin mRNA in the
proband’s cells was similar to that in control
cells (fig 2).

DECORIN

There was a fine web of decorin immunoreac-
tivity in the extracellular matrix of control
cultures (fig 1), but this diffuse web was not
seen in the neonatal MS patient (fig 1, right).
The clumps previously observed to react with
the fibrillin antibody were also positive for
decorin, indicating at least partial co-localisa-
tion of these two molecules in the patient.
Biochemical studies showed that the patient’s
cells secreted less decorin than control cells
(fig 3); decorin secretion was somewhat vari-
able between repeated labelling experiments,
but consistently lower than that of control
cells. Secretion of biglycan, a related proteo-
glycan, was normal, indicating that there was
no general defect in proteoglycan biosynthesis.
Immunoprecipitation of decorin and biglycan
confirmed decorin deficiency in the patient’s
medium (not shown); glycosaminoglycan free
core protein was not detected.!* Reduced syn-
thesis of decorin was associated with a marked
reduction in decorin mRNA as shown by
northern blotting (fig 2); levels of biglycan
mRNA were slightly increased (data not
shown). Cells from three adult MS patients
secreted normal amounts of decorin (not
shown).

Discussion
The study was undertaken in order to ascertain
whether fibrillin or decorin or both were

Patient

monoclonal antibody against fibrillin (top) and an antiserum against decorin (bottom). The same fields are shown in
each column. In the control, fibrillin positive fibrils are clearly visible; in the patient, immunoreactivity is reduced in
intensity and confined to small clumps. Decorin is present in the control both in fibrils and as a diffuse layer; in the
patient, it is quantitatively reduced and localised to the same structures which were positive for fibrillin.
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Figure 2 Northern blot analysis of total RNA from control (C) and the patient’s
(P) fibroblasts probed with a fibrillin cDNA (left) or decorin cDNA probe (right).
Fibrillin mRNA (open arrowhead) is normal or perhaps slightly increased in the
patient, while decorin mRNA (filled arrowheads, two populations differing by their
polyadenylation site) is decreased; note, however, that there are differences in decorin
mRNA concentration between the controls also.

involved in the pathogenesis of neonatal Mar-
fan syndrome. The results indicate an involve-
ment of both, but do not discriminate clearly
which is the primary defect.

Reduced fibrillin immunoreactivity and ab-
normal fibril shape were found, together with
normal amounts of fibrillin mRNA. This
would be compatible with a structural defect in
the fibrillin protein,’ leading to its diminished
incorporation into the extracellular matrix,
and would suggest that a de novo dominant
mutation is responsible for the phenotype.
This hypothesis remains to be proven by the
identification of a mutation in the fibrillin
gene.

Because of the previous report of underex-
pression of decorin in fibroblasts from a neo-
natally lethal Marfan syndrome patient,’
decorin synthesis was also studied in our
patient. Decorin mRNA, biosynthesis, and
immunoreactivity were indeed found to be
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Figure 3 Proteoglycans in the culture medium of fibroblasts from the patient (P) and
from controls (C). (Left) After incubating fibroblasts with % S-sodium sulphate to
label the glycosaminoglycan side chains, proteoglycans were purified and directly
separated by electrophoresis as described in the text. The open arrowhead points at
biglycan, the filled arrowhead at decorin. Slight differences in the migration of decorin
are the result of different lengths of the glycosaminoglycan side chain. Note deficiency
of decorin in the patient. (Right) After incubating fibroblasts with 35S-methionine to
label the core proteins, proteoglycans were purified, treated with chondroitinase ABC
(see text) to remove side chains, and separated by electrophoresis. Molecular weight
standards are indicated on the left. Decorin and biglycan core proteins (329 v 331
amino acid residues) migrate similarly, as shown by selective immunoprecipitation (not
shown). The filled arrowheads point at the two decorin core proteins (which differ only
by the number of N linked glycosides), the open arrowhead at the biglycan core
protein. In the patient, only the biglycan core protein is evident.

877

reduced. Decorin is a small proteoglycan com-
posed of a core protein of 329 amino acids and
a single dermatan sulphate/chondroitin sul-
phate side chain of approximately 35 kDa and
two or three N linked glycosides.!'!? It is
associated with the surface of collagen fibrils
(and “decorates’ them, hence the name).
Reduced decorin expression had been pre-
viously found in another patient with severe
neonatal MS,® while a defect in glycosylation
of decorin has been described in a boy with
osteoporosis, lax skin, and progeroid
features.'* Recently, underexpression of
decorin has been found in fibroblasts of several
patients affected with the neonatal pseudohyd-
rocephalic progeroid syndrome (Wiedemann-
Rautenstrauch syndrome), another condition
featuring among other changes thin and lax
skin with paucity of subcutaneous fat'*'¢ (H
Kresse, personal communication).

The significance of reduced expression of
decorin in cells from our patient is not clear;
specifically, it is not possible to distinguish
between decorin gene mutations and a second-
ary, regulatory phenomenon. Although a
primary decorin gene mutation cannot be
ruled out, we favour the second hypothesis for
the following reasons. Firstly, decorin expres-
sion was constantly below normal but there
was significant variation between single ex-
periments. Secondly, decorin underexpression
has been observed in fibroblasts of patients
with Wiedemann-Rautenstrauch syndrome, a
possibly related, but clearly distinct, disorder.
Lastly, it is known that decorin expression in
fibroblasts can be regulated by a variety of
cytokines, for example, by TGF-f.217!8 Inter-
estingly, TGF- can be bound and neutralised
by decorin itself.'*? Since fibrillin contains a
putative TGF binding region,* it is conceiv-
able that alterations in the extracellular matrix
or, more specifically, in the biosynthesis or
degradation of fibrillin may perturb feedback
mechanisms controlling decorin expression.
Whichever the mechanism, decorin underex-
pression may contribute to the severity of the
clinical picture, as we have not observed it in
cells from adult MS patients with abnormal
fibrillin immunostaining patterns, but have
recently found combined fibrillin and decorin
deficiency in the extracellular matrix of a new
patient with neonatally lethal MS.%

We conclude that the neonatally lethal Mar-
fan syndrome in the proband was associated
with defective deposition of fibrillin and
decorin in the extracellular matrix of cultured
fibroblasts. Although the data do not allow
discrimination of the primary defect, we
suggest that diminished fibrillin incorporation
is caused by a structural mutation, since fibril-
lin mRNA levels are normal. Reduced syn-
thesis of decorin, associated with low mRNA
levels, may be a secondary phenomenon, al-
though a decorin gene mutation cannot be
ruled out. It is conceivable that combined
fibrillin and decorin deficiency may be respon-
sible for the severe clinical phenotype.
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