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Summary

The Marfan syndrome, an autosomal dominant connective tissue disorder, is manifested by abnormalities in the
cardiovascular, skeletal, and ocular systems. Recently, fibrillin, an elastin-associated microfibrillar glycoprotein,
has been linked to the Marfan syndrome, and fibrillin mutations in affected individuals have been documented.
In this study, genetic linkage analysis with fibrillin specific markers was used to establish the prenatal diagnosis
in an 11-wk-gestation fetus in a four-generation Marfan kindred. At birth, skeletal changes suggestive of the
Marfan syndrome were observed. Reverse transcription-PCR amplification of the fibrillin gene mRNA detected
a deletion of 123 bp in one allele in affected relatives. This deletion corresponds to an exon encoding an

epidermal growth factor-like motif. Examination of genomic DNA showed a G-o.C transversion at the +1
consensus donor splice site.

Introduction

It is now well established that the Marfan syndrome, an
autosomal dominant disorder manifested primarily by
skeletal, ocular, and cardiovascular abnormalities
(Godfrey 1993), is caused by defects in fibrillin. Immu-
nochemical studies were the first to suggest this associa-
tion (Godfrey et al. 1990; Hollister et al. 1990); and the
cloning of the gene encoding fibrillin permitted genetic
linkage to the Marfan syndrome (Lee et al. 1991a). The
deduced primary structure of fibrillin is composed of
repeated epidermal growth factor (EGF)-like motifs in-
terspersed at varying intervals by 8-cysteine domains of
the TGF-f31-binding protein type (Lee et al. 1991a).
Amino acid substitutions causing the Marfan syndrome
have been documented within the EGF-like domains
(Dietz et al. 1991, 1992a, 1992b; Kainulainen et al.
1992). The genomic deletion of three such motifs has
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also been shown to segregate with the Marfan pheno-
type in one family (Kainulainen et al. 1992). In addition,
an unusual exon-skipping mutation, caused by a pre-
mature termination codon, has also been described
(Dietz et al. 1993).

Prenatal diagnosis in the Marfan syndrome has previ-
ously been attempted using ultrasonographic tech-
niques (Koenigsberg et al. 1981), but predictions based
on those results were not better than the a priori risk.
The virtual absence of genetic heterogeneity in the
Marfan syndrome (Tsipouras et al. 1992) permits the
use of molecular-based linkage analysis in prenatal or
presymptomatic diagnosis in informative families. Here
we report prenatal diagnosis in a Marfan syndrome fam-
ily by using these molecular methodologies. In addi-
tion, the lesion causing the Marfan syndrome in this
kindred is described.

Material and Methods

Extraction of Nucleic Acids
DNA.-DNA was extracted from peripheral whole

blood by lysing cell membranes in a buffer containing
0.32 M sucrose, 10 mM Tris-HCl (pH 7.5), 5 M MgCl2,
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and 1% Triton X-100. The intact nuclei were recovered
by centrifugation, suspended in a detergent solution (50
mM KCI, 10 mM Tris-HCI [pH 8.3], 2.5 mM MgCl2,
0.1 ,ug gelatin/ml, 0.045% Nonidet P40, 0.45% Tween
20), and incubated with Proteinase K at a final concen-
tration of 0.1 ig/ml at 50'C for 16 h.

Extraction of DNA from the chorionic villus sample
(CVS) was carried out by incubating 20 mg of tissue in
200 pl of lysis buffer (10 mM Tris-HCl [pH 8.0], 2 mM
EDTA, 10 mM NaCl, 5% SDS, and 200 ,ug Proteinase K/
ml) at 550C for 16 h. In all extractions, the aqueous
DNA was recovered using phenol/chloroform extrac-
tions and isopropanol precipitation. The extracted
DNA was suspended in a 10 mM Tris-HCI (pH 7.4), 1
mM EDTA (pH 8.0) solution, and concentration and
purity were assessed spectrophotometrically.
RNA.-RNA was extracted from dermal fibroblasts

of the proband and from cultured CVS cells by using
established techniques (Chomczynski and Sacchi 1987).
Briefly, cells were lysed in situ in a guanidine thiocya-
nate buffer containing P-mercaptoethanol. RNA was
extracted with phenol/chloroform, precipitated with
ethanol, and stored at -80°C prior to use.

cDNA Production
Production of cDNA from RNA was performed us-

ing a commercially available kit (Amersham) according
to the manufacturer's protocol.

Southern Blot
Southern analysis was carried out using well-estab-

lished methods (Sambrook et al. 1989). Briefly, 10 gg of
genomic DNA was digested with restriction endonucle-
ase TaqI (Promega), was separated by agarose gel elec-
trophoresis, and was transferred to a nylon membrane
(Oncor). The fibrillin-specific probe MF-13 (Lee et al.
1991a) was random primed using a commercial kit
(Amersham). After hybridization, the membrane was
washed at high stringency and exposed to X-ray film at
-70°C with intensifying screens.

VNTR (TAAAA)n
Genotypes of the fibrillin (TAAAA)n VNTR marker

were determined using the oligonucleotide primers and
conditions described elsewhere (Lee et al. 1991a).

PCR and Nucleotide Sequencing
Reverse transcription (RT)-PCR.-Amplification of

the proband's fibroblast and fetal CVS cDNA, in the
region of the deletion, was performed using the oligo-
nucleotide primers forward, 5' GGA GGT TTT GAA

A B*C

Figure I Illustration of primary structure of the fibrillin gene
in the region of the deleted exon (B). Genomic PCR with primers 1
and 2 showed only one fragment, suggesting that the mutation was
not due to genomic deletion. Amplification and sequencing with
primers 1 and 3 showed no alteration of the consensus splice sites for
the intron between exons A and B. Amplification and sequencing
with primers 4 and 2 showed a mutation in the consensus splice
donor site (indicated by an asterisk [*]). Primer sequences are primer
1,5' GGA GGT TTT GAA TGC ACC TGC 3'; primer 2,5' CCC TCT
TCA CAC TCA TCC TCA 3'; primer 3, 5' TCG GAA GGC ACA
GAG CAG AG 3'; and primer 4,5' TGG GAT ATG TGC TCA GAG
AAG A 3'.

TGC ACC TGC 3' and reverse, 5' GTA GCA CCT CTG
TGA AGC AG3' at the following conditions: denatur-
ing at 94°C for 1.5 min., annealing 600 for 2.5 min., and
extension 720 for 2.5 min. for 30 cycles.
Genomic PCR.-Amplification of genomic DNA

from affected, unaffected, and control individuals was
performed as illustrated in figure 1. The oligonucleo-
tide primers used to amplify the intron harboring the
mutation-forward, 5' TGG GAT ATG TGC TCA
GAG AAG A 3'; and reverse, 5' CCC TCT TCA CAC
TCA TCC TCA 3'-were used at the following condi-
tions: denaturing at 94°C for 1.5 min, annealing at
62°C for 2.5 min, and extension at 72°C for 3.0 min,
for 30 cycles.

Amplified material was cloned prior to sequencing,
using TA cloning vectors from a commercial source
(Novagen, Madison) according to manufacturer's in-
structions. Briefly, approximately 3-5:1 mass ratio of
gel-purified PCR product to vector was ligated at 16°C
for 16 h. The ligated product was used for transforma-
tion of competent cells (Nova Blue; Novagen). Clones
containing inserts (white colonies) were expanded, and
plasmid DNA was extracted for sequencing. Sequenc-
ing of plasmid DNA from TA-cloned PCR products
was performed using Sequenase version 2.0 (U.S. Bio-
chemical) according to the manufacturer's protocol.
Universal M13 forward and reverse primers were used
for all sequencing reactions.

Results

Clinical Report
The proband, a 19-year-old woman with Marfan

syndrome, was referred to the University of Wisconsin
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Figure 2 Summary of TaqI RFLP and VNTR analysis demon-
strating segregation of the TaqI 1 and VNTR 1 haplotype (open
numerals) in all affected individuals. The proband's grandfather (1.1)
was not analyzed; therefore, the haplotypes have been inferred from
his children. The proband's daughter (IV.1) was ascertained prena-

tally. Arrow indicates the proband.

prenatal genetics service during the 8th wk of her first
pregnancy (fig. 2, 111.3). By history, she had arachno-
dactyly at birth, and at the age of 4 years she was noted
to be tall and thin, with pectus excavatum, scoliosis,
marked joint instability, and dolichostenomelia. Urine
and plasma amino acid analyses were normal. She devel-
oped a murmur at age 5 years; cardiac evaluation, in-
cluding echocardiography, showed mitral valve pro-

lapse and regurgitation, and a dilated aortic root. Left
ectopia lentis was also identified at that time, and the
diagnosis of Marfan syndrome was established. She has
since developed severe myopia. Harrington rods were

placed at age 13 years because of increasing thoracic
scoliosis. She had an extremely narrow palatal arch
which required extensive maxillofacial surgery. Her mi-
tral valve prolapse persisted, but regurgitation gradually
resolved. At the time of referral, her echocardiogram
showed moderate mitral valve prolapse without regur-

gitation, normal left ventricular size and function, and
an aortic root diameter of 32 mm. Physical examination
showed a height of 182 cm, an arm span of 186 cm, and
an upper/lower segment ratio of .67. She had mild flex-
ion contractures of all of her fingers but normally
formed auricles. The remainder of the exam confirmed
the previously noted findings. Monthly echocardio-
grams throughout the remainder of pregnancy showed
no increase in the aortic root diameter.

At the age of 33 years, the mother (fig. 2, 11.3) of the
proband was identified as having Marfan syndrome
shortly after the diagnosis was established in the pro-

band. She had a history of two spontaneous pneumo-

thoraces during adolescence. She was found to have tall
stature, myopia, a narrow palatal arch, pectus excava-
tum, scoliosis, arachnodactyly, dolichostenomelia, and
joint laxity manifested with dislocations. Cardiac evalu-
ation showed mitral valve prolapse without regurgita-
tion or aortic root dilatation. Physical examination at
47 years of age showed a height of 177 cm, an arm span
of 190 cm, and an upper/lower segment ratio of .83
and midfacial hypoplasia. She had no flexion contrac-
tures of the digits, and the remainder of the examina-
tion confirmed the findings noted above.
A maternal aunt (fig. 2, 11.2) is also known, by his-

tory, to have tall stature, high myopia, pectus excava-
tum, mitral valve prolapse, severe scoliosis, and joint
laxity. The maternal grandfather (fig. 2, 1.1) was 6 ft 5
inches tall and died at age 34 years as the result of a
sudden cardiac event. By history, he had pectus excava-
tum, pes planus, joint instability, an enlarged heart, and
high myopia. The brothers, maternal uncle, and great
aunt and uncle of the proband appear to be unaffected.
The proband's husband, father, and one brother were
examined and had no clinical evidence of Marfan syn-
drome.
The female infant (fig. 2, IV.1) was born vaginally

after a 37-wk gestation, weighing 2.69 kg, and with a
length of 47.8 cm and a head circumference (OFC) of
35 cm. There were no perinatal or neonatal complica-
tions. An ophthalmological examination at age 6 wk
showed no evidence of ectopia lentis. Physical examina-
tion at 9 wk of age showed a length of 59.3 cm (75th
percentile), weight of 4.66 kg, OFC of 39 cm, and an
arm span of 59.8 cm. Although her arm span did not
significantly exceed her length, her upper/lower seg-
ment ratio was low at 1.1. She had normal midfacial
development and a normal palatal arch. She also had a
mild pectus excavatum which became more pro-
nounced when she cried and which, by history, was
more noticeable when she had nasopharyngeal conges-
tion during a recent cold. Her cardiovascular examina-
tion was normal. She had hyperextensible fingers and
hips. Her hands were 7.3 cm long (12.3% of her total
body length), but she did not have significant arachno-
dactyly.

Segregation
Immunochemical analysis with antibodies to fibrillin

of skin and dermal fibroblast cultures of the proband
showed significantly reduced staining of elastin-asso-
ciated microfibrils at the dermal/epidermal junction,
poorly coated elastin profiles in the dermis, and de-
creased apparent accumulation of immunostainable
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allele 1

allele 2

Figure 3 Southern analysis of Taql RFLIP of fibrillin gene on

chromosome 15, demonstrating informative segregation of the Mar-

fan phenotype with fibrillin, which allowed prenatal diagnosis of the

proband's fetus (P). The uppermost hand is invariant when genomic

DNA, cut with the restriction enzyme Taql, is hybridized with a

fibrillin eDNA probe (Lee et al. 199 la). Since this is a dimorphism, up

to two variable bands can be seen below the invariant band. These

have been labeled "allele 1" and "allele 2."

fibers in hyperconfluent fibroblast cultures. These find-

ings are consistent with our previous findings for Mar-

fan syndrome (Godfrey et al. 1990; Hollister et al.

1990).

Prenatal diagnosis of the proband's fetus was accom-

plished using two different fibrillin polymorphic
markers. Analysis of the TaqI RFLP (fig. 3) showed

segregation of the Marfan phenotype with allele 1.

Since the fetus was a 1.1 homozygote, it had inherited

the maternal allele linked to the Marfan phenotype.

Similarly, VNTR analysis (fig. 4) confirmed the inheri-

tance of the linked allele, since the proband is also het-

erozygous for this marker. A summary of the linkage

data is shown in figure 2. The genotype of the pro-

band's grandfather (1.1) has been inferred from his chil-

dren and spouse (1.2). The proband's daughter (IV.),

found prenatally to have inherited the affected allele,

has already shown some of the skeletal changes asso-

ciated with the Marfan phenotype.

Mutation Analysis

Our mutation-screening approach uses PCR amplifi-
cation of the fibrillin cDNA and analysis of the ampli-

fied products by single-strand conformation polymor-

phism (SSCP) or denaturing gradient-gel electrophoresis

(DGGE). Overlapping 250-500 bp regions of the fibril-

lin cDNA are amplified to ascertain possible single-base

t"b*
0

Figure 4 VNTR (TAAAA)n of the fibrillin gene on chromo-
some 15, demonstrating segregation with the Marfan phenotype and
assignment of a positive prenatal diagnosis to the proband's fetus (P).
Arrow indicates the proband.

changes. In order to identify the molecular lesion in this
kindred, the above strategy was implemented. The ini-
tial 11 sets of primers yielded a single fragment when
the proband cDNA was amplified, and no abnormally
migrating bands were observed in SSCP and DGGE
analyses of those amplifications.
RT-PCR of RNA from the proband's dermal fibro-

blasts, with the 12th-pair primers tested (see above),
showed the appearance of two fragments when a region

\l(ow ( 'i\ I~-

Figure 5 RT-I'CR results demonstrating the presence of one
fragment in control (lane C) and two fragments in the fibroblasts
from the mother (lane MOM) and from fetal CVS cells. The marker
lane is XX 174 cut with HinclI. Both upper and lower bands from
MOM and CVS were cloned and sequenced.
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of approximately 250 bp of cDNA was amplified (fig.
5). In addition, cDNA derived from CVS cells produced
the same two-band pattern (fig. 5). Control fibroblasts
(fig. 5) and CVS cells (data not shown) demonstrated
only one fragment. Both upper and lower bands were
used for cloning and sequencing.

Sequencing of the cloned fragments from the pro-
band demonstrated a deletion of 123 bp of the coding
region in the lower band, when compared with the up-
per band or control individual (fig. 6). The deleted re-
gion begins at position 6664 and corresponds to an
entire EGF-like coding exon (sequence provided by Dr.
F. Ramirez).
Genomic PCR failed to demonstrate a genomic dele-

tion in affected individuals when compared with con-
trols. Therefore, amplification and sequencing of the
introns surrounding the deleted exon, in cDNA analy-
sis, was pursued. Figure 1 illustrates the primers used in
the ascertainment of the molecular lesion at the gene
level.
No abnormalities were found when the consensus

splice sites of the 5' intron were sequenced after cloning
of products amplified with primers 1 and 3 (data not
shown). Sequencing of clones from amplification with
primers 4 and 2 (fig. 1) demonstrated two changes in the
consensus donor splice site of the 3' intron in three of
six clones of the proband and in two other affected
members. Neither change was observed in a control
individual or in two unaffected relatives. Figure 7 illus-
trates the exon/intron boundary, demonstrating two
changes in the donor consensus splice site. The invari-
ant +1 position G is changed in the mutant allele to a C.
In addition, the +3 position of the same allele is a T,
while the corresponding base in the normal allele and in
a control sample is a G. These same two changes in the
same allele were observed in three affected members of
this kindred, but not in two unaffected relatives. It is
unclear whether the second change is a neutral poly-
morphism, although both changes were seen only in the
abnormal allele. On the basis of our current under-
standing of splicing mutations, we concluded that the
+1 change is responsible for the skipping of this EGF-
like coding exon, while the other substitution is likely
to represent a neutral polymorphism.

In order to test that possibility, we designed an anti-
sense intronic oligonucleotide primer (5' TTC CCA
GCC TTC TCC TAC TAA 3') about 100 bp from the
donor splice site. The above primer was used with an
exonic sense oligonucleotide (fig. 1, primer 4) to gener-
ate a product of about 150 bp. Amplified products
were restricted with Hinfl, since the change of G to T

at the +3 position eliminates a Hinfl restriction site.
Restriction mapping analysis of 50 unrelated chromo-
somes failed to show any individual with a possible +3
position change.

Discussion

The availability of markers for numerous inherited
disorders has enabled the prenatal or presymptomatic
diagnosis in families (Evans et al. 1989; Maddalena et al.
1992). The recent discovery of the gene encoding fibril-
lin and the proof that fibrillin mutations cause the Mar-
fan syndrome and its autosomal dominant inheritance
with virtually complete penetrance have permitted pre-
natal and presymptomatic diagnosis for this disorder as
well. The desire for prenatal diagnosis in the Marfan
syndrome antedates the discovery of the "Marfan
gene" by more than a decade. Koenigsberg and co-
workers (1981) used ultrasonic techniques, but the re-
sults were not better than the a priori risk of inheriting
the disorder.
The attitude toward the availability of prenatal analy-

sis in single-gene disorders has been well studied for
cystic fibrosis. An average of 70% of people responding
to questionnaires indicated a desire for prenatal diag-
nosis (Botkin and Alemagno 1992; Decruyenaere et al.
1992; Denayer et al. 1992; Watson et al. 1992; Wertz et
al. 1992). Of all populations studied, few disapproved
of these analyses (Miller and Schwartz 1992). These
studies are indicative of the desire for people to become
psychologically prepared about the birth of a child with
a genetic disorder, since only a minority would consider
termination of the pregnancy. These questionnaire stud-
ies have been done to a limited degree in the Marfan
syndrome. In one large family, 78% of affected individ-
uals would choose prenatal diagnosis if it were available
(Bridges et al. 1992). In a separate study, 96% of re-
spondents would use prenatal diagnosis, if available,
versus 3% who would not (Child et al. 1992). It is im-
portant to note that these analyses are not only useful
for prenatal diagnosis but also may have a much
broader and significant impact on presymptomatic
diagnosis. In fact, in the Marfan family surveyed by
Bridges et al. (1992), 96% would have chosen a defini-
tive screening test if available.

There are many families with the Marfan syndrome,
in which some relatives may have few minor clinical
manifestations yet may be considered affected primar-
ily because of a positive family history. The ability to
determine, at the molecular level, whether one has in-
herited the defective allele will allow for proper follow-
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NORMAL MUTANT
ACGT ACGT

Figure 6 Sequence of cloned cDNA of both the upper (nor-
mal) and lower (mutant) bands (see fig. 5) from the mother, showing a

deletion of 123 bp, which corresponds to an entire EGF-like exon.

The deletion begins at position 6664 (position numbers are from the
entire coding region, provided by Dr. F. Ramirez) and extends 123
bp. This exon corresponds to the 35th of 44 EGF-like exons in the
fibrillin gene on chromosome 15.

up and counseling of that individual. Of equal impor-

tance, the determination that a relative has not in-

herited the defective allele will permit the individual to

live a more normal life and be spared the expense of
sophisticated annual medical tests.

In the case described herein, the family considered
the status of the fetus to be a critical, but not the sole,
factor in their decision regarding continuation of the
pregnancy. After the CVS was performed and the re-
sults were known, they made the decision to continue
on the basis of other considerations. In the end, then,
the results of the evaluation did not affect the outcome
of the pregnancy per se. Clearly, however, the knowl-
edge that the child will likely be affected enabled the
family to begin facing and accepting this prospect.

These data allowed for the unequivocal prenatal as-
signment of a defective fibrillin allele, by linkage analy-
sis, to an 1 -wk-old fetus, constituting prenatal diagno-
sis of the Marfan syndrome, thus predicting clinical
status. In the context of the family history, her skeletal
disproportion, joint hypermobility, and pectus excava-
tum seemed sufficient for clinical confirmation of the
diagnosis of Marfan syndrome. Identifying this infant
as affected, prior to the development of more obvious
phenotypic manifestations, provides a unique opportu-
nity to prospectively follow the natural progression of
this disorder.

Since most reported molecular defects have been
point mutations, overlapping oligonucleotide primers
are used to amplify varying segments of fibrillin cDNA
prior to analysis for single-base changes, with tech-
niques such as SSCP or DGGE. In one of the amplified
products, we observed two fragments for this proband,

NORMAL MUTANT
A C G T A C G T

I t
a a
C C
t t

a a

t _

AAA A
A A
C C
G G
T /

T ~ X -T

Figure 7 Sequence of cloned genomic material at the exon/
intron junction of the misspliced exon demonstrating two changes in
the mutant allele. The +1 position (indicated by an asterisk [*]) in the
mutant allele is a C rather than a G, and the +3 position (indicated by
a double dagger [ti) in the same allele is a T rather than a G.
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but only one for other individuals with Marfan syn-

drome or normal controls. The same observation was

made in material obtained from CVS cells (fig. 5). It is of
interest that, although fibrillin mRNA is present in CVS
cells in amounts detectable not only by RT-PCR (fig. 5)
but also by northern hybridization (data not shown), no
immunostainable fibrils were seen in CVS cell cultures.
This was true of both the Marfan CVS cells, as well as

those of a gestational age-matched control. This sug-

gests that fibril and matrix formation in vitro probably
requires the presence of additional factor(s), which may
include other microfibrillar proteins, to form a com-

plete fibril.
In order to ascertain whether this finding represented

the outcome of a mutation, we cloned and sequenced
both fragments amplified from cDNA from the pro-

band's fibroblasts and the fetal CVS cells. Sequence
analysis demonstrated a G- C transversion at the +1
donor splice position in one allele (fig. 7). This position
has been shown to be invariant in practically all exam-
ined eukaryotic genes (Padgett et al. 1986; Shapiro and
Senapathy 1987; Jacob and Gallinaro 1989). Examples
of mutations at this position causing exon skipping
have been documented in several diseases, including
another connective tissue disorder, Ehlers-Danlos syn-

drome (Cole et al. 1990; Kuivaniemi et al. 1990; Weil et

al. 1990; Vasan et al. 1991; Pope et al. 1992), as well as

lipoprotein lipase deficiency (Gotoda et al. 1991a,
1991b; Chimienti et al. 1992), Tay-Sachs disease (Arpaia
et al. 1988; Landels et al. 1992), aspartylglycosaminuria
(Mononen et al. 1992), and APO C-Il deficiency (Fojo
et al. 1988). Mutations at the +2, +3, and +5 positions
of the donor splice site consensus sequence have also
been observed (Atweh et al. 1987; Weil et al. 1988;
Gonzalez-Redondo et al. 1989; Bonadio et al. 1990;
Lee et al. 1991b; de Boer et al. 1992; Pope et al. 1992).

It is interesting that another change was observed in
the allele harboring the +1 position G-*C transversion.
All clones containing the mutation at the +1 position
also had, at the +3 position, a T rather than a G. which
was observed in the normal allele. This pattern was seen

in all affected members who were examined. Unaf-
fected relatives had neither change. Changes at the +3
position are also known to cause mutations (de Boer et

al. 1992); however, there is some degree of polymor-
phism associated with that position. Although the vast

majority of +3 donor splice site position bases are G or

A, some intronic sequences with a T at that position
have been described (Padgett et al. 1986; Shapiro and
Senapathy 1987; Gonzalez-Redondo et al. 1989; Jacob
and Gallinaro 1989; Sutton et al. 1989). Therefore, to

assess whether the +3 change is unique to this family or
a more common polymorphism, we performed restric-
tion mapping of 50 unrelated chromosomes but failed
to identify any with possible +3 position alterations.
The change noted at the +3 position in the kindred
described here may still be a rare polymorphism and
not directly related to the exon-skipping mutation. Al-
ternatively, the +3 change may be unique to this fam-
ily's abnormal allele and may contribute to the mis-
splicing. Nevertheless, it is evident that the G-*>C
change at the invariant +1 position would cause mis-
splicing.
Most mutations currently known are single-base

substitutions. One mutation in a large kindred has been
shown to be a genomic deletion which includes three
EGF-like exons. It is noteworthy that only the proband
had ectopia lentis, and it was unilateral, which is rare in
Marfan syndrome. Other affected relatives have no re-
ported lens dislocation. Deletion or skipping of EGF-
like exons may be envisaged, in certain regions of the
fibrillin gene, to produce a shortened protein that re-
tains sufficient structural integrity to provide enough
support in the ciliary zonule but not in the other sys-
tems where the pleiotropic manifestations are ob-
served. This does not necessarily mean that all Marfan
families without ectopia lentis will have exon deletions
or, alternatively, that families in which a deletion or
skipping of an exon is observed will not have ectopia
lentis. In fact, families with point mutations in an EGF-
like exon and without ectopia lentis have already been
observed (Dietz et al. 1992a). A caveat to this possibility
may explain the presence of unilateral lens dislocation
in one member of this kindred. For example, trauma or
other circumstances may precipitate lens subluxation
because of the a priori molecular defect in fibrillin. It is
the hope that the elucidation of molecular defects will
enable the construction of genotype-phenotype corre-
lations. These, coupled with immunochemical and bio-
chemical findings, may become of prognostic value in
the clinical management of the Marfan syndrome.
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