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Summary

The Marfan syndrome is a dominantly inherited connective-tissue disorder characterized by ocular, cardio-
vascular, and musculoskeletal abnormalities. Although the underlying biochemical and molecular defect(s)
of this pleiotropic disease is currently unknown, we have consistently observed apparent diminished con-

tent of elastin-associated microfibrillar fibers accumulating in skin, or produced by cultured fibroblasts,
from patients with the Marfan syndrome and have documented the cosegregation of these immunofluores-
cent abnormalities of microfibrillar fibers with the Marfan syndrome phenotype in family studies. Recently,
an unusual patient has been described with unilateral phenotypic features of the Marfan syndrome, provid-
ing an unique opportunity to compare microfibrillar fibers and other connective-tissue components between
the affected and nonaffected sides. In the present report, we demonstrate striking differences in apparent
content of microfibrillar fibers, as determined by indirect immunofluorescence of skin and fibroblast cul-
tures, that are revealed when multiple homologous samples derived from different sides of the patient's
body are compared. In contrast, no differences in apparent content of type III collagen or in the biosynthe-
sis and apparent structure of types I and III (pro)collagens were found. HLA types and chromosome heter-
omorphisms were identical in fibroblasts from both sides of the body, eliminating the formal possibility of
chimerism and suggesting that a postzygotic mutation accounts for the asymmetric manifestation of the
Marfan syndrome in this patient. The observation of striking decreases in microfibrillar fibers on the
affected side of the body provides further evidence that abnormalities of this component of the elastic fiber
system may be central to the pathogenesis and possibly the etiology of the Marfan syndrome.

Introduction

The Marfan syndrome is a serious heritable disorder
of connective tissue associated with multiple manifesta-
tions in different organ systems. The ocular findings
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include subluxation of the lens (ectopia lentis), myo-
pia, and retinal detachment. The cardiovascular fea-
tures consist principally ofprogressive dilatation of the
aortic root and ascending aorta and prolapse of the
mitral valve, leading to aortic regurgitation, aneurysms,
dissection, and mitral regurgitation. Musculoskeletal
findings include tall stature, long extremities (dolicho-
stenomelia), arachnodactyly, joint laxity, chest defor-
mity (pectus excavatum and/or carinatum, often asym-
metric), spine deformities, and congenital contractures.
Striae distensae and inguinal hernia are frequent findings
in the integument, and pneumothorax and dural ecta-
sia occur in some patients. Median life span is between
one-half and two-thirds ofnormal, and 85% ofpatients
succumb to cardiovascular complications (McKusick
1972; Pyeritz and McKusick 1979; Maumenee 1981;
Pyeritz 1983, 1986; Pyeritz et al. 1988).
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The cause or causes ofMarfan syndrome remain ob-
scure but have not altered the conviction that a domi-
nantly transmitted allele(s) involved in connective-tissue
metabolism will ultimately be discovered. Defects in
collagens have long been suspected (Laitinen et al. 1968;
Priest et al. 1973; Francis et al. 1974; Boucek et al.
1981; Byers et al. 1981; Muller et al. 1987), but recently
candidate gene linkage studies have effectively excluded
linked regulatory or structural defects of collagen types
I-III (Tsipouras et al. 1986; Dalgleish et al. 1987; Ogil-
vie et al. 1987; Francomano et al. 1988). Similarly,
defects of elastin have been proposed because of the
fragmentation of elastin seen in Marfan aortas as a fea-
ture of cystic medial necrosis and certain biochemical
findings (Saruk and Eisenstein 1977; Perejda et al. 1985;
Takebayashi et al. 1988). Limited candidate gene link-
age studies with elastin gene probes have not, to date,
indicated linkage in the families studied (Rosenbloom
1984; Huttunen et al. 1989). Elevated fibroblast gly-
cosaminoglycan biosynthesis has been documented
(Lamberg and Dorfman 1973; Appel et al. 1979), but
its significance is presently unclear.
We have recently examined the microfibrillar fiber

component of the elastic fiber system in skin and fibro-
blast culture by indirect immunofluorescence (IF) studies
using monoclonal antibodies directed against a major
structural protein of microfibrils, fibrillin (Hollister et
al. 1985; Sakai et al. 1986). In a large single-blind study,
24/27 patients with the Marfan syndrome were cor-
rectly identified by apparent deficient accumulation of
microfibrillar fibers in skin and/or hyperconfluent
fibroblast culture; in contrast, 13/13 normal controls
and 19/25 patients with other connective-tissue dis-
orders were correctly identified as "non-Marfan" (Hol-
lister et al., submitted). Further, cosegregation of IF
abnormalities with the Marfan syndrome phenotype
was uniformly observed in family studies and parent-
child and sib-sib pairs (Godfrey et al., 1990). No evi-
dence for antigenic masking was detected in these
studies. The widespread distributions of microfibrillar
fibers and, particularly, codistribution within those tis-
sues exhibiting abnormalities in the Marfan syndrome
suggest that abnormalities in the production, assem-
bly, biomechanical integrity, or degradation of these
fibrous structural elements is central to the pathogene-
sis and etiology of the Marfan syndrome.

Burgio et al. (1988) have recently described a case
of asymmetrical Marfan syndrome exhibiting dilated
aortic root, unilateral (left) ectopia lentis, and typical
skeletal overgrowth; together these features meet the
criteria for the Marfan syndrome (Beighton et al. 1988).

Because of the apparent unilateral manifestation of the
Marfan syndrome in this unusual patient, detailed com-
parisons of certain connective-tissue components be-
tween affected and nonaffected sides of the body were
of interest. In the present report, we document striking
decreases in the apparent content of elastin-associated
microfibrillar fibers in skin and accumulated in fibro-
blast culture, from the affected side of the body as com-
pared with the nonaffected side.

Material and Methods

Tissue Specimens

Six-millimeter skin punch biopsies were obtained
from the patient from non-sun-exposed inner aspects
of left and right arms. A previous set of biopsies was
obtained from her thighs (Burgio et al. 1988). The bi-
opsies were divided for fibroblast explant (culture me-
dia) and IF studies (frozen in -20°C hexanes). Con-
trol dermal tissues were obtained from age-matched
normal individuals taken from the inner aspects of the
arm.

Collagen Analysis

Skin fibroblasts (right and left sides) from patient and
controls were maintained in Dulbecco's modified Eagle
medium (DMEM) supplemented with antibiotics and
10% fetal bovine serum (GIBCO) in 25-cm2 flasks.
3H-proline labeled procollagens from medium and cell
layer, and collagens obtained by limited pepsin diges-
tion, were analyzed by SDS-5%-PAGE followed by
fluorography using a slight modification of a published
procedure (Barsh and Byers 1981). Delayed reduction
of disulfide bonds was used to distinguish type III col-
lagen chains (Sykes et al. 1976).

Immunofluorescence Studies

Fibroblasts derived from patient and controls were
plated at 2.5 x 105 cells/ml/chamber into four-
chamber microscope slides (Nunc, Naperville, IL) and
incubated for 2 d at 37°C in 1 ml/chamber DMEM
supplemented as described above. Monolayers were
fixed in -20°C acetone for 10 min, washed for 20 min
in PBS, and incubated with supernatant monoclonal
antibody to fibrillin (Hollister et al. 1985; Sakai et al.
1986) or negative control (culture media without anti-
body). Two distinct anti-fibrillin monoclonal antibod-
ies (F2 and 201) reactive with different molecular epi-
topes were used, both monospecific for elastin-associated
microfibrils and related (non-elastin-containing) micro-
fibrils as judged by electron-microscope immunolocali-
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zation studies (Hollister et al. 1985; Sakai et al. 1986).
Following 1 hr incubation with primary antibody, the
monolayers were washed for 20 min in PBS and then
incubated for 30 min with a goat anti-mouse immuno-
globulin (anti-IgG) conjugated to phycoerythrin (Bio-
meda, Foster City, CA). Excess secondary antibody was
washed away, and the chambers were incubated for 10
min in a dilute solution (0.00025%) of propidium
iodide (Biomeda), a nuclear dye, to visualize the fibro-
blasts. The slides were washed extensively in PBS and
mounted in Gel/Mount (Biomeda). Fluorescence was
viewed using a fluorescein filter set and barrier filter
with an emission wavelength greater than 520 nm. The
maximum emission of phycoerythrin is 575 nm (gold-
yellow) at an excitation wavelength of 500 nm, whereas
propidium iodide appears pink-red under similar exci-
tation. Photographs were taken with high-speed Ekta-
chrome film (Kodak) on a Zeiss Photoscope III. All ex-
posures were for 15 s.

Skin samples frozen in hexane were thawed, oriented
and mounted by refreezing in Tissue Tek (Miles Labora-
tories) and cut in 15-gm cryosections on a Leitz 1720
Kryostat. Sections were air dried on poly-L-lysine-coated
glass slides. Tissue fixation, staining, and indirect im-
munofluorescence analysis was carried out as described
above. As a control, monoclonal antibody specific for
human type III collagen was used on some sections.
To detect possible antigenic masking, enzymatic

digestion of skin sections prior to fixation was per-
formed. Chondroitinase ABC (Seikagaku Kogyo, Tokyo)
was suspended in 100 mm Tris-acetate buffer pH 7.6.
at 0.0125 units/50 gil/15-gm skin section and incubated
for 90 min at 371C (Poole et al. 1980). Hyaluronidase
(Worthington, Freehold, NJ.) was suspended at 8,000
units/ml in 0.1M phosphate buffer pH 5.3; 100 RI was
added to each tissue section and incubated for 20 min
at room temperature. Elastase (Worthington, Freehold,
NJ.) diluted to 0.01% in 0.067 M Tris buffer pH 8.8
was added to skin sections and incubated for 20 min
at room temperature (Sakai et al. 1986). Following en-
zyme digestion, the skin sections were fixed and stained
as described above.

Chromosome Analysis
To determine possible karyotypic differences and

evaluate chromosome heteromorphisms, fibroblasts de-
rived from right and left sides were harvested and chro-
mosome spreads prepared by a standard protocol. Slides
were stained with quinacrine (Caspersson et al. 1971),
and representative cells were photographed and seri-
ally printed to permit detailed comparison of homolo-

gous chromosomes and chromosome heteromorphisms
between the two sides (Overton et al. 1976; Olson et
al. 1986).

Results

Clinical Findings

The patient is a 61/2-year-old, tall, thin Italian girl,
the product of an uneventful pregnancy and delivery
to unrelated young parents with no stigmata of the
Marfan syndrome. Details ofher early history and phys-
ical findings at age 3312 have been recorded (Burgio et
al. 1988) and include marked overgrowth of the left
side of the body with limb length inequality, functional
scoliosis, high narrow palate, asymmetric left pectus
carinatum, left arachnodactyly, pes planus, and bilateral
joint laxity. Ocular findings included bilateral myopia
and unilateral (left) subluxation ofthe lens. Echocardi-
ography revealed a floppy mitral valve and aortic root
dilatation. Anthropometric measurements at initial
evaluation and currently are presented in table 1. At
age 61/2, the patient presented identical physical findings;
figure 1 illustrates the skeletal asymmetry.

Control Immunofluorescence Studies

To permit comparison with IF studies of the patient's
fibroblast cultures and skin sections, comparable studies
of a clinically normal 5-year-old girl are depicted in
figure 2.

Cell Culture lmmunofluorescence Studies

Representative photomicrographs of the fibrous ma-
terial reactive to monoclonal antibody to fibrillin and
accumulating in the 2-d fibroblast culture assay are
depicted in figure 3. Fibroblasts derived from the left
side of the body are shown in figure 3A and those from
the right side of the body in figure 3B. Cell density,
an important determinant of accumulation ofimmuno-
stainable fibrous materials, is approximately equal as
judged by visualization of nuclei with propidium iodide.
Fibroblasts derived from the right side of the body (both
arm and thigh) uniformly produced a prominent mesh-
work of immunostainable materials not distinguishable
from normal controls (e.g., see fig. 2A), whereas those
from the left side of the body uniformly exhibited a
sharp decrease of immunostainable materials compar-
able to those previously observed for Marfan syndrome
fibroblasts similarly assayed (Godfrey et al. 1990; Hol-
lister et al., submitted). These results were replicated
in at least 10 separate experiments (some ofwhich were
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Table I

Patient's Anthropometric Data

Measurement Age 33/12 Years Age 61/2Years

Height(cm) .103.6 (>97%a) 124.0 (>97%a)
Weight (kg) .13.7 (<25%a) 19.0 (<25%')
Upper-to-lower-segment ratio .95 (<2 SD) .92 (<2 SD)
Arm-span-to-height ratio 1.03 1.03
Upper limb (cm):b

Right.46.5 53.0
Left.49.0 57.0
Difference................... 2.5 4.0

Lower limb (cm):C
Right.52.5 65.0
Left.55.0 68.5
Difference.................... 2.5 3.5

Middle-finger-to-hand length (%):
Right .42.2 (<50%a) 42.2 (<50%a)
Left .47.2 (>97%a) 46.1 (>97%a)

Aortic root (mm) .26 (11-16d) 28 (12-18d)

Percentile for age.
b Acromion to tip of middle finger.
c Greater trochanter to floor.
d Normal limits by body surface area (Henry et al. 1978).

blinded) using fibroblasts derived from both the upper
arms and thighs.

Skin Immunofluorescence Studies

Photomicrographs of skin from the left and right sides
of the body, stained with monoclonal antibodies to type
III collagen and fibrillin, are shown in figures 4 and
5, respectively. Figures 4A and 5A represent the diffuse
and generalized pattern of type III collagen localiza-
tion in papillary dermis, and no differences in this bright
pattern are observed between left and right. Figures 4B
and 5B demonstrate the relative intensity of microfibril-
lar fiber staining in papillary dermis. Virtually no yel-
low staining is observed in sections from the patient's
left side (fig. 4B), whereas the staining in sections from
the right side of the body (fig. SB) is clearly present
but appears modestly diminished from normal controls
(fig. 2B). A more striking difference is observed inBthe
reticular dermis. Figure 4C shows a virtual absence of
staining in skin from the left side of the body, whereas
a prominent staining pattern associated with larger
fibrous structures is observed on the right (fig. SC).

Figure I The patient at age 61/2. A 4-cm lift is required to level
the pelvis, illustrating the length inequality of the lower limbs. Note
the length discrepancy of the upper limbs; skin biopsies of the inner

4111 aspects of the arms account for the bandages.
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Figure 2 Immunofluorescent staining of an age- and sex-matched normal control individual. Acetone-fixed fibroblast monolayers or

15-gtm skin sections were incubated with monoclonal antibodies to fibrillin, then secondary goat anti-mouse IgG conjugated to phycoerythrin
(yellow-gold color). Nuclei were visualized with propidium iodide (pink-red color). A, Visualization of microfibrillar fiber accumulation
in hyperconfluent fibroblast culture. A prominent meshwork of microfibrillar fibers is demonstrated. B, Microfibrillar fiber array in the papil-
lary dermis. Bright yellow-gold stained microfibrillar fibers extend from the dermal-epidermal junction into a complex meshwork in the
papillary dermis. Original magnification 416x.

Photoquenching experiments in which the phycoerythrin
fluorescence is abolished reveal that these larger fibrous
structures in reticular dermis contain elastic fibers iden-
tified by pale greenish autofluorescence (data not shown).

In order to determine whether masking of antigenic
sites was responsible for the decrease in dermal anti-
fibrillin staining, skin sections were digested with en-
zymes (chondroitinase ABC, hyaluronidase, or elastase)
prior to staining. In all cases the dramatic differences
in anti-fibrillin staining between left and right sides were
retained and there was no evidence of antigenic masking.

Collagen Analysis
Electrophoretic analyses of radioactively labeled fi-

broblast collagens from normal control and the patient's
right and left sides are shown in figure 6. No differ-
ences in the migration patterns or relative amounts be-

tween control and patient's al (III) chain of type III
collagen or al (I) and a2 (I) chains of type I collagen
are observed. In addition, no differences in the procol-
lagens from media and cell layer, or in collagens ob-
tained from the cell layer, were observed between con-
trol fibroblasts and fibroblasts from either right or left
sides of the patient (data not shown).

Chromosomal Analysis

Comparison of homologous chromosomes revealed
no differences in banding patterns at the level of 550
bands per haploid karyotype (Harden and Klinger 1985)
for fibroblasts derived from differing sides of the body.
Similarly, comparison of fluorescent chromosome het-
eromorphisms on chromosomes 3, 4, 13, 14, 15, 21,
and 22 demonstrated identical sets of variants for fibro-
blasts derived from both sides of the body.
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Figure 3 Immunofluorescent visualization of the fibrous materials produced, assembled, and accumulated by hyperconfluent fibroblast
cultures. Murine monoclonal antibodies against fibrillin were detected by secondary antibody, and nuclei were visualized as described in
the legend to fig. 2. A, Fibroblasts from the left side of the body, exhibiting markedly decreased microfibrillar staining. B, Fibroblasts from
the right side of the body, displaying normal amounts of in vitro microfibrils. Original magnification 312x.

Discussion

Elastin-associated microfibrils form a subgroup among
many slender fibrous or filamentous structures visual-
ized in electron micrographs of various tissues. In cross
section, microfibrils are typically 10-14 nm in diameter,
and in longitudinal section, they appear as long, ex-
tended, slightly beaded, fibrous structures, typically or-
ganized in a side-by-side fashion into bundles ofmicro-
fibrils, here referred to as microfibrillar fibers (reviews
in Cleary and Gibson 1983; Cleary 1987). Initially
identified by association with amorphous elastin profiles
(Low 1962), it is now clear that microfibrillar fibers
occur in the absence of elastin and form rod-like or
branching and arborizing networks in various tissues
(Sakai et al. 1986; Cleary 1987). In skin, for example,
microfibrillar fibers originate from elastic fibers of the
reticular and papillary dermis, form a branching net-
work, and insert into the basement membrane of the
dermal-epidermal junction. Such arrangement suggests

one functional role for microfibrils, namely, intercon-
nection of elastic fibers with other structural elements
whereby elastic recoil may be transmitted (Cotta-Pereira
et al. 1976, 1978). Microfibrillar fibers also serve as
an apparent scaffolding upon which amorphous elastin
is deposited and presumably oriented for cross-linking
during the ontogeny of elastic fiber systems (review in
Cleary 1987).
The structural components of microfibrils have been

experimentally difficult to characterize. To date, three
glycoproteins have been purified and localized to micro-
fibrils, including the 350-kD fibrillin (Hollister et al.
1985; Sakai et al. 1986), microfibrillar associated gly-
coprotein (Gibson et al. 1986), and a 35-kD protein
(Serafini-Fracassini et al. 1981); additional proteins are
currently under study (Colombatti et al. 1988; Mecham
et al. 1988).

Microfibrillar fibers are widely distributed and oc-
cur in many tissues. This distribution includes the con-
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Figure 4 Immunofluorescent staining of 15-urm skin cryosec-
tions from the left arm. Murine monoclonal antibodies against fibrillin
were detected by secondary antibody, and nuclei were visualized as
described in the legend to fig. 2. A, Section stained with monoclonal
antibody to human type III collagen, exhibiting brilliant staining of
the papillary dermis. The 15-s exposure used for all photomicro-
graphs resulted in overexposure. B, Papillary dermis stained with mono-
clonal antibody against fibrillin, showing a strikingly decreased ap-
parent accumulation of microfibrils (cf. fig. SB). C, The reticular
dermis, stained as in B, exhibiting virtually no microfibrillar fluores-
cence (cf. fig. SC). Original magnification 312x.
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Figure 5 Immunofluorescent staining of lS-m skin cryosec-
tions from the right arm. Fluors as described in the legend to fig.
2. A, Section stained with monoclonal antibody to human type III
collagen, exhibiting brilliant staining of the papillary dermis (cf. fig.
4A). B, Papillary dermis stained with monoclonal antibody against
fibrillin shows moderate accumulations of microfibrils, particularly
along the dermal-epidermal junction, with less accumulations in the
deeper portions. This relative degree of accumulation is slightly re-
duced when compared to normal control. Compare with fig. 4B.
C, Similar staining of reticular dermis displayed prominent micro-
fibrillar fluorescence associated with larger fibrous structures (cf. fig.
4C). Original magnification 312x.
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X1 (111)
Xl(l)
X2(1)

Figure 6 SDS-5% PAGE fluorogram of collagens produced
by control fibroblasts (A) and fibroblasts derived from the right arm
(B) and left arm (C) of the patient. The identities of the collagen
chains are indicated to the right. Both patient samples are equivalent
to control.

centric rings of elastin in aorta and major blood ves-

sels, pleura, dura, skin, perichondrium and periosteum;
of particular note, the ciliary zonules (suspensory liga-
ments) of the lens are composed virtually exclusively
of microfibrillar fibers without apparent associated
elastin (Raviola 1971; Streeten et al. 1983). Biomechan-
ical incompetence of microfibrils (and/or associated
elastin) within these tissues offers plausible explana-
tions for the pleiotropic manifestations of the Marfan
syndrome, as, for example, ectopia lentis or skeletal
overgrowth due to diminished functional tethering by
periosteal and perichondrial structures.
The patient studied here appears to be a remarkable

experiment of nature, with clinical findings of the
Marfan syndrome predominantly manifest on the left
side of the body. Asymmetric presentation of dominantly

inherited connective tissue disease is rare, but exam-
ples have been recorded (cited in McKusick 1972; Fryns
and van den Berghe 1986). In the present case, chimerism
has been effectively excluded by the finding of identical
HLA phenotype (Burgio et al. 1988) and chromosome
heteromorphisms in cells derived from both sides of
the body, data that strongly support the theory that
the patient's phenotype is the result of a postzygotic
mutation. The most straightforward interpretation is
that the patient is a mosaic of normal and abnormal
cells, unequally distributed between body halves. In the
absence of detectable chromosomal rearrangement in
previous studies (Burgio et al. 1988) and the present
study, the mutation appears to be subkaryotypic and
may be a structural change in one gene or a small group
of genes. Therefore, the abnormal cells are virtually
isogenic with the normal cells, and identification ofcon-
sistent differences between tissues and cells derived from
differing body sides may directly reflect the consequences
of the mutational event.
As demonstrated here, there is a striking difference

in the apparent content of microfibrillar fibers (de-
creased immunofluorescence) in papillary and reticu-
lar dermis from different sides of the body that is not
altered by maneuvers designed to detect antigenic mask-
ing. Notably, such enzymatic digestions have success-
fully detected antigenic masking of microfibrils in a pa-
tient with cutis laxa (M. Godfrey, unpublished data).
Further, the decreased apparent amounts of staining
are observed in both undigested and enzymatically
treated sections with both anti-fibrillin monoclonal an-
tibodies (known to react with different epitopes of the
antigen). These findings make antigenic masking of epi-
topes unlikely.

In addition to the marked differences in apparent
microfibrillar fiber content between sides, we observed
a modest deficiency in papillary dermis fluorescence
from the right as compared with normal control papil-
lary dermis. These findings, together with the bilateral
myopia and ligamentous laxity, suggest that absolute
partition of abnormal cells to the left side did not oc-
cur, and some degree of admixture of normal and ab-
normal cells is present on the right side. However, al-
though unlikely, it is also possible that a circulating
factor(s) which, in part, inhibits microfibrillar accumu-
lation is present in vivo and accounts for the modestly
diminished content on the right side. In contrast to the
findings for microfibrillar fibers, the apparent amount
and distribution of type III collagen is equivalent in
dermis derived from both sides of the body.

In agreement with the skin IF studies, the apparent
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accumulation of fibrous material synthesized, assem-
bled, and detectable by monoclonal antibody by hyper-
confluent fibroblasts is strikingly different in cells de-
rived from different sides of the body. In all instances,
fibroblasts from the right side (derived from either arm
or thigh) exhibited substantial accumulations of fibrous
material, whereas fibroblasts from the left side (both
arm and thigh) were markedly deficient. Unlike the skin
IF results, no intermediate accumulations of microfibrils
in fibroblast cultures from the right side were observed;
these cultures always yielded substantial accumulations
comparable to control fibroblast lines. In contrast to
the substantial differences in microfibrillar fiber accumu-
lation, the apparent amounts, mobilities, and ratios of
the chains of types I and III procollagen and collagen
produced by fibroblasts were, within experimental er-
ror, equivalent from cells derived from left and right
sides of the body.
The IF observations from the patient's left side (in

both skin and fibroblast culture) are similar to previ-
ous observations in multiple patients with classic
manifestations of the Marfan syndrome, and are there-
fore consistent with the impression of hemi-Marfan syn-
drome based on clinical phenotypic features alone, as
previously reported in earlier studies. Conversely, and
more significantly, the striking correlation of deficiency
of microfibrillar fibers on the phenotypically affected
side of the body provides further evidence that abnor-
malities in this component of the elastic fiber system
may be central to the pathogenesis and, possibly, etiol-
ogy of the Marfan syndrome. These data imply that
molecular defects of the structural glycoprotein(s) of
the microfibril are candidates for the defective gene prod-
uct(s) causing the Marfan syndrome.
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