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Fibrillins are large modular extracellular matrix proteins
that form the backbone structure of "microfibrils." Fibrillin
microfibrils are ubiquitous in the connective tissue space.
The importance of fibrillin microfibrils to specific connective
tissues is demonstrated by the phenotypic features of the
Marfan syndrome (OMIM #154700), an autosomal domi-
nant human disorder caused by mutations in FBN1.
Individuals with the Marfan syndrome display several skele-
tal features (scoliosis, chest deformities, arachnodactyly, and
tall stature) that are caused by the overgrowth of long bones.
In addition, joint hypermobility and craniofacial manifesta-
tions (highly arched palate and overcrowding of teeth) are
typical features of the Marfan syndrome. There are also car-
diovascular and ocular phenotypes in the Marfan syndrome,
consistent with the relative abundance of fibrillin microfib-
rils in the affected tissues.

Mutations in FBN2 result in a related human disorder
called Beals syndrome or congenital contractural arachn-
odactyly (OMIM +121050). In affected individuals, joint
contractures resolve with time. Resolution of this phenotype
as well as limitation of the features of this disorder to skele-
tal tissues likely reflects the expression of FBN2, which is
largely limited to fetal tissues1. During early fetal develop-
ment, FBN2 expression is more robust than FBN1 expres-
sion, but as FBN1 expression increases during fetal develop-
ment, FBN2 decreases. In later fetal tissues, both fibrillins
are abundant and equally ubiquitous. However, in postnatal
tissues, expression of FBN2 is very low, and fibrillin-2 pro-
tein is abundant only in peripheral nerves and perichondri-

um/periosteum2. Hence, congenital contractural arachn-
odactyly also reflects the relative abundance of fibrillin-2 in
the affected tissues.

From these two human disorders, it can be concluded that
fibrillin microfibrils are important regulators of skeletal
growth and joint function. It has been thought that a defect
in the periosteum/perichondrium might result in increased
bone growth3. If a defect in the architectural scaffold of the
periosteum/perichondrium could lead to a loss of restraint
on the growing bone, then fibrillin microfibrils would func-
tion primarily as a kind of structural cap or boundary, limit-
ing the growth of adjacent cells. Similarly, in the aorta or in
the ciliary zonule, defects in fibrillin microfibrils could result
in a mechanically compromised aortic wall, leading to aortic
dissection, or to a mechanically compromised suspensory
ligament, leading to dislocated lenses.

Recently, our investigations have indicated an additional
role for fibrillin microfibrils. We propose that fibrillin
microfibrils, together with associated molecules, constitute a
connective tissue pathway that functions not only as an archi-
tectural or mechanical framework to properly shape and
support the body but also as a mediator of growth factor sig-
naling4. Several lines of evidence are consistent with this pro-
posal. First, we have shown that Latent TGF‚ Binding
Proteins (LTBPs) are associated with fibrillin microfibrils
and that LTBP-1 and LTBP-4 interact directly with fibrillin5.
Through this interaction, latent complexes of TGF‚ are
properly targeted to the extracellular matrix and sequestered
or presented. In Fbn1 mutant mice, TGF‚ signaling is dys-
regulated6,7. Second, we have shown that BMP-7 interacts
directly with fibrillin and is targeted to the extracellular
matrix8. Loss of Fbn2 results in syndactyly9, which may be
caused by inappropriate targeting of BMPs to the interdigi-
tal space. Third, another human disorder, autosomal domi-
nant Weill-Marchesani syndrome, is caused by mutations in
FBN110,11. Interestingly, certain features of Weill-
Marchesani syndrome are the opposite of features found in
the Marfan syndrome. For example, instead of tall stature
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and arachnodactyly, individuals with WMS are short with
brachydactyly. Instead of joint hypermobility, joint stiffness
is a feature of WMS. We hypothesize that dysregulated BMP
or GDF signaling may contribute to WMS.

Since mutations in FBN1 can cause opposing skeletal phe-
notypes, we propose that fibrillin microfibrils must integrate
opposing signals. Growth factors, like BMPs, GDFs, and
TGF‚s, influence skeletal growth and function, and they also
influence each other. The current challenge is to understand
how a physical scaffold or architectural framework can inte-
grate opposing signals that communicate with each other
through cellular interactions.

References

1. Zhang H, Hu W, Ramirez F. Developmental expression
of fibrillin genes suggests heterogeneity of extracellular
microfibrils. J Cell Biol 1995; 129:1165-1176.

2. Charbonneau NL, Dzamba BJ, Ono RN, Keene DR,
Corson GM, Reinhardt DP, Sakai, LY. Fibrillins can
co-assemble in fibrils, but fibrillin fibril composition
displays cell-specific differences. J Biol Chem 2003;
278:2740-2749.

3. McKusick V. Heritable Disorders of Connective Tissue.
C.V. Mosby Company, St. Louis; 1972.

4. Charbonneau NL, Ono RN, Corson GM, Keene DR,
Sakai LY. Fine tuning of growth factor signals depends
on fibrillin microfibril networks. Birth Defects Res C
Embryo Today 2004; 72:37-50.

5. Isogai Z, Ono RN, Ushiro S, Keene DR, Chen Y,
Mazzieri R, Charbonneau NL, Reinhardt DP, Rifkin
DB, Sakai LY. Latent transforming growth factor b-
binding protein 1 interacts with fibrillin and is a
microfibril-associated protein. J Biol Chem 2003;
278:2750-2757.

6. Neptune ER, Frischmeyer PA, Arking DE, Myers L,
Bunton TE, Gayraud B, Ramirez F, Sakai LY, Dietz HC.
Dysregulation of TGF‚ activation contributes to patho-
genesis in Marfan syndrome. Nat Genet 2003; 33:407-411.

7. Habashi JP, Judge DP, Holm TM, Cohn RD, Loeys BL,
Cooper TK, Myers L, Klein EC, Liu G, Calvi C,
Podowski M, Neptune ER, Halushka MK, Bedja D,
Gabrielson K, Rifkin DB, Carta L, Ramirez F, Huso
DL, Dietz HC. Losartan, an AT1 antagonist, prevents
aortic aneurysm in a mouse model of Marfan syndrome.
Science 2006; 312:36-37.

8. Gregory KE, Ono RN, Charbonneau NL, Kuo C-L,
Keene DR, Bachinger HP, Sakai LY. The prodomain of
BMP-7 targets the BMP-7 complex to the extracellular
matrix. J Biol Chem 2005; 280:27970-27980.

9. Arteaga-Solis E, Gayraud B, Lee SY, Shum L, Sakai L,
Ramirez F. Regulation of limb patterning by extracellu-
lar microfibrils. J Cell Biol 2001; 154:275-281.

10. Faivre L, Gorlin RJ, Wirtz MK, Godfrey M, Dagoneau N,
Samples JR, Le Merrer M, Collod-Beroud G, Boileau
C, Munnich A, Cormier-Daire V. In frame fibrillin-1
gene deletion in autosomal dominant Weill-Marchesani
syndrome. J Med Genet 2003; 40:34-36.

11. Corson GM, Sengle G, Wirtz MK, Samples J, Hayflick
S, Sakai LY. (unpublished results).


