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heterogeneous both in structure and function, and many are the sites
of mutations causing genetic diseases. For example, the type IV collagen found in basement membranes is composed of three α chains
synthesized from any of six different genes. Mutations in any of the six
genes can cause Alport’s syndrome.
Fibrillin Aggregates and Elastin In addition to tensile strength, many
tissues such as the lung, large blood vessels, and ligaments require
elasticity. The elasticity was originally ascribed to an amorphous
rubber-like protein named elastin. Subsequent analyses, largely sparked
by discoveries of mutations causing the Marfan’s syndrome (MFS),
demonstrated that the elasticity resided in thin fibrils composed primarily of large glycoproteins named fibrillins. The fibrillins contain
large numbers of epidermal growth factor–like domains interspersed
with characteristic cysteine-rich domains that are also found in latent
transforming growth factor β (TGF-β) binding proteins. The fibrillins
assemble into long beadlike strands that also contain numerous other
components including small and variable amounts of elastin, bone
morphogenic proteins (BMPs), and microfibril-associated glycoproteins (MAGPs). The principles whereby the fibrils provide elasticity to
tissue and their biosynthetic assembly are still under investigation. As
well as contributing to extracellular matrix structure, the fibrillins play
a major role in TGF-β signaling.
Proteoglycans The resiliency to compression of connective tissues
such as cartilage or the aorta is largely explained by the presence of proteoglycans. Proteoglycans are composed of a core protein to which are
attached a large series of negatively charged polymers of disaccharides
(largely chondroitin sulfates). At least 30 proteoglycans have been identified. They vary in their binding to collagens and other components
of matrix, but specific functions have not been assigned to most. The
major proteoglycan of cartilage, called aggrecan, has a core protein of
2000 amino acids that is decorated with about 100 side chains of chondroitin sulfate and keratin sulfate. The core protein, in turn, binds to
long chains of the polymeric disaccharide hyaluronan to form proteoglycan aggregates, one of the largest soluble macromolecular structures
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in nature. Because of its highly negative charge and extended structure,
the proteoglycan aggregate binds large amounts of water and small ions
to distend the three-dimensional arcade of collagen fibers found in the
same tissues. It thereby makes the cartilage resilient to pressure.

SPECIFIC DISORDERS
OSTEOGENESIS IMPERFECTA (OI)
The central feature of OI is a severe decrease in bone mass that makes
bones brittle. The disorder is frequently associated with blue sclerae,
dental abnormalities (dentinogenesis imperfecta), progressive hearing
loss, and a positive family history. Most patients have mutations in one
of the two genes coding for type I collagen.
Classification OI was originally classified into two subtypes of congenita and tarda depending on the age of onset of the symptoms. Sillence
suggested a series of subtypes based on clinical and radiologic findings
and mode of inheritance. As with the other disorders discussed here,
the description of rare recessive forms of OI and discovery of mutations in new genes have opened a debate as to whether the disorders
should be classified by the clinical phenotypes or by the genes at fault.
For the near term, the classification based on the clinical presentations
seems the most useful (Table 427-2).
Type I is the mildest subtype and can produce either mild or no
apparent deformities of the skeleton. Most patients have distinctly
blue sclerae. Type II produces bone so brittle that it is lethal in utero
or shortly after birth; it can be subclassified into types IIA, IIB, and
IIC, depending on radiologic findings. Of the nonlethal forms, type III
is progressively deforming with moderate to severe bone deformity,
and type IV (common variable OI with normal sclerae) has mild to
moderate bone fragility.
The classifications of patients by types of OI do not consistently
predict the clinical course of the disease. Some patients appear normal
at birth and become progressively worse; others have multiple fractures
in infancy and childhood, improve after puberty, and fracture more
frequently later in life. Women are particularly prone to fracture during
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Figure 427-1 Schematic summary of biosynthesis of fibrillar collagens. (Modified and reproduced with permission from J Myllyharju,
KI Kivirikko: Trends in Genetics 20:33, 2004.)
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