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Editorial

Cartilage Is Held Together by
Elastic Carbohydrate Strings.
Implications in Osteoarthrosis 

Clefts, fissures, and erosions all indicate that something is
breaking down in osteoarthritic (OA) cartilage. But what is
the initial event that leads to cartilage failure? Vast resources
have been invested in the study of proteins and proteases in
the quest for the basic defect, without the hoped-for payoff1.
New techniques, however, have allowed visualization of
other macromolecules, disclosing a vista of intriguing sim-
plicity.

Scott and Stockwell2, using electron microscopy, atomic
force spectroscopy3, and rheo-nuclear magnetic resonance
(NMR)4, raise fundamental questions about structure/func-
tion relationships between proteoglycans and collagen in
cartilage, and how the shape of tissues such as cartilage is
preserved or may fail in OA. The shape of connective tissue
extracellular matrices is maintained by collagen fibrils held
in place by decoran proteoglycans, so-called because they
“decorate” collagen fibrils at regular ~60 nm intervals.
Decoran proteoglycans are ubiquitous in corneal stroma,
skin, intervertebral discs, and even in remote primitive ani-
mals such as echinoderms, suggesting a fundamental role
throughout animal evolution. They were proposed to be tis-
sue organizers, holding collagen fibrils at characteristic sep-
arations and in register, determining the intrinsic geometry
of extracellular matrices and hence the shape of the organ-
ism. This vital role was confirmed when cells from an elec-
tively aborted fetus that were unable to express decoran
were found to be incapable of forming normal extracellular
matrix5.

Although this “shape module” system ensures that basic
building blocks are correctly positioned to produce recog-
nizable tissue, there must be built-in elasticity. In 2005 the
polysaccharide of decoran, dermochondan sulfate, was
proved directly by atomic force spectroscopy3 on single
molecules to have elastic sugar units (i.e., iduronic acid),
and a further mechanism based on a sliding filament model
also provides reversible deformability, as shown in vitro by
rheo-NMR4.

Therefore, extracellular matrices (and through them the
whole organism) are held together by elastic carbohydrate
strings. Until very recently it was not clear that this applied

to cartilages. Now, using ultrastructural techniques that
were successful with tendons, etc., articular and nasal sep-
tal cartilages are seen to contain shape modules like those in
all other extracellular matrices. Moreover, by analyzing the
expected behavior of shape modules under compressive and
tensile stresses, it is possible to account for the anisotropic
(elasticity differing in directions at right angles) behavior of
articular cartilage under these stresses2.

For the first time, a physiological framework for the
elastic behavior of cartilage is available based on findings
at the molecular level. Cartilage is tendon-like in the sense
that it has similar elastic interfibrillar proteoglycan bridges
in similar amounts at similar specific binding sites on the
fibrils, with the addition of expansile aggrecan-rich reser-
voirs of aqueous shock-absorber fluid2. Indeed, tendon
expresses aggrecan when under constant pressure, as in rab-
bit “knee joints.” Cartilage, like all other extracellular
matrices, is thus seen to be constructed on a fundamental
shape modular pattern, modified and developed to meet
specific physiological and local requirements2.

Rupture or loss of interfibrillar ties would allow expan-
sile proteoglycan to force the matrix apart, increasing
swelling and fissuring, which are characteristic manifesta-
tions of OA. The occurrence of clefts parallel to the fibrils
in OA cartilages implies that relevant interfibrillar shape
module bridges have been disrupted. It is also apparent that
cleavage or disappearance of these bridges removes the
cohesion between fibrils, which prevents passive swelling
of the cartilage matrix driven by the expansile properties of
aggrecan and decoran. The increased hydration of OA car-
tilage and its capacity to swell in isotonic solutions, charac-
teristics that are not shared by normal cartilage, is thus
accounted for by failure of the interfibrillar carbohydrate
strings (Figure 1).

This new understanding of cartilage structure/function
and its dependence on decoran interfibrillar bridges pro-
vides a new etiological framework for OA. What is it that
disrupts these bridges? Is it enzymatic [J. Sandy showed
that cathepsin D attacks decoran (personal communication
cited in2)], free radical, metabolic, genetic — or mechanical
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— breakdown due to occupational overload? Or just avoir-
dupois and old age? High physiological use in athletics does
not seem to induce OA6, but there is increasing evidence
that continued overload results in OA7-9, providing opportu-
nities for primary prevention. 

JOHN E. SCOTT, DSc,
Professor, Chemical Morphology, 
Medical School, Stopford Building, 
University of Manchester,
Manchester M13 9PL, UK;
RICHARD D. WIGLEY, MD,
240 Park Road, 
Palmerston North, 
New Zealand.

REFERENCES
1. Loeser RF. Molecular mechanisms of cartilage destruction:

Mechanics, inflammatory mediators, and aging collide. Arthritis
Rheum 2006;54:1357-60.

2. Scott JE, Stockwell RA. Cartilage elasticity resides in shape
module decoran and aggrecan sumps of damping fluid: implications
in osteoarthrosis. J Physiol 2006;574:643-50. Epub 2006 Mar 31.

3. Haverkamp R, Williams MW, Scott JE. Stretching single molecules
of connective tissue glycans to characterise their shape-maintaining
elasticity. Biomacromolecules 2005;6:1816-8. 

4. Fischer E, Callaghan P, Heatley F, Scott JE. Shear flow affects
secondary and tertiary structures in hyaluronan solution as shown
by rheo-NMR. J Mol Struct 2002;602-3:303-11.

5. Scott JE, Dyne KM, Thomlinson AM, et al. Human cells unable to
express decoron produced disorganized extracellular matrix lacking
“shape modules” (interfibrillar proteoglycan bridges). Exp Cell Res
1998;243:59-66.

6. Sutton AJ, Muir KR, Mockett S, Fentem P. A case control study to
investigate the relation between low and moderate levels of
physical activity and osteoarthritis of the knee using data collected
as part of the Allied Dunbar National Fitness Study. Ann Rheum
Dis 2001;60:756-64.

7. Coggon D, Kellingray S, Inskip H, Croft P, Campbell L, Cooper C.
Osteoarthritis of the hip and occupational lifting. Am J Epidemiol
1998;147:523-8.

8. McMillan G, Nichols L. Osteoarthritis and meniscus disorders of
the knee as occupational diseases of miners. Occup Environ Med
2005;62:567-75.

9. Tsujita J, Kido M, Fukuda T. Deformity of the fingers among
women workers at a papermaking mill. Japanese J Indust Health
1989;31:70-6.

Figure 1. Predicted responses of cartilage shape modules to compressive mechanical stress, and postulated effect
in OA cartilage. Collagen fibrils (vertical black lines) are linked by antiparallel decoran polysaccharide bridges
(zigzag lines) attached noncovalently via protein cores (closed circles) to the fibrils. Crimps and bends in the fib-
rils are shown (arrows). Under pressure, the pericellular aggrecan-rich reservoir (the territory) of aqueous fluid
loses water into the shape modules of the interterritory against elastic resistance. The compressed aggrecan
domains exert swelling pressure, sucking water back from the shape modules, helped by the decoran bridge elas-
ticity, which ensures that the tissue organization stays intact. In OA cartilage (right) the decoran bridges between
the fibrils are postulated to be disrupted or lost, depriving the tissue of reversible deformability and permitting
swelling, increased water content, softening, and fissuring (see Scott JE, Stockwell RA2).
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