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Will o’ the wisp: CCN4 as a novel molecular target
in osteoarthritis
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Abstract Osteoarthritis (OA), or degenerative arthritis, is
characterized by mechanical stress-induced changes in
cartilage and bone. OA is a leading cause of chronic
disability in North America and Europe. A recent study
written by Blom and colleagues (Arthritis and Rheumatism
2009; 60:501–12) showed that elevated wnt signaling was
observed in experimental OA as well as in patient samples.
The authors found that the known wnt target WISP-1
(CCN4) was also overexpressed; CCN4 was sufficient to
recapitulate an OA phenotype in vitro and in vivo,
suggesting that CCN4 may be a novel target for drug
intervention in OA. This commentary summarizes these
exciting findings.
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The years 2000–2010 were declared the Bone and Joint
Decade. This global initiative was intended to improve the
lives of people with musculoskeletal disorders, and to
advance understanding and treatment of musculoskeletal
disorders through prevention, education and research.
Musculoskeletal disorders, the most common causes of
severe long-term pain and physical disability, affect
hundreds of millions of people across the world. Musculo-
skeletal disorders include arthritis which is inflammation of
one or more joints, which results in pain, swelling, stiffness,
and limited movement. Osteoarthritis (OA), the most
common arthritic disease in the world and the leading
cause of disability in the United States especially among the
elderly, affects at least 27 million persons afflicted with OA
in the United States, costing the economy approximately

$60 billion annually (Elders 2000; Lawrence et al. 2008).
By 2020, the overall cost of OA is anticipated to amount to
nearly $100 billion dollars including increased spending on
diagnosis andtherapy, side-effect prevention and lost earnings
(Oliviero et al. 2010). In total, it is estimated that
approximately 40% of adults aged over 70 suffer from OA
of the knee, with the vast majority of these suffering from
limitation in movement and a significant subset showing
impaired ability to conduct their daily business (Oliviero et
al. 2010).

The principal method of treating OA is to address pain
through taking nonsteroidal anti-inflammatory drugs
(NSAIDs) (Altman and Barkin 2009). The limited function
observed with OA can be improved with a wide variety of
rehabilitative interventions including joint specific exercises,
improved physical fitness and weight loss. However, if
ultimately the entire joint becomes severely degenerated,
surgical treatment is required (Lützner et al. 2009).

The molecular basis of OA involves cartilage erosion and
synovial inflammation, including the presence of cytokines
such as tumor necrosis factor-α and interleukin-1-β and
matrix degrading metalloproteinases (MMPs) (Burrage and
Brinckerhoff 2007). Characterizing the pathophysiological
events responsible for OA is therefore essential to identi-
fying appropriate targets for drug therapy in OA.

Recently, evidence has been provided that the wnt family
of proteins may plays a key role in OA (Blom et al. 2010).
Members of the wnt/frizzled pathway have been shown to
be upregulated in cells of OA patients (Ijiri et al. 2002;
Nakamura et al. 2005). The CCN family of matricellular
proteins are known wnt targets; three of these (CCN4-6)
were initially identified based on the fact they were wnt-
inducible secreted proteins (Pennica et al. 1998; Si et al.
2006; Chen et al. 2007; Chen and Leask 2009; Lemaire et
al. 2010). Of the CCN family members, especially strong
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evidence links CCN4 (WISP-1) to bone remodeling. For
example, CCN4 promotes BMP-2-mediated osteoblast
differentiation, is induced during fracture repair and
promotes mesenchymal cell proliferation and osteoblastic
differentiation while repressing chondrocytic differentiation
(French et al. 2004). CCN4 appears to act by stimulating
Smad 1/5/8 phosphorylation and activation via integrin
alpha5beta1 (Ono et al. 2010), a known receptor for the
CCN proteins (Lin et al. 2003; Chen et al. 2004; Hoshijima
et al. 2006; Gao and Brigstock 2006).

A recent study (Blom et al. 2009) showed that Wnt-16
and Wnt-2B and their target CCN4/WISP-1 was strongly
increased in the synovium and cartilage of mice with
experimental OA. Increased CCN4 expression was also
found in human OA cartilage and synovium. Significantly,
recombinant CCN4 was able to elicit the release of MMPs
and aggrecanase from macrophages and chondrocytes, in a
fashion that did not rely in interleukin-1. Moreover, when
CCN4 was delivered to mouse joints using an adenovirus,
elevated MMP and aggrecanase expression resulted, and
cartilage damage was observed.

These data indicate that CCN4 may be sufficient to cause
OA in humans, and that CCN4 may in the future prove to be
an appropriate target for drug intervention in OA.
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