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Okayama University research: Study links signalling protein to osteoarthritis 

  
(Okayama,29 February) Researchers show that the protein CCN4 positively regulates the 
generation of cartilage matrix, which are depleted in osteoarthritis. 

 

Osteoarthritis is the most common musculoskeleton disease. It is caused by the loss of 
articular cartilage and subchondral tissue, which causes pain, stiffness and a loss of mobility 
in joints. Adult cartilage does not readily regenerate, and the disease is often treated by 
implantation of patient-derived ‘chondrocyte cells’ – the cells that make up cartilage. As a 
result, the mechanisms behind the differentiation of stem cells into chondrocytes have 
attracted a great deal of interest. Researchers at Okayama University Graduate School of 
Medicine and colleagues now report, “For the first time, we showed that CCN4 exerts a 
positive effect on [transforming growth factor beta 3] TGF-β3-induced chondrogenesis by 
modulating TGF-β3 binding to the surface of [human bone marrow stromal cells ] hBMSCs 
and enhancing its downstream signalling.”  

 

The CCN family includes 6 proteins some of which have known links to the generation of 
bone and cartilage but so far the role of CCN4 in chondrogenesis has been unclear. In the 
current study, Yuya Yoshioka, Mitsuaki Ono and colleagues at Okayama University Graduate 
School of Medicine, Japan, and the National Institutes of Health in Maryland, US, 
investigated hBMSCs that either over- or under-expressed the CCN4. By analysing 
micromass cultures of the hBMSCs, they found that cells overexpressing CCN4, led to 
enhanced TGF-β3-induced processes that produce cartilage. Where CCN4 was knocked out 
these processes were inhibited. 

 

They also investigated cartilage repair in both wild-type and Ccn4 knock out mice after a 
surgical knee injury. Cartilage repair was significantly greater in the wild type mouse. The 
results make progress in understanding the cellular mechanisms in cartilage repair that may 
contribute to new treatments and improved clinical outcomes. 
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Background 
Cartilage in the musculoskeleton 
The cells in healthy articular cartilage are all the same type – chondrocytes, which are 
formed from by the differentiation of mesenchyme cells in the process of chondrogenesis. 
Chondrocytes synthesize the components of the cartilage extracellular matrix.  

 

Fetal skeletons are largely cartilaginous until ossification replaces them with bone. However 
the joints remain cartilaginous.  Cartilage is not readily repaired in adults, and injury or 
trauma, overloading through obesity or simply aging can all result in degeneration and 
depletion of articular cartilage and subchondral bone leading to osteoarthritis.  

 

CCN proteins 
The CCN4 protein belongs to a family of CCN proteins that have a unique modular structure 
of four distinct functional domains, which allows them to interact with a range of other 
proteins, cell membrane receptors and extracellular matrix components. They are known to 
regulate several cell functions, including adhesion, migration, proliferation, and 
differentiation both in vitro and in vivo. 

 

Previous work has already demonstrated the roles of CCN2 in chondrogenesis through the 
proteins BMP-2, FGF-2, and IGF, as well as CCN4 in osteoblast differentiation through BMP-2. 
High expression of CCN4 is also reported for osteoarthritic mice models and human patients. 
To investigate the effect of the CCN4 in the current study, hBMSCs were transfected with 
adenovirus that expresses CCN4 to overexpress the gene and hBMSCs cultured in a medium 
with RNAiMax and SiRNA to knock down CCN4 expression.  

The researchers note that CCN4 alone in vitro does not have osteo-chondrogenesis 
functions, suggesting that other proteins may intermediate CCN4 interactions with growth 
factors. Further work is needed to clarify these mechanisms. 
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Figure Caption 
The effect of CCN4 on the chondrogenic differentiation of hBMSCs in vitro. Twenty eight 
days after chondrogenic induction, histological analysis of hBMSC micromass cultures was 
performed for detection of glycosaminoglycans with safranin O staining, or type II collagen 
alpha 1 by immunohistochemistry. Micromass cultures with adCCN4-transduced (CCN4 
overexpressed, left) shows intense immunostaining for collagen type II. In contrast 
chondrocyte-like cells were nearly absent, and ACAN and COL2A1 transcript levels were also 
significantly down-regulated in siCCN4-transduced (CCN4 knock down, right) hBMSCs 
micromasses. 
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Further information 
Okayama University 
1-1-1 Tsushima-naka , Kita-ku , Okayama 700-8530, Japan 
Public Relations and Information Strategy 
E-mail: www-adm@adm.okayama-u.ac.jp 
Website: http://www.okayama-u.ac.jp/index_e.html 
Okayama Univ. e-Bulletin: http://www.okayama-u.ac.jp/user/kouhou/ebulletin/ 
Okayama Univ. e-Bulletin (PDF Issues): http://www.okayama-
u.ac.jp/en/tp/cooperation/ebulletin.html 
About Okayama University (You Tube): 
https://www.youtube.com/watch?v=iDL1coqPRYI 
Okayama University Image Movie (You Tube):  
https://www.youtube.com/watch?v=_WnbJVk2elA 
https://www.youtube.com/watch?v=KU3hOIXS5kk 
 

 
Okayama University Medical Research Updates （OU-MRU） 
Vol.1：Innovative non-invasive ‘liquid biopsy’ method to capture circulating tumor cells 
from blood samples for genetic testing 
Vol.2：Ensuring a cool recovery from cardiac arrest 
Vol.3：Organ regeneration research leaps forward 
Vol.4：Cardiac mechanosensitive integrator 
Vol.5：Cell injections get to the heart of congenital defects 
Vol.6：Fourth key molecule identified in bone development 
Vol.7：Anticancer virus solution provides an alternative to surgery 
Vol.8：Light-responsive dye stimulates sight in genetically blind patients 
Vol.9：Diabetes drug helps towards immunity against cancer 
Vol.10：Enzyme-inhibitors treat drug-resistant epilepsy 
Vol.11：Compound-protein combination shows promise for arthritis treatment 
Vol.12：Molecular features of the circadian clock system in fruit flies 
Vol.13：Peptide directs artificial tissue growth 
Vol.14：Simplified boron compound may treat brain tumours 
Vol.15：Metamaterial absorbers for infrared inspection technologies 
Vol.16：Epigenetics research traces how crickets restore lost limbs 
Vol.17：Cell research shows pathway for suppressing hepatitis B virus 
Vol.18：Therapeutic protein targets liver disease 
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About Okayama University 

Okayama University is one of the largest 
comprehensive universities in Japan with 
roots going back to the Medical Training 
Place sponsored by the Lord of Okayama 
and established in 1870. Now with 1,300 
faculty and 14,000 students, the University 
offers courses in specialties ranging from 
medicine and pharmacy to humanities 
and physical sciences. Okayama 
University is located in the heart of Japan 
approximately 3 hours west of Tokyo by 
Shinkansen. 


