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１.Topic in Research Achievements in the Year 2006 
1. Intra-articular gene transfer of cyclin-dependent kinase inhibitors (CDKI) to suppress 
synovial cell cycling has shown efficacy in treating animal models of rheumatoid arthritis 
(RA). CDKIs also modulate immune function via a CDKindependent pathway. 
Accordingly, systemic administration of small molecules that inhibit CDK might 
ameliorate arthritis. In order to address this issue, alvocidib (flavopiridol), known to be 
tolerated clinically for treating cancers, and also a newly synthesized CDK4/6-selective 
inhibitor were tested for anti-arthritic effects. In vitro, they inhibited proliferation of 
human and mouse synovial fibroblasts without inducing apoptosis. In vivo, treatment of 
collagen-induced arthritis (CIA) mice with alvocidib suppressed synovial hyperplasia 
and joint destruction while serum concentrations of anti- type II collagen (CII) antibodies 
and proliferative responses to CII were maintained. Treatment was effective even when 
therapeutically administered. Treated mice developed arthritis after termination of 
treatment. Thus, immune responses to CII were unimpaired. Similarly, the 
CDK4/6-selective inhibitor suppressed CIA. Both small molecule (sm) CDK inhibitors 
were effective in treating animal models of RA not by suppressing lymphocyte function. 
We believe that smCDK inhibitors hold promise as a new class of anti-rheumatic drugs 
that inhibit a distinct phase of rheumatoid pathogenesis. 
 
2. Increased bone resorption mediated by osteoclasts causes various diseases such as 
osteoporosis and bone erosion in rheumatoid arthritis (RA). Osteoclasts are derived 
from monocyte/macrophage lineage, however, the precise origin remains unclear. In 
this study, we show that purified CD16− human peripheral blood monocyte subset, but 
not CD16+ monocyte subset, differentiated into osteoclast by stimulation with receptor 
activator of NF-κB ligand (RANKL) in combination with M-CSF. Integrin β3 mRNA and 
αvβ3 heterodimer were only expressed on CD16− monocytes, when they were 
stimulated with RANKL + M-CSF. Downregulation of β3 subunit expression by small 
interfering RNA targeting β3 abrogated osteoclastogenesis from CD16− monocyte 
subset. In contrast, CD16+ monocyte subset expressed larger amounts of TNF-α and 
IL-6 than CD16− subset, which was further enhanced by RANKL stimulation. 
Examination of RA synovial tissue showed accumulation of both CD16+ and CD16− 
macrophages. Our results suggest that peripheral blood monocytes consist of two 
functionally heterogeneous subsets with distinct response to RANKL. Osteoclasts seem 
to originate from CD16− monocytes, and integrin β3 is necessary for the 
osteoclastogenesis. Thus, blockade of accumulation and activation of CD16− 
monocytes could be a beneficial approach as an anti-bone resorptive therapy, 
especially for RA. 
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