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FACTOR α-MEDIATED INHIBITION OF BONE FORMATION
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Background Local destruction of cartilage and bone of joints 
followed by systemic osteopenia characterise rheumatoid 
arthritis (RA). Proinfl ammatory cytokines like interleukin 
β (ILβ) and tumour necrosis factor α (TNFα) known to acti-
vate all major mitogen-activated protein kinases (MAPKs; 

extracellular signal-regulated kinases (ERKs), c-Jun-N-terminal 
kinases (JNKs) and p38) are key players in RA. Using human 
tumour necrosis factor transgenic (hTNFtg) mice as a model 
for infl ammatory arthritis, we have already characterised the 
role of JNK1 and p38α in regulating TNFα-induced arthritis. 
We now investigate the role of the ERK-activated kinase ribo-
somal S6 protein kinase 2 (RSK2).
Material and methods hTNFtg mice lacking RSK2 
(hTNFtg;rsk2-/y) were generated. The effects of RSK2 inac-
tivation on the development of clinical signs of arthritis (body 
weight loss, paw swelling and grip strength) were analysed. 
Local infl ammation, cartilage and bone loss as well as oste-
oclast numbers were quantifed by histomorphometry of the 
paws. Systemic bone loss was analysed by micro-CT of tibia, 
dynamic bone histomorphometry, quantifi cation markers 
for bone turnover, quantitative PCRs for bone formation and 
resorption markers. In vitro osteoclast differentiation was per-
formed to compare the response of osteoclast progenitors to 
TNFα.
Results Earlier onset of arthritis and worsening of clinical 
signs of arthritis indicated a sensitisation to TNF-induced 
arthritis in the hTNFtg;rsk2-/y mice. We confi rmed the diag-
nosis histologically by showing increased synovitis, cartilage 
and bone destruction as well as increased osteoclast numbers 
in the infl amed joints. Cartilage destruction was associated 
with lower collagen 2 expression, a chondrocyte marker, and 
higher levels of matrix metalloproteinase 13, a cartilage degrad-
ing enzyme. A drastically reduced bone mass in the absence 
of RSK2 was found by micro-CT and by histomorphometry, 
demonstrating a quasi-absence of trabecular bone and a strik-
ing decrease in cortical bone. Increased osteoclast numbers 
per bone surface and an almost absence of osteoblasts (the 
bone forming cells) characterised the phenotype. However, no 
intrinsic osteoclast differentiation defect in response to mac-
rophage colony-stimulating factor and RANKL or to TNFα 
was observed. Decreased levels of circulating osteocalcin, a 
marker for bone formation, and dynamic histomorphometry 
confi rmed the almost absence of bone formation. Quantitative 
PCRs revealed decreased expression levels of genes essential 
for osteoblast differentiation such as osterix or characterising 
osteoblast activity like collagen 1 and osteocalcin in the long 
bones of hTNFtg;rsk2-/y mice.
Conclusion In addition to exerting a protective effect against 
local joint destruction, the ERK-activated RSK2 kinase appears 
to oppose the local bone destructive effect of TNFα by protect-
ing bone formation by osteoblasts. These observations open 
new perspectives for the development of small molecules tar-
geting ERK-RSK2 for regenerative treatment of infl ammatory 
arthritis.
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