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“Since IL‑6 is recognized as an osteotropic cytokine contributing to bone formation 
and resorption, it clearly could also play an important role in the altered bone 

remodeling associated with RA.”
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IL-6 is a critical cytokine for inflammatory bone loss in 
rheumatoid arthritis

Among the cytokines implicated in inf lam-
matory bone loss, most attention has focused 
on TNF-a but the acquisition of neutralizing 
antibodies that target the IL-6 receptor (IL-6R) 
has focused new interest on the potential roles 
of IL-6.

Rheumatoid arthritis (RA) is characterized by 
persistent synovitis and joint destruction. Within 
5 years, up to 50% of patients will have joint 
damage, which contributes to irreversible func-
tional disability [1]. RA is also associated with 
systemic osteoporosis and increased bone fragil-
ity. The increased fracture risk is more promi-
nent at the hip and spine and is associated with 
RA severity, disease duration and glucocorticoid 
use [2].

Ultimately, the disordered dynamics of 
osteoclast and osteoblast numbers and func-
tion dictate inflammation-induced bone loss 
in RA. Osteoclastogenesis, which is fueled by 
receptor activator for nuclear factor-kB ligand 
(RANKL), IL- 6, TNF-a and IL-17 (among 
other cytokines), leads to increased osteoclast 
numbers and bone destruction. Osteoclasts that 
are located both at the synovial–bone inter-
face and within the bone marrow adjacent to 
inflamed synovium are responsible for focal bone 
erosions [3,4]. At the same time, the capacity of 
osteoblasts to form properly mineralized bone 
is compromised at these sites, contributing to a 
net bone loss [5].

IL-6 is a member of a cytokine family that 
shares the same receptor subunit, gp130, in 
their transmembrane receptor complex. The 
cell-specific effects of IL-6 are controlled by 
selective expression of the membrane-bound 
IL-6R on certain cell types. When IL-6 interacts 
with cell-anchored IL-6Rs, it forms a receptor 
complex that contains gp130 homodimers, thus 
activating the JAK/STAT signaling pathway [6]. 
Of special interest to arthritis pathophysiology, 

IL-6 also exerts many effects via a pivotal ‘trans-
signaling’ mechanism, whereby soluble IL-6 
receptor (sIL-6R) complexes interact directly 
with cell-bound gp130 [7–9].

Relative to other proinflammatory cytokines, 
IL-6 and sIL-6R are expressed abundantly in 
synovial membrane, joint fluids and serum of 
patients with RA, contributing both to pannus 
development and local and systemic manifesta-
tions of synovitis [10]. Importantly, IL-6 levels 
in the synovial fluid correlate with the severity 
of joint damage and the number of erosions in 
RA patients [11]. Since IL-6 is recognized as an 
osteotropic cytokine contributing to bone forma-
tion and resorption, it clearly could also play an 
important role in the altered bone remodeling 
associated with RA.

Effect of IL‑6 in vitro
In vitro studies show that IL-6 trans-signal-
ing promotes osteoclastogenesis by increas-
ing RANKL expression in osteoblasts and 
T cells [12,13], this effect is dependent on the 
JAK/STAT-3 signaling pathway [14]. IL-6 trans-
signaling also increases RANKL expression by 
synovial fibroblasts to support osteoclastogen-
esis in the inflamed joint. Of note, however, 
under some circumstances IL-6 can actually 
inhibit osteoclastogenesis from human CD14+ 
precursors in vitro, diverting them to a mac-
rophage differentiation fate [15]. The in vitro 
action of IL-6 on osteoblasts is also controver-
sial. Osteoblasts are among the cells that express 
the IL-6R but the low level of IL-6R expression 
is limiting and sIL-6R is critical for IL-6 to act 
on osteo blasts [16]. IL-6 promotes osteoblast dif-
ferentiation via the activation of the JAK/STAT 
pathway [17] and increases the release of pro-
osteoblastic cytokines in the bone microenviron-
ment [18]. However, IL-6 has also been shown 
to inhibit osteoblast precursor cell proliferation 

KEYWORDS: bone erosions n IL‑6 n osteoblasts n osteoclasts n rheumatoid arthritis



Int. J. Clin. Rheumatol. (2010) 5(6)610 future science group

IL-6 is a critical cytokine for inflammatory bone loss in rheumatoid arthritis EditorialEditorial Le Goff, Romas & Walsh

and induce apoptosis at the late stage of the dif-
ferentiation process [16,19]. Therefore, the precise 
effects of IL-6 on osteo blasts are complex and 
dependent on the stage of cellular differentiation.

Effect of IL‑6 in vivo
Animal models highlight the deleterious effect 
of IL-6 on bone. Transgenic mice over expressing 
IL-6 show increased bone turnover with reduced 
osteoblast and increased osteoclast numbers, 
resulting in osteopenia [20]. Conversely, although 
mice lacking IL-6 do not exhibit any bone pheno-
type, these mice are partially protected from 
ovariectomy-induced osteoporosis, suggesting 
that IL-6 contributes to estrogen-induced bone 
loss [21]. If administered at the time of arthri-
tis induction, anti-IL-6R antibody abolishes 
the inflammatory response in a mice collagen-
induced arthritis model but not if given later in 
the disease process [22]. The critical function of 
IL-6 was shown in antigen-induced arthritis, 
which was less severe in IL-6-deficient mice, 
with reduced inflammation, fewer osteoclasts 
and bone erosions [23]. Finally, intra-articular 
injection of soluble gp130 (which blocks IL-6 
trans-signaling) at the time of antigen-induced 
arthritis induction was sufficient to inhibit 
inflammation and joint destruction [24].

“…in the context of TNF‑a‑driven 
inflammation, IL‑6 could exert a direct effect 
on osteoclastogenesis, which is independent 

of inflammation.”

Animal models have also elucidated interac-
tions between TNF-a and IL-6. As TNF-a 
induces IL-6 production by stromal and 
osteo blastic cells, the bone protective effect 
of IL-6 blockade could be related to a direct 
effect on bone cells or reduced inflammation. 
Interestingly, TNF-a-dependent synovitis in the 
human TNF-a transgenic mice is not blocked 
by anti-IL-6R treatment but this treatment is 
able to reduce bone erosion. This result indi-
cates that, in the context of TNF-a-driven 
inflammation, IL-6 could exert a direct effect 
on osteoclastogenesis, which is independent of 
inflammation [25].

Clinical studies
Clinicians now have access to tocilizumab, a 
humanized monoclonal antibody targeting the 
IL-6R and recent publications have demonstrated 
its efficacy in RA [26]. Only the Study of Active 
Controlled Monotherapy Used for Rheumatoid 
Arthritis, an IL-6 Inhibitor (SAMURAI) has 

evaluated radiographic progression as a pri-
mary outcome of IL-6R blockade. In this study, 
patients with RA (<5 years) who failed disease-
modifying antirheumatic drug (DMARD) treat-
ment were treated with tocilizimab monotherapy 
versus standard DMARD. At 52 weeks, patients 
treated with tocilizimab showed less radio-
graphic progression (mean Sharp score change: 
2.3; 95% CI: 1.5–3.2) than the DMARD 
group (mean Sharp score change: 6.1; 95% CI: 
4.2–8.0; p < 0.01). In this study, tocilizumab 
was more effective in reducing radio logical pro-
gression in patients presenting with risk factors 
for rapid progression than in low-risk patients 
[27]. Garnero et al. recently reported that in 
the Pivotal Trial in Methotrexate Inadequate 
Responders (OPTION) study, in which tocili-
zumab was added to methotrexate in patients 
who failed to respond to methotrexate therapy 
alone, tocilizimab was able to significantly reduce 
the serum bone degradation marker CTX-I com-
pared with the placebo [28]. These preliminary 
data provide support the bone-sparing effects of 
IL-6 blockade in RA. However, further studies 
are needed to confirm a potential beneficial effect 
of tocilizumab on systemic bone loss.

Emerging therapy
On the clinical horizon, drugs that target the 
JAK/STAT signal transduction pathway offer a 
new approach for the treatment of inflammatory 
bone loss. A JAK-3 selective inhibitor [29,30] and, 
more recently, a JAK-1/2 selective inhibitor [31] 
(which potentially targets IL-6 activity) exhibit 
promising results in both preclinical and clini-
cal studies. The effect of this class of drugs on 
focal and systemic bone loss associated with RA 
warrants further investigation in both animal 
models and human RA.

Conclusion & future perspective
While IL-6 is a pre-eminent cytokine associated 
with bone loss in RA, the direct effects of IL-6 
on bone cells in the context of arthritis need to 
be precisely determined. Targeting IL-6 trans-
signaling or the JAK/STAT signaling pathway 
subserving the IL-6R is a rational strategy to 
address inflammatory bone loss in RA, espe-
cially for patients who are refractory to TNF 
inhibition. Studies that compare TNF inhibition 
head-to-head with IL-6 inhibition will inform 
the relative efficacy of these two anti cytokine 
strategies. Finally, prospective studies of the 
long-term effects of IL-6 blockade in RA are 
essential to confirm beneficial effects on focal 
and systemic bone loss.
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