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Studies in the newly recognized field of 
osteoimmunology (or immunosteology) 
are flourishing, and debates concerning 
the role of T lymphocytes and IFN-γ in 
particular on bone remodeling have been 
quite confusing. IFN-γ, a major cytokine 
produced by activated T lymphocytes 
and NK cells, exemplifies the dual role of 
several cytokines on bone turnover, as it 
is capable either of activating or 
inhibiting osteoclastic bone resorption. 
In a new study by Gao et al. (1), the 
authors first confirm previous 
observations that IFN-γ dose-
dependently decreased 
osteoclastogenesis in purified spleen 
and bone marrow macrophages exposed 
to RANKL and M-CSF, indicating direct 
inhibition at the level of the osteoclast 
precursor. They go on to describe 
contrary pro-osteoclastogenic properties 
of IFN-γ, via activation of T cells and T 
cell production of RANKL and TNF-α, two 
major osteoclastogenic factors. Through 
a nice set of experiments, the authors 
conclude that T cells are critical to the 
mechanism by which IFN-γ exerts net 
stimulatory effects on bone resorption 
and bone loss.  
 

The development and differentiation of 
osteoblasts and osteoclasts is controlled by 
growth factors and cytokines produced by 
bone cells themselves, as well as by 
surrounding bone marrow cells, mostly 
monocytes and T cells (2). Bone indeed 
provides an ideal microenvironment for the 
development of hematopoietic stem cells, 
from which cells of the immune system 
derive. Crosstalk between bone and the 
immune system is now well documented, 
and a variety of cytokines are known to 
regulate osteoblast and osteoclast functions, 
which is particularly obvious when an 
immune response is triggered during 
inflammation (3;4). IL-1β was the first 
cytokine to be described as capable of 
stimulating bone resorption (5). In addition to 
its ability to directly stimulate osteoclast 
formation and activity, IL-1β is also an 
inhibitor of osteoblasts, thereby causing  
uncoupling between bone resorption and 
formation (5). Other cytokines that have 
been identified as main stimulators of bone 
resorption and/or as uncoupling agents 
include IL-6 and TNF-α (6;7). Transgenic 
animals overexpressing the soluble TNF 
receptor are protected against bone loss 
caused by OVX (7), whereas deletion of the 
IL-6 gene in mice protects them from OVX-
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induced osteoporosis, with a mechanism 
involving prevention of osteoclast activation 
(8). Additional cytokines that have now been 
identified as stimulators of bone resorption 
include IL-7, IL-11, IL-15 and IL-17 (9-11). It 
is notable that IL-7, IL-15 and IL-17 are also 
major cytokines important for the 
development, maturation, proliferation and 
activation of T cells, and that both IL-15 and 
IL-17 are pro-inflammatory cytokines 
involved in a variety of autoimmune 
diseases (12;13). In addition, activated CD4+ 
T cells are a major source of RANKL, an 
indispensable activator of osteoclasts (14). 
On the other hand, IL-4, IL-10, IL-13, IL-18, 
GM-CSF and IFN-γ are all capable of 
inhibiting bone resorption. Hence, T 
lymphocytes are key players in the process 
of local and systemic bone loss associated 
with inflammation and autoimmune 
diseases. Whether T cell-mediated 
mechanisms similar to those implicated in 
graft rejection and inflammatory reactions 
prevail during bone resorption following 
estrogen deprivation remains unclear, 
however. Some studies report that T cell-
deficient nude mice are protected against 
bone loss and the increase of bone turnover 
after estrogen withdrawal (15;16), whereas 
in other murine models of T cell-deficiency 
(such as RAG2KO and TCRαKO mice), 
analysis of bone structure by μCT indicated 
that trabecular bone loss does occur after 
OVX (16). Nevertheless, the demonstration 
that T cell-deficient nude mice eventually 
lose bone after T cell reconstitution (17) 
clearly attributes to T lymphocytes a role in 
bone resorption after estrogen withdrawal.  
 
IFN-γ has receptors on virtually all cell types, 
thereby exerting a multitude of biological 
effects. IFN-γ is the main activator of 
macrophages. Moreover, IFN-γ augments 
expression of MHC class II molecules in 
professional as well as nonprofessional 
antigen-presenting cells (APCs), mainly 
through the induction of CIITA (class II 
transactivator) (18), leading to increased T 

cell activation by a feedback amplification 
loop. Despite its activating effects on 
macrophages and T cells, IFN-γ was initially 
described as a protective bone factor, as it 
directly inhibits osteoclast formation and 
activation in vitro (19;20). However, the role 
of IFN-γ in vivo is more complex as, on one 
hand, IFN-γ decreases osteoclastic bone 
resorption in nude mice (21), i.e., in the 
absence of T cells, and on the other hand, it 
is positively correlated with bone resorption 
and bone loss in various inflammatory 
conditions in both mice and humans. 
Furthermore, administration of IFN-γ did not 
prevent bone loss in patients with 
rheumatoid arthritis (22). Could the complex 
effects of IFN-γ on bone resorption be due to 
both direct and indirect effects on 
osteoclasts?  
 
For the purpose of examining direct and 
indirect effects of IFN-γ on osteoclasts, the 
authors utilized three transgenic murine 
models: a T cell-deficient mouse (nude 
mouse), an IFN-γ null mouse (IFN-γ(-/-)) and 
a newly generated transgenic mouse 
combining a deficit in TGF-β signaling 
(CD4dnTGFβIIR) and a knockdown of IFN-γ 
(CD4dnTGFβIIR/IFN-γ(-/-)). In the first 
model, the authors confirmed that 
administration of recombinant IFN-γ had no 
effect in T cell-deficient nude mice, while it 
resulted in significant bone loss in wild type 
and T cell-replete nude mice. Hence, the 
bone resorptive effect of IFN-γ requires the 
presence of T cells. These authors 
previously reported that bone marrow levels 
of TGF-β, a major T cell homeostatic agent, 
decrease with estrogen deficiency, leading 
to uncontrolled proliferation and activation of 
T cells and thereby increasing IFN-γ 
production, a trigger for bone loss (17). In 
keeping with these findings, the present 
study shows that bone loss after OVX was 
markedly reduced in IFN-γ(-/-) mice 
compared to wild type animals. In this 
experiment, however, neither spine BMD nor 
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trabecular BV/TV at the distal femur were 
significantly higher in OVX IFN-γ(-/-) mice 
compared to OVX WT mice, because 
baseline BMD is reduced in IFN-γ(-/-) mice 
compared to WT mice. In contrast to OVX 
mice, bone loss occurred normally in IFN-γ(-
/-) mice when LPS was injected. LPS in this 
case leads to an increase in the activity of 
APCs that is IFN-γ-independent, but Toll-like 
receptor-dependent. In turn, APCs activate 
T cells via their enhanced MHC class II 
expression, as explained above, mimicking 
the mechanisms of bone resorption 
observed in inflammatory diseases. On one 
hand, the experiments indicate that the 
upstream mechanisms of T cell activation 
may differ between OVX- and inflammation-
induced bone loss. On the other, the results 
suggest that OVX IFN-γ(-/-) mice could be 
protected against bone loss because APCs 
are not activated in the absence of IFN-γ.  
 
At this stage, the ultimate demonstration of 
the crucial role of APCs on bone loss would 
require OVX experiments in MHC class II-
deficient mice or other models of APC 
deficiency (23). Instead, the authors 
performed a somewhat redundant third set 
of experiments to evaluate the role of the T 
cell activator (TGF-β)-effector (IFNγ) system 
on the skeleton. In this system, 
CD4dnTGFβIIR mice represent a model of 
increased T cell activation and proliferation 
(by lack of TGF-β, as seen in estrogen-
deficiency, see above) and TGFβ/IFN-γ 

double-deficient mice (CD4dnTGFβIIR/IFN-
γ(-/-)) a model of T cell activation blockade 
(by inhibition of the APC-dependent loop of 
T cell amplification). Accordingly, 
CD4dnTGFβIIR mice had a low bone mass 
phenotype compared to WT animals, with a 
failure to accumulate spine BMD between 8 
and 16 weeks of age, which was partially 
rescued in CD4dnTGFβIIR/IFN-γ(-/-) mice. 
The latter was accompanied by a net 
decrease in T cell activation and 
proliferation, itself subordinated to a 

significant decrease in macrophage activity 
and capacity to present antigen, as 
expected. Finally, transfer of T cells from 
CD4dnTGFβIIR and CD4dnTGFβIIR/IFN-γ(-
/-) mice into nude mice both resulted in 
higher bone loss compared to transferred 
WT T cells, confirming that spontaneously 
activated T cells are a trigger for bone 
resorption. Therefore, the authors conclude 
that T cells are critical to the mechanism by 
which IFN-γ exerts net stimulatory effects on 
bone resorption and bone loss.  
 
In conclusion, what is the role of T cells, and 
of IFN-γ in particular, on bone turnover? 
First, there is no doubt that activated T cells, 
as seen during inflammation, are central to 
osteoclast activation and bone loss, mainly 
through RANKL production, which does not 
necessarily require IFN-γ. Second, T cell 
activation follows estrogen deficiency, 
increasing the production of IFN-γ, whose 
predominant effect is to activate 
osteoclastogenesis and bone loss through T 
cell amplification and RANKL production. 
This overcomes direct inhibitory effects of 
IFN-γ on osteoclast activation. Whether T 
cell-dependent mechanisms predominate or 
modulate direct osteoclast activation by 
estrogen deficiency remains somewhat 
unclear. In another circumstance, inhibition 
of osteoclastogenesis by IFN-γ could be the 
predominant mechanism of action of this 
cytokine under physiological conditions of 
bone turnover, such as bone modeling and 
remodeling during growth, explaining why 
BMD and/or trabecular bone density are 
actually lower (rather than higher) in nude 
mice and IFN-γ(-/-) mice compared to WT 
animals. Altogether, these observations 
suggest different thresholds for dual effects 
of IFN-γ on osteoclasts and T cells. Nothing 
is simple with cytokines.  
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