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Editorial

A potential osteoporosis target in the FAS ligand/FAS pathway of 
osteoblast to osteoclast signaling
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One of the pivotal factors in the health and maintenance 
of dense bone is the coordinated activity of osteoblasts and 
osteoclasts. Research scientists are developing an enormous 
knowledge base about the signaling that occurs between 
these two cell types with the goal of understanding the 
bone microenvironment under normal as well as resorptive 
disease states. This knowledge base has already led to the 
development of successful therapies for osteoporosis. The 
monoclonal antibody to receptor activator of nuclear factor-
κB ligand (RANKL), known as Prolia® (denosumab), is a 
recent example (1). RANKL is a cytokine expressed on the 
surface of the osteoblast in response to bone resorption 
cues like 1α,25-dihydroxyvitamin D3, parathyroid hormone 
(PTH), prostaglandin E2 (PGE2), and interleukin 11 (IL-
11) (2). A second cytokine, macrophage colony-stimulating 
factor (M-CSF), is released by the osteoblast on a continual 
basis with both cytokines promoting differentiation of 
osteoclast precursors. The osteoclast precursors express 
receptors for the two cytokines, c-Fms (M-CSF receptor) 
and RANK (RANKL receptor). Another ligand for c-Fms 
is IL-34, expressed primarily by splenic red pulp, which 
appears to act in concert with M-CSF and RANKL 
(3,4). Osteoblasts express a third factor which is a soluble 
tumor necrosis factor (TNF) receptor family member, 
osteoprotegrin (OPG), that serves as a “decoy” receptor 
for RANKL and thereby blocks RANKL-RANK binding 
to inhibit osteoclastogenesis (2). A construct of OPG in 
which the heparin-binding and death homology domains 
are removed and the remaining peptide is fused to the Fc 
domain of the human immunoglobulin G1 (IgG1) is used 
for experimental therapeutic purposes. The resulting fusion 
protein construct is called OPG-Fc, and it neutralizes 
RANKL (5). In a study of ovariectomized (OVX) rats, the 

combined use of OPG-Fc and alendronate (a commonly 
used bisphosphonate) significantly increased the mechanical 
strength properties of femurs and lumbar vertebrae bodies 
compared to treatment with either OPG-Fc or alendronate 
alone (6). 

Osteoblasts also produce factors encoded by a gene 
family collectively called the Wnt gene family. The family 
received its name from a combination of the names for two 
homologous genes from other organisms: Wg (the wingless 
gene in Drosophila) and int-1 (the integration-1 gene in 
mouse) (7). Wnt5a binds to 2 different osteoclast precursor 
receptor complexes. The binding of one of those complexes, 
Frizzled and low density lipoprotein receptor-related 
protein 5/6 (LRP5/6), by Wnt5a acts through β-catenin 
to produce needed signaling for osteoblastogenesis and 
osteoclastogenesis (2,8). The osteoblastogenesis branch 
of Wnt5a signaling is negatively regulated by a product 
of the osteoblast, the glycoprotein Dickkopf-1 (DKK1). 
DKK1 also activates osteoclast formation. An antibody to 
DKK1 (BHQ880) increased osteoblast activity and reduced 
myeloma bone disease in a mouse model (9). 

Wnt5a binding to the other complex, Frizzled and 
receptor tyrosine kinase-like orphan receptor 2 (Ror2), 
appears to increase RANK expression in osteoclasts, 
sensitizing them to RANKL (10). Several studies suggest 
that Wnt5a signaling is associated with inflammatory 
joint conditions as well as pathologic bone resorption 
(10-12). Although not produced by the osteoblast, 
sclerostin is a factor that influences the Wnt signaling 
pathway, favoring increased bone resorption by binding 
to LRP5/6. Sclerostin is expressed by mineralized 
hypertrophic chondrocytes, cementocytes, and osteocytes. 
Two monoclonal antibodies to sclerostin, blosozumab 
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and romosozumab, effectively increase bone density. 
Romosozumab is currently in five different Phase III 
clinical trials, four in postmenopausal, osteoporotic 
women and one in male osteoporosis patients (13).

A further level of complexity exists in osteoblast to 
osteoclast precursor signaling through the expression 
and action of osteoblast semaphorins. Semaphorin 3A 
(Sema3A) binds to a receptor complex on the precursor 
comprised of neurophilin-1 (Nrp1) and Plexin-A1 
to inhibit osteoclast differentiation (14). A study by 
Takayanagi revealed that administration of recombinant 
Sema3A to ovariectomized, osteoporotic mice increased 
bone volume and regeneration (14). Thus Sema3A is 
considered an anabolic factor in bone, suggesting the 
potential for its investigation as a therapeutic. Other 
members of  the semaphorin family,  Sema6C/6D, 
are osteoblast transmembrane proteins that bind to 
a receptor complex on the osteoclast precursor to 
stimulate immunoreceptor tyrosine-based activation 
motifs (ITAMs), thereby enhancing RANK signaling and 
osteoclastogenesis (15).

Recently Wang et al. (a group of authors from across 
the world including departments of The Fourth Military 
Medical University in China, INSERM in France, and 
the School of Dental Medicine at the University of 
Pennsylvania in the United States) published a remarkable 
work that carefully elucidates a pathway in the osteoblast-
osteoclast axis, that of FAS ligand/FAS (16). It is well 
understood that FAS ligand (FASL) is a transmembrane 
protein that binds to its death receptor, FAS, on target 
cells to trigger the extrinsic apoptosis pathway in the target 
cell. This is true of many cell types and is critical for many 
phenomena, including immune cell regulation as well as 
cancer cell progression (17-19). Wang’s publication in Cell 
Death and Differentiation on March 6th, 2015 was not the 
first to investigate this pathway in osteoblasts. Studies to 
characterize the osteoprotective effects of estrogen revealed 
that estrogen increases FASL expression in osteoblasts, 
resulting in increased osteoclast precursor apoptosis (20).  
More details emerged in a later study showing that 
estrogen, acting through estrogen receptor alpha (ERα), 
induced MMP3 cleavage of FASL in osteoblasts, thus 
releasing soluble FASL to bind to FAS receptors of 
osteoclast precursors. The resulting FASL-FAS interaction 
explains the mechanism of reduced osteoclast number in 
the presence of estrogen (21). The importance of Wang’s 
work includes the elaboration of the paracrine pathway in 
which FASL from osteoblasts affects bone mass in health 

and disease (16), increasing our understanding of bone 
homeostasis and potentially representing a therapeutic 
target in post-menopausal osteoporosis. 

Wang and colleagues constructed mice that expressed 
FASL in every tissue except osteoblasts. To achieve this mice 
with conditional FASL knockout alleles (cKO) were crossed 
to transgenic mice in which the Cre recombinase gene had 
been inserted at the FASL locus under the control of the 
SP7 promoter and only expressed in osteoblasts. The adult 
cKO mice were confirmed to have an osteoblast-specific 
FASL deficiency. These mice had an increased number 
of osteoclasts as well as increased osteoclast function. 
Osteoclast function was assessed through micro-CT scan 
as well as von Kossa staining. Decreased bone mineral 
density and bone volume to total volume ratio occurred 
as determined by micro-CT scan of femurs. Decreased 
trabeculation occurred as measured by histomorphometric 
ana lyses  of  von Kossa-s ta ined femurs  (16) .  The 
experimenters went an additional step to show that OVX, 
osteoporotic mice had decreased FASL expression. The 
mechanism appeared to be through the interferon gamma- 
(IFN-γ-) and TNF-α-activated nuclear factor-kappa B 
(NF-κB) pathway. This was confirmed by administering 
neutralizing antibodies to either IFN-γ or TNF-α. 
In the OVX animals which received the neutralizing 
antibodies, osteoblast FASL expression was restored and 
the osteoporotic phenotype was markedly reduced. Another 
layer of the experimenters’ research involved the findings 
that OVX FASL cKO mice had even greater bone loss than 
OVX mice. Further, the RANKL and OPG levels remained 
constant in OVX FASL cKOs. The authors put forward the 
interpretation that RANKL/OPG functions in regulation 
of osteoclast differentiation whereas FASL/FAS functions 
in the disposal of osteoclasts that are mature. The authors 
concluded that the FASL/FAS signaling from osteoblast 
to osteoclast is important during normal bone remodeling 
and during OVX-induced osteoporosis. The authors feel 
that these findings raise hope for investigations toward a 
potential therapeutic intervention in which a synchronous 
modification of the interaction between these two cell 
types takes center stage. Wang’s group hints at introducing 
monoclonal antibodies that target pro-inflammatory IFN-γ 
or TNF-α in order to increase osteoblastic FASL expression 
and hence rescue impaired bone formation (16). 

The trend toward specifically blocking members 
of  s ignal  transduction pathways in bone through 
inhibitory monoclonal antibodies has arisen because 
current established osteoporosis treatments are known 
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to be accompanied by side effects: the bisphosphonates 
can be accompanied by osteonecrosis of the jaw and 
subtrochanteric femur fractures (22,23). Raloxifene (a 
selective estrogen receptor modulator) and strontium 
ranelate are associated with thromboembolic disease, and 
both teriparatide and PTH 1-84 can produce the side effects 
of hypercalcemia, nausea, and diarrhea (22,23). In spite of 
the recent advances with monoclonal antibody treatments, 
namely denosumab, unwanted peripheral effects are still 
produced from their usage. Denosumab administration can 
be associated with osteonecrosis of the jaw, hypocalcemia, 
hypersensitivity, and atypical femoral fracture (24,25). 
Consequently, it is imperative to pursue new therapies 
beyond the existing ones (existing combination therapies 
included). 

As Wang’s group intimated, IFN-γ  and TNF-α 
neutralizing antibodies may be the next monoclonal 
development project for bone. IFN-γ is an antiviral protein 
synthesized by many somatic cells to regulate the immune 
response (26). Likewise, TNF-α plays a vital role in the 
immune system through regulation of immune cells, 
involvement in the acute phase reaction, and inhibition 
of tumorigenesis (27). Specific delivery of neutralizing 
antibodies to the osteoblast would be needed to prevent 
potentially devastating effects to immune system function. 
Wang’s work did not address whether the OVX mice 
that received the neutralizing antibodies were challenged 
immunologically; however, those parameters were not the 
focus of the Wang group study. Anti-TNF-α and anti-
IL-6 antibodies delivered to joints of rheumatoid arthritis 
patients have been effective at decreasing bone resorption 
and inflammation in the confines of a diseased joint (28). 
It is a different scenario to administer pro-inflammatory 
cytokine antibodies on a skeletal system-wide scale. 

Parallel limitations also exist for targeting FAS or FASL 
directly. Previous attempts to target the FAS/FASL system 
in mice with systemic treatments utilizing antibodies to 
FAS or to FASL met with fibrosis, hepato-toxicity, and 
pulmonary inflammation (29,30). The Wang group study 
focused on increasing FASL expression from osteoblasts 
to act upon osteoclast precursor FAS to initiate apoptosis 
and rescue the osteoporotic phenotype. The picture is 
more complicated because both FAS and FASL are each 
expressed on osteoblasts and osteoclasts in response to 
cytokines. Plus the expression levels of FAS and FASL in 
these two cell types fluctuate with the different stages of 
both osteoblast and osteoclast differentiation. Considering 
these details, inhibition of FAS on osteoblasts would be 

another theoretical target. To avoid systemic problems, 
targeting FAS and/or FASL could involve a couple of 
approaches. Kovacic et al. suggest ex vivo tweaking of 
osteoblast, osteoclast, or osteoblast/osteoclast progenitor 
FAS expression. Another approach would be targeting 
osteoblast- or osteoclast-specific intracellular signaling 
molecules downstream of FAS (31).

T h e  s u c c e s s f u l  t r e a t m e n t  a n d  p r e v e n t i o n  o f 
osteoporosis, like many other diseases, requires the 
patient to work with health professionals to eliminate 
underlying pathologies and deficiencies as well as 
limit risk factors. The patient must be compliant in 
modifying harmful lifestyle habits like smoking and 
excessive alcohol use. Tackling this disease entity requires 
adherence to a balanced diet that is sufficient in all the 
nutrients, especially calcium, vitamin D, and protein (32).  
A commitment to appropriate levels of weight-bearing 
exercise and adjustments for hormonal deficiencies 
are also a must. Depending on the specific patient, the 
multi-faceted approach to treatment and prevention 
may very well additionally include pharmacological 
intervention to right the imbalanced molecular factors 
that have upset bone homeostasis. Fortunately in today’s 
practice of personalized medicine, physicians and their 
patients have valuable genomic tools to determine not 
just individual genetic predisposition to disease but 
increasingly to determine probability of ineffective or 
adverse drug response (33,34). Consequently, not only are 
pharmacological approaches becoming more specific for 
their molecular targets, but they can be more specifically 
tailored for variations in the individual patient as well. 
These approaches coupled with the application of new 
insights from cell biology-based research should translate 
into improved patient care. As further details of the 
molecular interworkings of osteoblasts and osteoclasts 
are uncovered like those brought to light by Wang and 
colleagues, it becomes more realistic to envision a future 
in which osteoporosis can be managed or even eliminated 
without detrimental side effects. 
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