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ABOUT THE STUDY

Osteoprotegerin (OPG) is a key regulator in bone metabolism, 
primarily known for its role in inhibiting osteoclastogenesis by 
acting as a decoy receptor for the Receptor Activator of Nuclear 
factor Kappa-Β Ligand (RANKL). However, recent research has 
unveiled additional roles of OPG in modulating the immune 
system and influencing the bone microenvironment beyond its 
traditional function.

The bone microenvironment is a complex network of cells and 
signaling molecules that regulate bone homeostasis, repair, and 
remodeling. Central to this regulation is the dynamic interplay 
between osteoblasts, which promote bone formation, and 
osteoclasts, which mediate bone resorption. Osteoprotegerin 
(OPG), a member of the Tumor Necrosis Factor (TNF) receptor 
superfamily, has long been recognized for its role in inhibiting 
osteoclast differentiation and activity by binding to RANKL, 
thus preventing its interaction with its receptor, RANK, on 
osteoclast precursor cells. However, emerging evidence suggests 
that OPG also exerts immune-modulatory effects on the bone 
microenvironment, influencing the activity of various immune 
cells and cytokines.

OPG and immune cell interactions

Beyond its canonical role in osteoclast regulation, OPG interacts 
with various immune cells within the bone microenvironment, 
thereby modulating immune responses. Macrophages, dendritic 
cells, and T cells express OPG and RANKL, allowing for 
intricate cross-talk between bone metabolism and the immune 
system. OPG has been shown to regulate the differentiation and 
function of macrophages and dendritic cells, impacting their 
cytokine production and antigen presentation capabilities. 
Moreover, OPG influences T cell activation and differentiation, 
thereby shaping the adaptive immune response within bone 
tissues [1,2].

Cytokine modulation by OPG

In addition to its direct effects on immune cells, OPG regulates 
cytokine production within the bone microenvironment, further 
influencing immune responses and bone homeostasis. OPG has 
been shown to inhibit the production of pro-inflammatory 
cytokines such as Tumor Necrosis Factor-alpha (TNF-α), 
Interleukin-1 (IL-1), and Interleukin-6 (IL-6), thereby dampening 
inflammation and osteoclastogenesis [3]. Conversely, OPG 
enhances the production of anti-inflammatory cytokines such as 
Interleukin-10 (IL-10) and Transforming Growth Factor-beta 
(TGF-β), promoting an immunosuppressive microenvironment 
conducive to bone repair and remodeling [4].

Adaptive immune modulation by OPG

Recent studies have highlighted the role of OPG in modulating 
the adaptive immune response within the bone 
microenvironment. OPG has been shown to regulate the 
differentiation and function of regulatory T cells (Tregs), which 
play a crucial role in maintaining immune tolerance and 
preventing autoimmunity. Additionally, OPG influences the 
balance between T helper 17 (Th17) cells and Tregs, thereby 
shaping the immune milieu within bone tissues. Dysregulation of 
this balance has been implicated in various bone-related diseases, 
including rheumatoid arthritis and osteoporosis [5,6].

Clinical implications and therapeutic potential

Understanding the immune-modulatory effects of OPG on the 
bone microenvironment has significant clinical implications for 
the treatment of bone-related diseases. Targeting OPG signaling 
pathways may offer novel therapeutic strategies for conditions 
characterized by dysregulated bone remodeling and immune 
dysfunction, such as osteoporosis, rheumatoid arthritis, and 
bone metastasis [7,8]. Pharmacological agents that mimic or 
enhance the effects of OPG could help restore immune 
homeostasis within bone tissues and promote bone regeneration 
[9]. Furthermore, therapies targeting OPG-RANKL signaling axis 
have shown promising results in preclinical studies and clinical
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trials, highlighting the therapeutic potential of OPG modulation 
in bone diseases [10].

Osteoprotegerin plays a multifaceted role in regulating immune 
responses within the bone microenvironment, beyond its 
traditional function in osteoclast inhibition [11]. By interacting 
with immune cells, modulating cytokine production, and 
influencing adaptive immune responses, OPG contributes to 
the maintenance of bone homeostasis and repair [12].
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