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Commentary

Advances in Osteocyte Biology: Master Regulators of Bone Remodeling

David Johnson”

Department of Biomedical Sciences, University of California, Los Angeles, California, USA.

ABOVE THE STUDY

For decades, osteocytes were regarded as relatively passive cells
embedded within the mineralized bone matrix, with limited
functional significance compared to osteoblasts and osteoclasts.
This view has dramatically changed. Advances in bone biology
have established osteocytes as central orchestrators of bone
remodeling, acting as master regulators that integrate
mechanical, hormonal, and metabolic signals. In my view, the
growing understanding of osteocyte biology represents one of the
most significant paradigm shifts in skeletal research, with
profound implications for both basic science and clinical
practice.

Osteocytes, derived from osteoblasts, constitute over 90% of all
bone cells and reside within lacunae interconnected by an
extensive network of canaliculi. This unique architecture allows
them to function as mechanosensors, detecting mechanical
strain and translating it into biochemical signals that regulate
bone formation and resorption. When mechanical loading
increases, osteocytes promote bone formation by stimulating
osteoblast activity. Conversely, reduced mechanical stimuli such
as in immobilization or microgravity lead to increased bone
resorption. This ability to sense and respond to physical forces
underscores the osteocyte’s pivotal role in maintaining skeletal
integrity.

A key molecular mediator of osteocyte function is sclerostin, a
protein encoded by the SOST gene. Sclerostin acts as a negative
regulator of bone formation by inhibiting the Wnt/B-catenin
signaling pathway, which is essential for osteoblast
differentiation and activity. Mechanical loading suppresses
sclerostin expression, thereby enhancing bone formation, while
unloading increases its expression, contributing to bone loss.
The discovery of sclerostin has not only deepened our
understanding of osteocyte biology but also led to the
development of targeted therapies, such as sclerostin inhibitors,
which have shown efficacy in treating osteoporosis.

Osteocytes also play a crucial role in regulating osteoclast activity
through the production of Receptor Activator of Nuclear Factor
Kappa-B Ligand (RANKL). Although osteoblasts were initially
thought to be the primary source of RANKL, it is now clear that

osteocytes are major contributors, particularly in conditions of
increased bone turnover. By controlling the balance between
RANKL and its Decoy Receptor Osteoprotegerin (OPG),
osteocytes influence osteoclast differentiation and bone
resorption. This positions them as key regulators of the bone
remodeling cycle.

Beyond their local effects, osteocytes have systemic functions
that extend to mineral metabolism. They produce Fibroblast
Growth Factor 23 (FGF23), a hormone that regulates phosphate
homeostasis and vitamin D metabolism by acting on the
kidneys. Dysregulation of osteocyte-derived FGF23 is implicated
in disorders such as Chronic Kidney Disease-Mineral and Bone
Disorder (CKD-MBD), highlighting the endocrine role of

osteocytes in maintaining systemic mineral balance.

Recent advances in imaging and molecular biology have further
expanded our understanding of osteocyte heterogeneity and
function. High-resolution imaging techniques have revealed
dynamic changes in the osteocyte lacuno-canalicular network,
while single-cell analyses are uncovering distinct osteocyte
subpopulations with specialized roles. These findings challenge
the notion of osteocytes as a uniform cell type and suggest a
more complex and adaptable system.

Osteocyte dysfunction has been linked to a wide range of skeletal
disorders. Aging, for example, is associated with reduced
osteocyte viability, impaired mechanosensitivity, and increased
oxidative stress, all of which contribute to bone fragility.
Similarly, conditions such as diabetes and glucocorticoid-
induced osteoporosis disrupt osteocyte function, leading to
altered bone remodeling and increased fracture risk.
Understanding these pathological changes is essential for
developing targeted interventions.

therapeutic perspective, osteocytes offer several
promising targets. In addition to sclerostin inhibition, strategies
aimed at enhancing osteocyte  survival, improving
mechanotransduction, or modulating signaling pathways such as
Wnt and RANKL are being actively explored. Advances in
biomaterials and drug delivery systems may also enable targeted
modulation of osteocyte function, improving the efficacy and

safety of treatments.
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In conclusion, osteocytes have emerged as master regulators of
bone remodeling, integrating mechanical, biochemical, and
systemic signals to maintain skeletal health. Their central role in
both local and systemic processes makes them critical targets for
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future research and therapy. As our understanding of osteocyte
biology continues to evolve, it is likely to drive the development
of more precise and effective strategies for preventing and
treating bone diseases.
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