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Introduction

Osteoporosis is a prevalent metabolic bone disorder characterized by
reduced bone mass and structural deterioration, leading to increased fracture
risk. It predominantly affects postmenopausal women due to the sharp
decline in estrogen levels, which accelerates bone resorption. Identifying
biomarkers that can predict the development and progression of osteoporosis
is critical for early diagnosis and targeted therapeutic interventions. Among
the numerous candidate genes, the osteoprotegerin gene has emerged as
a potential biomarker due to its pivotal role in regulating bone metabolism.
Osteoprotegerin, a glycoprotein encoded by the TNFRSF11B gene, functions
as a decoy receptor for the receptor activator of nuclear factor kappa-Xligand.
RANKL is a critical mediator of osteoclast differentiation and activation,
promoting bone resorption [1]. By binding to RANKL, OPG inhibits its
interaction with the receptor activator of nuclear factor kappa-X(RANK) on
osteoclast precursors, thereby suppressing osteoclast genesis and reducing
bone resorption. This regulatory axis—comprising OPG, RANKL, and RANK—
is a key determinant of bone remodeling and homeostasis. Disruptions in this
system, often mediated by genetic variations in the OPG gene, can lead to
imbalances in bone resorption and formation, contributing to osteoporosis
development.

Postmenopausal osteoporosis is primarily driven by hormonal changes,
particularly estrogen deficiency, which enhances RANKL expression and
reduces OPG production. This shift favours osteoclast activity, leading
to increased bone turnover and net bone loss. Genetic factors also play a
significant role in determining individual susceptibility to osteoporosis, and the
OPG gene has been extensively studied in this context. Polymorphisms in the
OPG gene have bheen associated with variations in bone mineral density, a
key clinical indicator of bone strength and fracture risk. For instance, single
nucleotide polymorphisms in the promoter region or coding sequence of the
OPG gene can influence its expression levels or functional activity, thereby
modulating bone remodeling processes. Several studies have highlighted
the potential of OPG as a biomarker for predicting osteoporosis risk in
postmenopausal women. In genetic association studies, specific SNPs in the
OPG gene, such as rs2073618 and rs3102735, have been linked to lower
BMD and increased fracture risk. These findings suggest that individuals
carrying certain genetic variants may have a predisposition to altered
OPG expression or function, leading to imbalances in bone remodeling.
Furthermore, circulating levels of OPG in serum have been investigated as a
biomarker for bone turnover and osteoporosis risk. Elevated OPG levels are
often interpreted as a compensatory response to increased bone resorption;
however, the relationship between serum OPG concentrations and BMD
remains complex and influenced by various factors, including age, hormonal
status, and comorbidities [2].

Description

The utility of the OPG gene as a biomarker extends beyond risk
prediction to include its potential role in monitoring treatment response.
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Antiresorptive therapies, such as bisphosphonates and denosumab, target
the RANKL-OPG-RANK pathway to reduce osteoclast activity and bone
resorption. Genetic variations in the OPG gene may influence individual
responses to these treatments, highlighting the importance of personalized
medicine in osteoporosis management. For example, individuals with certain
OPG polymorphisms may exhibit differential responses to denosumab, a
monoclonal antibody that mimics OPG by binding to RANKL. Understanding
these genetic influences can help optimize treatment strategies and improve
patient outcomes. In addition to its role in bone metabolism, OPG has been
implicated in vascular calcification and cardiovascular health, conditions that
often co-occur with osteoporosis in postmenopausal women. This dual role
underscores the complexity of the OPG system and its potential as a biomarker
for systemic health. The interplay between bone and vascular health, mediated
in part by the OPG-RANKL-RANK axis, highlights the need for an integrated
approach to understanding and managing osteoporosis and its associated
comorbidities [3].

Despite the promising evidence supporting the OPG gene as a biomarker
for osteoporosis, several challenges remain. The heterogeneity of study
populations, differences in study design, and variations in genetic analysis
methods have contributed to inconsistencies in the findings. Additionally,
the multifactorial nature of osteoporosis, influenced by genetic, hormonal,
environmental, and lifestyle factors, complicates the interpretation of genetic
associations. To address these challenges, large-scale, multi-ethnic cohort
studies are needed to validate the role of OPG gene polymorphisms and
serum levels as reliable biomarkers for osteoporosis, Emerging technologies,
such as genome-wide association studies and next-generation sequencing,
offer powerful tools for identifying novel genetic variants and elucidating
the complex genetic architecture of osteoporosis. These approaches can
complement traditional candidate gene studies by providing a comprehensive
view of the genetic factors influencing bone health [4]. Integrating genetic
data with clinical, biochemical, and imaging parameters will enhance our
understanding of osteoporosis pathophysiology and improve risk stratification.

The development of biomarker-based diagnostic tools for osteoporosis
has significant clinical implications. Early identification of individuals at high
risk for fracture can facilitate timely intervention, reducing the burden of
osteoporosis-related morbidity and mortality. For postmenopausal women,
who are disproportionately affected by osteoporosis, such tools can empower
personalized prevention and treatment strategies, improving quality of life and
reducing healthcare costs [5].

Conclusion

The OPG gene holds promise as a hiomarker for osteoporosis in
postmenopausal women due to its central role in bone remodeling and its
association with BMD and fracture risk. Genetic variations in the OPG gene,
along with circulating OPG levels, provide valuable insights into individual
susceptibility to osteoporosis and potential treatment responses. However,
further research is needed to address the existing challenges and fully realize
the potential of OPG as a biomarker. Advances in genetic and biomarker
research, combined with personalized medicine approaches, will pave the
way for improved diagnosis, prevention, and management of osteoporosis in
postmenopausal women.
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