Pharmacology

Yan, J Cell Mol Pharmacol 2025, 9:1

Journal of Cellular and Molecular

Expert Review Open Access

Senolytics: A Promising Path to Aging and Disease Treatment

Yan Sun*

Department of Physical Medicine and Rehabilitation, Central Hospital of Guangzhou Medical University, Guangzhou, China

Introduction

The pursuit of healthier aging has become a major focus in medical
research, with the goal of not only extending lifespan but also improving
the quality of life in later years. One of the most exciting advancements
in this field is the development of senolytics — a class of drugs designed
to selectively eliminate senescent cells. These cells accumulate over time
and contribute to aging, chronic inflammation [1], and the development
of age-related diseases. Senolytics have the potential to revolutionize
the way we approach aging and age-related disorders by targeting and
removing these dysfunctional cells. This article explores the concept of
senolytics, their mechanisms, applications, and the potential they hold
for treating a range of diseases.

What Are Senolytics?

Senolytics are small molecules or compounds that specifically
target and induce the death of senescent cells, which are cells that have
lost their ability to divide and function properly but do not die off as
they should. Senescence is a natural cellular process that occurs in
response to various stressors such as DNA damage, oxidative stress [2],
or telomere shortening. While senescence is important for preventing
cancer by halting the proliferation of damaged cells, the accumulation
of senescent cells over time contributes to aging and the onset of various
age-related diseases, including Alzheimer’s, cardiovascular diseases,
osteoarthritis, and diabetes.

Senolytics selectively eliminate these senescent cells, reducing their
negative impact on tissue function. The concept behind this therapeutic
approach is to rejuvenate tissues, slow down the aging process, and
potentially prevent or treat age-related diseases.

Mechanisms of Action

Senolytics work by targeting the unique survival mechanisms of
senescent cells. Senescent cells resist apoptosis (programmed cell death)
and have a set of molecular adaptations that allow them to persist and
accumulate in tissues [3]. They also secrete inflammatory cytokines and
growth factors, a phenomenon known as the senescence-associated
secretory phenotype (SASP), which can lead to chronic inflammation
and tissue dysfunction.

Senolytic drugs target specific pathways that senescent cells rely
on to avoid death. Several key mechanisms through which senolytics
operate include:

Targeting Anti-apoptotic Pathways: Many senescent cells rely on
anti-apoptotic proteins such as BCL-2 and BCL-xL to resist programmed
cell death. Senolytic drugs, such as dasatinib and quercetin, inhibit
these proteins, thereby triggering apoptosis in senescent cells.

Inhibiting the senescence survival network: Senescent cells
activate various survival pathways to prevent their death. Senolytics
aim to block these pathways, thereby tipping the balance toward cell
death. For example, certain compounds disrupt the mTOR pathway,
which is involved in the survival of senescent cells [4].

Modulating the immune system: Some senolytic drugs work by
enhancing the immune system’s ability to target and eliminate senescent
cells. Natural killer cells and macrophages play a key role in clearing
senescent cells, and certain therapies can stimulate these immune cells
to increase their effectiveness.

Applications of Senolytics

The potential applications of senolytic therapies are vast and far-
reaching. By targeting the root cause of age-related diseases—senescent
cell accumulation—senolytics could offer a transformative approach to
aging and the prevention of chronic diseases.

Alzheimer’s disease and neurodegeneration: Senescence is
thought to contribute to the development of neurodegenerative
diseases such as Alzheimer’s and Parkinson’s. Senescent cells in the
brain may promote neuroinflammation and disrupt neuronal function.
By eliminating these cells, senolytic drugs could potentially slow
down or reverse cognitive decline [5], improving the quality of life for
individuals with Alzheimer’s and other neurodegenerative disorders.

Cardiovascular diseases: As people age, senescent cells accumulate
in blood vessels, contributing to the stiffening of the arteries, reduced
blood flow, and increased risk of heart disease. Senolytic therapies
could improve vascular health, reduce inflammation, and prevent the
progression of conditions like atherosclerosis and hypertension.

Osteoarthritis: Senescent cells accumulate in joint tissues, where
they secrete inflammatory molecules that contribute to the degradation
of cartilage and the onset of osteoarthritis. Senolytics could reduce
inflammation and promote tissue repair [6], potentially slowing or
reversing the symptoms of osteoarthritis and improving joint function.

Cancer prevention: While senescence prevents the proliferation of
damaged cells, the accumulation of senescent cells in tissues can lead to
inflammation that promotes cancer development. By eliminating these
cells, senolytics could help reduce the risk of developing certain types
of cancer.

Diabetes and metabolic disorders: Senescent cells in pancreatic
tissues can impair insulin production, leading to metabolic disorders
like diabetes. Senolytics have the potential to improve insulin sensitivity
and glucose metabolism by clearing senescent cells from the pancreas.
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General aging: By removing senescent cells from tissues
throughout the body, senolytic drugs could help slow down the general
aging process, promote tissue regeneration, and improve overall health
span [7]. This could result in healthier aging and a reduced incidence
of age-related diseases.

Challenges and Future Directions

While senolytics show immense promise, there are several
challenges that need to be addressed before they can be widely used in
clinical practice:

Safety and toxicity: Since senescent cells accumulate in many
tissues, it is crucial to ensure that senolytic drugs selectively target
harmful senescent cells without damaging healthy cells. Further studies
are needed to assess the long-term safety and potential side effects of
these therapies.

Delivery and bioavailability: Senolytic drugs need to be
delivered effectively to the tissues where senescent cells accumulate
[8]. Developing methods to ensure optimal bioavailability and tissue
penetration is a key challenge in the development of these therapies.

Identification of suitable targets: While several promising
compounds have been identified, the search for the most effective and
selective senolytic drugs continues. More research is needed to identify
novel targets and refine the mechanisms by which these drugs eliminate
senescent cells.

Personalization of treatment: Aging and the accumulation
of senescent cells can vary greatly from person to person. A more
personalized approach to senolytic therapy [9,10] may be necessary to
ensure that individuals receive the most effective treatment based on
their unique senescent cell burden and health profile.

Conclusion

Senolytics represent a groundbreaking approach to aging and
age-related diseases by targeting the accumulation of senescent cells
that contribute to chronic inflammation and tissue dysfunction.

With the potential to treat a wide range of conditions, including
neurodegenerative diseases, cardiovascular diseases, osteoarthritis,
and diabetes, senolytics offer a promising pathway to healthier aging.
While challenges remain in terms of safety, efficacy, and delivery,
the growing interest and ongoing research in this field suggest that
senolytic therapies could become a cornerstone of geriatric medicine in
the future. As scientists continue to explore the potential of senolytics,
we may be on the brink of a new era in which the aging process is no
longer an inevitable decline, but a manageable condition that can be
slowed or even reversed.
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