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Abstract

Chronic obstructive pulmonary disease is strongly infl uenced by accelerated lung aging and an accumulation of senescent cells within airway epithelial and immune 
compartments. Senescent cells release a spectrum of infl ammatory mediators that worsen tissue destruction and impair repair mechanisms. Conventional COPD 
therapeutics do not adequately address cellular senescence, which has led to growing interest in senolytic drugs that selectively eliminate senescent cells or reduce 
harmful secretory signaling. Several senolytic candidates, including Dasatinib–Quercetin, Fisetin, Navitoclax, HSP90 inhibitors, and peptide-based approaches, have 
demonstrated promising effects in preclinical respiratory models. These agents modulate pathways such as BCL-2 inhibition, suppression of PI3K/AKT signaling, activation 
of mitochondrial apoptosis, or disruption of FOXO4–p53 interactions. Early studies suggest potential for reducing chronic infl ammation, restoring epithelial function, and 
slowing structural deterioration in the lung. Although human evidence remains limited and concerns surrounding toxicity, delivery, and biomarker development persist, 
senolytics represent an emerging pharmacological avenue for targeting lung aging and may hold therapeutic value in COPD.
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Introduction

Chronic obstructive pulmonary disease continues to pose 
a major global health concern due to progressive airfl ow 
obstruction, chronic infl ammation, and irreversible damage to 
lung architecture [1]. Although several risk factors, including 
tobacco smoke and environmental pollutants, have been 
extensively studied, the contribution of accelerated lung aging 
has gained considerable attention in recent years [2]. Aging 
lungs exhibit impaired tissue repair, heightened oxidative 
stress, and accumulation of senescent cells, all of which 
contribute to pathophysiological features of COPD.

Senescence is characterized by permanent cell-cycle 
arrest accompanied by metabolic activity and release of 
proinfl ammatory mediators. These senescent cells accumulate 
in airway epithelium, fi broblasts, endothelial cells, and 
immune cell populations of COPD patients, amplifying chronic 
infl ammation and promoting tissue degradation through the 
senescence-associated secretory phenotype [3]. Conventional 

COPD therapy mainly focuses on bronchodilation and anti-
infl ammatory actions, but does not eliminate senescent cells. 
As a result, senolytics have emerged as a novel pharmacological 
class aimed at selectively removing senescent cells or 
modulating senescence-associated pathways [4].

This mini-review summarizes the concept of cellular 
senescence in lung aging, outlines the mechanisms of 
established and emerging senolytic agents, and highlights 
their potential relevance for COPD management.

The mechanistic interplay between lung aging, cellular 
senescence, SASP release, and the therapeutic action of 
senolytic agents in COPD is illustrated in Figure 1. This 
schematic summarizes the key molecular pathways driving 
disease progression and highlights potential pharmacological 
targets for senolytic intervention.

Biology of cellular senescence in lung aging

Senescence arises in response to persistent genomic, 
oxidative, or environmental stress. Telomere shortening, 
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mitochondrial impairment, and chronic exposure to cigarette 
smoke promote the transformation of normal cells into 
senescent phenotypes [5]. Once established, these cells exhibit 
stable growth arrest mediated by upregulation of cyclin-
dependent kinase inhibitors such as p16INK4a and p21Cip1 [6].

A key feature of senescence is the senescence-associated 
secretory phenotype. This phenotype encompasses 
secretion of cytokines such as IL-6, IL-8, TNF-α, matrix 
metalloproteinases, chemokines, and growth factors [7]. 
In the lung, SASP contributes to persistent infl ammation, 
recruitment of immune cells, apoptosis resistance, mucus 
hypersecretion, and extracellular matrix degradation. This 
environment accelerates lung aging and exacerbates structural 
damage characteristic of COPD [8].

Senescent cells also impair regenerative capacity by 
occupying niches needed for healthy epithelial and endothelial 
renewal. Markers such as SA-β-galactosidase, CDKN2A, and 
DNA damage foci are commonly detected in lung tissues of 
COPD models [9]. The accumulation of these cells offers a 
mechanistic explanation for the chronic, non-resolving nature 
of COPD.

Senolytics: A new pharmacological class

Senolytics are defi ned as agents that selectively induce 
the death of senescent cells, sparing non-senescent cells by 
exploiting vulnerabilities in survival pathways [10]. Senescent 
cells depend on anti-apoptotic networks including BCL-2 
family proteins, PI3K/AKT signaling, and p53 interactions, 
making these pathways attractive targets for pharmacological 
intervention.

Another related category is Senomorphics, which do not 
kill senescent cells but attenuate harmful SASP signaling. 

Senomorphics, including metformin and rapamycin, help 
reduce infl ammatory mediator release and may complement 
true senolytic therapy [11].

Senolytics may benefi t COPD by reducing the senescence 
burden, decreasing chronic infl ammation, restoring epithelial 
function, and slowing the progression of emphysematous 
changes. Preclinical evidence has shown improvements in 
lung compliance and reductions in infl ammatory infi ltration 
following senolytic exposure [12].

Pharmacology of key senolytic agents for 
lung aging

Dasatinib and Quercetin

A widely studied senolytic combination consists of Dasati 
nib, a tyrosine kinase inhibitor, and Quercetin, a fl avonoid 
with antioxidant and anti-infl ammatory activity. Together, 
they target senescent-cell anti-apoptotic pathways, including 
BCL-2 family proteins and PI3K/AKT signaling, leading to 
selective apoptosis [13]. In respiratory models, Dasatinib–
Quercetin reduces infl ammatory cytokine production and 
improves tissue structure by clearing senescent epithelial and 
endothelial cells [14]. Pharmacokinetically, Dasatinib has good 
systemic absorption, whereas Quercetin suffers from limited 
bioavailability, prompting interest in improved formulations. 
Toxicity remains low when administered intermittently, which 
is an advantage in chronic diseases [15].

Fisetin

Fisetin is a naturally occurring fl avonoid with strong 
senolytic potential. It infl uences multiple pathways, including 
reduction of SASP mediators, enhancement of Nrf2 antioxidant 
signaling, and modulation of mitochondrial function [16]. 
Unlike synthetic agents, Fisetin shows a favorable safety 
profi le and has been evaluated in preclinical models of lung 
infl ammation. Its senolytic activity appears to be cell-type 
dependent but robust in epithelial systems relevant to COPD 
[17].

Navitoclax [ABT-263]

Navitoclax is a potent inhibitor of BCL-2 and BCL-XL, two 
key anti-apoptotic proteins upregulated in senescent cells. 
By impairing these survival pathways, Navitoclax induces 
mitochondrial-dependent apoptosis [18]. In lung studies, 
Navitoclax effectively clears senescent fi broblasts and epithelial 
cells, reducing SASP and improving structural parameters [19]. 
However, its clinical utility is limited due to dose-dependent 
thrombocytopenia, as platelets also rely on BCL-XL for survival 
[20]. Intermittent or targeted pulmonary delivery may mitigate 
these concerns.

FOXO4–DRI peptide

FOXO4–DRI is a synthetic peptide designed to interfere 
with the FOXO4–p53 interaction, a mechanism that helps 
senescent cells resist apoptosis. Disruption of this interaction 

Figure 1: Role of Cellular Senescence and Senolytics in COPD.
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Senolytics vs. senomorphics – Translational considera-
tions

While senolytics eliminate senescent cells, senomorphics 
such as metformin and rapamycin modulate SASP expression 
without inducing apoptosis. In COPD, where epithelial repair 
capacity is already compromised, complete removal of 
senescent cells may risk impairing tissue integrity [29].

Combination therapy [senolytic + senomorphic] could 
theoretically:

• Reduce senescent burden [senolytic effect]

• Suppress residual SASP signaling [senomorphic effect]

• Permit lower dosing of each agent

The comparative risk–benefi t profi le of these approaches is 
summarized in Table 1.

Comparative evaluation of senolytic agents in respira-
tory models

Although multiple senolytic agents demonstrate activity in 
experimental systems, their relative effi cacy and translational 
feasibility differ substantially. Among currently studied agents, 
the Dasatinib–Quercetin combination shows consistent 
reduction in infl ammatory infi ltration and partial restoration 
of lung compliance in cigarette smoke–induced murine models. 
However, its effi cacy appears dependent on intermittent dosing 
schedules and may vary based on disease severity.

Navitoclax demonstrates potent senolytic activity through 
BCL-2 family inhibition and produces robust clearance of 
senescent fi broblasts. Nevertheless, its translational feasibility 
in COPD is limited by dose-dependent thrombocytopenia 
resulting from BCL-XL inhibition in platelets [32].

Fisetin, in contrast, exhibits milder but safer senolytic 
activity, with additional antioxidant properties via Nrf2 
activation. While its effi cacy in COPD-specifi c models appears 
less dramatic than Navitoclax, its favorable safety profi le 
enhances translational appeal.

FOXO4–DRI represents a highly specifi c mechanism-driven 
strategy targeting senescence survival signaling. However, 
limited pharmacokinetic data and peptide stability concerns 
restrict immediate clinical applicability.

Overall, BCL-2–targeting agents demonstrate higher 
potency but carry safety liabilities, whereas natural fl avonoid-

releases p53, initiating programmed cell death [21].
Although research on its respiratory applications is still early, 
FOXO4–DRI has shown effectiveness in clearing senescent 
epithelial cells. Its short half-life and peptide nature raise the 
possibility of inhalation-based delivery for lung diseases [22].

Metformin and Rapamycin [Senomorphics]

Although not true senolytics, both agents modify SASP 
expression and can reduce senescence-induced infl ammation. 
Metformin activates AMPK, decreases oxidative stress, 
and modulates metabolic pathways relevant to aging [23].
Rapamycin, through mTOR inhibition, improves autophagy and 
reduces infl ammatory signaling. Both compounds have shown 
protective roles against cigarette-smoke–induced senescence 
in preclinical COPD models [24].

Selectivity and senescence-specifi c vulnerabilities

A defi ning characteristic of senolytics is their preferential 
targeting of senescent cells, which rely disproportionately on 
pro-survival networks termed senescence-associated anti-
apoptotic pathways [SCAPs]. These include BCL-2/BCL-XL 
overexpression, PI3K/AKT hyperactivation, and altered p53 
regulation [25].

Senescent cells display mitochondrial dysfunction, 
increased ROS production, and metabolic reprogramming, 
rendering them more susceptible to mitochondrial apoptosis 
triggers compared with proliferating cells. However, this 
selectivity is not absolute. For example, Navitoclax-induced 
thrombocytopenia illustrates that non-senescent platelets also 
depend on BCL-XL.

Potential resistance mechanisms may include:

• Upregulation of compensatory survival pathways

• Enhanced autophagy

• Heterogeneity in COPD-specifi c senescence signatures 
[26].

Importantly, COPD-related senescence differs from 
chronological aging. Cigarette smoke induces oxidative DNA 
damage, telomere-independent senescence, and chronic NF-
κB activation, suggesting that COPD-specifi c molecular targets 
may exist beyond general aging pathways.

Emerging senolytics [2023–2025]

Recent work has identifi ed new drug classes with 
senolytic potential. HSP90 inhibitors can destabilize survival 
proteins in senescent cells [27]. USP7 inhibitors interfere 
with deubiquitination pathways and promote apoptosis [26]. 
Mitochondria-targeting agents that exploit senescent-cell 
bioenergetic vulnerabilities are under development, with 
encouraging early fi ndings [28]. Artifi cial intelligence-based 
drug discovery has also accelerated the identifi cation of small 
molecules with senolytic activity, representing a rapidly 
growing fi eld.

Table 1: Risk–Benefi t Comparison of Senolytics, Senomorphics, and their 
combinations.

Strategy Advantages Limitations Reference

Senolytics
Direct removal of 
pathogenic cells

Off-target apoptosis, toxicity [30]

Senomorphics
Lower toxicity, metabolic 

benefi ts
Do not eliminate senescent 

cells
[30]

Combination
Potential synergy, dose 

reduction
Limited clinical validation [31]
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based senolytics offer improved tolerability but potentially 
lower effi cacy. Future COPD-specifi c trials must balance 
senolytic potency with safety, particularly in elderly patients 
with comorbidities [33].

A comparative summary of the pharmacological 
characteristics, molecular targets, and limitations of senolytic 
and senomorphic agents relevant to COPD is presented in Table 
2.

From a translational perspective, the developmental status 
of these agents varies considerably. Dasatinib–Quercetin and 
Fisetin have entered early-phase human studies in aging or 
non-COPD pulmonary conditions, whereas Navitoclax and 
HSP90 inhibitors are clinically evaluated primarily in oncology 
settings, with COPD evidence remaining preclinical. In contrast, 
metformin and rapamycin are already approved for other 
indications and possess well-characterized pharmacokinetic 
profi les, although their role in COPD is investigational. 
Most senolytics are administered orally, while peptide-
based approaches such as FOXO4–DRI remain in preclinical 
development with delivery optimization [including inhalable 
formulations] under exploration. These distinctions highlight 
the gap between mechanistic promise and clinical feasibility in 
COPD [37] (Table 3).

Senolytics in COPD: Current evidence

Preclinical studies: Most evidence for senolytics in 
respiratory disease stems from animal models. In cigarette 
smoke-exposed mice, periodic administration of senolytic 
agents reduces infl ammatory cell infi ltration, improves 
alveolar structure, and decreases elastase-induced tissue 
destruction [44]. Dasatinib–Quercetin and Navitoclax have 
both demonstrated reductions in pulmonary SASP markers, 
restoration of epithelial barrier integrity, and attenuation of 
airspace enlargement. Senolytic therapy also appears to benefi t 
macrophage polarization and reduce oxidative stress within 
the lung microenvironment [45].

Early human data: Human studies remain scarce. Trials 
evaluating Dasatinib–Quercetin and Fisetin in idiopathic 
pulmonary fi brosis have shown reductions in senescence-
related biomarkers, suggesting possible translatability to COPD 
[46-48]. However, human COPD-specifi c trials have not yet 
been completed, largely due to concerns surrounding toxicity, 
long-term safety, and lack of validated senescence biomarkers 
[49-51].

Drug delivery considerations: Systemic delivery may 
lead to off-target apoptosis and unwanted toxicity. Inhaled 
formulations of senolytics are being explored to achieve 
localized, high drug concentrations with reduced systemic 

Table 2: Pharmacological Profi le of Senolytic and Senomorphic Agents Relevant to COPD.

Agent Drug Class
Primary Molecular 

Target
Mechanism of Senolysis / 

Senomodulation
Evidence in Lung Models Key Limitations Reference

Dasatinib + 
Quercetin

Tyrosine kinase 
inhibitor + Flavonoid

BCL-2 family, 
PI3K/AKT

Induces apoptosis of 
senescent cells by targeting 

anti-apoptotic pathways

Improved lung 
compliance and reduced 
infl ammation in smoke 

models

Limited quercetin bioavailability [34]

Fisetin Natural fl avonoid
Nrf2, SASP 
mediators

Reduces oxidative stress and 
SASP secretion; selective 

senolysis

Reduced cigarette 
smoke–induced lung 

infl ammation
Cell-type specifi c activity [35]

Navitoclax BCL-2 inhibitor BCL-2, BCL-XL
Activates mitochondrial 

apoptosis in senescent cells

Clears senescent 
fi broblasts and epithelial 

cells

Thrombocytopenia due to BCL-
XL inhibition

[34]

FOXO4–DRI Synthetic peptide
FOXO4–p53 
interaction

Disrupts FOXO4–p53 binding, 
releases p53 to induce 

apoptosis

Early preclinical 
respiratory data

Stability and delivery concerns [34]

HSP90 inhibitors
Proteostasis 

disruptors
HSP90 survival 

proteins
Destabilizes anti-apoptotic 

signaling proteins
Promising experimental 

senolytic effects
Potential off-target toxicity [35]

Metformin Senomorphic AMPK activation
Suppresses SASP and 

oxidative stress
Protective in cigarette 

smoke models
Not a direct senolytic [36]

Rapamycin mTOR inhibitor mTOR signaling
Enhances autophagy and 

reduces infl ammatory signaling
Anti-aging effects in lung 

models
Immunosuppressive risk [36]

Table 3: Categorization of Evidence Supporting Senolytics in Lung Aging and COPD.

Agent In Vitro Senescence Models Murine COPD Models Non-COPD Human Trials COPD-Specifi c Human Data Reference

Dasatinib + Quercetin Yes Yes Idiopathic pulmonary fi brosis No [38]

Fisetin Yes
Limited COPD smoke 

models
Aging trials No [39]

Navitoclax Yes
Lung fi brosis & smoke 

models
Oncology trials No [40]

FOXO4–DRI Yes Early preclinical No No [41]

Metformin Yes [senomorphic] Smoke-induced models Diabetes & aging Observational only [42]

Rapamycin Yes Aging lung models Transplant/oncology No [43]
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exposure. Nanoparticle-based delivery systems may further 
enhance selective uptake by senescent lung cells [52].

Challenges and limitations

Despite promising preclinical data, several challenges 
impede clinical translation. Senolytics risk off-target 
apoptosis, particularly in cell populations with similar survival 
pathways. Navitoclax-associated thrombocytopenia highlights 
the importance of selective targeting [52]. Reliable biomarkers 
to quantify senescence burden in COPD patients are lacking. 
Without these, assessing therapeutic response becomes 
diffi cult [53]. Repeated dosing also raises concerns regarding 
tissue regeneration and immune function, as complete removal 
of senescent cells may not always be benefi cial. Interpatient 
variability in senescence pathways suggests that personalized 
approaches may be required. Regulatory and ethical 
considerations remain unresolved as well [54].

Future directions

Future research may focus on inhalable senolytic 
formulations, which could reduce toxicity while enhancing 
local effi cacy. Combination therapy approaches, such as pairing 
senolytics with anti-infl ammatory drugs or CFTR modulators, 
may provide synergistic benefi ts for specifi c COPD phenotypes 
[53]. Integration of artifi cial intelligence may facilitate rapid 
discovery of selective senolytic molecules with improved 
safety profi les. Identifi cation of biomarkers such as circulating 
SASP components or molecular imaging markers is likely to 
be central to patient selection and treatment monitoring 
[54]. Understanding how senescent immune cells infl uence 
COPD progression may open additional therapeutic avenues. 
Overall, senolytics represent an evolving and promising area 
of pharmacology.

Conclusion

Senolytics have emerged as a novel pharmacological strategy 
for addressing lung aging and the accumulation of senescent 
cells in COPD. Several agents have demonstrated promising 
preclinical benefi ts, particularly in reducing infl ammation 
and improving lung structure. While human evidence remains 
limited and safety concerns must be resolved, senolytics 
represent a potential therapeutic advancement for COPD and 
related age-associated respiratory disorders.
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