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Summary
Asthma is a heterogeneous chronic respiratory disease that impacts nearly 10% of the population worldwide. While
cellular senescence is a normal physiological process, the accumulation of senescent cells is considered a trigger that
transforms physiology into the pathophysiology of a tissue/organ. Recent advances have suggested the significance of
cellular senescence in asthma. With this review, we focus on the literature regarding the physiology and patho-
physiology of cellular senescence and cellular stress responses that link the triggers of asthma to cellular senescence,
including telomere shortening, DNA damage, oncogene activation, oxidative-related senescence, and senescence-
associated secretory phenotype (SASP). The association of cellular senescence to asthma phenotypes, airway
inflammation and remodeling, was also reviewed. Importantly, several approaches targeting cellular senescence, such
as senolytics and senomorphics, have emerged as promising strategies for asthma treatment. Therefore, cellular
senescence might represent a mechanism in asthma, and the senescence-related molecules and pathways could be
targeted for therapeutic benefit.

Copyright © 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Asthma is the most common chronic respiratory disease
characterized by a narrow and edematous airway
blocked with excessive mucus. It is estimated that more
than 300 million people are affected with asthma
worldwide, and the prevalence of asthma has continued
to increase worldwide.1 Asthma is prevalent not only in
childhood but also among older adults, ranging from
4.5% to 12.7%. “Elderly” was defined as the chrono-
logical age of 65 years or more. Elderly patients with
asthma had an increased prevalence and the highest
mortality rate.2 For those elderly patients, significant
changes were observed in the innate and adaptive im-
mune responses to environmental exposures associated
with an increased chronic systemic inflammation,
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termed inflammaging, with increased IL-6 and TNF-α.3
A very recent study suggests that elderly patients had
worse airway obstruction, more comorbidities, lower
levels of IgE and FeNO, elevated Th1 and Th17
inflammation, decreased odds of Th2-profile asthma,
and a higher risk for future exacerbations.4 While most
patients with asthma have alleviated symptoms after
treatment, some patients are still struggling with
recurrent symptoms and poor pulmonary function.5

Therefore, a deep understanding of the underlying
mechanisms of how age affects immune responses and
pathophysiologic changes and exploration of potential
therapeutic targets are critical for patients with asthma.

Cellular senescence is a cell status involved in
various biological processes, normal aging, and different
diseases.6 It is characterized by cellular stress, DNA
damage, cell cycle arrest, and senescence-associated
secretory phenotype (SASP).7 SASP is known to be a
product of senescent cells. Recent advances have sug-
gested that cellular senescence may also play a critical
role in asthma.8 Increased senescence-related changes
have been observed in airway smooth muscle cells of
elderly patients with asthma.9 Several significant cellular
senescence-related changes have been associated with
asthma, including oxidative stress, telomere shortening,
autophagy/mitophagy, and inflammation.10 These stim-
uli and their downstream signaling create an intricate
network that causes cell cycle arrest and the release of
SASP from asthma-associated target cells. Of interest,
several interventions targeting cellular senescence have
1
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been suggested as potential therapeutic options for
chronic lung diseases.11 Thus, it is likely that exploring
the functional role of senescence in the pathogenesis of
asthma may lead to the development of novel thera-
peutic strategies, especially for those with severe
treatment-resistant asthma. Thus, with this review, we
aim to summarize the most advanced information about
the physiology and pathophysiology of cellular senes-
cence, and discuss the major hallmarks of cellular stress
responses that link to cellular senescence. Moreover, we
focus on the literature regarding the recent progress on
how cellular senescence affects the major clinical phe-
notypes of asthma, airway inflammation and remodel-
ing. Importantly, we discuss the translational relevance
that targeting cellular senescence by either selectively
deleting senescent cells (senolytics) or suppressing
SASP (senomorphics) could be a potential therapeutic
approach for asthma.
Physiology and pathophysiology of cellular
senescence
Cellular senescence is characterized by typical cellular
features, including permanent cell cycle arrest, the shift
in cellular secretome content SASP, morphological al-
terations, and resistance to apoptosis, causing the acti-
vation of various signaling pathways, including p53,
p16/Rb, and p21, as well as cell cycle arrest.7 Several
major categories of cellular senescence include repli-
cative senescence, developmentally programmed
cellular senescence, and stress-induced premature
senescence.12 Of these, replicative senescence is a phe-
nomenon in which cells lose their ability to divide and
proliferate after a certain number of cell divisions.
Stress-induced premature senescence is a cellular
response to various stressors, such as oxidative stress,
oncogene expression, DNA damage. In contrast, devel-
opmental senescence refers to the normal process of
aging that occurs throughout an individual’s life.
Emerging evidence revealed that cellular senescence
could be existing in many different human and animal
cell types and participates in numerous biological pro-
cesses, from normal development or homeostasis to
abnormal pathogenic processes.6 For example, stem cell
regeneration and differentiation are gradually reduced
with increasing chronological age in multiple tissues,
which reduces the ability of tissue/organ repairing and
leads to increased vulnerability to diseases.13 With ag-
ing, immune system function also tends to be clearly
decreased, called “immunosenescence”. The immune
system gradually loses the capacity to eliminate senes-
cent cells from tissues, thereby contributing to the
development of age-related chronic diseases.14 However,
there is a clear difference between aging and senes-
cence.7 Aging is a phenomenon that develops progres-
sively with time, but senescence can occur at any stage
of life. The difference is further evidenced by the fact
that senescence can regulate cell homeostasis or tissue
growth at any stage of mammalian life. Cellular senes-
cence has also been shown to be a modulating mecha-
nism that contributes to tumor suppression, wound
healing, and embryogenesis.15

In contrast to its functional significance in physio-
logical processes, recent advances have suggested a
pathophysiological role for cellular senescence in the
pathogenesis of diseases and organ dysfunction.
Persistent accumulation of senescent cells during aging
can induce low-grade inflammation through SASP,
impair the immune system, and increase susceptibility
to different pathological challenges. Also, senescent
cells often undergo stress and produce SASP, en-
hancing chronic inflammation and generating a pro-
tumorigenic microenvironment by releasing cytokines
and chemokines.12 Moreover, stem cells halted with
senescence in a pathophysiological manner will lead to
the termination of cell regeneration and malfunction of
cell repair mechanisms, which can be seen in the
pathogenesis of pulmonary fibrosis.16 Cellular senes-
cence is a comprehensive status of cells. It plays both
physiological and pathophysiological roles in cell devel-
opment and pathogenesis of diseases and organ
dysfunction and involves the activation of various
signaling pathways that can have both protective and
harmful effects on tissue function (Fig. 1).
Mechanisms of cellular senescence
Cellular stress plays a central role in senescence as an
initiator and is one of the essential features of senes-
cence. In contrast, senescence is one of the dynamic
responses to the cellular stress that sets into a non-
proliferative but alive state (cell cycle arrest). Cellular
stressors can break senescence-maintained homeosta-
sis and trigger the processes of cellular senescence.17

The cellular stressors range from the external envi-
ronment, such as pollutants, radiations, allergens, viral
or bacterial infection, and microbes, and to internal
environment, such as inflammatory products, oxidative
damage, nutrient imbalance, mechanical stress, telo-
mere attrition, genetic, and epigenetic alternations.18,19

Here, we briefly discuss how these cellular stressors
induce cellular senescence, with a major focus on
telomere shortening, DNA damage, oncogene activa-
tion, oxidative-related senescence, and the SASP pro-
cess (Fig. 2).

Telomere shortening
The telomere is a DNA-protein structure on the end of
the chromosome that protects the structural stability of
genome DNA and has been implicated in the aging
process.19 Telomeres at the ends of chromosomes
comprise repeat sequences (TTAGGG) that shorten with
each cell division because of the nature of the DNA
replication machinery.20 They protect against
www.thelancet.com Vol 94 August, 2023
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Fig. 1: Physiology and pathophysiology of cellular senescence. Senescence is a normal process during aging and embryo development as a
physiological state (Spring green). It plays a critical role in disease prevention or recovery by recruiting immune cells to maintain tissue ho-
meostasis, initiate tissue repair and remodeling, and limit tumor progression (Deep sky blue). Senescence can also contributes to generate pro-
inflammatory microenvironment, supporting tumor development, and promote chronic inflammation during aging and multiple age-related
disease (Light salmon).
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chromosomal damage by preventing chromosome–
chromosome fusions and degradation and subse-
quently maintaining genome integrity.21 Telomere
shortening occurs in normal somatic cells following
each cell division. Once they reach a certain minimum
length, they lose the capacity to maintain the telomere-
loop structure that caps chromosome ends and leads
to cellular apoptosis because of chromosome end
fusion. Telomere uncapping also initiates a DNA dam-
age response that activates the p53–p21 tumor sup-
pressor pathway and subsequently cellular senescence.22

Telomere lengthening or shortening is now one of the
intriguing biomarkers that could predict the preceding
or prevent the development of diseases. Telomere
shortening is now considered an indicator of the aging
process or senescence and has been associated with
aging and increased risks of chronic diseases.23 There-
fore, it is critical to maintain telomere length to protect
against the exogenous or endogenous stimuli-triggered
aging process and cellular senescence.
www.thelancet.com Vol 94 August, 2023
DNA damage
DNA damage is characterized by the DNA modifications
that change DNA coding properties or function in its
transcription or replication.24 DNA damage occurs in
different forms, such as single-strand breaks (SSBs),
double-strand breaks (DSBs), DNA-protein cross-links,
and insertion/deletion mismatches. DNA damage,
especially DSBs, can induce a DNA damage response
(DDR) that leads to repair, apoptosis, or senescence.
DDR serves as the coping mechanism to any harmful
genome changes that helps stabilize DNA structure and
keeps cells healthy.25 DDR has a central role in cellular
senescence. Not only does it contribute to the irrevers-
ible loss of replicative capacity but also to the production
and secretion of reactive oxygen species (ROS) and
SASP.26 DDR is characterized by activation of sensor
kinases [ataxia-telangiectasia mutated (ATM)/ataxia-tel-
angiectasia Rad3-related (ATR)], formation of DNA
damage foci containing phosphorylated histone H2AX
(γH2AX) and induction of checkpoint proteins, such as
3
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Fig. 2: Diverse exogenous and endogenous stresses trigger cellular senescence Hallmarks of cellular stress responses that link the triggers of
asthma exogenous to the cellular senescence. These hallmarks include telomere shortening, DNA damage, oncogene activation, and oxidative
related senescence that lead to enlarged cell morphology with a group of changes including senescence associated β-galactosidase (SA-β-gal)
activation, cell cycle arrest (e.g., p16, p21), and release of SASP components.
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p53 (TP53) and the CDK inhibitor p21 (CDKN1A), ul-
timately leading to cell cycle arrest (senescence).27

Persistent and irreparable DNA damage occurs with
p53 activation and ROS generation as assessed by pos-
itive staining of DNA damage maker γH2AX and
negative DNA repair protein 53BP1.26 Mechanistically,
there is a feedback loop between DNA damage and
senescence. Senescence can cause the failure of the
clearance of cytoplasmic DNA, which can further acti-
vate the senescent sensing mechanism via cyclic GMP-
AMP synthase (cGAS) and trigger the stimulator of
interferon genes (STING) to promote senescence and
SASP release.28 Furthermore, telomere shortening is
one kind of DNA damage because the DSBs or other
types of DNA injuries may frequently occur in cells with
shortened telomeres.29

Oncogene-induced senescence
Oncogene activation is recognized as a critical mecha-
nism for the initiation and development of cancer.
Especially, the activation of oncogenes can promote cell
proliferation as a necessary step in tumorigenesis in
many cancer types, and it may act as a genetic stress and
cause irreversible growth arrest (senescence).30 An
www.thelancet.com Vol 94 August, 2023
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activating mutation of an oncogene, such as Myc, Ras,
Akt, and Raf, drives ROS production and activates DDR
or mTOR signaling, inducing cellular senescence,
termed oncogene-induced senescence (OIS). OIS is a
complex molecular program characterized by a robust
and sustained antiproliferative response to the aberrant
activation of oncogenic signaling or the inactivation of a
tumor-suppressor gene.30 Of these, Ras, a GTPase
frequently mutated in cancer, has been suggested to
play a significant role in OIS and affect tumorigenesis.
RAS protein has been shown to accelerate p53-
dependent cellular senescence through the p38MAPK
pathway and the PI3K/AKT/mTOR pathways.31 Addi-
tionally, oncogene-activating related senescence can be
induced independent of telomere erosion through both
TP53/p21 and p16 pathways.32

Oxidative-induced senescence
Oxidative stress plays a central role in triggering cellular
senescence. Stressors from exogenous, such as UV,
PM2.5, cigarette, or allergen, or endogenous such as
cytokines, damage-associated molecular patterns
(DAMPs) from dead cells, or other internal triggers
(Fig. 1), can cause ROS production via mitochondrial
and non-mitochondrial sources.33 ROS can act as
signaling molecules in both the induction and stabili-
zation of senescence through directly oxidizing subcel-
lular structures, including nucleic acids and enzymes,
causing oncogene activation, DNA damage, and reduced
telomerase activity.34 Moreover, ROS can also act as the
secondary messenger activating redox signaling path-
ways consisting of MEK/ERK, JNK, and NF-κB
signaling.35 Studies have shown that cellular senescence
can be engaged in activated redox signaling cells in
pulmonary fibrosis.36 When stress exists consistently
and exceeds the antioxidant capacity, the senescence
process will continue. Otherwise, the senescence pro-
cess will shift to autophagy, restoring to a proliferative
state with reduced expression of senescence markers.37

The activation of the MAPK and NF-κB pathways con-
tributes to the generation of ROS and SASP, which have
been shown to induce and stabilize the senescent
Categories SASP

Cytokine IL-1/6/7/8/11/13/15/33

Chemokine IL-8(CXLC8), GRO-a/b/g (CXCL1/2/3), CXCL5/

Growth factor Amphiregulin, Angiogenin, Epiregulin, Heregu
IGFBP-1/2/3/4/6/7, VEGF, TGF-β,

Other inflammatory factors GM-CSF, G-CSF, IFN-1/γ, MIF

Receptors and Ligands Leptin, CXCR2, ICAM-1/3, OPG, sTNFRI/II, TRA

Oxidative factors Nitric Oxide, ROS, COX2

Extracellular matrix contents MMP1/2/3/10/12/13/14, SERPINs, TIMP1/2, C

Exosome contents GDF15, STC1, MMP1

Table 1: Major components of senescent associated secretory phenotypes.

www.thelancet.com Vol 94 August, 2023
phenotype.12 Thus, oxidative stress is one of the neces-
sary and critical mechanisms underlying stressor-
induced cellular senescence.

Senescence associated secretory phenotype
Telomere shortening, DNA damage, oncogene activa-
tion, and oxidative stress can induce SASP to different
extents. These secreted SASP exert their effects on the
local tissue microenvironment of senescent cells that
can alter the phenotypic features of nearly non-
senescent cells.38 The main components of SASP
include cytokines, chemokines, growth factors, other
inflammatory factors, receptors/ligands, oxidative fac-
tors, exosomes, and extracellular matrix contents
(Table 1). These SASP-associated molecules and path-
ways play a crucial role in mediating the pathophysio-
logical effects of senescent cells in chronic
inflammation, tissue damage, and the tumorigenesis
through cell-to-cell communication and creation of mi-
croenvironments.39 Notably, these molecules and path-
ways vary substantially, depending on the stimuli,
duration of senescence, environment and cell type.12

Furthermore, SASP has been linked to its beneficial
and detrimental effects across cell development, repair,
tumor genesis, and inflammatory contexts.7 As benefi-
cial functions, SASP can recruit immune cells to
maintain tissue homeostasis, initiate tissue repair and
remodeling through the removal of damaged cells, and
limit tumor progression by ensuring that damaged or
potentially dysfunctional cells fail to immortalize their
genomes to the next generation.12 As deleterious func-
tions, SASP can induce a pro-inflammatory microenvi-
ronment, promote chronic inflammation, and support
tumor development. SASP factors, including IL-6, IL-
1RA, and IFN-γ, promote chronic inflammation during
aging and multiple age-related diseases. Mechanisti-
cally, SASP acts as a double-edged sword with both
beneficial and detrimental effects on human diseases,
depending on the composition and length of exposure to
the SASP.12 Short-term exposure to the SASP may
facilitate its beneficial effects, whereas long-term expo-
sure may contribute to its deleterious effects.
6/13, MCP-1/2/4, MIP-1a/3a, I-TAC, CCL1/2/11/16/20/25/26, LIF

lin, EGF, bFGF, HGF, KGF (FGF7), VEGF, Angiogenin, SCF, SDF-1, PIGF, NGF,

IL-R3, Fas, uPAR, IL6ST, EGF-R, SAA1, TNFRSF18, SERPINE1, PIGF, sTNFRI/II

ollagen, Laminin, Fibronectin, tPA, uPA

5
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Senescence and asthma phenotypes
Asthma in the elderly is considered a “different entity”
than typical asthma because of several unique features,
including clinical presentation, comorbidities, physi-
ology, and treatment strategies.40 They may have a more
insidious onset of symptoms, with less wheezing and
more dyspnea, cough, and chest tightness. Further-
more, these patients may have decreased lung function,
reduced airway responsiveness, and impaired immune
function. Senescence is a complex process that the
cellular response to senescence-inducing stimuli can
vary depending on the cell type, age, and underlying
health status.41 For example, airway epithelial progenitor
cells become increasingly senescent with age, making
the epithelium more susceptible to challenges such as
environmental allergens/pollutants. Additionally,
different cell types, including structural and immune
cells, could play a role in contributing to senescence and
its downstream response to various stressors.8 Here we
review the literature regarding the link of cellular
senescence to asthma phenotypes, airway inflammation
and remodeling, with a special focus on different se-
nescent cells, including structural and immune cells,
and their influences on the development of asthma
phenotypes.

Airway inflammation
Typical features of airway inflammation are increased
eosinophils, mast cells, Th2 cells that produce mediators
such as IL-4, IL-5, and IL-13.42 Airway epithelial cells
physiologically function as the first line of defense in
innate immunity, preventing environmental allergens/
pollutants and secrete IL-33, IL-25 and thymic stromal
lymphopoietin (TSLP) that can induce Th2 cells and type
2 innate lymphoid cells (ILC2) activation to potentiate
allergen-induced Th2-associated airway inflamma-
tion.43,44 As shown in Fig. 3, depending on the priming of
lung immune cells, subjects with asthma might generate
eosinophilic (Th2-high) and neutrophilic (Th2-low)
asthma. Th2-high asthma is mainly related to Th2 lym-
phocytes and M2-polarized macrophages that can
enhance eosinophilic inflammation via releasing in-
flammatory cytokines (e.g., IL-4. IL-5, IL-13, and TGF-β).
In contrast to Th2 high, Th2-low asthma is related to
Th1, Th17 lymphocytes, and M1 macrophages that can
release Th1, Th17, and M1 macrophage-related cyto-
kines (IFN-γ, IL-17, and IL-1β/IL-6/TNF-α), further
promoting the neutrophilic inflammation. Recent ad-
vances suggest cellular senescence as a mechanism in
airway inflammation. While the mechanisms remain
unclear, developmental and replicative senescence have
been suggested to play a vital role in airway inflamma-
tion.12 Stress-induced senescence in response to
stressors such as pollution, smoking, or allergens causes
the secretion of SASP, thereby leading to an increased
airway inflammation.40 Furthermore, different cell types,
including structural and immune cells, may contribute
to senescence and airway inflammation in response to
various stressors. The epithelium forms the primary
barrier against pathogen infection, and the senescence of
epithelial can lead to decreased protection through the
loss of tight junctions and altered properties.45 Integrin
b4 (ITGB4), a cell surface protein maintaining the
integrity of airway, is decreased in the airway epithelial
cells of patients with asthma.46 Airway epithelial cells in
mice lacking ITGB4 were more senescent and less pro-
liferative through p53 signaling pathway. Importantly,
mice lacking ITGB4 showed severe inflammation in
asthma. Additionally, TSLP can induce cellular senes-
cence with elevated p21 and p16 in a dose-dependent
manner in airway epithelial cells in asthma.45 Further-
more, increased cellular senescence was also found in
bronchial fibroblasts and myofibroblasts in the lung tis-
sues of asthmatics, which could lead to a low-level
inflammation through release of SASP-linked cyto-
kines, chemokines, and matrix remodeling protease.47

Immune cells, such as eosinophils, neutrophils, mac-
rophages, T cells, and B cells, can also undergo senes-
cence in response to chronic inflammation and oxidative
stress, leading to the secretion of cytokines/chemokine
that contribute to the chronic inflammation.8 Of these,
senescent eosinophils can release inflammatory cyto-
kines IL-4, IL-5, IL-13, IL-1β, and TNF-α, which can
amplify the inflammatory response in the airways.
Similarly, senescent macrophages have been identified
in the airways of patients with asthma, and senescent
macrophages can produce higher levels of pro-
inflammatory cytokines and ROS, leading to increased
airway inflammation and oxidative stress. Senescent T
cells would change the T-cell mediated adaptive immu-
nity with reduced function, leading to impaired immune
responses and increased susceptibility to infections.48

Furthermore, Th17 cells are increased with aging and
IL17 from Th17 cells can enhance the secretion of SASP,
contributing to a pro-inflammatory status in airways.8

Collectively, these studies indicate that both senescent
structural and immune cells have a greater contribution
to airway inflammation in asthma, and there might be
a reciprocal relationship between inflammation and
senescence49

Airway remodeling
Persistent chronic inflammation and increased growth
factors could lead to increased airway smooth muscle
(ASM) mass, leading to airway remodeling and irre-
versible airway obstruction. Increased senescence has
been found in airway fibroblasts and ASM cells from
asthmatic patients.9 Stress-induced senescence may
contribute to the development of airway remodeling,
which involves structural changes in the airways,
including increased smooth muscle mass, fibrosis, and
angiogenesis, which can lead to a loss of lung function
over time. Studies have shown that senescent cells can
contribute to airway remodeling by producing
www.thelancet.com Vol 94 August, 2023
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Fig. 3: Overview of the major features of asthma. Asthma is divided into two endotype: eosinophilic (Th2-high) and neutrophilic (Th2-low).
Th2-high asthma is mainly related to Th2 lymphocytes and M2-polarized macrophages that can enhance eosinophilic inflammation via releasing
inflammatory cytokines (e.g., IL-4, IL-5, IL-13, and TGF-β). Th2-low asthma is related to Th1, Th17 lymphocytes, and M1 macrophages that can
release Th1, Th17, and M1 macrophage-related cytokines (IFN-γ, IL-17, and IL-1β/IL-6/IL-8), further promoting the neutrophilic inflammation.
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extracellular matrix proteins and other factors that pro-
mote fibrosis and angiogenesis. ASM cells are the major
cell types because of their role in airway contractility and
remodeling through cell proliferation and fibrosis in
asthma.50 Isolated ASM cells from elderly patients with
asthma showed up-regulation of multiple senescent
markers such as p21WAF1/Cip1, p16INK4A, telomere-
associated foci (TAF), and SA-β-gal, along with
changes in SASP components such as IL-6 and IL-8.
These increased SASP modulators from senescent
ASM cells are major drivers inducing airway fibrosis
and remodeling in elderly patients with asthma.
Furthermore, IgE, a key player in the development of
airway inflammation and remodeling in allergic asthma,
induced senescence of ASM cells via upregulating
lincRNA-p21-p21 pathway in OVA-asthma model.51 In
addition to ASM cells, other cell types also involve in
fibrosis and airway remodeling, such as epithelium and
fibroblasts. Senescent epithelial cells express remodel-
ing factors such as TGF-β1, EGF, and matrix metal-
loproteinases (MMPs) that can enhance airway
hyperresponsiveness and remodeling.52,53 Of interest,
lung fibroblast in the basement membrane can enhance
epithelial cell proliferation or regeneration for airway
repair/remodeling via releasing SASP and exosomes.54,55

In addition, senescent immune cells can produce
MMPs, causing airway wall thickening and fibrosis and
subsequently exacerbation of airway obstruction and
asthma symptoms. Senescent B cells can produce au-
toantibodies, which contribute to airway wall thickening
and fibrosis by binding to airway cells and activating
their downstream signaling pathways.56 Thus, it remains
possible that multiple senescent cell types regulate
multiple cell types via SASP and exosomes, leading to
the observed airway remodeling.

Senescence as a therapeutic target for asthma
Strategies to suppress the pathological effect of senes-
cent cells during aging by preventing senescence onset
or promoting senescent cell clearance have demon-
strated a great promise for the treatment of a variety of
diseases and improvement of standard therapies.57

However, cellular senescence is a highly phenotypi-
cally heterogeneous process throughout the tissues,
which has been an obstacle in the discovery of totally
specific and accurate therapeutic strategies.8 Given that
cellular senescence has been associated with airway
inflammation and remodeling, targeting cellular senes-
cence should be employed or developed as therapeutic
strategies for asthma. Several approaches targeting
senescence, including senolytics, senomorphics, im-
munotherapy, and function restoration, have emerged
Asthma is also characterized by structural changes (remodeling), includ
muscle mass. Stressors (DAMPs, pollutants, allergens) can induce airway
moting airway remodeling and inflammation.
as promising strategies for the prevention or treatment
of diseases.58 Here we summarize the status of the
development of senotherapeutics with the focus on
senolytics and senomorphics (Table 2).

Senolytics
Drugs that can specifically delete senescent cells are
called senolytics, which can improve organ function and
prevent disease. Senolytics were developed based on
their functional characteristics, which target mainly the
upregulated anti-apoptosis system and are designed to
induce lysis of senescent cells, such as p21, p53,
FOXO4, PI3K/AKT, Bcl-2 family members, and HIF-
1α.59 Through bioinformatical analysis, several potential
senescent cell anti-apoptotic pathways (SCAPs) were
identified, which mainly includedPI3Kδ/Akt/metabolic,
Bcl-2/B-cell lymphoma-extra-large (Bcl-xl)/Bcl-w, HIF-
1α.59 Of these, dasatinib, a tyrosine kinase inhibitor as
an FDA-approved anti-cancer drug, has been shown to
inhibit cell proliferation and migration, and to induce
apoptosis. Quercetin, as a naturally occurring flavonoid,
showed interactions with a PI3K isoform and Bcl-2
family members and induced diverse biological activ-
ities. Intriguingly, treatment with both dasatinib and
quercetin can induce apoptosis and improve age-linked
diseases more efficiently than either drug alone in se-
nescent cells. More importantly, these newly identified
PI3K/AKT, BCL, and HIF-1 pathways have been asso-
ciated with nearly all aspects of asthma pathophysiology,
and several senolytics (Dasatinib, Fisetin, and ABT-263/
737/199) targeting these pathways have been found to
inhibit airway inflammation, airway remodeling, mu-
cous cell hyperplasia, and steroid-insensitive airway
inflammation in different mouse models of asthma.60–62

Several other senolytics have also been associated with
different phenotypes of asthma. For example, quercetin
was found to inhibit ferroptosis along with reducing M1
macrophage polarization during neutrophilic airway
inflammation.13 Chryseriol, a flavonoid compound,
attenuated the progression of OVA-induced asthma in
mice through HIF-1α pathway.63 Similarly, vitamin D
ameliorates asthma-induced lung injury by regulating
HIF-1α/Notch1 signaling during autophagy.64 Epi-
gallocatechin gallate (EGCG), a phytochemical and a
major substance of green tea with many beneficial ef-
fects against features of senescence (e.g., immunose-
nescence and inflammation), has been reported to
relieve asthmatic symptoms by suppressing HIF-1α/
VEGFA-mediated M2 skewing of macrophages in
mice.65 Azithromycin not only regulates inflammatory
responses, but also cleans senescent cells as a novel
senolytic drug in asthmatic lungs. Particularly,
ing epithelial damage, subepithelial fibrosis, and increased smooth
epithelial cells to release cytokines like TSLP, IL-25, and IL-33, pro-
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Senolytics Senomorphics (Targeting SASPs)

Removing senescent sells Targeting pathways Neutralizing activities and functions

Pathway Molecule Pathway Molecule Target Antibody

PI3K/AKT Dasatinib Nrf2/PINK MitoQ Anti-IL-4R Dupilumab

Fisetin Melatonin

Navitoclax Ganoderma

Quercetin Sesamin

JN-PK1

Azithromycin

BCL ABT-737 NF-κB Metformin Anti-IL-5/R Mepolizumab

ABT-199 Evodiamine Benralizumab

ABT-263 Curcumin Reslizumab

HIF-1 Chryseriol SIRT1/SIRT3 Bergenin Anti-IL-13/R Dupilumab

Vitamin D SRT1720 Cendakimab

EGCG Myricetin Anti-IL-25 ABM125

Azithromycin

JAK Ruxolitinib Anti-IL-33 Etokimab

GDC-0214 GSK3772847

GDC-4379 Itepekimab

Wnt/β-Catenin Klotho Anti-IL-6 Tocilizumab

ICG001 Anti-TSLP Tezepelumab

Ecleralimab

Anti-IgE Omalizumab

Table 2: Potential senescence targeted strategies for asthma treatment.
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azithromycin has been demonstrated to influence
airway remodeling in asthma via the PI3K/Akt/mTOR/
HIF-1α/VEGF pathway.66

Senomorphics
The primary strategic plan of potential therapies based
on senomorphics is targeting pathways related to SASP
expression, such as Nrf2/PINK, NF-κB, SIRT1/SIRT3,
JAK, and Wnt/β-Catenin. Compounds that inhibit these
pathways, have demonstrated the ability to reduce SASP
production and thus exhibit potential therapeutic bene-
fits in asthma. Of these, mitoquinone (MitoQ), a
mitochondria-targeted antioxidant, has been shown to
attenuate pathological features of lean and obese allergic
asthma in mice.67 Similarly, melatonin, as a potential
modulator of NF-κB signaling pathway, has been
demonstrated to inhibit airway inflammation in epi-
cutaneously sensitized mice.68 Metformin, a compound
used clinically for type II diabetes, has been used for the
treatment of age-related diseases. Recent studies have
demonstrated that metformin suppresses airway
inflammation and remodeling of mouse allergic
asthma69 and showed a protective role in patients with
asthma.70 One of the possible mechanisms for the
therapeutic benefit of metformin is its pleiotropic
senomorphic abilities by targeting different pathways
(e.g., NF-κB, AMPKα). Many other products, targeting
SASP-linked signaling pathways SIRT1/SIRT3, JAK,
Wnt/β-Catenin, and antioxidants, have been shown to
inhibit airway hyperresponsiveness, M2 skewing of
www.thelancet.com Vol 94 August, 2023
macrophages, and lung inflammation, such as Sirtuin
activators Bergenin, SRT1720, and Myricetin, JAK in-
hibitors Ruxolitinib, GDC-0214, and GDC-4379, and
Wnt/β-Catenin inhibitor Klotho and ICG001.

A second approach is to suppress senescent cell
characteristics through the neutralization of the activity
and function of specific SASP factors, such as IL-1α, IL-
6, and IL-8, with specific antibodies. These molecules or
antibodies slow down the progression of senescence
phenomenon without cell death.71,72 One of the hypoth-
eses is that the intrinsic inflammation may induce
cellular senescence through increased inflammatory
mediators in asthma (Th2-high: IL-4, IL-5, and IL-13;
Th-low: IFN-γ, IL-17, and IL-1β) or SASP components
(e.g., IL-6, IL8, IL-33, MMPs, see Table 1). For example,
TSLP is not only critical in inducing Th2 inflammation
and airway remodeling in asthma but also important in
triggering senescence in airway epithelial cells.45 Teze-
pelumab, a human monoclonal antibody that blocks
TSLP, is effective in patients with severe and uncon-
trolled asthma.73,74 Inhalation of anti-TSLP antibody
fragment, Ecleralimab, blocks response to allergens in
mild asthma.75 Similarly, several well-known mono-
clonal antibodies, including anti-IL-4R (Dupilumab),
anti-IL-5/R (Mepolizumab, Reslizumab, Benralizumab),
anti-IL-6R (Tocilizumab), anti-IL-25 (ABM125), IL-13
(Cendakimab), IL-33 (Etokimab, GSK3772847, Itepeki-
mab), and anti-IgE (Omalizumab), are effective and safe
in asthma. While these compounds and antibodies have
been shown to improve inflammation in asthma, it is
9

www.thelancet.com/digital-health


Search strategy and selection criteria

Data for this Review were identified by searches of
MEDLINE, Current Contents, PubMed, and references from
relevant articles using the search terms “senescence”,
“asthma”, “SASP”, “senolytics”, and “senomorphics”. Only
articles published in English between 2015 and 2023 were
included.

Review
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important to note that their precise mode of action in
the context of cellular senescence and SASPs is not fully
understood. Thus, further research is warranted to
investigate the specific mechanisms of these potential
therapeutic agents in the context of cellular senescence
and SASPs in asthma.

Senotherapeutics with senolytics compared to
senomorphics
Senolytics are pharmacological agents that selectively
kill “senescent cells”, which can minimize off-target
effects on healthy cells and have a faster therapeutic
effect compared to senomorphics. The biggest challenge
is that eliminating senescent cells could interfere with
the beneficial effects of these cells. Indeed, senescence
is not universally detrimental, but rather has beneficial
biological functions in certain contexts. In contrast,
senomorphics prevent the detrimental cell-extrinsic ef-
fects of senescent cells, which provide an alternative
pharmacological approach to modulate functions and
morphology of senescent cells by suppressing the
secretion of deleterious SASP components without cell
elimination. However, senomorphics do not directly
eliminate senescent cells, so the therapeutic effect may
be slower and less pronounced than with senolytics.
Furthermore, senomorphics may not be effective in all
types of senescent cells, since different cells can have
distinct senescence-associated phenotypes.

Outstanding questions
Asthma has a high prevalence particularly in the elderly
populations. Cellular senescence in asthmatic lung and
the possible use of senotherapies are critical for asthma
patients, but little is known about the cellular senes-
cence pathways and their contributions to clinical
asthma phenotypes as well as the senescence-targeted
senotherapeutics in asthma.

Conclusions
Cellular senescence is a comprehensive status of cells
and plays both physiological and pathophysiological
roles in cell development, pathogenesis of diseases, and
organ dysfunction. Several cellular stress responses
have been suggested to link the triggers of asthma to
cellular senescence, including telomere shortening,
DNA damage, oncogene activation, oxidative related
senescence, and SASP. However, senescence is a com-
plex process. Cellular response to senescence-inducing
stimuli may vary depending on the cell type, age, and
underlying health status. Asthma in the elderly is often
considered a “different entity” and may have decreased
reduced airway responsiveness and impaired immune
function. Persistent accumulation of senescent cells in
elderly patients with asthma can promote airway
inflammation and impaired cellular function through
SASP. Different senescent structural and immune cells
have been associated with different immune responses
and major clinical endotypes of asthma patients. How-
ever, cellular senescence shows either detrimental or
beneficial effects in different studies, depending on cell
types, exogenous and endogenous stressors, and degree
of immune responses to stressors. Thus, future studies
are warranted in linking specific senescence pathways to
specific aspects of asthma, which could provide a
rationale for designing senescence-targeting drugs for
asthma. While both senolytics and senomorphics have
shown a great promise as therapeutic approaches for
asthma, they have their advantages and limitations.
Furthermore, given that the relationship between airway
inflammation and airway remodeling in asthma is
complex and bidirectional, targeting both processes is
critical to improve outcomes for patients with asthma.
Taken together, targeting senescence therapies hold
great potential to substantially treat asthma, but exten-
sive studies are still needed to develop specific and ac-
curate therapeutic strategies to treat asthma.
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