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Idiopathic pulmonary fibrosis (IPF) is a rare chronic fibrotic pulmonary disease of unknown aetiology,
which results in the progressive destruction of lung with a very poor median survival of 3 years after
diagnosis. According to the current paradigm, IPF results from progressive alterations of alveolar epithelial
cells leading to the recruitment of mesenchymal cells to the alveolar regions of the lung with secondary
deposition of extracellular matrix, and destruction of the normal lung structure and physiology [1]. The
anarchic epithelial repair observed in IPF is also accompanied by reactivation of signalling pathways
involved in fetal lung development [2]. IPF develops in a genetically susceptible individual, and is
promoted by interaction with environmental agents such as inhaled particles, tobacco smoke, inhaled
pollutants, and viral and bacterial agents. Two drugs are currently available for the treatment of
pulmonary fibrosis: pirfenidone, a small molecule that probably targets lung fibroblasts through multiple
mechanisms; and nintedanib, a multitarget tyrosine kinase inhibitor [1].

IPF has been clearly associated with ageing. Ageing is both a susceptibility marker and a major driver of
the disease, through mechanisms that have not yet been fully elucidated. Cellular senescence is one of the
nine hallmarks of ageing, besides genomic instability, telomere attrition, epigenetic alterations, loss of
proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, altered intercellular communication
and stem cell exhaustion [3, 4]. Cellular senescence was first described half a century ago as “the limited in
vitro lifetime of human diploid cell strains” in Hayflick and Moorhead’s seminal works [5, 6]. Cellular
senescence is characterised by a supposedly irreversible cell cycle arrest (even in the presence of mitogenic
signals). This cellular state is associated with apoptosis resistance, and the secretion of many cytokines,
growth factors and proteases: the so-called senescence-associated secretory phenotype (SASP) [7], which
may impact the neighbouring cells and tissue microenvironment. The composition of the SASP depends
on the cell type of origin as well as the senescence-inducing stressor [8]. Many triggers of cellular
senescence have been identified. Cellular senescence was first associated with telomere attrition leading to
a persistent DNA damage response [9]. Additional DNA damage response-independent stressors
associated with ageing, such as oxidative stress and proteostasis dysregulation, can also trigger cellular
senescence [3, 9]. Identification of a senescent cell in a tissue is a difficult issue. Canonical markers of
senescence include senescence-associated β-galactosidase (SAβG) activity, which reflects the accumulation
of endogenous lysosomal β-galactosidase [10, 11] as well as the induction of cell cycle-related inhibitory
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proteins such as P53, P21 and P16INK4a in senescent cells [9]. In addition to DNA damage response
markers, senescent cells may display heterochromatin foci that contribute to silencing of
proliferation-promoting genes in order to epigenetically lock down the cell in this prolonged
nonproliferative state [12, 13]. No single marker may define a cell as senescent since none of these
markers are exclusive to cellular senescence; only the association of those markers should be used to
evaluate a senescent cell [9].

Cellular senescence has important physiological roles. Recent studies have shown that cellular senescence
is involved during the ontogenesis of the limb, kidney and inner ear [14, 15]. Senescence is also needed for
normal wound healing. DEMARIA et al. [16] showed that senescent fibroblasts and endothelial cells appear
very early in response to a cutaneous wound, where they accelerate wound closure by inducing
myofibroblast differentiation after a cutaneous wound and limit skin fibrosis. Similarly, JUN and LAU [17]
showed that senescent fibroblasts accumulate in granulation tissues of healing cutaneous wounds and
express antifibrotic genes. The secretory repertoire of senescent cells promotes the growth of the
surrounding cells involved in microenvironment remodelling during organ morphogenesis or wound
healing [14–16], and then attracts phagocytic immune cells to trigger the removal of the senescent cell and
promote tissue regeneration [9]. Senescence is also a crucial barrier against cancer development since this
process potentially disables cells accumulating severe cellular damage and potentially deleterious mutations
[9]. These data suggest that cellular senescence is an example of antagonistic pleiotropy in which natural
selection favours processes that are beneficial early in life, even if they cause harmful effects later in
post-reproduction life [1–3]. Cellular senescence would act beneficially early in life during tissue
morphogenesis and during normal wound healing upon tissue damage, but detrimentally later in aged
organisms by causing aberrant tissue remodelling as a consequence of persistent SASP [9]. Similarly,
senescence would be beneficial when it is transient and efficiently resolved but pathological when chronic
and unresolved.

Accumulation of senescent cells has been associated with structural changes associated with ageing. Recent
data, including the article by LEHMANN et al. [18] published in this issue of the European Respiratory
Journal, have linked cellular senescence with lung fibrosis development [19]. Indeed, IPF is characterised
by increased epithelial [20–22] and mesenchymal/fibroblast [19] senescence. LEHMANN et al. [18] focused
on epithelial senescence in IPF, confirming that lung epithelial cells display senescence markers such as
SAβG, P21, P16INK4a and DNA damage response markers in IPF patients. Interestingly, they also showed
that the expression of senescence markers involved both alveolar epithelial type II cells (AEC2), and
cytokeratin-5- and -7-positive basal cells in bronchiolised IPF distal airways, and that primary AEC2
derived from IPF lung also retained senescence markers in vitro. Similarly, they confirmed that senescence
features are detected in experimental models of lung fibrosis upon bleomycin treatment in mice with an
increase in senescence markers and secretion of SASP factors in primary AE2C derived from mouse
fibrotic lungs [19, 23, 24]. Other investigators observed that IPF fibroblasts in culture retain markers of
senescence [25]. Interestingly, many senescence triggers, such as telomere attrition, oxidative stress and
proteostasis dysregulation, have been reported in sporadic and familial forms of IPF [26, 27].

Cellular senescence is being increasingly recognised as a therapeutic target in many diseases, including IPF.
Even though senescent cells are resistant to apoptosis, these cells express high levels of both pro- and
antiapoptotic factors, meaning that these cells are in fact on the verge of undergoing apoptosis. There is
the possibility to induce their apoptosis through the inhibition of antiapoptotic factors [8]. Drugs that can
selectively induce the death of senescent cells are called “senolytic”. In the current study, LEHMANN et al.
[18] took advantage of a recently developed senolytic drug combination, dasatinib and quercetin (D+Q).
Dasatinib is a tyrosine kinase inhibitor, while quercetin is a natural flavonol that targets phosphoinositide
3-kinase, among other kinases [8]. They showed that the D+Q senolytic combination depleted senescent
cells by inducing apoptosis and reduced SASP factors in mouse primary AEC2 derived from
bleomycin-treated fibrotic lungs. These results were also confirmed in the ex vivo model of precision-cut
lung slices obtained from bleomycin-treated fibrotic mouse lungs [18]. Another recent study by SCHAFER

et al. [19] undertook a similar approach by administering the D+Q cocktail in vivo during the fibrotic
phase in bleomycin-treated animals. This senolytic combination did decrease fibrosis burden in these
animals [19]. The beneficial effect of eliminating senescent cells during lung fibrosis was also confirmed in
vivo by using an elegant genetic approach to specifically induce apoptosis in p16ink4a-positive/senescent
cells in mice treated with bleomycin [19]. A recent study also showed that mitigating P53 localisation and
function in senescent cells could specifically trigger their elimination by apoptosis and restore tissue
homeostasis in mice treated with chemotherapy agents and in aged animals [28].

Together, the studies by LEHMANN et al. [18] and SCHAFER et al. [19] strongly suggest that cellular
senescence is a salient feature of lung fibrosis, and that targeting/elimination of these cells could be
beneficial. These observations raise many issues. From a biological perspective, it will be important to
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decipher the mechanisms leading to the accumulation of senescent epithelial cells in IPF. Specifically, the
potential contribution of immunosenescence with a secondary impairment of the processes leading to
removal of senescent cells [29] should be further studied. From a clinical perspective, the efficiency of
senescent cell removal regarding fibrogenesis should be further validated in other experimental models of
lung fibrosis before moving to patients. Indeed, we still cannot exclude that senolytic drugs could be
detrimental in IPF patients, for various reasons. Firstly, senolytic drugs may target senescent fibroblasts,
which have been shown to have fibrosis-limiting effects in the skin, heart and liver [9, 16, 30];
interestingly, senescence is mainly associated with the mesenchymal lineage (myofibroblasts) in these
tissues [9, 16, 30]. Similarly, increased senescence of fibroblasts may decrease experimental lung fibrosis in
mice [31, 32]. However, as suggested by LEHMANN et al. [18], senescence seems to predominate in epithelial
cells in IPF; therefore, elimination of senescent antifibrotic fibroblasts should not be a limiting factor.
Secondly, dasatinib was recently shown to induce pulmonary endothelial damage, with an increased
susceptibility to pulmonary hypertension in rodent experimental models and in patients with chronic
myeloid leukaemia treated with dasatinib [33]. Since pulmonary hypertension is a well-recognised
comorbidity in IPF [34], the use of dasatinib in IPF patients could have potential aggravating effects in the
long term. Finally, and this is probably more worrying, senolytic drug treatment may result in massive
epithelial cell depletion by apoptosis, which could trigger diffuse alveolar damage and acute exacerbation,
since the regenerative capacity of epithelial cells in IPF patients is impaired [1, 35]. A way to investigate
and circumvent those harmful caveats in IPF would be to study the effect of senolytic drugs on
precision-cut IPF lung slices in vitro. Such an approach has been already validated to test small molecules
in chronic obstructive pulmonary disease-derived lung slices [36].

In conclusion, we should be very cautious before translating the beneficial effects of senolytic drugs from
mice to men. Senolytic drugs could be a promising adjuvant therapy in IPF. However, the challenge will
be to confirm in clinical trials their true beneficial effects in IPF since senolytic drugs could be potentially
harmful in these fragile patients.
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