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SUMMARY 

 

Since the pathogenesis of COPD is unclear and no treatment options are available to reduce 

disease progression, novel insights into the pathogenesis of COPD are urgently needed, such 

as elucidating the role of accelerated ageing in COPD. I hypothesized that accelerated ageing 

contributes to the pathogenesis of COPD, especially in the relatively young, severe, early-

onset COPD (SEO-COPD) patients. These SEO-COPD patients represent a subgroup of COPD 

with a significant proportion of hospital admissions and healthcare costs. Recently, 

dysregulation of extracellular matrix (ECM) homeostasis has been described as an additional 

hallmark for lung ageing, although it is unknown whether accelerated ageing contributes to 

ECM dysregulation in COPD. Therefore, the overall aim of this thesis was to elucidate the 

role of accelerated ageing specifically in lung tissue repair and remodelling in COPD. 

 In chapter 2, the overlap between lung ageing and COPD was described and all 

data on ageing in COPD as available at the start of this thesis was reviewed. This 

comprehensive review demonstrates that most ageing hallmarks are observed in lung tissue 

from COPD patients, indicating that accelerated ageing may play a role in COPD. However, 

this overview also identified a lack of evidence as to whether accelerated ageing occurs in 

lung fibroblasts and airway smooth muscle cells from COPD patients and whether this 

impacts their functional roles in repair, remodelling and ECM regulation. Moreover, since 

no data were available including relatively young patients or SEO-COPD, this thesis is more 

focused on this group of patients with the hypothesis that accelerated ageing may especially 

play a role in SEO-COPD.  

 In chapter 3, potential gene-miRNA interactions were discovered that may play a 

role in normal ageing of the airways. Interestingly, genes that had a lower expression with 

age were part of pathways involved in three ageing hallmarks, including genomic instability, 

cellular senescence and altered intercellular communication, implicating a particular role 

for these ageing hallmarks in normal lung ageing. 

 In chapter 4, COPD-derived fibroblasts displayed features of accelerated ageing 

compared to non-COPD controls, with higher levels of cellular senescence, DNA damage 

and oxidative stress. Interestingly, some of these effects were most pronounced in 

fibroblasts from SEO-COPD patients. The observed increase in cellular senescence was 

correlated with lower gene expression of the ECM protein decorin (DCN) in COPD-derived 

fibroblasts. In addition, Paraquat-induced cellular senescence resulted in changes in ECM 

gene expression, including decreased DCN expression. Our study showed a clear link 

between cellular senescence and ECM dysregulation in COPD. 

 To give more insight into the potential consequences of accelerated ageing in lung 

fibroblasts, the senescence-associated secretory phenotype (SASP) of senescent COPD-

derived lung fibroblasts was assessed in chapter 5. 124 SASP proteins from primary lung 

fibroblasts upon senescence induction were identified. 42 of these proteins were secreted 
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at higher levels by COPD-derived fibroblasts compared to non-COPD controls, and 35 were 

secreted at higher levels by SEO-COPD-derived fibroblasts compared to their matched non-

COPD controls. Interestingly, multiple COPD-associated SASP proteins have been implicated 

in chronic inflammation, and as such might contribute to COPD pathogenesis.  

 In chapter 6, cellular senescence levels at baseline were higher in airway smooth 

muscle cells (ASMCs) compared to lung fibroblasts, but were not different between ASMCs 

from COPD patients compared to non-COPD controls. No link between cellular senescence 

and ECM gene expression in COPD-derived ASMCs was found. These results indicate that, 

in contrast to lung fibroblasts, higher levels of senescence in ASMCs do not appear to play 

a major role in COPD pathology. 

 Finally, in chapter 7, the potential of E-cigarettes, commonly used by COPD 

patients, to induce cellular senescence was assessed. E-vapour exposure induced cellular 

senescence in primary human lung fibroblasts. In addition, senescence induction by E-

vapour exposure, similar to cigarette smoke exposure, and paraquat treatment resulted in 

an impaired wound healing capacity. Hence, E-cigarette vaping appears not a safe 

alternative for cigarette smoking and might even contribute to accelerated lung ageing and 

pathology. 

 A summary overview of all main findings in the studies of this thesis is depicted 

below in Figure 1. 
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Figure 1: Overview of the role of accelerated ageing in lung tissue repair and remodelling in COPD. 

Environmental factors, including cigarette smoke, E-cigarette vapour and Paraquat (PQ), can induce 

features of accelerated ageing (cellular senescence) in lung fibroblasts. COPD-derived fibroblasts have 

features of accelerated ageing with higher levels of cellular senescence, reactive oxygen species (ROS) 

and DNA damage. This accelerated ageing may be a direct result of environmental factors or indirect 

via induction of a pro-inflammatory environment in the lungs, for example, by secretion of 

inflammatory mediators by epithelial cells. Higher levels of cellular senescence resulted in extracellular 

matrix (ECM) changes, including lower DCN expression, higher SASP protein secretion and impaired 

wound healing capacity, and thus affect the tissue repair and remodelling functions of lung fibroblasts. 

These functional consequences have been implicated to play a role in COPD pathogenesis. Created 

with BioRender.com 

 

 

 

  



Summary, general discussion and future perspectives 

 

157 

GENERAL DISCUSSION & FUTURE PERSPECTIVES 

 

Cellular senescence in COPD 

Cellular senescence can be induced by multiple factors, including environmental and 

lifestyle factors that are of relevance in COPD. Most of these factors induce cellular 

senescence via an increase in oxidative stress, mitochondrial dysfunction or DNA damage. 

Cigarette smoke exposure, the major risk factor of COPD, has been extensively described to 

induce oxidative stress, DNA damage, telomere dysfunction and cellular senescence in vitro 

in multiple structural lung cells (as reviewed in chapter 2) and also in vivo in mouse lungs 

(1-4). Both oxidative stress and DNA damage were higher in (SEO-) COPD-derived fibroblasts 

(chapter 4), which suggests that one or both of these stress factors may have caused the 

higher levels of cellular senescence observed in these cells. Future studies should assess 

whether one or both caused the induction in senescence by specifically inducing these 

stress factors separately, for example by radiation (DNA damage), and specifically reducing 

these stress factors separately, for example by anti-oxidants (oxidative stress), and assess 

the effects on senescence induction. 

E-cigarettes are used as smoking cessation or replacement device and assumed to 

be a safer alternative than smoking cigarettes. Previous studies have already demonstrated 

that in vitro in multiple structural lung cells and in vivo in mouse lungs exposure to E-

cigarette vapour can induce inflammation, oxidative stress and DNA damage (5, 6). In 

chapter 7, we showed that E-cigarette vapour exposure induces cellular senescence in 

primary human lung fibroblasts. The induction of senescence by E-cigarettes appeared to 

be nicotine-independent, but further studies should be done to elucidate the mechanisms 

that are involved in the induction of senescence, for example, oxidative stress and DNA 

damage. Moreover, future studies should assess the chronic effects of E-cigarettes as 

limited data on chronic use is available.  

Only a few studies have been done to assess senescence induction by air pollution 

like particulate matter. Particulate matter has been demonstrated to induce inflammation 

and oxidative stress in vivo in mouse lungs (7-9). Till now, induction of cellular senescence 

has only been shown in fine particulate matter (PM2.5) treated corneal epithelial cells and 

keratinocytes (10, 11). Hence, future studies need to be done to assess the senescence 

inducing potential of air pollution in the lungs.  

Finally, the inflammatory and fibrotic environment of COPD lungs can enhance the 

senescence phenotype as well, for example TGF-β, one of the best-known COPD-associated 

proteins (12, 13), has been demonstrated to be able to induce senescence (14, 15).  

In summary, most of the environmental and lifestyle factors that are risk factors 

for COPD have the potential to induce cellular senescence in structural lung cells, which 

eventually may contribute to COPD pathogenesis. An important question that remains to 

be answered, is whether the induction of cellular senescence in COPD-derived lung 
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fibroblasts is caused directly by the environmental and lifestyle factors or by the pro-

inflammatory environment in the lungs, for example, by inflammatory mediators secreted 

by epithelial cells. Therefore, experiments with co-cultures of exposed epithelial cells with 

lung fibroblasts or treatments of lung fibroblasts with conditioned media from exposed 

epithelial cells should be performed. It would also be of interest to assess whether exposed 

epithelial cells from COPD patients and non-COPD smokers provoke a different response in 

co-cultured or conditioned media treated lung fibroblasts. 

 

Accumulation of senescent fibroblasts in lung tissue may be caused by an enhanced 

induction of cellular senescence and/or reduced clearance of senescent cells by immune 

cells and may have detrimental effects on the surrounding lung tissue. In chapter 4, higher 

levels of cellular senescence were observed in both lung tissue and lung fibroblasts from 

COPD patients, indicating that in COPD lung tissue senescent cells accumulate, including 

senescent fibroblasts. In this study, it could not be determined whether this accumulation 

is caused by an enhanced senescence induction or reduced senescence clearance or both. 

Till now, data assessing the capacity of senescence clearance by immune cells in COPD 

patients is very limited. Immune cells that can clear senescent cells by phagocytosis are 

macrophages, and cells that can induce apoptosis of senescent cells are NK cells and T cells, 

but the exact mechanisms are still not clear (16, 17). Numbers of macrophages are higher 

in lung tissue from COPD patients compared to smokers without COPD, which was 

associated with disease severity (18, 19), while levels of macrophage attractant MCP-1 were 

found to be higher in sputum (20) and BAL fluid (21) from COPD patients. Despite higher 

numbers of macrophages, the phagocytosis capacity of pathogens of COPD-derived alveolar 

macrophages was found to be reduced compared to non-COPD controls (22-25). 

Furthermore, levels of the senescence marker p21 are increased in macrophages from 

smokers (26), which indicates an impaired function of these cells upon smoking, but higher 

levels of senescence in COPD-derived macrophages have not been demonstrated yet. These 

studies suggest that clearance of senescent cells might be reduced in lung tissue from COPD 

patients as well, but future studies should assess the potential of senescent cell clearance 

of COPD-derived immune cells. These studies should include co-culture models of senescent 

cells (fibroblasts) with COPD-derived immune cells like macrophages to answer this 

question. 

 

Functional consequences of senescence accumulation in COPD lung tissue 

Cellular senescence is an important homeostatic mechanism, but accumulation of 

senescent cells can lead to pathology. Transient occurrence and clearance of senescent cells 

are part of normal physiology by contributing to embryogenesis, tissue development, and 

normal tissue repair and remodelling (27-30). The detrimental effects of cellular senescence 

are caused by an accumulation of senescent cells. These effects may be the result of altered 
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functions of the senescent cell itself and by the detrimental effects of the SASP. Cellular 

senescence in lung fibroblasts resulted in differential ECM expression (chapter 4) and an 

impaired wound healing capacity (chapter 7), which both are implicated in COPD 

pathogenesis. While little was known about ECM regulation in senescent cells in the lungs, 

several studies have found altered ECM and matrix metallopeptidase (MMP) regulation in 

senescent fibroblasts derived from other tissues like dermal and foreskin fibroblasts. Most 

of these studies have shown an increase in MMP secretion (31-33), which can degrade ECM 

proteins, and in general a decrease in expression of collagen genes (32-36). Therefore, this 

suggests that cellular senescence can directly affect the repair and remodelling function of 

fibroblasts. As cultures of senescent cells include non-senescent cells as well it cannot be 

excluded that the observed differences might be driven by the effect of senescent cells on 

neighbouring non-senescent cells. Sorting a pure population of senescent cells may answer 

this question. Since most of the current studies only describe an association between 

senescence and ECM changes or an effect of senescence on gene expression instead of ECM 

protein deposition and structure, future studies need to be done to elucidate the exact 

effect of cellular senescence in lung fibroblasts on the matrix biology in COPD lungs. It would 

be of interest to assess whether newly formed ECM from senescent lung fibroblasts is 

different in levels and biomechanical properties compared to non-senescent fibroblasts. In 

addition, whether these senescent fibroblasts change the existing ECM would be of interest 

as well. 

 The potential detrimental effects of SASP proteins on surrounding lung tissue 

include a wide range of processes; ECM interference, chronic inflammation, paracrine 

senescence, epithelial-mesenchymal transition (EMT) and tumorigenesis (27, 29, 37). In 

chapter 5, multiple SASP proteins were identified in senescent primary lung fibroblasts and 

COPD-associated SASP proteins that have been implicated in these detrimental processes. 

Firstly, multiple enzymes and proteases like MMPs that were identified as SASP proteins 

can have a direct effect on lung ECM, including MMP-2, -3, -9, -10. Proteases that were 

found to be secreted at higher levels by COPD-derived fibroblasts compared to non-COPD 

controls include MMP-9 and t-PA. Both have been implicated in ECM degradation, where 

MMP-9 can degrade collagen (38, 39) and decorin (40, 41), while tPA activates plasminogen 

and MMPs and thereby provokes ECM breakdown (42). Secondly, the SASP of senescent 

lung fibroblasts and the SASP of COPD-derived fibroblasts contained various cytokines and 

chemokines that have been implicated in inflammation. Several of our identified SASP 

proteins are COPD-associated inflammatory mediators, including the COPD-associated SASP 

proteins CCL15 and CXCL9 (43-45). Thirdly, single SASP proteins and also the full SASP profile 

can induce paracrine senescence, where the full SASP has been demonstrated to induce 

senescence in surrounding cells in vitro in multiple cell lines (46, 47) and even in vivo in 

mouse lungs (48, 49). Although paracrine senescence was observed in multiple tissues 

including liver, stroma, colon and muscle, paracrine senescence by the SASP has not been 
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demonstrated in lungs yet. Fourthly, multiple studies that co-cultured senescent cells with 

non-senescent cells or treated cells with conditioned media of senescent cells found that 

SASP can induce cell growth (27, 50-54) and characteristics of tumorigenesis, including 

morphogenesis, migration, invasion and angiogenesis (51, 53, 55-57). Whether the SASP 

can play a role in tumorigenesis in the lungs is still unknown and thus it remains to be 

elucidated whether the SASP may have a potential role in the COPD-lung cancer overlap. 

Finally, the SASP has also been demonstrated to cause EMT (58), which leads to a loss of 

epithelial function, where senescent fibroblasts and conditioned media from senescent 

fibroblasts caused EMT in human and mouse breast cancer cells (27, 51). Whether SASP 

protein secretion by COPD-derived lung fibroblasts can cause EMT of epithelial cells in COPD 

lungs has not been studied yet. In summary, the SASP has been demonstrated to induce 

detrimental effects on the surrounding tissue in multiple organs, but studies on the 

detrimental effects of the SASP (from senescent fibroblasts) on surrounding lung tissue are 

limited. Therefore, future studies should focus on the detrimental effects of the SASP 

proteins on the different structural lung cells and whether these effects are driven by a 

particular group of proteins or by the complete SASP composition. 

In preliminary studies, I studied the potential autocrine effect of the SASP proteins 

secreted by senescence-induced primary lung fibroblasts. Conditioned media containing 

the SASP of senescent lung fibroblasts was used to treat naïve lung fibroblasts. Very low to 

no effects of senescent fibroblast-derived conditioned media were observed, with a small 

increase in cellular senescence in some donors and no effect on inflammation, ECM gene 

expression and wound healing capacity. Based on the preliminary findings, I expect that the 

SASP of senescent lung fibroblasts is more likely to have detrimental effects in a paracrine 

manner affecting its surrounding cells. For future studies, the effect of senescent fibroblasts 

on surrounding lung tissue needs to be addressed by co-culture models and treatment of 

different lung-derived cells with conditioned media from senescent fibroblasts. 

Furthermore, the effect of single COPD-associated SASP proteins, which are secreted at the 

highest levels, on lung-derived cells should be assessed to get more insight into the 

paracrine effect of senescent lung fibroblasts on COPD lung tissue. 

 

Accelerated ageing in COPD 

Although accelerated ageing has widely been described to contribute to COPD 

pathogenesis, causality has not been demonstrated and remains challenging.  The fact that 

features of ageing were observed at a relatively young age (SEO-COPD) already, supports 

the hypothesis that accelerated ageing is involved in the disease. Since many ageing 

markers are increased upon cigarette smoking as well, like oxidative stress, DNA damage, 

and cellular senescence, proving that accelerated ageing contributes to COPD pathogenesis 

or is a result of the disease is difficult. To minimize the effect of smoking, ex-smoking COPD 

patients were compared to ex-smokers who did not develop COPD in the studies in this 
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thesis. However, this does not exclude that features of ageing may be a result of disease 

and not the cause of disease. To get more insight into this, our study and some other studies 

compared COPD patients with different Global Initiative for Chronic Obstructive Lung 

Disease (GOLD) stages, showing that cellular senescence, telomere length, oxidative stress, 

mTOR activity and loss of proteostasis were associated with disease severity (59-65). In 

accordance, correlations between disease severity (FEV1 % predicted) and cellular 

senescence, oxidative stress, and DNA damage were found in chapter 4. These results 

suggest that these ageing processes may contribute to disease progression.  

An important question is whether accelerated ageing can be a driver of the 

development of COPD. Since in our studies samples from end-stage of disease were used, 

this question could not be answered. In mouse models, spontaneous emphysema occurs 

upon telomerase knockout and knockout of the anti-ageing gene Klotho (66-68). Genetic 

alterations of age-related repair mechanisms can enhance emphysema development in 

combination with cigarette smoke exposure, including a knockout of the anti-oxidant gene 

NRF2 and knockdown of anti-ageing gene SIRT1 (69, 70). Whether these age-related 

mechanisms can drive COPD development in humans is not known yet. So, while many 

studies suggest that accelerated ageing may contribute to the progression of the disease, it 

remains unclear whether accelerated ageing can be a driver of the development of COPD. 

Exposure to cigarette smoke and other noxious gases has been recognized to cause chronic 

inflammation and lung tissue damage in the development of COPD, but as not all smokers 

develop COPD it remains unclear which processes are involved in the onset of disease in 

combination with the exposures. Accelerated ageing might be one of these driving 

processes in COPD development. Confirming this hypothesis is difficult because most 

studies are done in patients that already developed symptoms. Therefore, longitudinal 

studies should be done in patients with no clinical disease yet who are at risk to develop 

COPD, because of the exposure to known COPD inducing stimuli, to assess ageing markers 

before the onset of disease. However, these studies also have their downsides in that they 

take a long time to finish, sample collection for example by bronchoscopy is invasive and 

large number of smoking individuals need to be included as not all smokers develop COPD 

and this is unpredictable. Studying the role of accelerated ageing in cohort studies including 

families with smokers who are diagnosed with COPD and families with smokers without 

COPD may help to reduce the study duration and to include relevant subjects. Examples of 

such studies are the COPDGene study (71), the ECLIPSE study (72), and a multicentre COPD 

susceptibility study (73, 74), which are studies of interest to assess the role of accelerated 

ageing in COPD development. 

Why (SEO-) COPD-derived fibroblasts display more features of accelerated ageing 

remains an important unanswered question. On a cellular level, accelerated ageing is 

thought to be the result of environmental and inflammatory damages and impaired repair 

mechanisms (75, 76). Cigarette smoke causes cellular damages via oxidative stress, 
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mitochondrial dysfunction, DNA damage, and telomere dysfunction (2, 67, 77-80). In 

chapter 4, higher levels of oxidative stress and DNA damage in COPD-derived fibroblasts 

compared to non-COPD controls were observed. Since not all smokers develop COPD, an 

impairment in cellular repair and maintenance mechanisms has been hypothesized to result 

in a predisposition for accelerated ageing (81-83). The causes of these impaired mechanisms 

in COPD are largely unknown, but postulated to be influenced by genetic and epigenetic 

backgrounds (83, 84). Previous studies observed a reduction in protective repair 

mechanisms in lung tissue and epithelial cells from COPD patients, including reduced DNA 

damage repair, reduced telomerase activity, loss of proteostasis (autophagy and 

mitophagy), and reduced anti-oxidant as reviewed in chapter 2. In chapter 4, some markers 

of DNA damage repair and autophagy in COPD-derived fibroblasts were assessed, but no 

differences were observed between COPD and non-COPD at baseline. The limitations of this 

study were that only a few markers were selected to assess these repair mechanisms, 

measured at a single time-point, and that isolation and in vitro culture may have caused a 

loss of difference between COPD and non-COPD at baseline. Upon stimulation with 

Paraquat, which is a COPD risk factor by occupational exposure, COPD-derived fibroblasts 

were less capable to respond to the damage with lower up-regulation of the oxidative stress 

response genes FOXO3 and MGST1 compared to non-COPD derived fibroblasts. These 

results support the hypothesis that impaired repair mechanisms may cause a predisposition 

for accelerated ageing in COPD, but which exact mechanisms are involved needs to be 

elucidated. The genetic and epigenetic background of these patients may cause this 

predisposition. A chronic exposure in vitro model with cells derived from healthy smokers 

and COPD smokers may reveal repair and maintenance mechanisms that are involved in 

accelerated ageing, for example, autophagy, mitophagy or DNA damage repair. Upon 

unravelling these exact mechanisms that are involved in impaired repair in COPD-derived 

fibroblasts, therapeutic targets that restore these repair functions can be discovered. 

 

Clinical implications and potential therapies 

First of all, smoking cessation is at the moment the best option to prevent COPD 

development as cigarette smoke is a major source of oxidative stress and inducer of cellular 

senescence. E-cigarette vaping is becoming more popular as an alternative for cigarettes 

and as a cessation device, while younger individuals also start vaping without having 

smoked cigarettes before. In chapter 7, E-cigarette vapour appeared to be not harmless and 

might contribute to COPD pathology as it induces cellular senescence. Thus, E-cigarette use 

should be avoided as well. Since smoking cessation may be challenging for addicted smokers 

and 25-45% of COPD patients are non-smokers (85), therapeutics to stop the disease 

progression need to be developed as well. Therefore, interfering in the processes of 

accelerated ageing may be a promising approach for COPD patients. Currently, many studies 

are assessing the efficacy of anti-ageing drugs to improve healthy ageing and to prevent and 
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treat age-related diseases. Targeting senescent cells by senostatics that prevent induction 

of cellular senescence and senolytics that specifically kill senescent cells, seem promising 

approaches for multiple age-related diseases including COPD.  

Senostatics are drugs that improve cellular repair mechanisms to prevent an 

accumulation of damage, which eventually prevents cellular senescence induction. The 

repair mechanisms that can or may be improved are DNA damage repair, telomerase 

activity, the proteostasis, mitochondrial function and normal nutrient sensing. Limited 

studies have been done to investigate the potential of improving DNA damage repair, 

telomerase activity and the proteostasis in COPD. Only one study showed that activation of 

an autophagy transcription factor reduced cigarette smoke-induced oxidative stress, 

cellular senescence and emphysema features in mice (86). Tested therapies that improve 

mitochondrial function are mainly anti-oxidants to reduce oxidative stress, but these are 

not clinically effective in COPD yet (87). Therapeutic approaches that are studied in more 

detail and seem to be beneficial are reduction of nutrient-sensing activity and activation of 

anti-ageing regulators. Inhibition of mTOR via rapamycin, AMPK activation via metformin 

and SIRT1 activation have all been found to reduce cellular senescence in vitro and in vivo 

and improve the lifespan of mice (88-92), but beneficial treatments in human clinical trials 

have not been demonstrated yet, while rapamycin has major side-effects (91). Regarding 

COPD, only AMPK activation reduced the mortality rate in patients with diabetes, but not in 

COPD patients without diabetes (93). So, senostatics may potentially be beneficial for COPD 

patients, but limited treatment options are currently available and only limited studies have 

been done in COPD. Furthermore, since the mechanisms that contribute to the 

predisposition of accelerated ageing in COPD are unclear yet, these need to be unravelled 

first to identify the specific mechanisms to target in COPD. More importantly, it is 

questionable whether severe COPD patients will benefit from these therapies as they 

already present features of accelerated ageing including senescence accumulation. 

Therefore, senostatics might be more beneficial for mild-moderate COPD patients to 

prevent disease progression.  Hence, it is also important to know whether senescent cells 

continue to accumulate after smoking cessation, which still is critical to stop disease 

progression. For COPD patients that never smoked and thus are likely exposed to other 

environmental or occupational factors, senostatics may be especially beneficial to stop 

disease progression. 

The other promising approach, senolytics, eliminate senescent cells by inducing 

apoptosis specifically in senescent cells and not in functional non-senescent cells. The first 

study to demonstrate the potential of senolytics found a delay in age-related disorders upon 

clearance of p16 positive senescent cells in mice (94). Since then, multiple senolytic 

treatments have been developed that eliminate senescent cells in vitro leading to reduced 

SASP protein secretion and reduced inflammation (95-97). Several mouse models in which 

treatment with senolytics was tested showed an extended lifespan and improved physical 
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activity and lung function (98-103). Interestingly, a recent study has demonstrated that 

senolytic CAR T cells that target uPAR, eliminated senescent cells in vitro and in vivo and 

extended the lifespan of mice (104), which is of particular interest as in chapter 5 uPAR was 

found in the SASP of COPD-derived fibroblasts. The senolytic cocktail Dasatinib and 

Quercetin (D+Q) has been demonstrated to eliminate senescent foetal and senescent 

primary lung fibroblasts and thereby reducing fibrosis, improving pulmonary and physical 

health upon bleomycin-induced lung injury (105, 106). The D+Q cocktail has been used in a 

phase 1 clinical trial to treat idiopathic pulmonary fibrosis patients and did improve physical 

function without causing severe side-effects and thus may be a feasible treatment that 

needs further clinical trials (107). Currently, more clinical trials are being performed to 

assess the benefits of D+Q and other senolytics in various age-related diseases, but not yet 

including COPD. So, future studies should assess the potential benefits of senolytic 

treatments in COPD-derived structural cells, COPD mouse models and eventually in clinical 

trials in COPD patients. 

 Finally, another suggested anti-ageing therapeutic approach is targeting the 

pathways and release of SASP proteins, because SASP proteins can have multiple 

detrimental effects on lung tissue as discussed above. Since cellular senescence and the 

SASP have been recognized to be involved in COPD pathogenesis, targeting the SASP might 

be a potential therapeutic approach (108). However, activation pathways of SASP proteins 

are similar to the COPD-related inflammatory pathways, including NF-κB, p38 and JAK/STAT, 

and targeting these pathways have been demonstrated to be poorly effective and lead to 

major side-effects (44). Glucocorticoids have been demonstrated to suppress the SASP in 

irradiation-induced senescence (109). Although they reduce exacerbation risks and severity, 

they have proven to not reduce COPD progression (110). Therefore, targeting specific SASP 

proteins may be a more promising therapeutic approach, for example by targeting specific 

miRNAs (110). In chapter 3, 29 age-related miRNAs were identified, which might be involved 

in the regulation of ageing processes. The expression of these miRNAs was not assessed in 

the lungs of COPD patients yet. Hence, elucidating the role of miRNAs in accelerated ageing 

and COPD may reveal novel specific therapeutic targets. Ultimately, miRNA-based therapies 

with miRNA inhibition or miRNA activation might be a potential therapeutic approach to 

target accelerated ageing in COPD. 

 Since cellular senescence has multiple beneficial functions in healthy physiology, 

targeting cellular senescence may also lead to side-effects related to these normal 

functions. First of all, cellular senescence is a mechanism that prevents abnormal growth of 

a cell and thereby prevents tumour development. Thus, targeting cellular senescence may 

promote tumorigenesis. Furthermore, cellular senescence has also been demonstrated to 

play an important role in normal wound healing. Therefore, too low levels of cellular 

senescence can affect wound healing and thereby cause impaired tissue repair. Moreover, 

COPD is a heterogeneous disease, so a homogenous therapeutic approach might have more 
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detrimental side-effects than beneficial effects. Hence, more selective, site-targeted 

therapies should be developed. More studies to determine the healthy balance of cellular 

senescence levels need to be done to enable more site-targeted therapies, which may 

prevent these side-effects. Another opportunity to limit these side-effects and to help 

restore normal lung tissue would be combining senolytic treatments with lung tissue 

regeneration therapies, which recently are being studied more intensively and show 

promising benefits (111-113), but no clinical trials are done yet. So future in vitro and in vivo 

studies should assess the potential of such combination treatments. 

  

Overall conclusion 

The studies in this thesis support the hypothesis that accelerated ageing may play a role in 

aberrant tissue repair and remodelling in COPD and thereby contribute to disease 

pathology. Therefore, therapeutics that target the mechanisms of accelerated ageing may 

be a potential therapeutic approach in COPD. Future studies should unravel the exact 

mechanisms that lead to accelerated ageing in COPD to discover therapeutic targets and to 

develop therapies more specifically. These therapies can also be beneficial for other age-

related diseases, which of the majority are comorbidities of COPD.  
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