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To the editor, 

 

INTRODUCTION 

 

COPD is a progressive inflammatory lung disease caused by exposure to noxious gases, in 

particular cigarette smoke. Chronic exposure to cigarette smoke (CS) causes chronic 

inflammation and eventually leads to lung tissue damage. Ultimately, these pathologic 

events lead to airway fibrosis and airflow limitation, i.e. chronic bronchitis, and the alveolar 

breakdown and lack of tissue repair in the parenchyma, i.e. emphysema (1). 

Cellular senescence has been recognized to play a role in the pathophysiology of 

COPD (2). Cellular senescence is defined as an irreversible cell cycle arrest to prevent cell 

death or abnormal growth. Induction of cellular senescence can be caused by multiple 

mechanisms, including oxidative stress and DNA damage, both known to result from chronic 

CS exposure (3). Accumulation of senescent cells in lung tissue can result in chronic 

inflammation and tissue dysfunction (4) and as such contribute to COPD pathology.  

Electronic cigarettes have been proposed as a safer alternative to cigarettes. 

Evidence of the harms related to E-cigarette use is growing. Similar to CS exposure, E-

cigarette exposure causes a pro-inflammatory response after acute and chronic exposure 

in multiple structural lung cells in vitro, in vivo in mouse lungs and in human clinical studies 

(5, 6), suggesting prolonged use may also contribute to COPD. Furthermore, E-cigarette 

vapour exposure has been shown to induce DNA damage and reduce DNA damage repair in 

lung epithelial cell lines (5). Oxidative stress from E-cigarette vapour exposure has been 

studied to a greater extent in vitro and in vivo, with the majority demonstrating a high 

oxidative burden from E-vapour exposure. Although E-cigarette use may upregulate known 

senescence inducers, DNA damage and oxidative stress, it is unknown whether E-vapour 

can actually induce cellular senescence. Therefore, we investigated whether E-vapour 

exposure induces cellular senescence in primary lung fibroblasts and whether this affects 

their tissue repair function. 

 

 

METHODS 

 

Primary parenchymal lung fibroblasts (n=11) were grown in DMEM (Gibco) supplemented 

with 5% foetal bovine serum (FBS) as described previously (7). At passage 5-6, cells were 

seeded on 6 well plates (for collection of supernatants, RNA & SA-β-gal staining) and on 12 

well plates (for wound healing assay). Cells were serum-starved in 0.5% FBS DMEM after 48 

hours, and 24 hours later cells were stimulated with 250 µM Paraquat (PQ; positive control 

for senescence induction), 5% cigarette smoke extract (CSE), 1.5% (Lo) or 2% (Hi) nicotine-

containing (18mg/ml) tobacco-flavoured E-cigarette Vapour extract (EV), or 1.5% (Lo) or 2% 

(Hi) nicotine-free tobacco-flavoured E-cigarette Vapour extract (NF EV) as described 

previously (8). A cytotoxic dose for CSE (10%) and both EV (5%) was used as a positive 

control for the stimuli (data not shown). Supernatants (for IL-8 ELISA) and RNA extracts were 
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collected after 24 hours of stimulation, whilst remaining plates were refreshed to 5% FBS 

DMEM to enable cell proliferation for 3 days. Cellular senescence was assessed by SA-β-gal 

staining, cell proliferation inhibition, and p16 and p21 gene expression as described 

previously (9). Wound healing assays were performed 4 days after stimulation as described 

in the figure legend. 

 

 

RESULTS 

 

To confirm the stimulatory response of the different stimuli on primary lung fibroblasts, IL-

8 secretion was measured, which was significantly induced by all stimuli compared to 

untreated fibroblasts (Fig. 1A). Cellular senescence was induced by PQ and CSE with an 

increase in p21 expression (Fig. 1B) and percentages of SA-β-gal positive cells (Fig. 1C), and 

reduced cell proliferation (Fig. 1D). For both no increase in p16 expression was found (data 

not shown). CS is a known risk factor for COPD and both stimuli are known to induce 

senescence, confirming our model's validity.  

Upon stimulation with nicotine-containing E-vapour extract (EV), cellular 

senescence was induced with significant differences in the same senescence markers as PQ 

and CSE, which was dose-dependent (Fig. 1B-D). This induction in cellular senescence by E-

vapour appeared to be nicotine-independent as stimulation with nicotine-free E-vapour 

extract (NF EV) also increased p21 expression and the percentages of SA-β-gal positive cells, 

and reduced cell proliferation. Only upon the low dose of NF EV stimulation, no significant 

p21 increase was observed (Fig. 1B). Similar to PQ and CSE, no increase in p16 expression 

was found after NF EV and EV stimulations (data not shown). 

 Upon senescence induction by PQ and CSE, impaired repair in a wound healing 

model occurred after 48 hours and 72 hours (Fig.2). Low dose EV impaired wound healing 

capacity with reduced wound closure after both 48 and 72 hours, which again appeared to 

be nicotine-independent as similar results were found in NF EV treated cells. No significant 

reduction in wound closure was found upon EV Hi stimulation, due to one donor with 

improved wound closure upon stimulation 

To confirm our in vitro results in vivo, gene expression of p21 was measured in a 

previously performed mouse model (10), where p21 expression seemed higher upon 

exposure compared to non-exposed controls (mean fold change + SEM: 1.3+0.09 (EV) and 

1.2+0.2 (NF EV) vs SHAM). However, no significant differences were found as this pilot study 

was underpowered, thus larger in vivo studies should be done to confirm our in vitro 

findings. 
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Figure 1: Cellular senescence induction upon stimulation with known senescence-inducers and upon 

E-vapour extract stimulation. Differences in IL-8 secretion (A) in cell culture supernatants, p21 gene 

expression (B), percentages of SA-β-gal positive cells (C) and total cell numbers (D) are shown 

compared to untreated (Unt, blue) upon stimulation with 250µM paraquat (PQ, purple) 5% cigarette 

smoke extract (CSE, red) and high and low doses of nicotine-containing (EV Lo and Hi, orange) and 

nicotine-free E-vapour (NF EV Lo and Hi, yellow) extracts. N=11 per group. Lines represent means and 

dotted lines represent levels of untreated. Lo= low dose: 1.5% and Hi= high dose: 2%. Significant 

differences between stimulated and untreated fibroblasts were tested using One-Way ANOVA with 

Fisher’s LSD tests, * means P-value < 0.05 compared to untreated. 

 

 

DISCUSSION 

 

This study is the first to identify E-cigarette vapours’ potential to induce cellular 

senescence in primary lung cells, which is a known contributing factor to disease in COPD 

(2). The findings of our study further add to the identified risks of E-cigarette use (5). E-

cigarette harms are often compared to cigarettes in relation to harm reduction, but this 

study focused on the standalone risk for E-cigarette users. These risks are not isolated to 

COPD patients with other E-cigarette users like young never-smokers, more likely to 

develop lung pathology from long-term use. 

In the current study, we did not investigate the mechanisms of senescence 

induction by E-vapour extract, but we hypothesize that DNA damage and oxidative stress 

may be involved as previous studies demonstrated that E-cigarette vapour exposure can 

result in DNA damage and oxidative stress (5). Future studies should elucidate these 

mechanisms involved in EV-induced senescence and whether particular components of E-

liquids are directly causing up-regulation of pathological processes in the lung. 

E-cigarettes’ potential to induce cellular senescence, alongside other previously 

identified risks, should serve as a warning to avoid use as a safe alternative to cigarette 

smoking or as a cessation device. Considering senescence induction was dose-dependent 

indicates excessive and long-term use should be avoided. 



E-cigarette vapour induces cellular senescence in lung fibroblasts 

 

149 

 
Figure 2: Cellular senescence induction resulted in an impaired wound healing capacity. Wound 

healing capacity was assessed 4 days after stimulation using the scratch assay by measuring wound 

closure after 48 and 72 hours of scratching stimulated and untreated fibroblasts. A wound in the cell 

layers was made by scratching with a p200 pipet tip in the middle of the well from top to bottom, wells 

were washed twice with Hanks buffer and DMEM + 0.5% FBS was added to enable wound closure, 

which was captured on a Nikon Eclipse Ti microscope at total magnification of 40x. Percentages of 

wound closure after 48 hours (A) and 72 hours (B) compared to untreated (Unt, blue) are shown upon 

stimulation with 250µM paraquat (PQ, purple) 5% cigarette smoke extract (CSE, red) and high and low 

doses of nicotine-containing (EV Lo and Hi, orange) and nicotine-free vapour (NF EV Lo and Hi, yellow) 

extracts. N=11 per group. Lines represent means and dotted lines represent levels of untreated. Lo= 

low dose: 1.5% and Hi= high dose: 2%. Significant differences between stimulated and untreated 

fibroblasts were tested using One-Way ANOVA with Fisher’s LSD tests, * means P-value < 0.05 

compared to untreated. 
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