
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Cigarette Exposure: 
Inflammatory and Immunological 
Implications in Structural Lung Cells 
and the Potential Public Health 
Consequences  
by Jack Edward Bozier 
 
Thesis submitted in fulfilment of the requirements for  
the degree of  
 
Doctor of Philosophy 
 
under the supervision of Professor Brian G.G. Oliver and 
Hui Chen 

University of Technology Sydney 
Faculty of Science 
 
February 2021 



I 

CERTIFICATE OF ORIGINAL AUTHORSHIP 

I, Jack Bozier declare that this thesis, is submitted in fulfilment of the requirements 
for the award of Doctor of Philosophy, in the School of Life Science, Faculty of 
Science at the University of Technology Sydney.  

This thesis is wholly my own work unless otherwise referenced or acknowledged. In 
addition, I certify that all information sources and literature used are indicated in 
the thesis.  

This document has not been submitted for qualifications at any other academic 
institution.  

This research is supported by the Australian Government Research Training 
Program.  

Signature:  

Date: 24/02/21 

Production Note:

Signature removed prior to publication.



 II 

Acknowledgements 

I would like to thank everyone that made the completion of this thesis possible, in 

particular my supervisors Prof. Brian Oliver and Dr. Hui Chen. Thank you for your 

contribution to the studies included in this document and your help progressing 

through my PhD. 

 

A further thanks goes to Prof. Brian Oliver, without your guidance I would not be 

finalising and submitting this thesis. You were always available for advice whether 

academic or non-academic in nature. You will forever have my gratitude for helping 

to shape the scientist I have become under your supervision. 

 

I extend thanks to present and past members of the Cellular and Molecular Biology 

Group at the Woolcock Institute of Medical Research. Namely, Roy Woldhuis, Diren 

Reddy, Razia Zakarya, Sandra Rutting, and Dia Xenaki - Completion of my 

candidature at the Woolcock Institute would not have been possible without your 

support. The collaborative work environment we shared helped me through many 

roadblocks and complications in my project, I thank you all for your support. 

 

I would also like to thank my mum, dad, brother, and sister. Thank you for being 

there during the difficult parts of this journey. Lastly, thanks to the friends that 

make up the crucial support network that I needed to get through my Doctoral 

candidature. Without all of you I would not have reached the finish line. 

 

 

 

 

 

 

 

 



 III 

I hereby state that this submission is a thesis by compilation.  



 IV 

Awards, Presentations and Posters Arising from This Work 

Awards 

Lung Foundation Australia – Travel Grant                        September 2018 
Award to attend ERS 2018 Annual Scientific Meeting to  

present two abstracts in the form of posters. Award was  

based on the merit of the submitted abstracts. 

 

ERS Young Investigator Abstract Award                          September 2018 

Award to attend ERS 2018 Annual Scientific Meeting to  

present two abstracts in the form of posters. Award was  

based on the merit of the submitted abstracts. 

 

Thoracic Society of Australia and New Zealand                         March 2018 
Award to attend TSANZ 2017 Annual Scientific Meeting to  

present two abstracts in the form of a plenary presentation  

and a poster. Award was based on the merit of the submitted  

abstracts. 

 

Vice Chancellor’s Travel Award              July 2020 

Awarded to attend the American Thoracic Society Annual  

Scientific Meeting to present an abstract in the form of an  

online presentation. Award was based on the merit of the  

submitted abstracts. 

 

 

Posters and Presentations 

TSANZ Poster Presentation                                                              October 2017  
Presentation of a Poster on “Toxic and Inflammatory Effects 

of E-cigarette Vapour are Power Dependant” at the Thoracic 

Society Australia & New Zealand Clinical Update and Annual 

Scientific Meeting 

NAMe13 Poster Presentation                                                         October 2017  
Presentation of a Poster on “Increasing Operating Voltage 

Increases the Toxic and inflammatory effects of E-cigarette 

Vapour” at the Thoracic Society Australia & New Zealand 

Clinical Update and Annual Scientific Meeting 

Poster Presentation                                                                          September 2018 
Poster presentation titled “‘Airway Smooth Muscle Cells from 

COPD patients are Hyper-Responsive to E-cigarette Vapour” 

for Woolcock Student Research Symposium 2018 

 

 



 V 

Poster presentation                                                                          March 2018 
Poster Presentation titled “‘Cigarettes or E-cigarettes’: Young 

Peoples Beliefs about Emerging Tobacco Products” for 

Thoracic Society of Australia and New Zealand Annual 

Scientific Meeting. 

Plenary Presentation TSANZ 2018                                                 March 2018  
Oral presentation on “E-cigarette Vapour Stimulates Greater 

Inflammatory Mediator Production in COPD Airway Smooth 

Muscle Cells than Non-COPD Smooth Muscle Cells” at the 

Thoracic Society Australia & New Zealand Clinical Update and 

Annual Scientific Meeting. 

Poster Presentation European Respiratory Society ASM         September 2019 
Presentation of two abstracts: “Lung cells from people with 

COPD are hyper responsive to E-cigarette vapour” and “A new 

era of smoking: Young people’s perceptions of emerging 

tobacco products” at the European Respiratory Society 

Annual Scientific Meeting in Paris, France. 

Poster Presentation American Thoracic Society ASM              May 2019 
Poster Presentation titled “‘To vape or not to vape’: Young 

Peoples Beliefs about Emerging Tobacco Products” for 

American Thoracic Society Annual Scientific Meeting in Dallas, 

Texas. 

Poster Presentation American Thoracic Society ASM               May 2019  
Rapid Fire poster presentation on “E-cigarette Aerosol 

Stimulates Changes in Structural Proteins of the Lung” at the 

American Thoracic Society Annual Scientific Meeting in Dallas, 

Texas. 

Invited Speaker – Centre for Inflammation Seminar Series     April 2019  
Oral presentation on the negative health effects of Electronic 

cigarette use to promote research collaboration between 

Australian medical research institutes. 

Invited Speaker – Respiratory Seminar Series, RPAH                July 2019  
Oral presentation and clinical update for respiratory 

physicians on the negative health effects of Electronic 

cigarettes. 

Invited Speaker – Woolcock Seminar Series, WIMR                  August 2020 
Oral presentation of research contained in this thesis as part 

of candidature requirements at the Woolcock Institute of 

Medical Research. 

Online Presentation American Thoracic Society ASM               August 2020  
Rapid Fire poster presentation on “E-cigarette Aerosol 

Stimulates Changes in Structural Proteins of the Lung” at the 

American Thoracic Society Annual Scientific Meeting in Dallas, 

Texas. 



 VI 

Publications Included in this Thesis 

 

- Bozier J, Zakarya R, Chapman DG, Oliver BGG, How harmless are E-

cigarettes? Effects in the pulmonary system, Current Opinion in Pulmonary 

Medicine: January 2020 - Volume 26 - Issue 1 - p 97-102  

- Bozier J, Chivers EK, Chapman DG, Larcombe AN, Bastian NA, Masso-Silva JA, 

Byun MK, McDonald CF, Crotty Alexander LE, and Ween MP. The Evolving 

Landscape of e-Cigarettes: A Systematic Review of Recent Evidence. CHEST 

157: 1362-1390, 2020. 

- Bozier J, Rutting S, Xenaki D, Peters M, Adcock I, and Oliver BG. Heightened 

response to e-cigarettes in COPD. ERJ Open Research 5: 00192-02018, 2019. 

 

 

Publications Included as an Adjunct to this Thesis 

 

- Rutting S, Zakarya R, Bozier J, Xenaki D, Horvat JC, Wood LG, Hansbro PM, 

and Oliver BG. Dietary Fatty Acids Amplify Inflammatory Responses to 

Infection through p38 MAPK Signaling. American Journal of Respiratory Cell 

and Molecular Biology 60: 554-568, 2019. 

- McDonald CF, Jones S, Beckert L, Bonevski B, Buchanan T, Bozier J, Carson-

Chahhoud KV, Chapman DG, Dobler CC, Foster JM, Hamor P, Hodge S, 

Holmes PW, Larcombe AN, Marshall HM, McCallum GB, Miller A, Pattemore 

P, Roseby R, See HV, Stone E, Thompson BR, Ween MP, and Peters MJ. 

Electronic cigarettes: A position statement from the Thoracic Society of 

Australia and New Zealand*. Respirology 25: 1082-1089, 2020. 

 

 

 

 

 



VII 

Statements of Contributions of Authors 

How Harmless are E-cigarettes? Effects in the Pulmonary System 

Jack Bozier, Razia Zakarya, David G. Chapman, and Brian G. Oliver. 

J.B, R.Z, D.G.C, B.G.O.

J.B, R.Z, D.G.C and B.G.O conceived the idea for a review updating literature on E-
cigarettes, J.B and R.Z drafted the manuscript, All authors provided critical
feedback, edited and approved the final version of the manuscript.

By signing this document, I declare that Jack Bozier has contributed to a level that 
justifies first authorship on this manuscript 

Jack Bozier 

Signed       Date   30/11/2020 

Razia Zakarya 

Signed       Date   03/12/2020 

David G. Chapman 

Signed  Date   03/12/2020 

Brian G. Oliver 

Signed  Date   03/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



VIII 

The Evolving Landscape of e-Cigarettes: A Systematic Review of Recent Evidence 

Jack Bozier, Emily K. Chivers, David G. Chapman, Alexander N. Larcombe, Nicole A. 

Bastian, Jorge A. Masso-Silva, Min Kwang Byun, Christine F. McDonald, Laura E. 

Crotty Alexander, Miranda P. Ween. 

J.B, E.K.C, D.G.C, A.N.L, N.A.B, J.A.M.S, M.K.B, C.F.M, L.E.C.A, M.P.W.

J.B and E.K.C contributed to the manuscript equally.  M.P.W performed literature

review and assigned literature to each author. J.B, E.K.C, D.G.C, A.N.L, N.A.B, 

J.A.M.S, M.K.B, C.F.M, L.E.C.A, M.P.W critically appraised literature and  

summarised literature, drafted sections of the manuscript. J.B, E.K.C, M.P.W 

summarised and formatted literature submitted by all authors into a standardised 

format for the final version of the manuscript, J.B, E.K.C, D.G.C, A.N.L, N.A.B, 

J.A.M.S, M.K.B, C.F.M, L.E.C.A, M.P.W edited the manuscript and approved the final 

version to be published.  

By signing this document, I declare that Jack Bozier has contributed to a level that 

justifies first authorship on this manuscript 

Jack Bozier 

Signed  Date   23/11/2020 

Emily K. Chivers 

Signed  Date   04/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



IX 

David G. Chapman 

Signed  Date   27/11/2020 

Alexander N. Larcombe 

Signed  Date    26/11/2020 

Nicole A. Bastian 

Signed  Date   30/11/2020 

Jorge A. Masso-Silva 

Signed  Date   26/11/2020 

Min Kwang Byun 

Signed    Date   27/11/2020 

Christine F. McDonald 

Signed      Date   08/12/2020 

Laura E. Crotty Alexander 

Signed   Date    28/11/2020 

Miranda P. Ween 

Signed  Date    27/11/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



X 

Survey of Young Australians Attitudes Towards Emerging Tobacco Products 

Jack Bozier, Brian G. Oliver, and Juliet M Foster. 

J.B, B.G.O, J.M.F.

Author contribution statement: J.B collected the data, carried out the analysis, and 

drafted the manuscript.  J.M.F assisted with data analysis. J.B, B.G.O, and J.M.F 

contributed to the study design, interpretation and editing of the manuscript. 

By signing this document, I declare that Jack Bozier has contributed to a level that justifies 

first authorship on this manuscript 

Jack Bozier 

Signed  Date   23/11/20 

Brian G. Oliver 

Signed  Date   03/12/20 

Juliet M. Foster 

*Due to unforeseen health concerns Dr Juliet Foster was unable to confirm authorship on this

document. This has been confirmed with the Graduate Research School. 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



XI 

Heightened Response to E-cigarettes in COPD 

Jack Bozier,  Sandra Rutting, Dia Xenaki, Matthew Peters, Ian Adcock, and Brian G. 
Oliver. 
J.B, S.R, D.X, M.P, I.A, B.G.O.

J.B and B.G.O conceived and planned the experiments; J.B, D.X and S.R carried out
the experiments; J.B, M.P, I.A and B.G.O contributed to interpretation of the results,
J.B drafted the manuscript, All authors provided critical feedback, helped with study
design, edited and approved the final version of the manuscript.

By signing this document, I declare that Jack Bozier has contributed to a level that 
justifies first authorship on this manuscript 

Jack Bozier 

Signed   Date   23/11/2020 

Sandra Rutting 

Signed  Date    03/12/2020 

Dia Xenaki 

Signed       Date    03/12/2020 

Matthew Peters 

Signed  Date    03/12/2020 

Ian Adcock 

Signed       Date   03/12/2020 

Brian G. Oliver 

Signed  Date   03/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



XII 

E-cigarette Vapor Induces Cellular Senescence in Lung Fibroblasts and may

Contribute to Lung Pathology 

Jack Bozier*, Roy R. Woldhuis*, Baoming Wang, Irene H. Heijink, Maaike 
de Vries, Maarten van den Berge, Wim Timens, Corry-Anke Brandsma, Brian G.G. 
Oliver 

R.W J.B, B.W, I.H.H, M.D.V, W.T, C.A.B, B.G.G.O.

Authors’ contributions: 
Conception and design: RRW, JB, BGGO 
Acquisition and analysis of data: RRW, JB, BW, BGGO 
Interpretation of data: RRW, JB, IHH, MvdB, WT, CAB, BGGO 
Drafting the manuscript: RRW, JB 
All authors reviewed, edited, and approved the final manuscript. 
RRW and JB contributed equally. 

By signing this document, I declare that Jack Bozier has contributed to a level that 
justifies first authorship on this manuscript 

Jack Bozier 

Signed       Date   23/11/2020 

Roy R. Woldhuis 

Signed       Date   27/11/2020 

Baoming Wang 

Signed       Date   27/11/2020 

Irene H. Heijink 

Signed       Date   27/11/2020 

Maaike de Vries 

Signed  Date 08/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



XIII 

Maarten van den Berge 

Signed  Date   27/11/2020 

Wim Timens 

Signed        Date   27/11/2020 

Corry-Anke Brandsma 

Signed.      Date   08/12/2020 

Brian G. G. Oliver 

Signed  Date   03/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



XIV 

Combined E-cigarette and cigarette use reduces efficacy of dexamethasone to 

attenuate neutrophilic inflammatory markers 

Jack Bozier, Roy R. Woldhuis, Karosham D. Reddy, Ian M. Adcock, Brian G.G. Oliver 

J.B, R.W, K.D.R, I.M.A, B.G.G.O.

Authors’ contributions: 

Conception and design: J.B, I.M.A and B.G.G.O Conceived and designed the 

experiments in this study; J.B, R.R.W, K.D.R, B.G.G.O performed experiments, J.B 

analysed the data; Interpretation of data: J.B, I.M.A, BGGO interpreted the data; J.B 

Drafted the manuscript; all authors reviewed, edited, and approved the final 

manuscript. 

By signing this document, I declare that Jack Bozier has contributed to a level that 

justifies first authorship on this manuscript 

Jack Bozier 

Signed  Date   30/11/20 

Roy R. Woldhuis 

Signed  Date   03/12/20 

Karosham D. Reddy 

Signed       Date   03/12/2020 

Ian M. Adcock 

Signed  Date    03/12/2020 

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.

Production Note:

Signature removed 
prior to publication.



XV 

Brian G. G. Oliver 

Signed  Date   03/12/2020 
Production Note:

Signature removed 
prior to publication.



XVI 

Table of Contents 

Acknowledgements ............................................................................................. II 

Awards, Presentations and Posters Arising from This Work ................................. IV 

Awards ..................................................................................................................... IV 

Posters and Presentations ......................................................................................... IV 

Publications Included in this Thesis ..................................................................... VI 

Publications Included as an Adjunct to this Thesis ............................................... VI 

Statements of Contributions of Authors ............................................................. VII 

How Harmless are E-cigarettes? Effects in the Pulmonary System .............................. VII 

The Evolving Landscape of e-Cigarettes: A Systematic Review of Recent Evidence..... VIII 

Heightened Response to E-cigarettes in COPD ............................................................ XI 

E-cigarette Vapor Induces Cellular Senescence in Lung Fibroblasts and may Contribute

to Lung Pathology .................................................................................................... XII 

Combined E-cigarette and cigarette use reduces efficacy of dexamethasone to 

attenuate neutrophilic inflammatory markers ......................................................... XIV 

Table of Figures ................................................................................................ XIX 

List of Tables ...................................................................................................... XX 

Abstract............................................................................................................ XXI 

List of Abbreviations ....................................................................................... XXIII 

Chapter 1 Introduction ......................................................................................... 1 

1.1 History of Tobacco use .......................................................................................... 1 

1.2 Harmful effects of cigarette smoke exposure ......................................................... 2 

1.3 Chronic Obstructive Pulmonary Disease ................................................................ 5 

1.4 Symptoms of COPD ............................................................................................... 7 

1.5 Diagnosis .............................................................................................................. 7 

1.6 COPD Pathophysiology ......................................................................................... 8 



 XVII 

1.7 COPD Treatment ................................................................................................. 10 

1.8 How harmless are E-cigarettes: effects in the pulmonary system ......................... 12 

1.9 The Evolving Landscape of E-cigarettes: A Systematic Review of Recent Evidence 19 

1.10 Outline of Chapters ........................................................................................... 49 

1.11 Aims and Hypothesis ........................................................................................ 51 

Chapter 2 ........................................................................................................... 55 

Methods ............................................................................................................ 55 

2.1 Checklist for Reporting Results of Internet E-Surveys (CHERRIES) ......................... 55 

2.2 Primary Cell Isolation .......................................................................................... 61 

2.3 Cell Culture ......................................................................................................... 62 

2.4 E-vapour Extract Generation ............................................................................... 63 

2.5 Cigarette Smoke Extract Generation .................................................................... 63 

2.6 MTT Assay .......................................................................................................... 64 

2.7 Enzyme Linked Immunosorbent Assay – ELISA ..................................................... 64 

2.8 Western Blot ...................................................................................................... 65 

2.9 RNA isolation and purification ............................................................................ 70 

2.10 cDNA Synthesis ................................................................................................. 71 

2.11 Real Time Quantitative Polymerase Chain Reaction - RT – qPCR ......................... 72 

2.12 Senescence Induction by Paraquat .................................................................... 73 

2.13 Wound Healing Assay ....................................................................................... 73 

2.14 Senescence Associated β-Galactosidase Staining - SA-βGal staining ................... 74 

2.15 Mouse model of E-cigarette and cigarette smoke exposure................................ 75 

2.16 Dexamethasone Pre-treatment ......................................................................... 75 

Chapter 3 ........................................................................................................... 76 

E-cigarette use in Young Australians: perceptions of harms or benefits of emerging 

tobacco products ..................................................................................................... 76 



 XVIII 

Chapter 4 .......................................................................................................... 104 

Heightened Response to E-cigarettes in COPD .......................................................... 104 

Chapter 5 .......................................................................................................... 109 

E-cigarette vapor induces cellular senescence in lung fibroblasts and may contribute to 

lung pathology ........................................................................................................ 109 

Chapter 6 .......................................................................................................... 121 

Dual E-cigarette and cigarette use reduces dexamethasone sensitivity in-vitro ......... 121 

Chapter 7 .......................................................................................................... 146 

7.1 Discussion, Conclusions and Future Directions .................................................... 146 

7.2 Perceptions of harm and usage patterns of E-cigarettes in Australia ................... 147 

7.3 Harms Associated with E-cigarette use in COPD Patients .................................... 151 

7.4 Limitations and Future Directions of this Research ............................................. 157 

7.5 Final Conclusion................................................................................................. 159 

Chapter 8 References ........................................................................................ 161 

 

 

  



 XIX 

Table of Figures 

 

Figure 1.1 – Decline of FEV1 in susceptible smokers with COPD, non-susceptible smokers, ex-

smokers and non-smokers. ............................................................................................................... 6 

Figure 3.1 – Respondents first introduction to E-cigarettes ............................................................ 81 

Figure 3.2 – Respondents reasons for E-cigarette use ..................................................................... 82 

Figure 3.3 – Respondents opinion of nicotine and non-nicotine containing E-cigarettes as a 

cessation tool ................................................................................................................................. 83 

Figure 3.4 – Respondents opinion of whether nicotine and non-nicotine containing E-cigarettes are 

bad for your health ........................................................................................................................ 84 

Figure 3.5 – Respondents opinion of whether nicotine and non-nicotine containing E-cigarettes can 

cause similar damage to the lungs as cigarettes ............................................................................ 85 

Figure 3.6 – Respondents opinion of whether use of nicotine and non-nicotine containing E-

cigarettes had an increased risk for lung cancer ............................................................................. 86 

Figure 3.7 – Respondents rating of health risks related to E-cigarette use compared to common 

habits ............................................................................................................................................. 87 

Figure 3.8 – Respondents opinions on whether cigarettes, alcohol, nicotine E-cigarettes or non-

nicotine E-cigarettes should be regulated ...................................................................................... 88 

Figure 7.2 – EVE stimulates IL-8 release from primary ASMCs and Fibroblasts ............................. 152 

Figure 7.3 – E-vapour stimulates induction of cellular senescence ................................................ 154 

Figure 7.4 – Combined EVE and CSE stimulation results in steroid insensitive inflammation ........ 156 

 



 XX 

 List of Tables 

Table 2.1 – CHERRIES Checklist ....................................................................................................... 55 

Table 2.2 – Reagent volumes for polyacrylamide gels used in western blotting ............................. 66 

Table 2.3 – Buffers and reagents for Western blots ........................................................................ 67 

Table 2.4 – Primary and secondary Antibodies used for Western blots .......................................... 68 

Table 2.5 - TaqMan® Gene expression Assays ................................................................................ 72 

Table 2.6 – Hi-ROX qPCR Protocol .................................................................................................. 73 

Table 2.7 - SA-β-Gal Staining solution ............................................................................................ 74 

Table 3.1 - Characteristics of complete survey respondents ........................................................... 80 

Table 3.2 – E-cigarette use dependant on smoking status .............................................................. 80 

 

 

  



 XXI 

Abstract 

Electronic cigarettes have rapidly become the consumer preferred alternative to 

tobacco cigarettes, but very little is known about the harms associated with their 

use. Electronic cigarettes are often proposed as a cessation device  from a harm 

reduction standpoint, but this overlooks the lack of evidence for reduced harms and 

the numerous new vapers who have never smoked that are exposed to harms they 

otherwise would have avoided. Studies within this thesis provide essential evidence 

in the harm reduction debate. 

 

In Chapter 3 we surveyed perceptions of young Australians towards E-cigarettes. 

We hypothesised that they would believe E-cigarettes to be less harmful than 

tobacco cigarettes, and that they would be misinformed about E-cigarette 

regulations in Australia due to a lack of education from regulatory bodies. In 

Chapters 4, 5 and 6 of this thesis we used in vitro models of exposure to determine 

potential health risks associated with E-cigarette use. Chronic obstructive 

pulmonary disease (COPD) patients have been identified as a high-risk population of 

E-cigarette users, hence our studies focused on the potential effect E-cigarette 

exposure may have on mechanisms related to the underlying pathophysiology of 

COPD. 

 

In Chapter 4, we developed an in vitro E-cigarette exposure model to determine the 

cytotoxic and inflammatory effects of E-cigarette exposure in COPD and non-COPD 

primary human airway smooth muscle cells. In this study we confirmed earlier 

suspicions on cytotoxicity and provided the first evidence that COPD cells are hyper-

responsive to E-cigarettes. In Chapter 5 we provided the first evidence that E-

cigarettes have the potential to induce cellular senescence. This finding gives 

further support to avoiding use of E-cigarettes in COPD patients, given the role 

cellular senescence plays in COPD pathophysiology. In Chapter 6 we provided 

evidence that combined cigarette and E-cigarette use is significantly more harmful 

than using either product alone. Furthermore, we found that the inflammatory 

response induced by dual exposure was glucocorticoid resistant. Glucocorticoid 
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resistance is one of the hallmarks of COPD, and thought to contribute to 

uncontrolled inflammation in pre-COPD (symptomatic smokers) so dual use should 

be avoided.  

 

Importantly, this thesis elucidates pathological harms associated with E-vapour 

exposure. The evidence provided in the studies within this thesis should be used to 

inform clinicians, researchers and patients on the harms associated with E-cigarette 

use to improve clinical outcomes in terms of morbidity and mortality in COPD. 
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