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Chapter 7

SUMMARY

The prevalence, morbidity and mortality of both asthma and COPD are expected to rise in the next 

10 to 30 years and present a serious economic burden1-3. This trend points to the need for more 

efective therapeutics that will not only manage the chronic inlammatory symptoms, but also aid 

in resolving the remodeling of the airways that is unafected by current therapy. Hence, a closer look 

at the mechanisms that drive structural changes in both the small and large airways in COPD and 

asthma is vital. One of the mechanisms that has been proposed to drive these structural changes 

and implicated in the pathogenesis of both asthma and COPD is a dysregulated communication 

between the epithelium and lung ibroblasts4,5 The airway epithelium is the irst barrier to 

inhaled particles, forms the irst part of innate immunity and has been shown to be damaged by 

cigarette smoking, the major risk factor for COPD, and various environmental triggers of allergic 

asthma6-9. Increased epithelial fragility and epithelial damage causes the release of a wide variety 

of inlammatory mediators including interleukin -1 (IL-1) α, that afect underlying ibroblasts in the 

mesenchyme to promote their activation and increased matrix deposition4,5,10,11. In turn, activated 

ibroblasts also produce growth factors and cytokines that act on the airway epithelium, resembling 

the process of epithelial-mesenchymal trophic unit (EMTU) activation during lung development10,15.  

Thus, we hypothesized that an aberrant interaction between the airway epithelium and lung 

ibroblasts drives chronic airway inlammation and remodeling in the lung epithelial-mesenchymal 

trophic unit (EMTU) and contributes to the pathogenesis of asthma and COPD. By the use of an in 

vitro co-culture system in chapter 3, we discovered epithelial-derived IL-1α to be a vital mediator 

that regulates ibroblast-mediated inlammation and ECM expression. We showed that IL-1α levels 

are increased after cigarette smoke exposure, which stimulated an increased ibroblast-mediated 

inlammatory response. In chapter 4, we then assessed if a failure of miR-146a-5p regulation, 

a known epigenetic regulator of IL-1 signaling, is involved in the aberrant epithelial-ibroblast 

interaction in COPD. Here, we found a lower induction of miR-146a-5p in COPD-derived lung 

ibroblasts compared to controls upon co-culture with epithelial cells. This lower induction of miR-

146a-5p expression, which is associated with a SNP, rs2910164 (GG allele) may contribute to the 

increased inlammatory response by lung ibroblasts in COPD. In chapter 5, we studied the potential 

role of IL-1 in the dysregulated epithelial-ibroblast communication in asthma and observed that 

IL-1 release is higher in airway epithelial cells from asthmatics than from non-asthmatics and 

reduced upon diferentiation. We assessed the efect of IL-1 stimulation on ibroblast phenotype 

and found IL-1 stimulation leads to ibroblast-dependent inlammatory response and a down-

regulation of ECM expression, which was independent of whether the ibroblasts were asthma 

or control-derived. In addition, we found that IL-1 inhibits contraction of collagen I gels through 

the down-regulation of lysyl oxidase (LOX) and glioma-associated oncogene homolog 1 (GLI-1). 

Further in chapter 6, we studied lung tissue from asthmatics and non-asthmatics with SHG-NLOM 

and two-photon excitation luorescence microscopy and found an increased deposition as well as 

highly disorganized levels of ibrillar collagen I both in the large and small airways of asthmatics 

compared to controls. We propose that this increased disorganization of collagen I ibers may be 

due to an aberrant repair phenotype of airway ibroblasts derived from asthmatics compared to 

non-asthmatics, which supported our in vitro indings. 

Taken together, work done in this thesis sheds new light on the role of epithelial-ibroblast 
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interactions and microRNA regulation in the chronic inlammatory and airway remodeling processes 

that occur in the pathogenesis of asthma and COPD. This provides an important background for 

future therapeutic studies and interventions that will not only focus on chronic inlammation but 

also target airway remodeling in asthma and COPD.

DISCUSSION

The airway epithelium regulates ibroblast inlammatory release and ECM expression in the 

lungs

The airway epithelium plays a vital role as the irst line of defense, which is part of the innate immune 

response in the lungs16. This protection is achieved through a physical barrier of epithelial tight 

junctions, the secretion of broncho-alveolar lining luid, and the activity of muco-ciliary clearance, 

which clears inhaled particles in the lung17. Importantly, the airway epithelium also serves as the 

source of immune mediators and forms part of a non-speciic immune defense to inhaled particles 

and infectious agents in the airways18. Pattern recognition receptors (PRRs), such as Toll-like receptors 

(TLR) and NOD-like receptors, on the airway epithelium recognize and bind to pathogen-associated 

molecular patterns (PAMPs) and damage associated molecular patterns (DAMPs)17,19. This causes the 

release of inlammatory mediators such as tumor necrosis factor (TNF)-α, IL-1α, IL-6, CXCL8 (IL-8), 

prostaglandin E
2
, as well as ibrogenic mediators such as TGF-β and epidermal growth factor (EGF) 

among others16,20. The release of these mediators has been demonstrated to afect various immune 

cells as well as structural cells in the lung mesenchyme, such as ibroblasts5. Although ibroblasts 

were traditionally seen as mainly structural cells, it is now well known that ibroblasts are highly 

metabolically active21. Lung ibroblasts have been shown to respond to the activity of ibrogenic 

cytokines by increasing their expression of ECM proteins while also responding to a variety of 

inlammatory mediators such as PGE2, IL-1 and TNF-α by releasing inlammatory mediators such as 

CXCL8 (IL-8) as well as IL-621. 

To ind out how the epithelium interacts with ibroblasts to regulate pro-inlammatory responses 

in the airways, we studied in chapter 3, through the use of an in vitro co-culture model to assess 

how epithelial cells and ibroblasts interact, and demonstrated that IL-1α released from airway 

epithelial cells regulates the lung ibroblast phenotype. Here, we found epithelial-derived IL-1α 

stimulates pro-inlammatory responses of ibroblasts, which potentially plays a role in inlammatory 

responses in the lungs. This basal expression of IL-1α could derive from an already available pool 

of IL-1α in the cytoplasm or bound to the cell membrane12 and is in line with the measureable 

cytokine levels in healthy airways17. Importantly we found in chapter 5 that IL-1α is produced in 

the initial stages of re-diferentiation by the airway epithelial cells and may play important roles 

in regulating ibroblast-derived inlammation and ECM responses. We demonstrated through the 

use of the air-liquid interface (ALI) culture, that IL-1α as well as its family members IL-1β and IL-33 

are expressed, and in the case of IL-1α, also released when epithelial cells form a simple columnar 

epithelial monolayer. However, as the cells start to diferentiate into a pseudo-stratiied epithelial 

layer by day 5, the expression of IL-1α and family members and release of IL-1α is lost. Interestingly, 

this time frame matches the initial inlammatory phase observed in days 0 to 5 in several epithelial 

wound repair models22. Thus, our indings support the view that IL-1α is an acute phase mediator 

that is involved in initial responses to damage and injury in the airways23. 
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Further to the release of IL-1α from the airway epithelium, we demonstrated with the in vitro 

co-culture model in chapter 3 that epithelial-derived IL-1α stimulates lung ibroblasts to increase 

their expression and release of pro-inlammatory mediators including CXCL8 (IL-8) and IL-6 and the 

DAMP, heat shock protein (HSP) 70. This inding was further corroborated in chapter 5 where we 

also found an IL-1α and IL-1β -induced release of CXCL8 (IL-8) and IL-6 as well as TSLP and GM-CSF by 

airway ibroblasts. These cytokines are vital for the inlux of neutrophils, the maturation of immune 

cells and regulation of T cell responses, demonstrating the role of epithelial-derived IL-1 in driving 

ibroblast inlammatory responses4,24-26. In recent years, lung ibroblasts have been proven to act 

not only as structural cells, but to be also important in modulating inlammatory responses27. In 

line with this, ibroblasts respond to a wide variety of cytokines including IL-1α, IL-1β, and TNF-α28. 

Our indings support a vital role of epithelial-derived IL-1 in driving ibroblast pro-inlammatory 

responses that may contribute to the non-speciic immune response to inhaled particles in the lung.

Lung ibroblasts are the main structural cells in the mesenchyme and responsible for the 

production of extracellular matrix (ECM) proteins such as collagen, ibronectin and decorin21. 

Hence, apart from the efect of epithelial regulation on ibroblast-derived inlammation, we were 

interested in assessing the efects of epithelial-ibroblast interactions on the ECM repair functions 

of lung ibroblasts. It is well known that there is an increased remodeling of the airways that leads 

to airway narrowing due to ibrosis in COPD and asthma29,30. This increased remodeling has been 

shown to be as a result of the increased production of proibrotic mediators including TGF-β by 

structural cells such as the airway epithelium31. In chapter 3, when we assessed the expression of 

ECM molecules in lung ibroblasts after co-culture with airway epithelial cells, we found a down-

regulation of ECM proteins including collagen Iα1, ibronectin, ibulin-5 and decorin as well as the 

cell cytoskeleton molecule α-smooth muscle actin (SMA), for which expression was epithelial-IL-1α 

dependent. This decreased expression of ECM was corroborated by our indings in chapter 5, where 

exogenous stimulation of airway ibroblasts with IL-1α and IL-1β both caused a down-regulation in 

the expression of collagen Iα1 and periostin. Although these indings seem to be counter-intuitive 

to the pathology of the disease in vivo, our indings are in agreement with previous work by Reeves 

and colleagues who also showed that the airway epithelium suppresses the expression of ECM 

proteins by lung ibroblasts in a co-culture model32. This efect on ibroblast ECM expression has also 

been demonstrated in cardiac ibroblasts, where both IL-1α and IL-1β decreased the expression and 

synthesis of collagen, while promoting the release of matrix metalloproteinases (MMPs) that cause 

the degradation of ECM proteins33,34 Although these models may help in understanding aspects 

of the complex cellular interactions in vivo, they do not totally recapitulate the full complexity of 

cellular communications in the tissue micro-environment. This notwithstanding, work done by 

Mia et al. showed that IL-1β inhibits TGF-β-induced expression of collagen in lung ibroblasts35.

This helps to understand how epithelial-derived IL-1 signaling may interact with TGF-β activity to 

modulate ibroblast ECM expression. Taken together, these indings support an emerging concept 

that highlights the airway epithelium as a modulator of ECM production by ibroblasts. We propose 

that a dysregulation in this mechanism may contribute to abnormal tissue repair, airway remodeling 

and tissue destruction in COPD and asthma.
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Abnormal epithelial regulation of ibroblast-pro-inlammatory responses in COPD and 

asthma

In addition to determining that epithelial-derived IL-1α is the main speciic mediator involved 

in the epithelial regulation of ibroblast inlammatory responses, we assessed how a possible 

abnormality in this interaction could contribute to disease pathogenesis. Hence in chapter 3, we 

exposed primary airway epithelial cells derived from COPD patients and controls to cigarette smoke 

extract (CSE) to simulate the major environmental risk factor for COPD. We observed an increased 

expression of IL-1α in COPD-derived epithelium compared to controls. Interestingly, exposing lung 

ibroblasts to conditioned medium (CM) from CSE-exposed COPD-derived airway epithelium led 

to a higher release of the neutrophil chemo-attractant CXCL8 (IL-8) compared to CM from control-

derived cells. Apart from the exposure to CSE, IL-1α as well as family member IL-1β have been shown 

to be released via reactive oxygen species (ROS) and endoplasmic reticulum (ER) stress, which have 

been also implicated in the pathogenesis of COPD13. Of importance to our indings in chapter 3, 

others found that release of CXCL8 (IL-8) by lung ibroblasts was dependent on epithelial-derived IL-

1α and not IL-1β after ROS and ER stress injury13. Again, our indings support work previously done in 

mouse models of COPD, demonstrating that IL-1α signaling is indispensable in driving neutrophilic 

inlux after cigarette smoke exposure36,37. Neutrophilic inlux has been demonstrated to be a vital 

part of the disease pathogenesis in COPD. Increased neutrophil numbers have been demonstrated 

in the bronchoalveolar lavage (BAL) luid38-40, sputum41-43 and the airway wall44,45 of COPD patients 

compared to controls. This increased neutrophil inlux forms a part of chronic airway inlammation 

and the production of neutrophil elastase is involved in the emphysematous destruction of the lung 

parenchyma46.

In the asthmatic EMTU, damage to the airway epithelium leaves the epithelium fragile and in 

a chronic state of activation7. Hence, through the use of an ALI culture in chapter 5 we compared, 

for the irst time, the diference in the release of IL-1 between the diferentiating airway epithelium 

of asthmatics and non-asthmatics. Of importance we observed a higher expression of IL-1α, IL-β 

and family member IL-33 as well as a corresponding higher release in the case of IL-1α in asthma-

derived airway epithelium compared to controls when cells were in a mono-layer. However upon 

diferentiation, this increased expression was reduced. This inding points to a higher IL-1 release 

from airway epithelium when being undiferentiated and not forming a tight barrier as in asthma, 

which could potentially enhance the response of airway ibroblasts in the lung EMTU. In line with 

this inding, we demonstrated by the use of exogenous cytokine stimulation that IL-1α as well as 

IL-1β caused the release of cytokines IL-6 and CXCL8 (IL-8) in airway ibroblasts. This supported 

our indings in chapter 3 where we found in our co-culture model that epithelial-derived IL-

1α stimulates inlammatory mediator release from ibroblasts. In addition to the release of these 

cytokines, IL-1 stimulation in chapter 5 also caused the release of GM-CSF and TSLP, which are 

vital for eosinophilia, mast cell activation, immune cell maturation and T
H
2 cell responses in the 

pathogenesis of asthma24,47-49. In our studies, stimulating ibroblasts with IL-33 showed no efects on 

airway ibroblasts. This indicates that although IL-33 expression is increased in the damaged airway 

epithelium in asthma50, airway ibroblasts in the lung EMTU may not be its main efector cell. Indeed, 

IL-33 has been demonstrated to afect the responses of other cells including immune cells such as 

basophils, mast cells, T and B cells51,52. Thus increased IL-1 release from the damaged epithelium in 

COPD and asthma may contribute to increased inlammatory responses.
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Defective miRNA regulation of IL-1 signaling involved in epithelial-ibroblast interaction in 

COPD

Since IL-1 signaling is vital for immune defense, there are several regulatory mechanisms available 

to control the efects of this important cytokine12,53. In addition to the anti-inlammatory efects of 

IL-1 family members, several epigenetic mechanisms have been shown to be involved in regulating 

IL-1 signaling. As an example, the methylation of speciic CpG sites of the IL-1β promoter suppresses 

its transcription in mesenchymal cells such as ibroblasts54. Further to this, several miRNAs such 

as miR-149 and miR-146a-5p have been shown to target and regulate IL-1 signaling55,56. Of these, 

the anti-inlammatory miR-146a-5p has been widely studied in IL-1-mediated inlammation 

involved in other chronic inlammatory diseases in the body57. Hence in chapter 4, we studied if a 

dysregulated expression of miR-146a-5p may be involved in the abnormal epithelial regulation of 

ibroblast responses in COPD as demonstrated in chapter 3. Here, we found an epithelial-derived 

IL-1α –dependent induction of miR-146a-5p in lung ibroblasts. Interestingly, this induction of miR-

146a-5p was signiicantly less in COPD-derived lung ibroblasts compared to controls. This lower 

induction was associated with a single nucleotide polymorphism (SNP) rs2910164 (GG allele) in 

the COPD-derived lung ibroblasts which has been shown to cause a lower expression of mature 

miR-146a-5p58. We further conirmed the anti-inlammatory efects of miR-146a-5p induction on 

the IL-1 pathway by demonstrating that it targets and down-regulates the expression of the IL-1 

receptor (IL-1R)-associated kinase (IRAK)-1 and lowers the IL-1α-induced CXCL8 (IL-8) release by lung 

ibroblasts56. Thus, the defective induction of miR-146a-5p could add to chronic inlammation in the 

COPD lungs.

Although we did not study if there are regulatory defects in the IL-1 pathway in the asthmatic 

airways, previous studies have assessed this. Gagné-Ouellet and colleagues demonstrated increased 

methylation of IL-R2, which was associated with a lower expression of the receptor in asthmatic 

patients59. Since IL-1R2 is a decoy receptor that binds to and inhibits IL-1 signaling, a decreased 

expression of this receptor is suggested to cause an increased activity of IL-1 in asthmatic patients 

compared to controls59. With reference to miRNA regulation, decreased expression of miR-570-3p 

upon stimulating airway epithelial cells with TNF-α was shown to be accompanied by increased 

epithelial-derived inlammation including the release of CXCL8/IL-8, CCL2, TNF, IL-6 and CCL4. miR-

570-3p has been found to have a down-regulated expression in the serum and exhaled breath 

condensates of asthmatic patients compared to controls60. Hence, it may be worthwhile to examine 

if this decrease can be seen in the airway epithelium and how this impacts epithelial-ibroblast 

communication in the lungs of asthmatic patients. 

Epithelial regulation of ibroblast ECM expression and remodeling phenotype in asthma and 

COPD

The structural changes that occur in asthma and COPD, including the airway wall deposition of 

ECM proteins such as ibrillar collagen, lead to airlow obstruction and  lung function decline4. 

Although the resulting increase in airway remodeling is a well documented feature of both 

asthma and COPD, current therapeutics are unable to reverse or manage this4,8. In chapter 5, we 

demonstrate that IL-1 stimulation causes a down-regulation of ECM proteins such as collagen Iα1, 

periostin and ibronectin through the regulation of the sonic hedgehog (SHH) transcription factor, 
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glioma-associated oncogene homolog 1 (GLI-1) in healthy/asthmatic-derived ibroblasts. This IL-1α-

dependent down-regulation of ECM expression conirmed our indings in chapter 3, where we also 

found an epithelial-derived IL-1α-dependent decrease in the expression of ECM proteins in lung 

ibroblasts including collagen Iα1, ibronectin, decorin and ibulin-5. The potential efects of IL-1 

released from the airway epithelium in both asthmatics and COPD patients after epithelial damage 

may form part of an initial response to suppress exaggerated ECM production, while switching 

ibroblasts to a more pro-inlammatory phenotype. 

A decreased expression of ECM proteins, including decorin, in lung ibroblasts after an increased 

exposure to IL-1α due to CSE stimulation of the airway epithelium as shown in chapter 3, may be a 

mechanism to regulate the increased activity of ibrogenic mediators such as TGF-β135,61,62. Indeed, 

diferent studies have shown an interaction between TGF-β and IL-1 activity in lung ibroblasts in 

vitro, whereby TGF-β increases myoibroblast survival by inhibiting IL-1β induced apoptosis61, while 

IL-1β also inhibits TGF-β1 -dependent myoibroblast transformation35. This IL-1/TGF-β interaction 

will be of importance in COPD where there is an increased expression of TGF-β1 and its receptors 

TGF-β receptor type I and II62. The increased expression of TGF-β in COPD has been linked to small 

airway remodeling and shown to be involved in the inlux of mast cells and macrophages63. However, 

an increased expression of IL-1α may also contribute to a mechanism whereby small airways are lost 

in some COPD patients29. Although there is ibrosis of the airway wall due to ECM deposition in 

COPD, a proportion of the small airways may be lost which precedes emphysematous destruction 

in very severe disease64. This was shown by McDonough and colleagues, who found small airway 

loss of up to 90% in very severe (GOLD 4) COPD patients compared to controls64. How small airway 

ibrosis, as well as small airway loss and emphysema may occur adjacent to each other in COPD 

is still largely unknown. However, we have demonstrated that an excess expression of epithelial-

derived IL-1α that causes the down-regulation of ECM molecules such as decorin may contribute to 

this mechanism in vivo. In line with this, work from our group previously found a lower expression of 

decorin in the lungs of patients with severe COPD compared to controls65. This inding was further 

attributed to an abnormal phenotype of parenchymal lung ibroblasts of severe COPD compared 

to patients with mild disease where TGF-β stimulation led to lower expression of decorin66. Since 

decorin is an essential proteoglycan involved in collagen cross-linking and spacing, the loss of 

this protein in end-stage COPD would not only contribute to tissue destruction, but may cause a 

loosening of alveolar attachments, loss of elastic recoil and collapsibility of the lungs17. Again, loss 

of decorin could potentially add to an increased TGF-β activity since decorin has been shown to be 

a natural inhibitor of TGF-β activity67.

The efect of IL-1 on lung ibroblast ECM expression was recapitulated in chapter 5 where 24 

hours of IL-1 stimulation also caused a down-regulation of ECM proteins collagen Iα1, periostin and 

ibronectin in airway ibroblasts from asthmatics and non-asthmatics. We did not ind diferences 

between asthmatics and non-asthmatics in ibroblast ECM protein expression after IL-1 stimulation. 

This notwithstanding, Reeves et al, demonstrated with epithelial-ibroblast co-cultures that an 

aberrant ECM response by asthma-derived airway ibroblasts is due to an abnormal ability of the 

asthma-derived airway epithelium to downregulate ibroblast ECM expression32. This was the result 

of increased production of TGF-β2 by asthma-derived epithelial cells compared to controls after 96 

hour of co-culture32. The discrepancy between our indings and the indings reported by Reeves 
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and colleagues may be due to diferent experimental set-ups where we used a 24 hour time-point 

with exogenous cytokine stimulation while they performed a co-culture experiment for 96 hours32. 

However, the two studies taken together further points to the possibility of a dysregulated balance 

between the production of regulatory cytokines IL-1 and TGF-β in vivo being involved in ECM 

regulation and ibrotic response in asthma and COPD 

We further asked in chapter 5 if epithelial-derived IL-1 regulation has an impact on ibroblast 

functional repair phenotype. Here, we studied the efects of IL-1 at 24 hours since IL-1α is an 

acute-phase mediator that is released within the irst 12 to 24 hours of lung injury68. Of interest, 

we observed that even at 24 hours, there was a basal abnormal phenotype of airway ibroblasts 

from asthmatics compared to non-asthmatics in their ability to contract collagen gels. In addition, 

exogenous stimulation of ibroblast-seeded collagen I gels with IL-1α and IL-1β led to the loss of 

dendritic extensions in airway ibroblasts, a defective interaction of ibroblasts with ibrillar collagen 

and an increased disorganization of collagen ibrils. The loss of dendritic extensions in ibroblasts 

has been associated with defects in microtubules and the actin cytoskeleton and linked to the 

activity of the collagen I cross-linking enzyme, lysyl oxidase69. In line with this, we demonstrated 

that IL-1 stimulation caused a decrease in the expression of lysyl oxidase in ibroblasts. This is a novel 

inding that shows that IL-1 does not only afect ibroblast repair phenotype through regulating the 

cross-linking of collagen I, but also afects ibroblast morphology. Our indings in chapter 5 were 

conirmed by data in chapter 6, where we studied for the irst time, lung tissue from asthmatics and 

non-asthmatics with high powered multimodal non-linear optical microscopy (NLOM) imaging. Here, 

we demonstrated novel indings showing that similar to what has been shown in COPD70, collagen 

ibers within asthmatic airways are more disorganized in their structure compared to non-asthmatic 

airways. Further, we showed this disorganization of ibrillar collagen in asthmatic airways could 

be due to an inherent abnormality in the ability of asthma-derived airway ibroblasts to remodel 

ibrillar collagen I. This inding airmed our data from chapter 5 where we also demonstrated a 

basal abnormal phenotype of asthma-derived ibroblasts compared to controls even at 24 hours. 

Combining the indings from all four chapters, we show a clear picture in this thesis that an 

increased release of IL-1 by the damaged epithelium may be a major contributor to not only 

inlammation but also defective repair responses by ibroblasts that may drive airway remodeling 

in asthma. Disorganized or fragmented collagen I has been demonstrated to stimulate an excess 

production of ECM71. Hence, excess production of IL-1 that causes ibrillar collagen disorganization 

and fragmentation could potentially be a vital mechanism that links inlammation and airway 

remodeling in both asthma and COPD.
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FUTURE PERSPECTIVES

In this thesis we report indings which demonstrate that an abnormal interaction between the 

airway epithelium and lung ibroblasts may contribute to the pathogenesis of asthma and COPD. We 

show that IL-1α may play a crucial role in this interaction which suggests the activity and signaling of 

this cytokine may be an interesting target for future therapeutic strategies. 

In our in vitro co-culture model for COPD, we found a CSE-dependent increase in epithelial-

derived IL-1α that caused higher release of the chemo-attractant IL-8/CXCL8 from lung ibroblasts 

which plays an essential role in the innate immunity. Future studies could determine if increased 

ibroblast-derived inlammation could also play a role in driving the adaptive immunity through the 

release of cytokines to inluence T and B cells. Airway epithelium and ibroblasts used for our studies 

in chapter 3 were derived from patients with very severe (GOLD 4) COPD. Further experiments to 

assess if this dysregulated communication is also essential for mild to moderate disease could throw 

more light on the role of this interaction during the development of COPD. We also demonstrated 

in our experiments that epithelial-derived IL-1α down-regulates ibroblast ECM expression in 

lung ibroblasts. Here, we proposed that this could serve to counteract the efects of ibrogenic 

mediators such as TGF-β on one hand while potentially causing the loss of small airways in severe 

COPD patients. Future studies could determine the balance between IL-1 and TGF-β activity in 

COPD patients and how this afects the pathogenesis of the disease. In addition the expression 

of IL-1α in biopsies of small airways from COPD patients with diferent disease stages could also 

be further examined to determine the involvement of IL-1 in small airway loss in COPD patients. 

Again, through the use of collagen contraction assays and high powered multiphoton microscopy 

as used in chapter 5 and 6, it will be of interest to study the efects of epithelial-derived IL-1 and 

TGF-β interaction on the functional phenotype of COPD-derived ibroblasts. This will enable us 

understand how the interaction of IL-1α as well as observed TGF-β release by the airway epithelium 

may afect the functional phenotype of ibroblasts and contribute to small airway loss in COPD. Of 

interest, senescent lung ibroblasts acquire the senescence-associated secretory phenotype (SASP) 

and have been shown to be a robust source of IL-1α which then could drive ibroblast-derived 

inlammation in an autocrine way72. Since aging and senescence has been suggested to be main 

pathogenic mechanisms of COPD, further studies could assess how this impacts epithelial-ibroblast 

communication. 

We assessed potential efects of IL-1 release from asthmatic airway epithelium on airway 

ibroblast phenotype at 24 hours, since IL-1α has been shown to be an acute-phase mediator that 

acts in the early stages of immune response68. In line with this, the increased release of IL-1α by 

asthmatic compared to normal airway epithelium was seen in the early stages of diferentiation in 

the ALI culture. However, since it has been demonstrated that due to TGF-β2 activity the asthmatic 

airway epithelium may diferentially regulate ibroblast phenotype in 96 hours compared to non-

asthmatics32, it will be worthwhile to conduct future studies to assess IL-1 efects on the ibroblast 

phenotype and TGF-β interaction at diferent time points. This will give a better idea of the dynamics 

of IL-1 release with respect to time and how this could diferentially regulate lung ibroblasts in 

disease. Although some studies have demonstrated an increased expression of IL-1 in mouse 

models of asthma73-75, there is a lack of studies that have compared the expression of IL-1 in the 

airways of asthmatic patients to those of healthy controls. After demonstrating an increased release 
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and expression of IL-1α in ALIs of asthmatic airway epithelium, future studies should assess the 

expression of IL-1α in biopsies as well as concentrations in bronchoalveolar lavage and sputum from 

asthmatic patients compared to controls. This will aid in providing a clear picture and corroborate 

indings to ind further support for a role of epithelial-derived IL-1 in the pathogenesis of asthma.

In this thesis we assessed the efects of miR-146a-5p regulation on the IL-1-dependent defective 

epithelial regulation of ibroblast responses in our COPD in vitro model. This demonstrated how a 

defective regulatory mechanism of the IL-1 pathway may add to chronic inlammation in COPD. As 

we reviewed in chapter 2 of this thesis, several other miRNAs may have an efect on various aspects 

of COPD. As an example, an up-regulation of miR-135b in lung biopsies after smoke exposure in a 

mouse model has been shown to regulate the IL-1R1 receptor and serve as an anti-inlammatory 

modulator. Hence it might be worth-while to assess if miR-135b has a role in regulating epithelial-

derived IL-1 modulation of ibroblast phenotype in COPD. In the same light, several miRNAs, 

including miR-146a-5p as well as miR-223-3p, miR-629-3p, miR-570-3p, miR-155 and miR-126 have 

been associated with airway inlammation in asthma60,76-78. Future studies could assess the impact 

of the diferential expression of these miRNAs on the abnormal epithelial-ibroblast interaction in 

the asthma EMTU. 

We discovered IL-1α as a vital mediator driving epithelial regulation of ibroblast responses. 

However, other IL-1 family members have also been shown to be involved in the pathogenesis of 

both asthma and COPD. In chapter 5 we found an increased expression of IL-1β and IL-33 in addition 

to IL-1α in undiferentiated asthmatic airway epithelium. IL-18 and IL-38 are additional IL-1 family 

members which have been shown to be involved in the pathogenesis of asthma51,79-81. Thus it will be 

worthwhile to determine if diferential release of these cytokines compared to normal conditions 

could have an efect on the epithelial-ibroblast interaction we demonstrated. IL-18 and IL-33 have 

also been shown to be involved in the pathogenesis of COPD and further studies could assess their 

contribution to inlammation and remodeling in COPD82-87. Several members of the IL-1 family 

have anti-inlammatory properties that control the signaling activities of the IL-1 family members. 

These include the IL-1 receptor antagonist, the decoy IL-1R2 and IL-18Rα12. While some studies have 

reported increased expression of these anti-inlammatory factors in asthma and COPD88, some 

have reported no changes89 or decreased expression59. Future studies could assess the expression 

and activity of these anti-inlammatory members of the IL-1 family and their contribution to the 

abnormal epithelial-ibroblast crosstalk demonstrated in this thesis.

In our in vitro model we discovered cellular interaction was mainly through epithelial-derived IL-

1α regulation of ibroblast responses. However, it has been suggested that lung ibroblasts may also 

produce mediators such as ibroblast growth factor (FGF) that could also inluence airway epithelial 

phenotype and function and thus play a role airway remodeling11,90. Future studies should therefore 

assess how and to what extent the release of these mediators from lung ibroblasts could also afect 

the airway epithelium and how this might play a role in the EMTU of asthma and COPD patients.

There have been a few studies in animal models assessing IL-1 signaling as a target for therapy 

directed against chronic airway inlammation in both asthma and COPD. However, none of these 

have examined the role of IL-1 in airway remodeling and repair. Hence future studies using animal 

models of asthma and COPD could assess the efects of targeting and modulating components 

of the IL-1 signaling to ascertain the possible therapeutic beneits on both inlammation and 
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remodeling of the airways in asthma and COPD. This will aid in translating the indings in this thesis 

for potential therapeutic research.

Regulation of IL-1 signaling, current and potential therapeutics in COPD and asthma

Taken together, the indings presented in this thesis shows IL-1 as a master regulator which 

contributes to an abnormal epithelial-ibroblast interaction in the lungs and may play an important 

role in the disease pathogenesis in COPD and asthma. Apart from the contribution of IL-1 to an 

abnormal interaction in the EMTU, it has been shown to contribute to most hallmarks of both 

asthma and COPD. Hence, more studies are needed to take a closer look at how the IL-1 signaling 

pathway could be targeted for new therapeutics in both asthma and COPD. To date a few trials 

have looked at the possibility of treating COPD and asthma with the commercially available IL-1β 

antibody (Canakinumab), which has proven successful in treating auto-inlammatory disorders91. In 

a randomized double-blind placebo controlled trial that was the irst of its kind, patients with mild 

asthma were given 10 mg/kg of Canakinumab twice with a 15 day interval between the irst and 

second shot and an allergen challenge test was performed on the start date and day 2892. Although 

the dosage used was based on a computed model and no actual data, there was a signiicant 

reduction of circulating levels of IL-1β and on the late phase asthma response compared to pre-

treatment91,92. A recent phase 1/2 clinical trial has looked at the pharmacokinetic properties of 

Canakinumab in COPD patients and indings have been inconclusive93. However, based on studies 

done in mouse models as well as current data presented in this thesis, blocking the efects of only 

IL-1β may not be efective, since IL-1α is an acute phase mediator that is pivotal in the initiation of 

inlammation and can serve to be the initial inducer of IL-1β release. Hence studies or trials that are 

directed towards a concerted approach that would potentially target the activity of IL-1α and IL-1β 

as well as other family members such as IL-18 and IL-33 might provide a great new potential targets 

for both COPD and asthma. However moving forward, it is also important to carefully understand 

the diferences in IL-1 activity and disease phenotypes of patients involved and trials directed 

towards the right patient. As an example, taking our indings and data already published into 

account35, an increased activity of IL-1 may be beneicial to patients with a corresponding increased 

TGF-β activity. Again, in these trials targeting IL-1 signaling in the various compartments of the lung 

through localized administration of neutralizing antibodies could aid in determining the diferential 

efects of IL-1 signaling in diferent parts of the lung. 

CONCLUSION

In conclusion, we demonstrate in this thesis that epithelial-derived IL-1α is vital for the regulation 

of lung ibroblast responses by increasing the release of inlammatory cytokines while down-

regulating their remodeling and repair phenotype. This interaction is aberrant in COPD, where CSE 

stimulation leads to an increased expression in epithelial-derived IL-1α that causes a heightened 

ibroblast inlammatory phenotype. In asthma, abnormal repair, keeping the epithelial cells in a 

basal and frail state may cause an increased release of IL-1α, which may drive ibroblast-derived 

inlammation and an abnormal remodeling phenotype. These indings add to current knowledge 

of how epithelial-ibroblast interactions contribute to airway inlammation and remodeling in the 

pathogenesis of asthma and COPD and may provide new potential therapeutic targets. 
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