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Abstract
Chronic obstructive pulmonary disease (COPD) is caused by 
the chronic inhalation of toxic particles and gases that are 
primarily but not exclusively derived from cigarette smoke 
that may be either actively or passively inhaled, which initi-
ates a persistent innate and adaptive immune response in 
the lung. This immune response is associated with an aber-
rant tissue repair and remodeling process that results in 
varying degrees of chronic inflammation with excess pro-
duction of mucus in the central airways and permanent de-
struction of the smaller conducting airways and gas ex-
changing surface in the peripheral lung. Currently, the pri-
mary aims of treatment in COPD are bronchodilation (inhaled 
short- and long-acting β-agonist and antimuscarinic thera-
pies), to control symptoms and nonspecific broad-acting an-
ti-inflammatory agents (inhaled and oral corticosteroids, 
phosphor-di-esterase inhibitors, and macrolides). That pro-
vide symptomatic relief but have little or no impact on either 
disease progression or mortality. As our understanding of 
the immune pathogenesis of the COPD improves, available 
immune modulation therapies have the potential to alter or 

interfere with damaging immune pathways, thereby slow-
ing relentless progression of lung tissue destruction. The 
purpose of this brief review is to discuss our current under-
standing of the immune pathogenesis of both the airways 
and parenchymal injury as well as the dysfunctional tissue 
repair process to propose immune modulating interven-
tions in an attempt to stabilize or return these pathological 
changes to their normal state. The ultimate goal of the im-
mune modulation therapy is to improve both morbidity and 
mortality associated with COPD. © 2019 S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) is a 
collective term for a wide spectrum of diseases involving 
both the large and small airways as well as the lung pa-
renchyma. COPD is currently the fourth leading cause 
of chronic morbidity and mortality in the United States, 
and of all the leading killers, COPD is one of the only 
diseases where mortality rates are still rising. The World 
Health Organization projects that COPD will be the 
third leading cause of mortality worldwide in 2020 [1]. 
The etiology of COPD is based on a chronic inflamma-
tory immune process that starts in the smaller conduct-
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ing airways of the lungs and spreads into the parenchy-
ma where it produces several different phenotypes of 
emphysematous destruction. That progresses in a large 
proportion of subjects even after they have stopped 
smoking. Research over the last 20+ years has focused 
on characterizing the nature of the inflammatory and 
remodeling responses in the airways and lung tissues in 
COPD, in an effort to design targeted therapeutics to 
minimize the ravages of the disease. Several of therapeu-
tic interventions currently in use for COPD, such as 
bronchodilators, inhaled corticosteroids (ICS), macro-
lides, and phosphodiesterase inhibitors (PDE4 inhibi-
tors), have provided symptomatic relief from the rav-
ages of this aggressive tissue injury and repair process in 
COPD, but to date none have been shown to significant-
ly impact the progressive nature (decline in forced expi-
ratory volume in one second [FEV1] over time) or mor-
tality of the disease. The global impact of COPD contin-
ues to provide impetus to search for inflammatory 
mechanisms or pathways that can be attacked therapeu-
tically. Better investigative techniques to unravel the 
complex inflammatory milieu in COPD could path the 
way for more targeted novel therapeutic agents (small 
molecules or biologics) to alter the progressive inflam-
matory nature of disease and ultimately the outcomes in 
COPD. This review will focus on the immune-inflam-
matory nature of COPD, current and potential novel in-

flammatory pathways that have the potential to be ther-
apeutically modulated with the goal to improve COPD 
morbidity and mortality.

COPD Endotypes
Although COPD is a complex and heterogeneous lung 

condition, diagnosis, management, and treatment guide-
lines are empiric and still based on relatively simple clini-
cal measurements (airflow limitation, exacerbation fre-
quency), rather than the basic pathobiological mecha-
nisms (endotype) of the disease process responsible for 
disease development and progression [2]. Most chronic 
human diseases, such as COPD, are rarely caused by a 
single gene defect but involved multiple genes that inter-
act with many different molecular networks of proteins 
and metabolites, frequently modified by an environmen-
tal trigger that results in the clinical disease phenotype 
(Fig. 1). At biological level, the disease may express differ-
ent subtypes or endotypes that could be identified by bio-
markers (i.e., objective measurement of a normal biologi-
cal process or state, pathogenic process or pharmacologi-
cal response to a therapeutic intervention) [2, 3]. The 
concept of COPD endotypes has emerged from a deeper 
understanding of the pathobiology of airways and lung 
parenchymal disease that allow for more direct and pre-
cise immune modulation therapy. Molecular network 
analysis (…omic’s) offers a platform to explore the mo-

Exposome

Multi-level pathobiological interactions

RNA

Proteins

Metabolites

Genome

Biomarkers

COPD endotypes
Disease mechanisms

COPD phenotypes
Disease expression

Fig. 1. Gene – environmental interaction causing disease endo/phenotypes of COPD. COPD, chronic obstructive pulmonary disease.

D
ow

nl
oa

de
d 

by
: 

K
un

gl
ig

a 
T

ek
ni

sk
a 

H
og

sk
ol

an
   

   
   

   
   

   
   

   
   

 
13

0.
23

7.
37

.1
78

 -
 9

/2
1/

20
20

 8
:5

9:
21

 A
M



van Eeden/HoggRespiration 2020;99:550–565552
DOI: 10.1159/000502261

lecular complexity of a particular disease, identify disease 
pathways, and explore molecular associations between 
distinct disease phenotypes. Therefore, network medicine 
has the potential to identify new gene variants that cause 
or are associated with disease, epigenetic changes that im-
pact gene expression, downstream changes in proteins 
and metabolism with biological importance for pheno-
typic disease expressions, and identify drug targets and 
biomarkers for a complex disease such as COPD. For ex-
ample, the nature of airway inflammation can vary con-
siderably between patients with stable COPD or COPD 
with frequent exacerbation. Eosinophilic inflammation, 
which is common in subjects with asthma, is a feature of 
airways inflammation in significant portion of COPD pa-
tients for which ICS or biologics against the interleukin 
(IL)-5 cascade are potential effective treatment options in 
contrast to patients with predominantly neutrophilic 
inflammation where ICS is more likely to be ineffective or 
even a risk for serious adverse outcomes such as develop-
ment of pneumonia and mortality [4]. This endotype is 
therefore a subtype of COPD defined by a distinct patho-
physiological mechanism (T-helper type 2 [Th2]-driven 
eosinophilic airways inflammation). In contrast to endo-
types, phenotypes are not necessarily linked to specific 
biological mechanisms (endotypes), while many can actu-
ally correspond to several endotypes (e.g., frequent exac-
erbators, patients with cardiovascular comorbidities). 
Linking endotypes to clinical phenotypes and to endo-
type-specific biomarkers is crucial, since phenotypes and 
biomarkers are more accessible to clinicians than endo-
types. One well-recognized subset of COPD, alpha-1 an-
titrypsin deficiency, meets all of these criteria for an endo-
type. Other potential COPD endotypes are evolving such 
as COPD with persistent systemic inflammation, COPD 
characterized by airways colonization (and altered lung 
microbiome) with or without bronchiectasis [5], or COPD 
with a predominant Th2 immune inflammatory respons-
es characterized by eosinophilic airways inflammation 
and systemic eosinophilia. Like COPD caused by alpa-1 
trypsin deficiency, these endotypes could be amenable to 
specific immune-modulation therapies. Other potential 
endotypes that are less well defined worthy of further in-
vestigation are COPD patients with associated comorbid-
ities such as sarcopenia and muscle wasting that share mo-
lecular pathways and may constitute shared therapeutic 
targets [6]. Similarly, COPD patients that develop lung 
cancer could be a specific endotype [7]. COPD patients 
with a significant amount of emphysema have a much 
higher risk of developing lung cancer than those without 
[8, 9], suggesting a synergistic effect between and emphy-

sema pathogenesis and lung cancer. The molecular mech-
anisms linking emphysema and lung cancer development 
are not known, but the chronic immuno-inflammatory 
response that characterizes COPD is most likely a key to 
the pathogenesis of both diseases. Moreover, improve-
ments in our understanding of these complex molecular 
networks that characterize such associations are essential 
to design effective immuno-modulation therapeutic strat-
egies for these distinct “endotypes.” A systems biology ap-
proach for the understanding and eventual therapeutic 
modification of these complex molecular, functional, 
clinical and environmental networks offers the possibility 
of a better understanding of disease pathobiology and dif-
ferent disease endotypes and could facilitate the develop-
ment of novel therapeutic interventions. 

Pathobiology of COPD
The chronic exposure to inhaled toxic gases and par-

ticulate matter are important primary etiologic triggers 
for the development of COPD, but there is substantial 
variation in the host response to these harmful environ-
mental insults. These exposures cause both large and 
small airway inflammation, a hallmark of the underly-
ing pathology in COPD [10]. This airways inflamma-
tory response spread to the lung parenchyma resulting 
in destruction of alveolar walls causing emphysema 
[11]. Inflammatory mediators resulting in persistent 
infiltrating immune inflammatory cells and their de-
structive enzymes have been implicated in the progres-
sive destruction of the lung in COPD [12]. This de-
struction initiate remodeling that has been described in 
both the central airways, distal airways, and lung paren-
chyma. It is a process of structural changes involving 
hyperplasia of airway epithelial cells, thickening of the 
reticular basement membrane, deposition of collagen, 
peribronchial fibrosis, airway epithelial-to-mesenchy-
mal transition, and bronchial smooth muscle cell hy-
perplasia [10]. In COPD, remodeling of the small air-
ways is an early event that spreads to the parenchyma 
and contributes to the development of emphysema 
[10]. Small airway remodeling results in obliteration of 
small airways and are largely responsible for the airway 
flow limitation seen in COPD patients. However, the 
underlying mechanisms underlying this sequence of 
events remain unclear and the topic of intense investi-
gation. An overarching hypothesis is that oxidative 
stress (external and endogenous) from the inhalation of 
noxious gases and particles triggers a complex inflam-
matory response in the airways and lung tissues that 
eventually leads to well-described pathology of COPD 
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(Fig. 2). Understanding the mechanistic underpinning 
of this process is pivotal for targeted immune-modulat-
ing therapy in COPD. 

Inflammatory Cells in COPD Pathogenesis
The innate immune response to the inhalation of tox-

ic particles and gases increases the traffic of macrophages 
and neutrophils into the damaged tissues. These infiltrat-
ing inflammatory immune cells control the first line of 
defense against the inhalation of toxic particles and gases, 
which includes the presentation of antigens to the den-
dritic cells and macrophages that activates the adaptive 
immune response [13]. This ongoing innate immune re-
sponse and, in particular, the downstream adaptive im-
mune response contribute to the continuation of tissue 
destruction following the cessation of chronic smoking 

[14]. Macrophages are located in airways, alveoli, and the 
lung interstitium. They have the ability to modulate acute 
and chronic inflammatory responses [15]. They are one 
of the main sources of cytokines and inflammatory me-
diators in the airways, and in addition to phagocytosing 
particles, bacteria, and apoptotic cells [16]. Furthermore, 
the production and secretion of these mediators from 
these macrophages also promote accumulation of other 
inflammatory cells such as neutrophil, a key component 
of the chronic innate immune response in COPD [17]. 
Neutrophils migrate out of the pulmonary capillaries and 
into the air spaces and kill ingested opportunistic mi-
crobes (fungi, protozoa, bacteria, viruses) with their ar-
mamentarium of reactive oxygen species, antimicrobial 
proteins, and degradative enzymes such as elastase [18]. 
Excessive production and release as well as inadequate 

Inhalation of noxious gasses and particles
Structural tissue cells

Epithelial cells

Endothelium

Fibroblast and connective tissues

Airways inflammation and alveolar wall destruction

Oxidative stress
Immune cells

Macrophages

Neutrophils

Eosinophils

T-cells/B-cells/innate lymphocytes

Proteases
Elastases
Cellular ROS
NETosis

Chemokine
TGF-β
Defective tissue repair
Senescence

Recruitment
Proteases (MBP)
Cellular ROS

Cytotoxic mediators
Auto-antibodies

Permeability
Senescence
Angiogenesis

Mucus hypersecretion
Cytokine production
Apoptosis

Proteases
Metalloproteinases
Cytokines
Phagocytosis
Apoptosis

Fig. 2. Pathogenesis of COPD. COPD, chronic obstructive pulmonary disease.
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neutralization of these potential tissue damaging mole-
cules have been shown to contribute to tissue damage and 
destruction in COPD [19]. Lymphocytes participate in 
both the innate and adaptive immune responses in COPD. 
Lymphocytes are found in both airways and lung paren-
chyma and divided into 2 major populations: thymus-
dependent T cells and bone marrow-dependent B cells. T 
cells have 2 major subsets (CD4+ and CD8+ with further 
division into Th1 and Th2) and drive cell-mediated im-
munity, while B lymphocytes produce immunoglobulins. 
Thl-cells are key in providing cellular immunity and Th2 
cells humoral immunity. Th2 cytokines include IL-4, 
IL-5, IL-9, and TL-13 and promote IgE and eosinophilic 
responses, currently recognized as a distinct endotype in 
COPD [20]. A dysregulated Thl/Th2 response is linked to 
a diversity of chronic inflammatory airways conditions 
such as asthma and chronic bronchitis. CD8+ T cells se-
crete molecules that kill infected cells and tumor cells. 
Natural killer (NK) cells are a subset of T cells with no 
antigen-specific receptors and NK T cells, which have 
similar properties as NK cells, serve to combat bacteria, 
protozoa, and viruses [13]. The histological analysis of 
COPD lung tissues showed that remodeling and destruc-
tion of the bronchiolar and alveolar tissue are associated 
with excessive infiltration with macrophage, CD4, CD8, 
and B cell and formation of tertiary lymphoid organs [21]. 
Interestingly, gene set enrichment analysis in COPD tis-
sues infiltrated with CD4, CD8, and B cells showed that 
genes known to be expressed by NK cells, lymphoid tissue 
inducer, and innate lymphoid cell 1 (ILC1) cells (but not 
ILC2 or ILC3 cells) were enriched in COPD tissues [22, 
23]. This suggests that innate lymphocytes contribute to 
the emphysematous destruction in COPD potentially 
driven by a Th1 response activated by infiltrating ILC1, 
NK, and lymphoid tissue inducer cells. Targeting these 
Th1 pathways could potentially attenuate the progressive 
nature of lung tissue destruction in COPD. 

Structural Cells in COPD Pathogenesis
Inflammatory cells are pivotal in initiating and modu-

lating acute and chronic airway inflammatory responses, 
however structural tissue cells such as epithelial, endothe-
lial and mesenchymal cells, have a central role to amplify 
and modulate the inflammatory process initiated by im-
mune inflammatory cells [24, 25]. 

Airway Epithelium
The respiratory epithelium responds to environmen-

tal insults (such as cigarette smoke or air pollutants) by 
producing and secreting chemokines, cytokines, and an-

timicrobial peptides [25–27] that control the trafficking 
of immune inflammatory cells (such as neutrophils and 
macrophages) into the airspaces. In addition, the bron-
chial mucosa consists of a mucociliated, pseudostratified 
epithelium with predominantly ciliated cells as well as 
mucus-secreting goblet cells in the large airways and bas-
al cells/Club cells in the smaller airways that provide a 
physical and chemical barrier to neutralize and remove 
inhaled toxins and particles. These cellular secretions 
contain mediators that regulate inflammation, impacting 
chemotaxis, and antimicrobial defense by regulating oxi-
dative/proteolytic balances [28, 29]. Airway epithelial 
cells also initiate and regulate the both the innate and 
adaptive immune responses via pattern-recognition re-
ceptors and transepithelial immunoglobulin transport 
[30]. These complex processes are dysfunctional in 
chronic inflammatory airway diseases (such as COPD), 
leading to altered epithelial integrity and disruption of the 
physical and chemical barrier functions of the lung sur-
face [30].

Endothelial Cells
There is increasing evidence that the pathogenesis of 

COPD is linked, in part, to activation and eventual apop-
tosis of pulmonary capillaries, a key component in the 
pathogenesis of alveolar wall damage and destruction in 
the development of emphysema [31, 32]. To support this 
notion, Gordon et al. [33] demonstrated that smokers 
and, to a greater extent, smokers with early evidence of 
lung destruction (normal spirometry but low diffusing 
capacity or DLCO) have elevated levels of circulating en-
dothelial microparticles (EMPs) or exosomes. Impor-
tantly, a significant proportion of these EMPs is derived 
from pulmonary capillaries and has the characteristics of 
apoptotic EMPs; that is, they are derived from lung endo-
thelial cells that have been induced to undergo apoptosis. 
Interestingly, circulating levels of EMP drop to levels ob-
served in nonsmokers when persons with preserved lung 
function stop smoking but not in patients with estab-
lished COPD, suggesting ongoing alveolar wall damage 
in patients who have established COPD after they stopped 
smoking [34]. The observation of endothelial apoptosis 
in the lungs of humans with emphysema is well docu-
mented. There is increased DNA fragmentation in the 
pulmonary capillaries and arteriolar endothelium of sub-
jects with COPD and increased alveolar endothelial and 
epithelial cell death in human emphysematous lungs 
compared with lungs of nonsmokers or smokers without 
emphysema. Lung levels of alveolar epithelial-derived 
vascular endothelial growth factor that support endothe-
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lial health are decreased in emphysema, contributing to 
the complex mechanisms of pulmonary capillary endo-
thelial destruction [32]. These increase levels of EMP can 
be detected in early COPD (GOLD I and II) before sig-
nificant changes in lung density of emphysema on HRCT 
chest [34]. Therefore, EMP could be useful early marker 
of lung damage in COPD and provides potential target 
for early therapeutic intervention to preserve endothelial 
health.

Mesenchymal Cells
Several elegant studies have shown that small airways 

are destroyed and disappear contributing to airflow limi-
tation and dysfunction early in the development of COPD 
[35]. Part of the destructive, inflammatory processes in-
duced by noxious gases and particles (such as cigarette 
smoke) that ultimately lead to COPD, results from a fail-
ure of repair and remodeling and/or the regenerative pro-
cesses in the lungs. There is growing enthusiasm for using 
progenitor or stem cells to regenerate small airway and 
alveolar tissue and thereby restore lung function in pa-
tients with COPD [36]. Studies in animals have revealed 
that human lung stem cells may contribute to distal lung 
tissue regeneration [37]; therefore, administration of 
stem cells deriving from exogenous sources may be an in-
novative way to treat COPD. Alternatively, advances in 
mesenchymal stromal cell (MSC) therapy have made this 
approach a strong candidate for clinical use in the treat-
ment of COPD [38]. These cells can be obtained from a 
diversity of tissues and expanded with high efficiency. 
These MSCs have been shown to have potent immuno-
suppressive properties with the potential to modulate the 
immune inflammatory responses in the lung. Although 
the precise role of these cell-based treatment of subjects 
with COPD and specifically emphysema is still in its in-
fancy. Encouraging outcomes of MSCs as adjuvant ther-
apy combined with other treatments (such as endobron-
chial valves placement) [39] has shown benefits in pul-
monary function improvement, quality of life measures, 
and they reduces biomarkers of systemic inflammation 
[40]. Cell-based therapy holds promise for future treat-
ment of chronic lung diseases such as COPD. Stromal- or 
mesenchymal cell-based therapies are immunomodula-
tory in nature and closer to clinical implementation, and 
we are awaiting well-designed clinical trials to determine 
their role in COPD. 

Mediators in COPD Pathogenesis
Immune inflammatory cells produce and secrete small 

polypeptide molecules (cytokines) that initiate and con-

trol the host response to injury. That are secreted by a 
variety of cells that include cells from the innate and 
adaptive immune system, as well as structural cells (epi-
thelial and mesenchymal cells). These chemokines and 
cytokines can be divided into those that are 
proinflammatory TNF-α, IL-1, IL-13, IL-6, IL-8, and 
IFN-λ, which stimulate the immune system to manage 
and control infectious and acute toxic (such as cigarette 
smoke) insults. This inflammatory response involves 
inflammatory cells such as neutrophil and monocyte that 
express and release enzymes involved in matrix degrada-
tion [41]. Important anti-inflammatory cytokines in-
clude IL-10, TGF-β, and IL-lrα, secreted by alveolar mac-
rophages that downregulate this lung inflammatory re-
sponses [42]. IL-10 also inhibits the production of 
proinflammatory cytokines by activation of T cells, NK 
cells, and monocytes [43, 44]. Dysregulation of this bal-
ance cytokine response has been shown in several chron-
ic pulmonary diseases including COPD, for example, low 
levels of IL-10 are related to the severity of COPD [45]. 
The chronic persistent insult to the lung may contribute 
to this dysregulated cytokine response. For example, 
COPD is associated with increased local and systemic lev-
els of TNF-α, IFN-y, IL-Iβ, IL-6, and GM-CSF, all proin-
flammatory cytokines, with IL-4 and IL-13 levels shown 
to be elevated in central airways of smokers with chronic 
bronchitis, when compared to those of asymptomatic 
smokers [46]. IL-18, a proinflammatory cytokine, has 
been shown to be produced intracellularly and secreted 
by activated macrophages [47] serving as a cofactor for 
both Th1 and Th2 cell development. Serum levels of IL-18 
in COPD patients and smokers have been demonstrated 
to be elevated and negatively associated with the predict-
ed FEV1, when compared to nonsmokers. The highest se-
rum levels were found in patients with COPD GOLD 
stages III and IV [48]. In summary, these studies demon-
strate that expression and secretion of various ILs are al-
tered in COPD, but further studies are needed to define 
their pathophysiological roles and whether blocking these 
pathways alters the inflammatory response in lung tis-
sues. Immune-modulating therapies targeting a dysregu-
lated cytokine network in COPD could impact disease 
progression. 

The Lung Microbiome
In the last decade, molecular techniques that identify 

bacterial DNA have revealed the presence of microbial 
genetic material in the lower respiratory tract, previously 
thought to be “sterile.” The characterization of this lung 
microbiome has advanced our understanding of the in-
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teraction of the lung microbiota with the local and sys-
temic immune systems, through which it modulates the 
immune response in the context of health and a variety of 
respiratory diseases, in particular airways diseases such as 
asthma, COPD, and bronchiectasis [49]. Advances in mi-
crobiota characterization have shed light on lower air-
ways colonization in a variety of chronic airway disease, 
including COPD, implicating decreased airway clearance 
that facilitates selective microbial growth resulting in col-
onization [50, 51]. There has also been advances in the 
understanding of how microbes in the lower airways in-
teract with each other and their microenvironment. Hilty 
et al. [49] showed that distinct lower airway microbiota is 
reflective of airway inflammation without clinical respi-
ratory infection, which suggests that the microbiota com-
position can be indicative of airways disease. Microbial 
interactions with airway surfaces contribute directly or 
indirectly (by altering the mucosal immune responses) to 
airway damage, resulting in airways inflammation, in-
creased airways secretions, and reduced mucociliary dys-
function compromising airway clearance causing disease 
progression [52]. Therefore, the composition of the lung 
microbiome that is altered in COPD, further change dur-
ing acute exacerbations, and with the use of steroids and/
or antibiotics provide a window of opportunity to deter-
mine the impact of the lung microbiome on disease de-
velopment and progression, which could ultimately lead 
to novel immune-modulating therapies.

Immune Modulation with Current COPD Therapies

Current treatment strategies for COPD consist of 
bronchodilation, anti-inflammation, and antiinfection 
therapeutic agents. These treatments clearly improve 
COPD symptoms, but currently, there is very little evi-
dence that any of these approaches to treatment have the 
potential to reverse airway remodeling and consequently 
irreversible obstructive airflow. Currently, just cessation 
of smoking has convincingly been shown to reduce the 
decline in FEV1 over time. 

Corticosteroids
Anti-inflammatory treatment has the potential to alter 

the airways and lung tissue inflammatory response im-
pacting tissue damage and remodeling. In a recent study, 
Toczyska et al. [53] compared anticholinergics to inhaled 
corticosteroid and showed the ICS could reduce reticular 
basement membrane thickening and inflammatory cell 
infiltration in airways tissues from patients with COPD. 

Further the observation that treatment with ICS changes 
vessel density and epithelial-mesenchymal transition 
suggests the possibility that it might be able to influence 
airway remodeling. However, as airflow limitation was 
not changed over the 12-month study period, suggesting 
that long-term studies are needed to determine the poten-
tial beneficial effects of ICS on airways remodeling.

In a subgroup of COPD patients with prominent Th2-
eosinophilic airways disease, there is reasonably good 
evidence that these patients respond to corticosteroids 
and possibly to blockers of cytokines produced by Th2 
cells. Typically, these patients have milder COPD, get 
frequent exacerbations, and are characterized by sputum 
and/or blood eosinophilia. Systemic corticosteroids in a 
group of COPD patients with elevated sputum eosino-
phils improve symptoms, postbronchodilator FEV1, and 
shuttle walk [54]. These benefits of systemic steroids also 
apply to ICS, implying that sputum eosinophils can serve 
as a biomarker of this endotype to the targeted use of 
inhaled corticosteroid in COPD [55, 56]. These studies 
suggest that blood eosinophils, which is much easier to 
measure, could be a surrogate for sputum eosinophils, 
especially with persistent eosinophilia above > 300 cells/
µL. A small randomized trial of benralizumab (an anti-
IL-5 receptor alpha blocker) showed that in patients with 
COPD and serum eosinophil counts ≥300 cells/μL im-
proved lung function (FEV1) and reduce exacerbations, 
suggesting that blocking the Th2 cytokines in subjects 
with eosinophilic/Th2 high COPD is a reasonable option 
[57]. A recent larger randomized trial in subjects with 
COPD and blood eosinophil counts > 220 cells/µL fol-
lowed for a year, showed a trend in reducing exacerba-
tions rate in the group receiving the higher dose of ben-
ralizamab (100 mg very 4 weeks) but no significant dif-
ference in overall exacerbations rates between groups 
[58]. Although disappointing, these studies highlight the 
importance of better phenotyping and endotyping sub-
jects in future studies exploring different Th2 cytokines 
blockers as immune modulations of airways inflamma-
tion in COPD. 

Macrolides
Chronic bacterial colonization of the airways correla-

tions with the extent of airway inflammation in stable 
COPD [59]. The immune host responses induced by 
bacterial colonization are thought to contribute to 
COPD progression and is marked by elevated inflam-
matory markers such as C-reactive protein, IL-1β, IL-8, 
TNF-α in lung tissue. Antibiotics could reduce bacterial 
load in airway that is related to COPD severity and pro-
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gression. Recent meta-analysis of the use of macrolides 
in reducing COPD exacerbations showed a significant 
reduction in acute exacerbations COPD (AECOPD; OR 
0.28 95% CI 0.12–0.68) with low dose of macrolides 
continuously over the full year of the study [60]. This 
provides evidence of clinical benefit using macrolides as 
immune modulators in COPD. Macrolides are known 
to have immunomodulatory effects on airway remodel-
ing. Macrolides suppress activator protein 1 and the NF-
κβ-mediated inflammatory cascade resulting in reduced 
IL-1, IL-6, IL-8, TNF-α in COPD patients. Macrolides 
impact a wide variety of immune and structural cells. 
They reduce adhesion molecule expression by pulmo-
nary epithelium and endothelium, thereby reducing 
neutrophil and macrophages recruitment, first-line in-
nate immune cells that contribute to airway remodeling. 
Macrolides also reduce the expression of neutrophil ad-
hesion molecules Mac-1 (CD11b), reduce neutrophil 
chemotaxis, and reduce the serum concentration of sol-
uble adhesion molecules, such as sL-selectin, sE-selectin, 
and sP-selectin [61]. Macrolides promote monocyte-to-
macrophage differentiation, enhance phagocytosis of 
apoptotic cells by macrophages, thus reducing further 
inflammatory responses related to cell necrosis, alter 
macrophage phenotype to improve bacterial clearance, 
and enhance macrophage cytocidal activity in COPD 
[62–64]. Macrolides also reduce monocyte-macrophage 
differentiation, MMPs production, and protease activity 
[59]. Macrolides, such as azithromycin, reduce the risk 
for COPD exacerbation, which is accompanied by a re-
duction in plasma sTNFrII, suggesting that they also re-
duce the systemic inflammatory response associated 
with COPD. New macrolide derivatives with enhanced 
anti-inflammatory properties and less antimicrobial ac-
tivity have recently been developed to reduce the chanc-
es of bacterial resistance documented with long-term 
use of macrolides in COPD. A novel class of nonanti-
biotic 14-membered macrolide derivatives of azithro-
mycin with anti-inflammatory and immune-modulato-
ry effects, attenuate lung inflammation, and diminished 
the production of proinflammatory cytokines by macro-
phages exposed to Pseudomonas aeruginosa LPS in mice 
[65]. Solithromycin (CEM-101) is a novel macrolide flu-
oro-ketolide, with good antimicrobial activity and also 
displays superior anti-inflammatory profiles compared 
with other macrolides currently used. It is able to restore 
corticosteroid sensitivity by inhibition of PI3K signaling 
under oxidative stress [66]. More recently, another nov-
el 12-membered nonantibiotic macrolide, EM900, has 
been shown to inhibit rhinovirus (RV) infection by re-

ducing the ICAM-1 levels on epithelial cells and thereby 
modulates the airway inflammation associated with RV 
infections [67, 68]. Considering RV is the major cause 
of COPD exacerbation, macrolides such as EM900 could 
be a candidate drug for the prevention of COPD exac-
erbation. In addition, EM900 has been documented to 
exert direct inhibitory effects on mucus secretion from 
airway epithelial cells [69]. These findings collectively 
indicated that these novel macrolides hold great prom-
ise for the treatment of COPD in the future, while main-
taining the benefits of macrolide use without increasing 
the risk of antimicrobial resistance. Combining macro-
lides with steroids also improves corticosteroid sensitiv-
ity through inhibiting the PI3K-δ/Akt pathway and en-
hancing glucocorticoid receptor α expression [70]. 
Therefore, combining macrolides with corticosteroids 
might enhance the anti-inflammatory effects of steroids 
in the treatment of COPD. Macrolides also influence the 
adaptive immune responses by downregulating the ex-
pression of the costimulatory molecule CD40 on den-
dritic cells thereby inhibiting the differentiation of Th17 
cells induced by dendritic cells [71]. Collectively, under-
standing the immunomodulatory mechanisms of mac-
rolides and its derivative may open a new window for 
the immune-modulating treatment of COPD in the fu-
ture.

Phosphodiesterase Inhibitors
The nonselective PDE inhibitors (methylxanthines) 

and theophyllin are older medications that remain in use 
because they have both bronchodilator and anti-inflam-
matory affects via inhibition of PDE4 and histone deacet-
ylase-2 activation [72]. The PDE4 enzyme family is en-
coded in 4 different genes (PDE4A to D), they hydrolyze 
cAMP, and are expressed in T-cells, B-cells, and innate 
immune cells such as macrophages, eosinophils, and neu-
trophils, as well as airway epithelial cells and endothelial 
cells [73]. Therefore, the action of selective PDE4 inhibi-
tors is predominantly anti-inflammatory and immune 
modulating [74]. In contrast, the newer second-genera-
tion PDE4 inhibitors, such as roflumilast, are able to de-
crease airway hyperreactivity by reducing the production 
and release of TNF-α, and possibly slow tissue destruc-
tion by inhibiting specific matrix metalloproteinases. 
Moreover, their clinical benefit may be primarily based 
on their ability to inhibit chronic lung inflammation in 
asthma and COPD [75, 76]. Last, their beneficial effects 
on blood vessel disease, in subjects with COPD, may be 
an additional benefit in subjects with cardiovascular co-
morbidities. 
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Future Strategies in Immune Modulation in COPD

Immume Modulation in Eosinophilic/Th2-High 
COPD
Strong recent evidence suggests that a subgroup of pa-

tients with COPD who have marked sputum and/or blood 
eosinophilia may respond to corticosteroids and possibly 
to blockers of cytokines produced by Th2 cells [55, 77, 78]. 
This beneficial effect extends to ICS as well; therefore, spu-
tum eosinophils may be a useful biomarker to predict 
what a COPD patient may respond to ICS. Several studies 
have shown that blood eosinophilia, which is much easier 
to obtain, could be a useful surrogate for sputum eosino-
phils, especially if the blood eosinophilia is persistently 
high (> 200 cell/µL). This represents a substantial portion 
of COPD patients (37%) in the ECLIPSE cohort [79]. Th2 
cytokines, including IL-5, IL-4, and IL-13, could drive eo-
sinophilic inflammation in this COPD endotype. There-
fore, identifying this subgroup of COPD and target the 
eosinophils with either corticosteroids or specific Th2 
blocker may prove to be a step toward precision or per-
sonalized targeted treatment in COPD.

Immune Targeting Cytokines in COPD
COPD is characterized by progressive airway and lung 

tissue inflammation, with AECOPD frequently driven by 
infections (bacterial or viral) that augment this inflam-
matory response. This chronic inflammation of the air-
ways has been shown to play a key role in the pathogen-
esis and progression of COPD. There is a growing interest 
in targeting inflammatory mediators such as cytokines or 
chemokines in attenuating the chronic inflammatory re-
sponse in the airways and slowing the destructive process 
in lung tissues in COPD [80]. The Th2 cytokines (IL-4/
IL-5/IL-13) are the primary targets for current available 
biologic therapeutics in chronic airway diseases associ-
ated with a more eosinophilic inflammatory response. 
These biologics have been extensively studied in the more 
eosinophil airways disease of asthma with the anti-IL-5 
mepolizumab, the first to show a reduction in eosino-
phils, acute exacerbations, and the need for systemic ste-
roids in asthma, and more recently, 2 additional anti-IL-5 
antibodies (Reslizurnab and Benralizuinab) have been 
cleared by the FDA for their safety and efficacy in reduc-
ing asthma exacerbations [81–83]. IL-5 therapeutics are 
currently in COPD clinical trials, and both Benralizurnab 
and Mepolizurnab are currently in phase 3 trials with 
Benralizumab displayed a beneficial effect on lung func-
tion [57] but did not reduce acute exacerbation rates [58], 
while treatment with mepolizurnab has been shown to 

reduce exacerbations [84]. An anti-IL-4 antibody is cur-
rently under late clinical trial phases for asthma. The IL-4 
receptor inhibitor that also modulates IL-13, Dupilurm-
ab, has shown notable improvements in exacerbations 
and lung function in eosinophilic airways disease from 
asthmatic patients [85], and studies in COPD are ongo-
ing. The anti-IL-13 inhibitors, Lebrikizurnab and 
Tralokinurnab, showed less promise in phase 3 clinical 
trials for asthma, while studies with an inhibitor of TSLP 
(Tezepelumab) show more promise in phase 3 trials re-
ducing exacerbations and blood eosinophil counts [80]. 
The role for biologics that target the Th2 response in the 
Asthma/COPD overlap syndrome with a prominent eo-
sinophilic inflammatory response still needs to be deter-
mined. 

The primary innate immune cytokines, TNF-α, IL-1β, 
and IL-6, are all involved in the inflammatory response to 
inhaled aeropollutants and are naturally attractive targets 
in modulating the inflammatory response in COPD. In-
hibition of TNF-α has been studied quite intensively in 
several chronic inflammatory diseases including airways 
disease such as asthma and COPD, however, with limit 
success. IL-1 is a proinflammatory cytokines with in-
creased expression in COPD that further increase during 
exacerbations [86], but small clinical trials with IL-1β 
blocking antibody (Canakinumab) and a recombinant 
IL-1ra protein (Anakinra) for COPD were disappointing. 
Blocking antibodies against the IL-6 receptor (Tocilizum-
ab) has been studied in other inflammatory diseases such 
as rheumatoid arthritis and Crohn’s disease, revealing de-
creased IL-6 levels, but it has not been tested in 
inflammatory airway diseases yet. Therefore, targeting 
IL-6 could be a potential novel and promising treatment 
strategy to suppress not only chronic airway but also its 
associated systemic inflammation, COPD-associated 
frailty, and decline in lung function. In COPD, targeting 
these mediators could have potential serious side effects 
as it attenuates the innate immune responses against viral 
and bacterial infections, culprits in triggering exacerba-
tions of COPD. 

IL-8 has also been characterized as a key potential con-
tributor to the development of COPD. The COPD bron-
chial epithelium has been shown to have a higher baseline 
expression of IL-8, thus leading directly to mucus hyper-
secretion by induction of the mucin genes MUC5AC and 
MUC5B [87, 88]. IL-8, an important cytokine involved in 
neutrophilic inflammation, is elevated with AECOPD 
[89], with circulating IL-8 being negatively associated 
with lung function [90]. A significant portion of COPD 
subjects have prominent neutrophilic airways inflamma-
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tion; therefore, IL-8 is an attractive target to reduce neu-
trophil recruitment [91]. Inhibitors of the IL-8 chemo-
kine receptor, CXCR2, involved in neutrophil recruit-
ment, is an attractive target to decrease neutrophilic 
inflammation. A CXCR2 antagonist, Danirixin, is cur-
rently being examined for clinical usage in COPD [92]. 
The impact of biologics, to impact the cytokine and che-
mokine inflammatory milieu in COPD to reduce airways 
and tissue inflammation in stable COPD and during an 
exacerbation, is still in its infancy and an evolving field of 
research. 

Immune Modulation Targeting Proteases
One of the most damaging major proteases released 

from neutrophils is elastase with α-1-antrypsin, the major 
neutralizer of excess elastase. Alpha-1 antitrypsin (A1AT) 
deficiency meets all of the criteria for a distinct endotype 
of COPD. It has a known genetic underpinnings, distinct 
clinical and histopathological characteristics, distinct ep-
idemiology, and a mechanism-directed proven treatment 
approach that is guided by biomarkers (serum A1AT lev-
el, A1AT protein phenotyping, and A1AT genotyping) 
and physiological parameters (FEV1). Intravenous aug-
mentation treatment has been shown to be disease modi-
fying with evidence that this slows decline in FEV1 and 
emphysema determined by CT density measurement 
[93–95]. New user-friendly immune modulation using 
inhaled alpha-1-antitrypsin (PhaseII trail) is currently 
underway [96]. There is paucity of data around other 
treatments specific for COPD, in general, and their effi-
cacy in AATD. Inhalation of noxious gases and particles 
also activated macrophages, which produce matrix me-
talloproteinases and cysteine proteinases that promote 
lung inflammation, degrade extracellular matrix pro-
teins, and injure alveolar septal cells to cause airspace en-
largement [97]. Modulating metalloproteinases by neu-
tralizing or decreasing expression and/or release is there-
fore an attractive target in attenuating airways and lung 
tissue inflammation in COPD. Interestingly, Polverino et 
al. [98] recently showed that the disintegrins or metallo-
proteinase domain-8 and 9 (Adam 8 and 9) have opposite 
effects [98, 99]. Deficiency in these proteinases showed a 
resistance to the development of emphysema in a mouse 
model of CS-induced emphysema. They also showed de-
crease expression on lung macrophages in human stud-
ies, which has been associated with reduced macrophage 
apoptosis (causing increase macrophages numbers in the 
lung) and promotion of integrin mediated recruitment of 
immune cells such as neutrophils. The lack of Adam8 ex-
pression on lung epithelial cells causes decrease in EGFR 

shedding leading to mucus cell metaplasia, increase in al-
veolar cell apoptosis, and impairs alveolar septal repair. 
Together these downstream effects will promote airways 
disease and emphysema and they postulate that the im-
mune modulation of the disintegrins, Adam 8 and 9, to 
increase or prolong their expression on cell surfaces may 
have potential as a novel therapeutic for patients with 
COPD to slow progression of disease.

Immune Modulation Targeting the Lung Microbiome
The recognition the last decade, of the importance of 

the lung microbiome in modulating both the local and 
systemic immune systems, has fuelled the interest in al-
tering the lung microbiome to modulate the inflamma-
tory response in various respiratory diseases. Therefore, 
the characterization of the lung microbiome has the po-
tential to provide new therapeutic options to manipulate 
the lungs pathophysiological mechanisms of homeosta-
sis. Changes in the lung microbiome, and, consequently, 
this homeostasis are known as dysbiosis, which has been 
characterized in a variety of lung diseases such as cystic 
fibrosis, COPD, asthma, and interstitial lung diseases 
[100–103]. In COPD, bacterial colonization is common 
and thought to contribute to persistent airways immune 
and inflammation responses. It has been postulated to 
contribute to the progression of COPD and FEV1 decline 
and increasing the risk for exacerbation [104]. The pleio-
tropic effects of antibiotics, particularly those of the mac-
rolide class that also have anti-inflammatory properties 
[105], led to their use in the prevention of exacerbations. 
Whether this benefit is due to the antibacterial effect of 
azithromycin on bacterial colonization or more direct an-
ti-inflammatory effects is uncertain. The long-term ef-
fects of chronic azithromycin therapy on the lung micro-
bial community, however, are yet to be determined al-
though initial reports suggest that while the overall 
bacterial burden remains stable, the alpha diversity of the 
lung decreases significantly [106]. With acute exacerba-
tion of COPD, antibiotics covering pathogens such as 
Haemophilus influenzae, Streptococcus pneumoniae, and 
Moraxella catarrhalis have become mainstays of therapy, 
and numerous trials have confirmed their beneficial ef-
fects [107, 108]. However, the notion that all acute exac-
erbations must be treated with antibiotics is questionable. 
To better identify the subset of AECOPD subjects who 
could benefit from antibiotics, several studies have ex-
plored biomarkers such as procalcitonin [109], C-reac-
tive protein, and neutrophil CD64 expression [110] to 
identify subjects that may benefit from antibiotic treat-
ment. These biomarkers may still find their way into clin-
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ical decision algorithms. The role of pathogenic microbes 
triggering AECOPD has been extensively investigated 
and well established, but the clinical significance of air-
ways colonization in COPD pathogenesis remains less 
clear. The question of whether colonizing microbes ac-
tively contribute to COPD pathogenesis, or whether they 
altered immune responses observed in stable versus colo-
nized COPD contribute to COPD pathogenesis, still 
needs to be established. The characterization of the lung 
microbiome and its downstream immune response in the 
airways, in both its acute exacerbations of COPD and in 
chronic stable COPD, has the potential to reveal previ-
ously unrecognized therapeutic and prognostic markers 
that have the potential to predict disease outcome or in-
fection susceptibility.

Immune Modulation Targeting Small Airways
The small conducting airways (< 2 mm in diameter in 

adult human lungs) have been shown to be an early target 
for the immune inflammatory response induced by inha-
lation of toxic particles and gasses such as cigarette smoke, 
resulting in COPD [21]. As the disease progresses, the 
infiltration of inflammatory immune cells is dominated 
by lymphocytes that form lymphoid follicles with germi-
nal centers, characteristic of an adaptive immune re-
sponse that include macrophages and dendritic cells, 
B-cells, and plasma cells surrounded by T cells (referred 
to as either lymphoid neogenesis or tertiary lymphoid or-
gan formation) [111]. These observations have led to the 
notion that autoimmunity has a role in the pathogenesis 

and progression of COPD. It is postulated that neoanti-
gens are generated by environmental triggers (such as 
cigarette smoke, air pollutants, or biomass) via oxidative 
stress pathways that induce damage to lipids, proteins, 
carbohydrates, or DNA. Either environmental or endog-
enous oxidative stress may also cause the formation of 
carbonyl stress that through posttranslational, nonenzy-
matic modifications of proteins result in the formation 
neoautoantigens triggering an autoimmune response in 
the small airways of susceptible subjects. This causes local 
activation of cell-mediated autoimmune damage and re-
modeling to the small airways [112] (Fig. 3). 

These autoimmune pathways are potential targets for 
therapeutic intervention by immune modulating drugs. 
Although ICS treatment of COPD is rather ineffective in 
reducing airway inflammation and lung function decline, 
withdrawal of ICS in stable patients with COPD results in 
an increase in CD3, 4 and 8 positive T cells in the bron-
chial mucosa [113]. This suggest that ICS could reduce the 
airways adaptive immune response in COPD, specifically 
in patients with increased B-cell activity (such as patients 
with high autoantibody titers) [114]. This suppression of 
airways B-cell responses may also be responsible for the 
increased risk of pneumonia seen in COPD patients treat-
ed with high doses of inhaled glucocorticoids [115]. The 
B-cell activating factor (BAFF), which is responsible for 
B-cell survival and maturation, is overexpression in auto-
immune diseases [116], as well as overexpressed in small 
airway lymphoid follicles in COPD compared to control 
smokers, postulated to create a self-perpetuating loop 

Carbonyl stress
induces
post-translational
protein
modifications

Ambient pollution
Cigarette smoke

Environmental
oxidative stress

Endogenous
oxidative stress

Small airway
inflammation

Airflow limitation
and COPD

Forming lymphoid follicles
enhance airway inflammation

Proteins, lipids,
carbohydrates and

DNA damage

Trigger auto-antibodies
in genetically

susceptible subjects

Fig.  3. Oxidative (ROS) and nitrosative 
(RNS) stress from both environmental and 
endogenous sources combined with envi-
ronmental carbonyl stress damage and 
modify proteins, lipids, carbohydrates, and 
DNA-producing neoantigens, triggering 
autoantibodies in susceptible subjects. This 
results in autoimmune inflammation and 
tertiary lymphoid follicle formation en-
hancing small airways inflammation and 
progressive damage and destruction of 
these airways, a hallmark of COPD. COPD, 
chronic obstructive pulmonary disease.
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(promoting B-cell survival) contributing to COPD pro-
gression [117]. Blocking BAFF in a mouse model of ciga-
rette-induced pulmonary emphysema attenuates airways 
inflammation and alveolar destruction [118]. Belimumab, 
a monoclonal antibody against BAFF that reduces B-cell 
differentiation and survival, has been approved for sub-
jects with systemic lupus erythematosus [119] and shown 
to impact B-cells function in a mouse model of emphyse-
ma [120]. The therapeutic potential of blocking BAFF in 
subjects with COPD still needs to be explored. A Th17 re-
sponse is part of the immune inflammatory response in 
the smaller airways in COPD. It induces B-cell maturation 
and facilitates neutrophils and macrophage recruitment 
for mucosal immunity. High levels of IL-17A are strongly 
linked to the development of autoimmune disorders. In 
the smaller airways of COPD, 5% of IL-17A comes from 
Th17 cells and the rest from CD31+ endothelial cells [13]. 
Modulators of the Th17 immune response (anti-IL-17A 
mAB) have been approved for psoriasis [121] and have 
therapeutic potential in subjects with COPD [14, 115]. 
Last, the local microbiota in the small airways could pro-
mote chronic pulmonary inflammation by enhancing IL-
17A overexpression and the subsequent synthesis of auto-
antibodies [122, 123]. The interplay between the local mi-
crobiome and the innate and adaptive immune responses 
is now recognized to be a specialized form of a field im-
mune response designed to protect epithelium in the gut, 
airways, urinary tract, and skin, which is of considerable 
interest for future studies of chronic lung disease such as 
COPD. Autoimmunity is likely to play a more central role 
in the progression of COPD in certain COPD endotypes 
(rather than an unifying central role) and drugs that target 
this autoimmune response are available. The results of 
well-designed controlled clinical trials, modulating auto-
immune pathways, are of great interest.

Immune Stimulation as Immune Modulator in the 
Airways
The pathobiology of airways disease in COPD is as-

sociated with alterations in the normal mucosal immune 
responses that render it vulnerable for colonization and 
eventual invasion of pathogenic microorganisms. There-
fore, enhancing or boosting the airways mucosal im-
mune responses in subjects with COPD, to attenuate 
colonization of airways and/or invasion of viral or bac-
terial microorganisms into airways tissues, is a logical 
therapeutic option. One such compound is OM-85 
(Broncho-Vaxom®), an oral medicine of biological ori-
gin used for the prevention of recurrent respiratory tract 
infections in at-risk populations. This immune stimula-

tor has been shown to be effective and safe in both chil-
dren and adults [124, 125]. OM-85 is an extract of bac-
terial lysates isolated from 21 common known respira-
tory pathogens that has been shown to trigger 
immunomodulatory and protective immune responses 
against diverse pathogens in vivo [124, 126], including 
influenza and respiratory syncytial virus as well bacte-
rial superinfection following influenza [127]. The mech-
anisms of action of OM-85 have been comprehensively 
explored and appear to be via modulation of the inflam-
masome and stimulation of Th1 immune responses in 
the mucosa [128, 129]. Recent meta-analysis of all the 
RCT trails in COPD (∼1,000 subjects) showed a signifi-
cant reduction in AECOPD (20 and 39% reductions in 
exacerbation rate [RR 0.80; 95% CI 0.65–0.97; p  =  0.03] 
and incidence rate of patients using antibiotics [RR 0.61, 
95% CI 0.48–0.77; p < 0.0001] compared with the pla-
cebo). These are small studies, and we need more solid 
evidence to confirm the benefit of this immune modula-
tion strategy, however, with better phenotyping and en-
dotyping of COPD patients, this novel therapeutic inter-
vention could be beneficial for subjects with predomi-
nantly airways disease, particularly if the airways are 
chronically colonized. 

Immune Modulation of the Systemic Inflammatory 
Response in COPD
Inflammation in COPD has airway and systemic 

components [130, 131]. The systemic inflammatory re-
sponse in COPD is associated with a rapid decline in 
lung function [132], increased mortality [133], and a 
higher exacerbation rate [134, 135]. Studies by Fu et al. 
[136] showed that the presence of systemic inflamma-
tion, measured by elevated systemic C-reactive protein 
and IL-6, is predictive of future exacerbations in asthma 
and COPD. They show that systemic inflammation was 
associated with elevated IL-1β expression in the air-
ways, and this airway-systemic inflammatory axis was 
predictive of COPD exacerbations. Therefore, targeting 
the mediators involved in the systemic inflammatory 
response associated with COPD has the potential to 
slow progression of the disease and reduce exacerba-
tions of COPD. In addition, there are convincing evi-
dence that the comorbidities associated with the COPD, 
which impact COPD morbidity and mortality, are 
strongly related to this systemic inflammatory response 
[133, 137]. Therefore, targeting the systemic inflamma-
tory response in COPD is a reasonable option for future 
therapy to impact COPD progression and exacerba-
tions. 
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Conclusions

Although our understanding of the cellular and mo-
lecular mechanisms underlying COPD has improved in 
recent years, they are complex and in general remain 
poorly understood. Current therapy has little if any effect 
on either disease progression or mortality. This is partly 
due to COPD being a complex heterogeneous disease, 
which is expressed in a variety of disease phenotypes. 
These different phenotypes have different profiles of dis-
ease progression and are associated with different comor-
bidities. It is reasonable to postulate that that these differ-
ent phenotypes also have different cellular and molecular 
mechanistic underpinnings, which could explain why 
there is currently no therapeutic intervention that signif-
icantly and broadly reduces either disease progression or 
mortality. The mainstay of management of COPD disease 
is that long-acting bronchodilators have minimal effects 
on the underlying chronic inflammatory response in the 

lung. In addition, a significant portion of COPD subjects 
are essentially resistant to broad-spectrum anti-inflam-
matory molecules such as corticosteroids. Thus, there is 
an obvious need for novel anti-inflammatory therapies 
that can act on new promising molecular and/or cellular 
targets with the promise that modulating the immune in-
flammatory response in the lungs of COPD subjects will 
slow the progression of the disease and ultimately reduce 
mortality. Future studies should focus on a better under-
standing of the pathobiology of COPD. These studies 
should include longitudinal study of the endotypes or 
biomarker-defined subgroups to better understand the 
characteristics and stability of these subgroups. 
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