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Abstract: Recently, the therapeutic potential of immune-modulation during the progression of
chronic obstructive pulmonary disease (COPD) has been attracting increasing interest. However,
chronic inﬂammatory response has been over-simpliﬁed in descriptions of the mechanism of
COPD progression. As a form of ﬁrst-line airway defense, epithelial cells exhibit phenotypic
alteration, and participate in epithelial layer disorganization, mucus hypersecretion, and extracellular matrix deposition. Dendritic cells (DCs) exhibit attenuated antigen-presenting capacity
in patients with advanced COPD. Immature DCs migrate into small airways, where they promote
a pro-inﬂammatory microenvironment and bacterial colonization. In response to damageassociated molecular patterns (DAMPs) in lung tissue affected by COPD, neutrophils are
excessively recruited and activated, where they promote a proteolytic microenvironment and
ﬁbrotic repair in small airways. Macrophages exhibit decreased phagocytosis in the large
airways, while they demonstrate high pro-inﬂammatory potential in the small airways, and
mediate alveolar destruction and chronic airway inﬂammation. Natural killer T (NKT) cells,
eosinophils, and mast cells also play supplementary roles in COPD progression; however, their
cellular activities are not yet entirely clear. Overall, during COPD progression, “exhausted”
innate immune responses can be observed in the large airways. On the other hand, the innate
immune response is enhanced in the small airways. Approaches that inhibit the inﬂammatory
cascade, chemotaxis, or the activation of inﬂammatory cells could possibly delay the progression
of airway remodeling in COPD, and may thus have potential clinical signiﬁcance.
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REVIEW

Chronic obstructive pulmonary disease (COPD) has, for many years, been a leading
cause of morbidity and mortality worldwide. Even in patients who have not deliberately inhaled noxious substances, airway remodeling and lung function decline continue. The 2017 Global Initiative for Chronic Obstructive Lung Disease (GOLD)
Guidelines has deﬁned COPD as an inﬂammatory disorder of the respiratory
system.1 The innate immune system in the lung functions acts as a front-line defense
against noxious particles and infections.2 The manner in which innate immune cells
contribute to airway remodeling is similar to “covering up arsonists” in the lung.
Immune tolerance and an exhausted defense mechanism “pamper” pathogen colonization, while “boosting” the ﬂare-up of inﬂammation in the small airways. Studies in the
therapeutic modulation of innate immune cells hope to reduce both structural and
functional airway remodeling. In this article, we review how innate immune cells
contribute to airway remodeling during COPD progression.
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Airway Remodeling in COPD
Airway remodeling is a determinant of COPD progression.
During COPD progression, airway remodeling involves both
the small and large airways.3 In the large airways, structural
changes include: (1) reduction in type I collagen and elastic
ﬁbers; and (2) deposition of the extracellular matrix (ECM)
(e.g. α-smooth muscle actin and proteoglycans) in the subepithelium of the lumen of non-cartilaginous airways.4
Regarding the small airways, the bronchial wall thickness
measured by high-resolution computed tomography (HRCT)
is correlated both with the severity of emphysema, as well as
the decline in the forced expiratory volume in 1 s (FEV1).5 In
comparison with lung function in asthma, COPD creates
a signiﬁcantly larger airway luminal area in the third to
sixth generation of each airway.6 In addition, an association
exists between structural alterations of the bronchi and pulmonary hypertension in COPD.7
Structural changes that cause airﬂow obstruction in COPD
are induced by two-major processes: (1) thickening and narrowing of respiratory airways and small bronchioles;8 and (2)
destruction of the lung parenchyma and alveolar walls.
Thickening of the airway walls is due to hypertrophy of the
airway smooth muscle and excessive ECM deposition.9
According to Michaeloudes et al,10 airway smooth muscle
cell (ASMC) hyperplasia could be stimulated by transforming
growth factor beta (TGF-β), which is unregulated during the
course of COPD. Proliferation of ASMCs is negatively correlated with FEV1/forced vital capacity (FVC).
Jones et al9 demonstrated that an increase in the ECM
within the smooth muscle layer is responsible for ﬁxed airﬂow obstruction. A change in the composition of the ECM is
also evident in COPD, and ECM-related airway stiffness is
resistant to existing treatments. The study of Limjunyawong
et al,11 among other similar studies, demonstrates that
emphysema could be induced in an animal model by the
overexpression of interferon-gamma (IFN-γ) and activation
of M2 macrophages. Such studies have indicated that an
aberrant immune response could promote airway remodeling, which is characteristic of COPD.

“Battle and Exhaustion” – Overview
of the Change in Cell Components
During COPD Progression
Predisposing factors related to an aberrant immune
response (such as low body weight, childhood respiratory
infections, underlying antibody deﬁciency syndrome, and
depression) could increase susceptibility to COPD and
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lead to more frequent exacerbations.1,12,13 Hoonhorst et alshowed that the response to corticosteroids in the skin
was comparable among non-smokers, healthy smokers,
and patients with GOLD stages I and II COPD.
However, patients with GOLD stages III and IV COPD
exhibit signiﬁcant decline in corticosteroid response of the
skin, suggesting the possibility of genetic factors that
affect airway immunity and promote COPD development.
Innate immune cells directly resist exogenous noxious
stimuli in the large airways, and set a “ﬁre” against
a potentially hazardous microenvironment that gradually
“burns out” during progression of the disease. The major
structural and cellular changes in the large airways
include: (1) the reduction of FEV1 and increase in the
levels of pro-inﬂammatory cytokines in the lung, which
are both positively correlated with squamous cell and
goblet cell hyperplasia, mucous gland hypertrophy, and
increased thickness of the smooth muscle layer in noncartilaginous airways and pulmonary arteries;15,16 and (2)
the accumulation of T cells, macrophages, and neutrophils
within the wall of the airway, which ampliﬁes the immune
response – tissue injury cycle.17,18 Overall, hypocellularity
in the large airways has been conﬁrmed in non-smokers, as
well as in patients with mild to moderate COPD.
Furthermore, a reduction in the number of neutrophils,
CD8+ and CD4+ T cells, macrophages,19 as well as mature
DCs20 can be observed in large airway specimens and
bronchoalveolar lavage ﬂuid. Yet, there is limited supporting evidence indicating that the large airways may exhibit
an exhausted innate immune response in COPD. Similarly,
studies on the differences in cellular activities between the
large and small airways in lungs affected by COPD are
lacking.
In the small airways, innate immune cells are more
exposed to the regional microenvironment. The innate
immune cells surround the respiratory membranes and
interact with the pulmonary microcirculation. The major
differences in cell components of the small airways
include: (1) senescence of epithelial cells,21 destruction
and ﬁbrosis of peribronchiolar and alveolar walls;22 (2)
a marked increase in the number of neutrophils, which is
correlated with the severity of airﬂow obstruction;23 (3)
increased number of macrophages with impaired phagocytosis and efferocytosis;24,25 (4) increased number of CD8+
T and CD4+ T lymphocytes;26 and (5) increased number
and activation of epithelial DCs.27
In the small airways, lymphoid aggregates (LAs) can
be found in the outer layer of the small vessels, as well as
14
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in the adventitia of bronchioles, and the alveolar lumen.
The LAs share extensive interfaces with the alveolar parenchyma in lungs affected by COPD. Activated DCs
migrate to the lymph nodes, present antigens, and activate
T cells to form lymphoid aggregates.28 In COPD, the DCrich alveolar-lymphoid epithelium exhibits enhanced antigen uptake in the small airways. Although an exhausted
immune attack seems to occur in the large airways,
a persistent agitated immune response is evident in the
small airways during COPD progression.29

Innate Immune Cells Contribute to
Airway Remodeling in COPD
Epithelial Barrier
The airway epithelial barrier is the ﬁrst-line defense of the
innate immune system in the airway that protects against
noxious particles and infection. The bronchiolar epithelial
tissue and epithelial cells in patients with COPD exhibit
a retarded wound repair process and inhibited epithelial cell
proliferation, which are correlated with the severity of airﬂow obstruction and emphysema.30 Both in vitro and in vivo
experiments in epithelial cells from patients with COPD have
shown that cigarette smoking and viral infections could
induce the downregulation of nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB) and promote
the release of interleukin 8 (IL-8), indicating non-speciﬁc
airway inﬂammation in the airway epithelium.31
Epidermal growth factor receptor (EGFR) is known as
the primary regulator of epithelial cell function. Extensive
upregulation of EGFR in epithelial cells is evident in the
bronchial walls of lungs affected by COPD in the stable state,
and could be exaggerated by infection and proinﬂammatory
cytokines.32,33 Overexpression of EGFR leads to epithelial
phenotypic alterations, ie, goblet cell production, mucus
hypersecretion, epithelial cell depolarization, and epithelialmesenchymal transition (EMT), which exacerbate pathological changes in COPD.34 Mucus hypersecretion from
epithelial cells and the impairment of mucociliary clearance
are associated with progressive airﬂow obstruction, exacerbation of dyspnea, and a poor outcome.35 In brief, the microenvironment of lungs affected by COPD makes epithelium
more susceptible to mucus hypersecretion, depolarization,
aberrant repair, and the loss of epithelial integrity.

Innate Immune Cells
Innate immune cells in patients with COPD are responsible for the progression of airway remodeling. A noxious
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microenvironment and impaired immune activities, pathogen dissolution, and structural injury to the airways could
all induce the release of damage-associated molecular
patterns (DAMPs). Pattern recognition receptors (PRRs),
like toll-like receptors (TLRs) or the Nod-like receptor
family, are receptors of DAMPs.
DAMPs can recruit and activate innate immune cells
both systemically and locally.36 The PRRs in immune cells
are overexpressed in patients with COPD.37 However, it is
the activated immune cells, and not the level of PRR
expression, that determine COPD progression and
severity.38 Halper-Stromberg et al39 have shown that systemic immune cell counts could be predictive of the 3-year
change in lung function, indicating a strong correlation
between immune cell components in the lung and airway
remodeling.

Dendritic Cells
The DCs in the lung are distributed along the epithelium and
parenchyma. The loss of epithelial integrity directly exposes
intraepithelial DCs to antigens. The DCs take up antigens,
and then migrate toward draining lymph nodes. In addition to
the local DCs in lymphoid tissue, DCs within lung lymphoid
follicles activate naive T and B cells.40,41 In COPD, an
increased number of DCs are recruited to the lungs.
However, long-term exposure to noxious particles impairs
DC maturation, which inhibits their antigen-presenting capacity (also called “non-functional DCs”).42
As the number of mature CD83+ DCs is decreased in the
tissue of lungs affected by COPD lung tissue, the number of
immature DCs is increased in the small airways. Immature
DCs in the lung release more CCL3 and CXCL2, both of
which could promote neutrophil recruitment.41 They also
induce T helper 1 and T helper 17 responses, and participate
in elastin degradation in the lung parenchyma.43 In COPD,
the increase in the number of immature DCs in the small
airways is proportionate to the FEV1.21 During COPD progression, DCs participate in bacterial colonization44 and
immune tolerance,40 and facilitate lung remodeling.20

Macrophages
Alveolar macrophages are directly exposed to antigens and
noxious particles, and accumulate in areas of persistent
inﬂammation (eg emphysema).45 The number of macrophages in the lung is increased in COPD, and this increase
is more prominent in larger airways than in small airways.46
Most studies have shown that the major change observed in
macrophages in COPD is a shift toward the M2 phenotype.
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The M2 macrophages release lower levels of proinﬂammatory mediators, such as tumor necrosis factor
alpha (TNF-α), IL-1β, and IL-6, when stimulated by
lipopolysaccharide.47
According to Dewhurst et al,48 in patients with COPD, the
total number of macrophages is increased; a marked increase
is evident in the number of large macrophages, which produce
fewer pro-inﬂammatory cytokines and have reduced phagocytic ability; and fewer small macrophages can be observed,
which present higher levels of pro-inﬂammatory gene expression than found in normal individuals.
Berenson et al49 studied alveolar macrophages from
patients with COPD, and these cells exhibited impaired
phagocytosis of respiratory pathogens. Impairment of phagocytosis is strongly correlated with FEV1% predicted in
patients with COPD. Although small in number, M1
macrophages exhibit enhanced pro-inﬂammatory effects,
produce more TNF-α, and enhance ECM deposition in the
lung in COPD; and M1 macrophages are responsible for
matrix metalloproteinase (MMP) production in COPD,
which is related to elastin breakdown and excessive accumulation of collagen or ﬁbronectin in the parenchyma.50,51
Thus, macrophages in COPD exhibit phenotypic alteration, attenuate phagocytosis, and are involved in airway
injury and remodeling.

Neutrophils
In some studies, COPD has been described as “chronic
neutrophilic airway inﬂammation.”52 Under the stimulus of
antigen presentation and inﬂammatory chemotaxis, neutrophils act as the ﬁrst responders to inﬂammation. The neutrophil count and level of neutrophil chemoattractant in the
sputum of patients are regarded as diagnostic markers of
COPD progression. Furthermore, IL-8, released by injured
epithelial cells, and leukotrienes (LTB4), released by agitated
macrophages, are major neutrophil chemoattractants in the
lungs of patients with COPD.53 Patients with high levels of
IL-8 are more susceptible to emphysema.54
According to Tulah et al,55 polymorphisms within genes
that control LTB4 production could determine baseline FEV1
and FEV1/FVC, as well as susceptibility to airﬂow obstruction in smokers. Microbial overload in the airways could also
induce the release of myeloperoxidase from neutrophils,
generate cell debris and reactive oxygen species (ROS),
and aggravate damage to pulmonary structures.56,57 In
response to DAMPs, PRRs such as TLRs on neutrophils in
peripheral blood and lung tissue are also over-expressed,
thereby amplify neutrophil recruitment and activation.36,58
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Excessive inﬁltration of neutrophils in the lungs leads to the
release of MMPs and neutrophil elastase (stored in azurophilic granules), which mediate a protease-antiprotease imbalance in the lung.54 The activation of neutrophils provokes
dissolution of the alveolar wall, injury to the ciliated epithelium and connective tissue matrix, mucus hypersecretion,
and squamous metaplasia in epithelial cells, thereby leading
to emphysema and ﬁbrotic repair in the small airways.54,59

Natural Killer T Cells
Rijavec et al60 demonstrated that in induced sputum,
bronchoalveolar lavage ﬂuid, and bronchial-biopsy specimens, the proportion of natural killer T (NKT) cells in the
airway is low, but slightly increased in COPD. The NKT
cells play a supplementary role in the pathogenesis of
COPD.61 Urbanowicz et al62 found that NKT cells in
patients with COPD are activated, marked by increased
expression of granzyme B and perforin, and are involved
in epithelial and parenchymal destruction.63 Activated
NKT cells are also the main sources of IFN-γ and TNFα64 they also enhance the function of DCs, T cells, and
B cells,65 and affect COPD progression.
However, unlike NKT cells in the lung, a functional
defect is evident in circulating natural killer (NK) and
NKT cells in patients with COPD. Tang et al66 found that
the numbers of CD3−CD56+ NK cells and CD3+CD56+
NKT-like cells in peripheral blood are greater in patients
with COPD; CD158a+ and CD158b+ NK cells and
CD158b+ NKT-like cells are signiﬁcantly increased. The
number of CD158b+ NK cells is negatively correlated with
FEV1% prediction and FEV1/FVC, representing attenuated
cytotoxicity potential in long-term disease progression.

Eosinophils
Eosinophilic inﬂammation in COPD is less extensive than it
is in asthma, but eosinophilia could become more prominent in severe COPD. It is still debatable whether subgroups
of COPD exist as it relates to eosinophils and the response
of corticosteroids. Higher blood eosinophil counts might be
related to frequent exacerbations of COPD.67 Some patients
would present with eosinophilia during COPD exacerbation, and tend to respond better to treatment and have better
outcomes.68 Eosinophilic COPD is related to relatively mild
alveolar damage.69 The inﬂux and activation of eosinophils
in the lungs in COPD is seen in some patients with chronic
bronchitis, rather than emphysema. However, whether this
eosinophilia is independent of asthmatic etiology during
COPD progression is still controversial. Most patients
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with eosinophilic airway inﬂammation respond well to corticosteroid treatment, although they may not show other
clinical features resembling asthma.70 Little is known
about this unique subset of COPD.

Mast Cells
Few studies have been focused on the manner in which mast
cells contribute to the pathogenesis of COPD. Mast cells
facilitate the release of pro-inﬂammatory cytokines, mainly
via the immunoglobulin E (IgE)-mediated pathway or
degranulation.71 Mast cells in COPD could express TLRs,
protease activated receptor 2, and calcium-independent phospholipase A2, and the activation of mast cells promotes the
secretion of IL-8 and TNF-α, etc. Mast cells could interact
with neutrophils, T cells, and smooth muscle cells, and thereby
contribute to inﬂammatory cascades, angiogenesis,72 and airway remodeling.71
To summarize, throughout COPD progression, excessive airway inﬂammation gradually weakens the lungs.
Innate immune cells are involved in persistent infections,
airway destruction, and aberrant repair, and contribute to
airway remodeling during COPD progression (Table 1).

Adaptive Immune Cells in COPD
The adaptive immune system is activated during COPD
progression, and marked by the activation of CD8+
T cells, Th17 CD4+ T cells, Th4+ T cells, and B cells, as
well as the inhibition of regulatory T cells (Tregs). In short,
activation of the adaptive immune system is gradually
exhausted as the disease progresses. The manifestation
and course of COPD exacerbations reﬂect the residue capacity of the pulmonary adaptive immune system in the lungs.
The FEV1% predicted in COPD is correlated with the
tissue and circulating CD4+ and CD8+ T cell levels, as
well as the ratio of CD4+/CD8+ T cells.73 As the prime
effector cells, the percentage of apoptotic CD8+ T cells is
strongly correlated with FEV1% predicted, as well as the
FEV1/FVC.74 The CD4+ T cells are especially associated
with the severity of emphysema,75 regardless of smoking
habits.76,77 However, Geerdink et al78 reported that
patients with frequent exacerbations and rapid disease
progression have fewer CD4+ and CD8+ memory T cells
in the peripheral blood than more stable patients with
COPD. In the lungs of patients with COPD, when CD8+
T cells are excessively activated, an increase in the blood

Table 1 Major Cell Types in the Innate Immune System That Contribute to Airway Remodeling in COPD

Epithelial cell

Cellular Activity

Major Cytokines

Function

Goblet cell production

NF-κB↓

Mucus hypersecretion

Mucus hypersecretion

IL-8↑
EGFR↑

Non-speciﬁc airway inﬂammation
Epithelial phenotypic alteration

Epithelial cell depolarization
EMT
Dendritic cell

Exposed to antigen
Recruited and migrate toward draining lymph nodes
Activate T and B cells
Impaired maturation → bacterial colonization↑

Macrophage

Aberrant functional phenotype

IL-8↑

Pro-inﬂammatory potential↑

Immune tolerance↑
Decreasing phagocytic capacity

TNF-α↑
MMPs↑

Anti-inﬂammatory potential↓
ECM deposition
Elastin breakdown

Neutrophil

Recruited by DAMPs

ROS↑
MMPs↑

Neutrophilic airway inﬂammation
Disturbed protease-antiprotease balance

NKT cell

Slightly ↑ or ↓

Granzyme B↑

Epithelial and parenchymal destruction

Dampened cytotoxicity potential in long-term disease

Perforin↑
CD94↓

Anti-inﬂammatory mediators↓

IFN-γ↑

Enhance the function of DCs, T cells, and B cells

TNF-α↑
Notes: ↑, increased during COPD progression; ↓, decreased during COPD progression; (-) no change during COPD progression.
Abbreviations: NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; IL-8, interleukin-8; EGFR, epidermal growth factor receptor; EMT, epithelialmesenchymal transition; TNF-α, tumor necrosis factor alpha; MMPs, matrix metalloproteinases; ECM, extracellular matrix; DAMPs, damage-associated molecular patterns;
ROS, reactive oxygen species; NKT cell, natural killer T cell; IFN-γ, interferon-gamma.
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CD8+/CD4+ ratio indicates the progression of airﬂow
limitation.79 The CD4+ T cells in COPD mainly facilitate
the functions of B cells and CD8+ T cells in the lungs,
thereby both amplifying and prolonging the inﬂammatory
response in the lung microenvironment. The Tregs in the
lung maintain immune tolerance. In COPD models, the
numbers of Tregs are typically decreased both in patients
with COPD80 and in animal models.81

Immune-Modulatory Approaches to
Delay COPD Airway Remodeling
Current treatment for COPD mainly consists of bronchodilatation, anti-inﬂammation, and anti-infection. These
therapeutic strategies have remained unchanged for
a relatively long time. The latest 2017 GOLD guidelines
proposed immune-modulatory treatment, such as corticosteroids, for overlap syndrome. We have demonstrated that
long-term aberrations in the microenvironment of the lung
also results in long term over-active, but sloppy, defense
mechanisms, which lead to chronic inﬂammatory stress
and bacterial colonization. As none of the current
approaches could reverse airway remodeling and the subsequent irreversible obstructive airﬂow, modulation of the
immune-imbalance in the lungs of patients with COPD
may have potential clinical signiﬁcance.
A few studies have been focused on therapeutics that
modulate immune function and attempt to control airway
remodeling in COPD (Table 2). The therapeutic dosage of an
inhaled corticosteroid could reduce reticular basement membrane thickening and inﬂammatory cell inﬁltration in the lung
parenchyma of patients with COPD;82 and could also inhibit
angiogenesis,83 and the EMT process.84 Corticosteroids have
been considered as standard treatment for airway inﬂammation, and protection against airway remodeling in COPD.
Bacterial load is correlated with the extent of airway
inﬂammation in stable COPD.85 Aberrant immune host
responses and the bacterial-viral load are reciprocal causes
during COPD progression, and are typically accompanied
by the presence of C-reactive protein (CRP), IL-1β, IL-8,
TNF-α, etc, in lung tissue. The long-term use of antibiotics
could reduce bacterial load in the airway.86 Besides their
antimicrobial effects, certain antibiotics are now known to
have immune-modulatory effects on airway remodeling
and have been attracting increasing research interest.
Macrolides are widely known to have immunemodulatory effects in the lung. New macrolide derivatives
have been recently developed to reduce COPD exacerbation
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Table 2 Immune-Modulatory Approaches to Delay COPD
Airway Remodeling
Immune-Modulatory

Mechanism

Approach
Inhaled corticosteroid

ECM deposition↓
EMT↓
Inﬂammatory cell inﬁltration↓

Macrolide

Inﬂammatory cascade↓
Adhesion molecule expression↓
Neutrophil chemotaxis and activation↓
Monocyte-macrophage differentiation↓

Fluoroquinolones

NF-κB activation↓

Ceftaroline

TLR expression↓

Vitamin D receptor

Retain phagocytic capacity
NF-κB and p38 MAPK cascade↓→ MMPs
and TGF-β ↓ → airway wall destruction↓
ﬁbrotic repair↓

Antibodies of pro-

IL-4, IL-5, IL-13, and IgE↓

inﬂammatory cytokines
Notes: ↑, increased during COPD progression; ↓, decreased during COPD progression; (-), no change during COPD progression.
Abbreviations: ECM, extracellular matrix; EMT, epithelial-mesenchymal transition;
NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; TLR, toll-like
receptors; p38 MAPK, p38 mitogen-activated protein kinase; MMPs, matrix metalloproteinases; TGF-β, transforming growth factor beta; IL, interleukin; IgE, immunoglobulin E.

rate and severity. Macrolides suppress activator protein 1
(AP1) and the NF-κB-mediated inﬂammatory cascade,
which is marked by reduced levels of IL-1, IL-6, IL-8, and
TNF-α in patients with COPD.87 Macrolides also reduce the
expression of adhesion molecules in the pulmonary epithelium and endothelium. Macrolides are known to reduce
neutrophil chemotaxis and monocyte-macrophage differentiation, as well as MMP production and protease activity.87
Fluoroquinolones have been found to inhibit NF-κB activation, and thereby reduce the levels of IL-1, IL-6, and TNF-α
in an animal model of COPD.87 Giusti et al88 conducted
a randomized controlled trial to determine whether ﬂuoroquinolones could exert additional beneﬁts in patients with acute
exacerbations of COPD, apart from its anti-infective effects.89
Other antibiotics, such as ceftaroline, which could counteract
the effects of cigarette smoking, induces TLR expression in
bronchial epithelial cells and monocytes, and may increase the
effectiveness of the innate immune response to pathogen
activity in the lungs of patients with COPD.90
According to Heulens et al,91 the vitamin D receptor is
widely expressed in alveolar epithelial cells, neutrophils,
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and macrophages in the lung. Vitamin D inactivates transcription of NF-κB and p38 MAPK in epithelial cells and
macrophages, has anti-inﬂammatory effects, and protects
the phagocytic capacity of alveolar macrophages and neutrophils in the lungs of patients with COPD.91 Vitamin
D has also been found to reduce the expression of MMPs
and TGF-β in the lungs, and consequently to inhibit airway
remodeling and the decline in lung function, both in an
animal model and in clinical trials.91
Other innovative studies, such as those focused on IL4, IL-5, IL-13, and the IgE antibody, as well as the prostaglandin (PG) D2 blocker, have shown that in some
clinical trials, deteriorating lung function can be ameliorated in patients with COPD, who present with eosinophilic airway inﬂammation. However, heterogeneity in the
treatment responses and a lack of reproducible biomarkers
highlight the need for further research.92

Conclusion
Long-term exposure to noxious particles leads to a heightened
immune response and continuous structural and functional
changes in the airways. Innate immune cells regulate airway
inﬂammation, bacterial colonization, and airway remodeling,
which lead to progressive airﬂow obstruction during COPD
progression. Immune tolerance and exhaustion of innate
immune cells promote inﬂammatory ﬂare-up in the airways.
Immune modulation against the remodeling process could be
a promising therapeutic strategy to retard, and possibly even
reverse, the progression of the disease.

Abbreviations
ASMC, airway smooth muscle cell; COPD, chronic obstructive pulmonary disease; DAMP, damage-associated molecular patterns; EGFR, epidermal growth factor receptor; EMT,
epithelial-mesenchymal transition; HRCT, high-resolution
computed tomography; ICS, inhaled corticosteroids; LA,
lymphoid aggregates; NK, natural killer; PRR, pattern recognition receptors; ROS, reactive oxygen species; TLR, tolllike receptors.
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