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Abstract: Chronic obstructive pulmonary disease (COPD) is a progressive lung condition
affecting 10% of the global population over 45 years. Currently, there are no disease-
modifying treatments, with current therapies treating only the symptoms of the disease.
COPD is an inflammatory disease, with a high infiltration of leukocytes being found within
the lung of COPD patients. These leukocytes, if not kept in check, damage the lung, leading
to the pathophysiology associated with the disease. In this review, we focus on the main
leukocytes found within the COPD lung, describing how the release of chemokines from the
damaged epithelial lining recruits these cells into the lung. Once present, these cells become
active and may be driven towards a more pro-inflammatory phenotype. These cells release
their own subtypes of inflammatory mediators, growth factors and proteases which can all
lead to airway remodeling, mucus hypersecretion and emphysema. Finally, we describe some
of the current therapies and potential new targets that could be utilized to target aberrant
leukocyte function in the COPD lung. Here, we focus on old therapies such as statins and
corticosteroids, but also look at the emerging field of biologics describing those which have
been tested in COPD already and potential new monoclonal antibodies which are under
review.
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Introduction

Patients with chronic obstructive pulmonary disease (COPD) often present with
shortness of breath on exertion. This is due to several structural changes in the lung
including destruction of the alveoli leading to airspace enlargement and stenosis of
the small airways. Some patients also exhibit chronic bronchitis, with this excess
mucus production that also contributes to occlusion of the airways. At present,
treatment for this debilitating condition is purely symptomatic with no pharmaceu-
tical intervention able to reduce disease progression. COPD is a chronic inflamma-
tory condition, and as such is associated with increased leukocyte infiltration in the
lung. This influx is thought to be mediated by epithelial damage by exogenous
factors such as cigarette smoke leading to release of chemoattractants that recruit
activated leukocytes. Once present in the lung, these cells may then release further
mediators such as growth factors and proteases that contribute to lung remodeling
and disease pathophysiology. Understanding the mechanisms underlying these
inflammatory and structural changes in the lung is fundamental to the design of
new therapeutic interventions. This review will examine the different leukocyte
populations associated with COPD and the possibility of targeting these responses
as a therapeutic option in this condition.
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Leukocytes in COPD
Macrophages

In health, macrophages are the most abundant leukocyte in
the lung and have a vital role in maintaining lung
homeostasis.! They are one of the major innate immune
defense mechanisms against inhaled particulates and
pathogens. In the COPD lung, macrophage numbers
increase by at least 20-fold,> but at least half of COPD
patients are chronically colonized with bacteria® suggest-
ing a defect in their innate immune functioning. The origin
of macrophages in the lung is a current area of research;
macrophages may derive from circulating monocytes that
are recruited to the lung and subsequently differentiate in
the tissue.*® However, in the lung, there appears to be
a population of tissue-resident macrophages that may ori-
ginate from the yolk sac’ and fetal liver® during develop-
ment with the capacity to self-renew. Within the alveolar
compartment, alveolar macrophages have <5% prolifera-
tion capacity,” but whether this activity is sufficient to
account for the increased numbers of macrophages in
COPD is unknown.'® In IPF there is accumulation of
monocyte-derived macrophages (MDM) that are highly
pro-inflammatory,'"*'? and it is likely that MDM contribute
to much of the observed macrophage population found in
COPD." 1t is clear that the macrophage in COPD is
dysfunctional and releases high levels of inflammatory
mediators including CXCL8 and granulocyte macro-
phage-colony stimlating factor (GM-CSF); the latter is
important in the context of macrophage development as
it drives macrophage differentiation.'* Furthermore, these
cells release high levels of activated proteases including
matrix metalloproteinase (MMP)-2 and MMP-9'>'® that
contribute to destruction of the lung tissue and emphy-
sema. The role of the macrophage is to remove any patho-
gen or particle, and both alveolar macrophages and
MDM from patients with COPD are poor at clearing

17719 apoptotic cells?® and fungal spores.*'

bacteria,
Exactly why macrophages from COPD patients differ
from those from healthy controls is not clear, although
environmental exposures such as cigarette smoke or viral
challenges appear to alter their function.”?>* This defect is
associated with dysfunctional mitochondrial responses®>*
and therefore may be due to reduced availability of ATP in
these cells. A distinct, COPD macrophage phenotype has
been described that is glucocorticosteroid-insensitive and
highly inflammatory,”’ although again whether this is dri-

ven by local environment, systemic changes or is an

epigenetic response is not clear. There are differences in
circulating monocytes in COPD patients, which may
account for differences in the lung macrophage population.
Although chemokine receptor expression appears similar

to those of control cells,zg’29

the chemotactic response of
these cells to specific chemokines, namely CXCL1 and
CXCL5, shows an enhanced migratory response,”® thus
suggesting alterations in the circulating macrophage pro-
genitors. Given the highly inflammatory and dysfunctional
profile of macrophages in COPD, these cells could be
responsible for many of the pathophysiologies observed
in this disease, and targeting these cells could be

a therapeutic option.

Neutrophils

Neutrophils have long been considered a key inflammatory
cell in COPD contributing to tissue destruction via the
release of highly activated proteases including neutrophil
elastase, cathepsin G and proteinase 3.>° Their numbers
are increased in the airways of patients with COPD, and
sputum neutrophilia is considered a hallmark of inflamma-
tion in COPD.?' Neutrophils are released into the circula-
tion from the bone marrow and are relatively short-lived
with a half-life of ~19 h.*> They have a characteristic
three-lobed nucleus and contain pre-formed granules,”
azurophilic granules, specific granules and gelatinase gran-
ules. Neutrophils are recruited to sites of inflammation by
the release of chemotactic molecules including CXCL8
and leukotriene (LT)B, as well as bacterial cell wall frag-
ments such as formyl-methionine-leucine-phenylalanine
(f-MLP).** As such, neutrophils are key components of
the innate immune response. However, in COPD, the
accumulation of these cells appears to be detrimental.’
There are alterations to neutrophil responses in COPD
including aberrant migration.’*>” More detailed analysis
of neutrophil migration in COPD has suggested that these
cells have lost direction,”® leading to an increased presence
of these cells in tissue with increased opportunity to
destroy extracellular matrix and hence contribute to
emphysema.®® Neutrophil elastase is also a potent stimu-
lator of mucus hypersecretion and thus contributes to
chronic bronchitis.

Neutrophils play a crucial role in the innate immune
response.’? They have the capacity to phagocytose pathogens
and produce reactive oxygen species (ROS) to kill these
species. In addition, neutrophils can control infection via
the production of neutrophil extracellular traps (NETS) and
degranulation and release of proteases.> In addition to the
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defect in migration observed in neutrophils from COPD
patients, other functions attributed to these cells may also
be aberrant. There are studies that suggest phagocytosis of
bacteria is reduced in neutrophils from COPD patients** as
well as alterations in NET formation,*' although further
studies are required. However, it is clear that neutrophilia is
observed in the airways of patients with COPD, and this is
associated with increased expression of chemokines includ-
ing CXCL1 and CXCL8** as well as lipid mediators such
as leukotriene (LT)B, that recruit these cells into the lung
where they increase oxidant stress and propagate tissue
destruction, leading to disease pathophysiology.

Eosinophils

Eosinophils are granulocytes that are formed in the bone
marrow from a CD34" precursor and require IL-5 for
maturation and then are released into the circulation.***
In healthy people, the level of circulating eosinophils is
low, in the range 0.05-0.5%10° cells/L,46 but blood eosi-
nophilia is associated with atopy and is associated with an
allergic asthma phenotype.*’ Eosinophils accumulate in
the lung tissue of asthmatics and are associated with bron-
chial hyperresponsiveness as, upon activation, these cells
release numerous bronchoconstrictors including cysteinyl
leukotrienes.*® The presence of eosinophils has been noted
in COPD with approximately one-third of patients exhibit-
ing sputum eosinophils,*’ and there is a suggestion that
this may be associated with increased exacerbation
frequency;’ however, their abundance is reduced com-
pared with asthma.’' More recently, the presence of eosi-
nophils in the blood of a subgroup of COPD patients has
garnered interest.’” In particular, the presence of eosino-
phils in blood of 100-300 cells/uL appears to be
a biomarker for glucocorticosteroid responsiveness.’>>?
However, there has been debate as to the threshold of
eosinophil numbers needed to assign a COPD patient
eosinophilic.>* High blood eosinophil levels are consid-
ered >2% of total leukocytes.” In some COPD patients,
there is an increase in eosinophils during exacerbations
that are associated with a distinct inflammatory profile.>®
Whether these patients could represent an asthma—COPD
overlap remains a subject of debate; they remain
a significant COPD population.

Mast Cells

Mast cells have a well-defined role in IgE-mediated air-
way disease such as allergic asthma,’’ but their role in
COPD is much less understood. Although considered

tissue-resident cells, mast cells are derived from CD34"/
KIT" hematopoietic stem cells in the bone marrow.>®>’
These cells then migrate from the bone marrow to various
organs including the lung. However, the possibility of
a local, self-renewing mast stem cell population has
derived from murine studies where progenitors have
been identified in the yolk sac.®® These progenitor cells
require exposure to the ligand for cKIT, stem cell factor
(SCF), for differentiation into a mast cell committed
progenitor with IL-4 driving subsequent maturation,
although other cytokines may also have a role. Mast
cells exist as two separate subtypes in the lung that can
be classified based on expression of tryptase or
chymase.’”>® Mast cells located predominately in the
bronchiolar epithelium lack chymase expression, whereas
those in the interstitium express both chymase and
tryptase.®’ Mast cells accumulate in the lung tissue of

.62
asthmatics®>%3

and have an important role in driving air-
way inflammation in allergic lung disease; they can med-
iate bronchoconstriction via the release of mediators
(PG)D,.**

Classically, this activation pathway can occur by IgE-

including histamine and prostaglandin
mediated events, but mast cells can also be activated by
IgE-independent pathways including activation via patho-
gen-associated molecular patterns (PAMPs) including
lipopolysaccharide (LPS).®

The role of mast cells in COPD remains unclear. In
vivo models have suggested a role for mast cell-derived
tryptase in the early development of COPD,® but this has
not been translated into human studies of early COPD at
present. Mast cells have been examined in lung tissue from
COPD patients, and such studies indicate an increase in
mast cell density with more severe disease,®”®® but not in
stable disease.® Ballarin et al examined lung tissue from
patients with panlobular emphysema and centrilobular
emphysema and compared these tissues to those from non-
smokers and smokers without disease.®® They showed that
there were increased mast cell numbers in the lung tissue
of patients with centrilobular emphysema and that this was
associated with increased airway smooth muscle deposi-
tion. This suggests that mast cells can discriminate
between emphysema phenotypes and may have a role in
pathophysiology.

Lymphocytes

Th1/Th2 CD4" Cells

CD4" T cells are key components of a healthy immune
system and modulate both the innate and adaptive immune
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systems via the regulation of macrophage microbe killing,
the recruitment of immune cells and assisting B cells in
antibody production.”” CD4" T cell function is dictated by
environment, with naive CD4" T cells differentiating into
mature CD4" T cells via environmental cues. Th1 and Th2
cells are the most characterized and classically described
Ch4" T
inflammatory environments induce activated Th1l (IL-12
and interferon-y (IFNy)) and Th2 (IL-2 and IL-4) cells via
activation of the transcription factors STAT4/T-Bet and
GATA3, respectively.”' These

have distinct cytokine production and functions, with

cell phenotypes. Pro-inflammatory/anti-

two T cell subsets
Thl cells being associated with the host defense against
intracellular viral and bacterial pathogens, whereas Th2
cells respond against extracellular pathogens and parasites.
Thl cells predominantly produce IFNy, IL-2 and TNF,
whilst Th2 cells predominantly release IL-4, IL-5 and
IL-13.

Within the COPD lung, there appears to be a more
dominant Thl phenotype with elevated numbers of these
cells as well as increased expression of Thl cytokines,””
although some conflicting studies show the heterogeneity
of COPD as a disease.””> However, in the lung of smokers
with COPD, CD4" T cells express increased levels of the
tissue-specific chemokine receptor CXCR3, along with the
epithelium expressing increased levels of its ligand,
CXCL10,”* with these cells showing a Thl phenotype.
CD4" T cells in the lungs of smokers with COPD also
express STAT4 and IFNy suggesting an active Thl-
mediated inflammatory process, with these levels correlat-
ing with the degree of airflow obstruction.”
Overactivation or increase numbers of T cells within the
COPD Ilung may therefore drive COPD progression via
the over-recruitment/activation of other immune cells via
the aberrant section of inflammatory cytokines and

chemokines.

Treg Cells

Another set of CD4" T cells are Tregs. Tregs suppress the
activation, proliferation and cytokine production of CD4"
and CD8" T cells, via the release of TGF-B, IL-10 and
adenosine, along with direct cell contact.”® The numbers
of CD4"'CD25 FOXP3" regulatory T cells are found to be
reduced in the sputum of COPD patients, whilst there is an
increase in CD4'CD25" regulatory T cells in the BAL of
smokers compared to non-smokers, but this does not occur
in COPD patients.”*””” Loss of Tregs may therefore lead to

overactivated and uncontrolled T cell activation and
inflammation, leading to COPD pathogenesis.

Th17 Cells

A more recently described subset of CD4" T cells is
known as Th17 cells. Th17 cells are differentiated from
naive CD4" T cells when stimulated with antigen-
presenting cells (APCs) in the presence of IL-6 and
IL-1B in humans,”® with IL-23 secondarily promoting
complete differentiation. Th17 cells uniquely release IL-
17, a highly inflammatory cytokine which acts mainly
upon stromal cells in many tissues including the lung.”®
IL-17 activates bronchial epithelial cells to release neutro-
phil chemokines such as CXCL8 and GM-CSF, as well as
cytokines such as IL-6, along with antimicrobial peptides
such as B-defensins and S100 proteins.”” However, dysre-
gulated Th17 cytokines may lead to disease pathophysiol-
ogy. Increased Th17 cytokines are found in the bronchial
mucosa of COPD patients®® and are associated with driv-
ing emphysema via MMP-9 production in COPD, neutro-
philia and cytokine release in vivo.*'

CD8" T Cells

CD8" T cells are important for immune defense against
intracellular pathogens. Upon antigen detection, CD8"
T cells become activated and utilize three major mechan-
isms to kill infected cells.®® The first is secretion of cyto-
kines, primarily TNFoa and IFNy, which have anti-viral
effects. The second major function is the production and
release of cytotoxic granules. These consist of perforin and
granzymes. Perforin proteins form a pore in the membrane
of a target cell, allowing entry of granzymes into the cell.
Granzymes are a type of serine proteases which cleave
intracellular proteins, resulting in apoptosis. CD8" T cells
can also destroy infected cells via Fas/Fas ligand (FasL)
interactions. Upon activation CD8" T cells begin to
express FasL on their surface, and this can bind to Fas
on the surface of the infected cell. Binding induces activa-
tion of caspase cascade, ultimately resulting in apoptosis
of the target cell.*?

Dendritic cells (DCs) are the predominant APCs for the
priming of naive CD8" T cells, with this occurring mainly
by MHC class I antigen presentation to the T cell receptor.
Antigen presentation leads to proliferation and differentia-
tion of the T cell. In the lung, under viral challenge, DCs
which have taken up a viral antigen stimulate the activa-
tion of naive CD8" T cells in the draining lymph nodes.**
As patients with COPD have a known history of viral
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infection and these are known to play a crucial role in
COPD exacerbations, increased numbers/overactive CD8"
T cells may play a role in this disease.

CDS8" T cells appear to be the largest subset of T cells
found in the COPD lung, and numbers are found to corre-
late with lung function.®>**® Current smokers with COPD
and chronic airflow limitation have an increased number of
CD8" T-lymphocytes,® and these have increased activa-
tion markers.*”® To enter the lung CD8" T cells utilize
chemokine receptors to exit the bloodstream/lymph nodes,
with CD8" T cells recruited into the lung via chemokine/
chemokine receptor gradients. In COPD, expression of the
chemokine receptors CCR5, CXCR3 and CXCR6 were
increased on CD8" T cells, and this correlated with sever-
ity of COPD™ showing an altered subset of CD8" T cells
in COPD. A recent systematic review of papers published
on CD8" T cells in the last 15 years showed that not only
were the number of CD8" T cells increased in COPD, but
these cells had an increased capacity to exert effector
functions such as increased inflammatory mediator release
and increased expression of cytotoxic mediators such as
granzyme and/or perforin.’® Immunosenescence is also
evident in COPD patients, with increased numbers of
T cells that do not express CD28; these cells release
increased amounts of inflammatory cytokines as well as
elevated levels of perforins and granzyme B.°' The
mechanisms by which these elevated numbers of CD8"
T cells may destroy lung parenchyma are not clear, but
they may be able to lyse target cells, via the release of
cytotoxic proteins, such as perforin or granzyme, or by
inducing apoptosis via the Fas ligand-Fas pathway.’”

The comparative roles of the innate and adaptive
immune systems in COPD remains an area of contention,
with suggestions that activation of the innate immune
system drives early disease. Evidence of this is taken
from in vivo mice models, where removal of T cells does
not change the levels of emphysema seen in mice exposed
to cigarette smoke for 7 months.”> However, there is
evidence to suggest that both the innate and adaptive
immune system may be important in disease progression
and pathophysiology.

B Cells

The presence of lymphoid follicles, of which B cells are
the major cell constituent, in the tissue surrounding the
small airways of COPD patients suggests that these cells
may be important in small airways disease and progression
as the number of B cells identified is significantly higher in

those patients with severe disease.”* The number of B cells
in the sub-epithelium of the bronchial airways of COPD
patients was also found to be significantly higher than in
controls,”” and this is also observed within the lung
parenchyma,’® suggesting this to be a global phenomenon
within the epithelial airway lining. The role these B cells
play in the progression of the disease is still not fully
understood, but the secretion and levels of autoantibodies
in COPD has been extensively studied. Autoantibodies can
drive disease and have pathogenic effects by increasing
sensitivity of cell surface receptors to their agonist and
therefore causing overactivation of these receptors. They
may also cause neutrophil activation and induce inflamma-
tion at the site of auto-antibody binding.”’ In COPD,
elevated levels of auto-antibodies against elastin are
detected in the blood of patients with emphysema, with
low-grade elastin breakdown caused by cigarette exposure
thought to cause this effect, but how these autoantibodies
drive the disease is not fully understood.”® There are also
increased levels of antinuclear antibodies (ANA) and anti-
tissue (AT) antibodies in stable-state COPD patients,
further
COPD.”” However, there is conflicting data on the role

suggesting an autoimmune component to
of these auto-antibodies and whether they play a role in

disease progression or are a consequence of the disease.

Natural Killer (NK) Cells

Natural killer (NK) cells are defined as effector lympho-
cytes belonging to the innate immune system which have
both cytotoxic and cytokine producing functions. NK cells
are major regulators of tumor cells and microbial infec-
tions, forming a first line of defense.'® NK cells require
priming and can be activated by direct cell contact, with
tumor or infected cells, or via other leukocytes such as
dendritic cells and macrophages.'®! Cytokines also play
a role in their activation, including type 1 interferons and
IL-12/-18,

cells.!®? IL-15 is also known to be an unconventional
103

especially when released from dendritic

activator of NK cells.

In humans, NK cells can be defined as CD3 CD56",
with NK cells being further defined into two subsets
dependent on function, maturation and homing
properties.'” CD56%™ CD16" NK cells are cytotoxic
and produce IFNy and perforin, whilst CD56"€™ CD16~
NK cells are thought of as being less mature, do not
express perforin and their primary role is cytokine
secretion.'® Within the lung, most NK cells are CD56%™
CD16".'™
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NK cells are believed to be in a less active state in the
lung, compared to those from peripheral blood, with this
being accredited to suppression via pulmonary
macrophages.'®> NK cell activity is also suggested to be
further suppressed by smoking, with release of superox-
ides by macrophages being the suggested mechanism.'*®
However, conflicting data are found in the COPD lung;
NK cell numbers are elevated in sputum and BAL fluid of
COPD patients and are more cytotoxic compared to
smokers.'””'%® Finch et al also showed dendritic cells to
be a major activator of NK cells in COPD, via the release
of IL-15, with increased cytotoxic effects of NK cells on
airway epithelial cells being greater in COPD patients than
smoker controls.'®® This may be due to changes within the
lung environment in COPD patients.

Localization of Immune Cells May Regulate Their
Pathogenic Function

The importance of the localization of immune cells in the
COPD lung may be crucial in their ability to drive patho-
genesis and the different etiologies of the disease.
Recently, interstitial macrophages have been found to
locate mainly in the tissue of the alveolar septa, along
with lesser numbers being found surrounding the small
airways and vessels. The authors show increased num-
bers within smokers and hypothesize that the interstitial
macrophages located in the septa may play a role in
driving emphysema in COPD patients.''® Using data
from in vivo mouse models in which different strains of
mice develop distinct COPD phenotypes when exposed
to cigarette smoke, it was shown that distinct macrophage
phenotypes are found in these mice and that these may
play a that

pathophysiology.'"" Neutrophil location and site of de-

role in driving form of disease
granularization may also be important in COPD, with
dysregulation of directional migration leading to tissue
damage of the parenchyma, whilst de-granularization in
the alveolar space or airway drives chronic bronchitis or
small airway disease. NK cells are known to be able to
destroy the lung parenchyma'® as well as CDS8 T cells.
Th17 cells on the other hand are found in the bronchial
mucosa and therefore may drive airway inflammation.™’
All of these data show the importance of the type of
sampling technique used when examining the role each
immune cell may play in the pathogenesis of COPD, with
careful decisions regarding which technique should be
used to assess the role of a specific leukocyte and its

contribution to disease pathophysiology. However, the

increase in inflammatory cells in the lungs of COPD
patients, together with skewing of many cell functions
towards a destructive rather than a protective pathology
(Table 1), suggests that targeting these cells is a possible
therapeutic option (Figure 1).

Implications for Therapy

The presence of increased numbers of inflammatory cells
in the lung offers a potential mechanism for intervention to
return these numbers to those seen in a healthy lung
(Figure 1). In addition, the activation of leukocytes in
COPD is also a potential target, such that even if there
are increased numbers, they are more of a phenotype that
supports resolution of inflammation rather than propagat-
ing damage. At present, much of therapy for treatment of
COPD addresses symptoms, and patients are offered
bronchodilators including P,—agonists and muscarinic
receptor antagonist as well as anti-inflammatory agents
including glucocorticosteroids; however, there are no
therapies that address disease progression.

Current Therapies

The effect of bronchodilators on leukocytes in COPD has
been examined, in particular the effect of 3,-adrenoceptor
agonists as anti-inflammatory properties.''? Long-acting
Bo-adrenoceptor agonists are anti-inflammatory in mono-
cyte-derived macrophages via increased cAMP,'"® but
their effects have been reported to occur, in part, due to
an up-regulation of the glucocorticoid receptor in
a number of cell types including sputum macrophages
from patients with COPD."'* Furthermore, this interaction
may also support prolonged neutrophil survival in
COPD.'""> More recently, a novel bifunctional anti-
muscarinic-f3,-adrenoceptor agonist, AZD8999, reduced
lipopolysaccharide-induced inflammatory mediator release
from neutrophils from patients with COPD and enhanced

the effect of the
116

glucocorticosteroid, fluticasone
propionate.

Roflumilast is a phosphodiesterase (PDE)-4 inhibitor
that has been shown to have efficacy in COPD patients
with chronic bronchitis, leading to reduced exacerbations
and sputum neutrophilia.''” It appears to exert effects on
leukocytes directly and is reported to improve the phago-
cytic response of circulating granulocytes in patients with
COPD.'"® This effect appears to be mostly in neutrophils,
and roflumilast has also been shown to modify other
neutrophil functions in COPD. The enhanced neutrophil
chemotactic response seen in this disease could be
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Table 1 Contribution of Different Leukocytes to COPD Pathophysiology

Leukocyte Dysfunction in COPD Consequence of Dysfunction to Pathogenesis Reference
Macrophages | ® Increased numbers e Bacterial colonization [1,13,18,20]
o Defective phagocytosis and efferocytosis | ® Tissue remodeling leading to emphysema, small airway disease and
® Elevated pro-inflammatory cytokine and mucus hypersecretion
protease release
Neutrophils ® Increased numbers o Neutrophil elastase induces mucus hypersecretion [35,36,40]
® Dysregulated migration o Altered migration can lead to excess tissue destruction and
o Decreased phagocytic capacity emphysema
® Protease release and oxidant stress
Eosinophils ® One-third of patients have eosinophils e Correlation with exacerbation frequency [49,50,52]
in sputum o Potential use as blood biomarker of glucocorticoid steroid
o High blood eosinophil counts in subset | responsiveness
of patients
Mast cells ® Increased mast cell density in severe e Correlation with emphysematous phenotype, but no conclusive [67,68]
disease evidence of role in pathophysiology
o Elevated in patients with emphysema
Thl/ Th2 ® Predominant Thl phenotype ® Drive inflammation and immune cell recruitment via release of [72,85]
CD4" cells o Elevation in Thl cytokines pro-inflammatory cytokines and chemokines
Treg cells ® Reduced numbers in sputum and BAL ® Loss of Tregs no longer have the capability to reduce T cell [73,77]
fluid mediated inflammation
Th17 cells ® Increased Thl7 cytokines found in ® In vivo models suggest that Thl7 cytokines may drive emphysema | [79-81]
bronchial mucosa
CD8" T cells | e Largest subset of T cells found in COPD | e Elevated lung inflammation through inflammatory mediator release | [85,87,90,91]
lung ® Increased cytotoxic effects via elevated granzyme and perforin
o Elevated expression of chemokine release which may drive emphysema
receptors
® Senescent phenotype
B cells ® Found in lyphoid follicles in small ® Potential role of autoantibodies via increased cytokine sensitivity, | [94,95,98]
airways and bronchial epithelium but pathogenic role not fully elucidated
Natural o Elevated numbers in BAL and sputum o Cytotoxic effect on airway epithelial cells may lead to emphysema | [107-109]
killer cells ® More cytotoxic in COPD patients
compared to smokers

attenuated when the cells were incubated in the presence
of roflumilast-N-oxide.>® This effect was mediated by
inhibition of phosphodiesterase (PDE)-4 and appeared to
act via elevation of cAMP and activation of exchange
protein directly activated by cAMP (ePAC)1, suggesting
that this could be a novel mechanism to reduce neutrophi-
lic inflammation and that ePAC1 activators could be used
to avoid the unwanted side effects that are associated with
PDE4 inhibition. In addition, roflumilast has also been
shown to reverse glucocorticosteroid insensitivity in
COPD neutrophils, although whether this occurs via

. . . 11
a similar mechanism is not known.'"’

The effects of current therapies on defective phagocy-
tosis of macrophages has been addressed. However, using
data from in vitro studies, glucocorticosteroids, muscarinic
receptor antagonists or B,-adrenoceptor agonists have been
shown to have no effect on phagocytosis."'®'?° There is
evidence suggesting that macrolide antibiotics such as
azithromycin can improve both efferocytosis and phago-
cytosis in COPD macrophages,'?''** but others have not
seen this effect.'® Furthermore, there is evidence that glu-
cocorticosteroids in the presence of TLR ligands induce
expression of TLR on alveolar macrophages,'*> which
could lead to an enhanced response of these cells to TLR

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

2233

Dove!


https://www.dovepress.com
https://www.dovepress.com

Baker and Donnelly

Dove

Eosinophil

Th2 cell BN RS R

treatments

1 Exacerbation

activators

Anti-IL-5
treatments

Anti-IL-17
treatments

CXCR2
antagonists

Th17 cell

5‘5‘

i Neutrophll
g T
TROS -

Neutrophil elastase
Cathepsin G

CXCR3

Protease

inhibitors

Mast cell

Emphysema

Macrophage 1 Ros

1 Mitochondrial
dysfunction
J Phagocytosis

Chemokine
receptor
antagonists

Monocyte

antagonists

Macrophage

Protease
inhibitors

Small
airway
disease

@ B cell _,Y Autoantibodies

Figure | Simplified diagram of the role of leukocytes in the pathophysiology of COPD and respective sites of therapeutic interventions.

Notes: Exposure of the airway to cigarette smoke leads to expression of cytokine and chemokines that recruit inflammatory cells into the lung. Most notably are
neutrophils and monocytes/macrophages. These cells are activated and release proteases that contribute to emphysema. In addition, there is release of TGFf that activates
fibroblasts to synthesize collagen and contribute to small airways fibrosis. There is an additional contribution from Thl and Th2 cells. The former together with Natural
Killer (NK) cells produce IFNy which stimulates the epithelium to produce CXCR3 ligands and recruit CD8" cells. NK and CD8" cells produce enzymes including perforin
which drives apoptosis of alveolar cells contributing to emphysema. The role of mast cells is not clear, but their numbers increase in emphysema. Similarly, there is an
increase in eosinophils in some patients at exacerbation. The role of increased B cells in more severe disease also remains unclear but may contribute to autoantibody
expression. From this schematic, there are a number of points of potential therapeutic interventions highlighted in red boxes. Created with Biorender.com.

ligands which would be abundant when patients were
colonized with bacteria.

Glucocorticosteroids are often prescribed to COPD
patients particularly during exacerbation.'*® However,
inflammatory mediator release from macrophages are glu-

D,"2"127 and this is

cocorticosteroid-insensitive in COP
associated with reduced expression of histone deacetylase
(HDAC)2 in these cells.'?” There is no effect of glucocor-
ticosteroids on phagocytic function in macrophages,'*
although

efferocytosis.'?® Glucocorticosteroid resistance is not lim-

others  report an  improvement in
ited to macrophages in COPD, but is also observed in
CDS8" CD28 null NKT-like pro-inflammatory cytotoxic
cells, although the mechanism underlying this remains

12
unknown.'?’

Drug Development

Chemokine Receptor Antagonists

The presence of increased numbers of leukocytes in the
lungs of COPD patients strongly suggests that there is an
infiltration of many of these cells from the circulation.
Cell migration is complex but is driven primarily by the
process of chemotaxis. This suggests that suppression of
chemotaxis could be one option to reduce this leukocyte
influx. To this end, there have been several studies aimed
at inhibiting specific chemokine receptors to reduce cell
recruitment. An attractive target has been CXCR2,'*°
which is expressed highly on neutrophils but also mono-
cytes and has been shown to drive enhanced chemotaxis

of these cells in COPD.*®*7 Several pharmaceutical
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companies have developed molecules to block this
receptor and have performed clinical trials in COPD
patients. One of the earliest investigated in patients was
navarixin (MK723/SCH 571213). In a trial of COPD
patients, sputum neutrophilia was reduced, but the
effects on lung function were only seen in current smok-
ing patients and not in those who no longer smoked.'*'
Other CXCR2 antagonists have been investigated,
including AZD5069 which appeared to be safe'*? but
reduced circulating neutrophils.'*> More recently, there
have been reports of another CXCR2 antagonist, danir-
ixin (GSK1325756). A trial in 93 COPD patients initi-
ally suggested some benefit to reduce symptoms but
could not see any difference between current smokers
and non-smokers.'** However, further investigation of
this drug demonstrated an increase in the incidence of
with
secretion.'*® These observations have now led to the

exacerbations in  patients chronic mucus
suggestion that such therapies targeting neutrophils will
be of benefit in a subset of patients,'*® but identification
of these is not clear.

Other chemokine receptor antagonists have been exam-
ined in patients with COPD, including AZD2423, a CCR2
antagonist that would inhibit monocyte recruitment to the
lung. To date, the only study in COPD patients has been to
examine safety, and no effect on clinical outcomes has
been reported.'>” CXCR3 appears to be a promising target
in COPD as it would reduce the increased migratory
response of monocytes®® as well as suppressing CD8"
cells, but although such drugs exist, such as AMG487,'3®

to date there have been no trials in COPD.

Statins

Statins, or  3-hydroxy-3-methylglutaryl  coenzyme
A reductase inhibitors, are mainly used to lower choles-
terol but may be beneficial during periods of infection.
This is because statins may have anti-inflammatory prop-
erties due to their ability to disrupt protein—protein inter-
actions and prevent anchoring of signaling molecules to
the cell membrane.'*® Little is known about the role of
statins in COPD, although many patients take statins due
to the high prevalence of comorbidities in these patients.
However, altered neutrophil migratory function and
increased NET release is a key phenotype of COPD neu-
trophils and can lead to disease pathology. In vitro studies
suggest that treatment with the statin simvastatin improves

neutrophil migratory accuracy of COPD neutrophils.mo

Simvastatin has also been shown to improve chemotaxis
and reduce NETosis in a pilot randomized controlled trial
in sepsis patients, suggesting that there are implications in
treating COPD patients.'*! Statins can also have anti-
inflammatory effects on macrophages, reducing MMP-9

2 and release of inflammatory mediators.'*

activity
These data suggest that statin treatment of COPD patients
may improve the function and reduce the inflammation by

the two main phagocytes found within the COPD lung.

Biologics

Anti-IL-5

Blood eosinophil numbers, and the role they play in
COPD, is an area of much contention, with eosinophil
counts being assessed as markers of patients who fre-
quently exacerbate and their responsiveness to corticoster-
oid treatment.'**'*> However, patients with eosinophilic
COPD have increased IL-5 concentrations in their sputum,
suggesting that targeting IL-5 may reduce eosinophilic
inflammation and may be beneficial in these selected
patients with COPD.?' Currently there are three anti-IL-5
therapies available: mepolizumab, benralizumab and resli-
zumab. Mepolizumab is an anti-interleukin-5 (anti-IL-5)
monoclonal antibody, whereas benralizumab and reslizu-
mab target and block the IL-5 receptor. Trials of anti-IL-5
therapy have been disappointing in COPD. The phase 3,
METREX trial of mepolizumab in COPD patients did
show a reduced annual rate exacerbation compared to
placebo in patients with COPD with an eosinophilic phe-
notype, cutting them by 18% compared to placebo.
However, in a second study, METREO, mepolizumab
failed to meet its primary outcome.'*® Also, two clinical
trials of benralizumab, named the GALATHEA and
TERRANOVA studies, were unable to show a benefit
compared to placebo in reducing exacerbations.'*” These
findings appear inconclusive for the effectiveness of these
treatments in COPD and may be due to the definition of
patients with eosinophilic COPD and the numbers of
eosinophils a patient may need for these drugs to be
effective.

Anti-IL-17

Targeting IL-17 in COPD has not been well studied, but
mechanistic data suggest this to be a potential therapeutic
avenue. Secukinumab, a monoclonal antibody against IL-
17A, and brodalumab, a monoclonal antibody against IL-
17 receptor A, have been tested in asthma, but not in
patients with COPD. A phase 2 clinical trial of an IL-17A-
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neutralizing antibody, CNTO 6785, has been tested in
COPD patients but failed primary
endpoints.'*® There are also concerns that targeting the

to meet the

IL-17 pathway may result in further exacerbation of bac-
terial infection in COPD. However, in a AECOPD mouse
model, mice treated with an IL-17-neutralizing antibody
were  protected  against  enhanced  pulmonary
neutrophilia.'*® Targeting IL-17 in COPD may therefore
be a novel therapeutic target, with further clinical trials
and the use of precision medicine, potentially by targeting
well characterized neutrophilic patients and potentially
using nasal sampling to detect patients with high IL-17
levels, to identify COPD patients who may respond well to

these drugs and benefit.

Anti-TSLP

Thymic stromal lymphopoietin (TSLP) is a member of the
IL-17 family and an alarmin released from epithelial cells.
TSLP can promote the differentiation of Th2 T cells and
release of chemokine which can attract them. TSLP is seen
to be elevated in the BAL of COPD patients compared to
non-smokers and may therefore be a target in COPD.'>°
Currently a phase 2 study, utilizing tezepelumab,
a blocking antibody to TSLP, is underway and is looking
at the effects of this drug during exacerbations in patients
with moderate to severe COPD and are receiving triple
inhaled maintenance therapy, and have had two or more
exacerbations in the 12 months prior to visit 1.">' There
are numerous other biologics in development to target
specific inflammatory mediators, and many of these are
under investigation for COPD. These include antibodies
targeting IL-6, IL-18, IL-23, IL-33 and granulocyte-
macrophage colony-stimulating factor (GM-CSF).

Other Anti-Inflammatory Pathway Inhibitors

Several p38 inhibitors have been used in clinical trials in
COPD, although none have shown long-term efficacy.
A novel p38 kinase inhibitor, RV568, has recently been
shown to reduce inflammation in COPD and reduce neu-
trophil counts in an LPS-treated mouse model. The drug
was shown to have synergistic effects when used in com-
bination with corticosteroids. A small clinical trial of this
compound showed a small improvement
bronchodilator FEV, after 14 days of treatment.
Losmapimod (GW856553) is an oral p38 inhibitor; a six-
month trial failed to see any effect on exercise tolerance or

in pre-
152

lung function,'> and a shorter study (12 weeks) failed to
see any change in sputum neutrophils but did report

reduced circulating fibrinogen.'>* However, when patients
were stratified based on eosinophil count, those with <2%
eosinophils did show some efficacy with losmapimod with

respect to time to next exacerbation,'>”

suggesting that
stratifying patients based on eosinophil count might be
one way of identifying responsive patients. AZD7624 is
an inhaled p38 inhibitor; in a trial to prevent exacerbations
in patients with COPD, it was not effective in increasing
days to first exacerbation,'>® but there was a reduction in
sputum neutrophils in these patients, demonstrating an
effect on inflammatory indices. The effect of acumapimod
(BCT197) was recently evaluated in acute exacerbations
of COPD but did not improve outcomes, and no measure-
ments of changes in leukocyte accumulation were
reported.'>” Overall, the effects of p38 inhibitors in clin-
ical trials for COPD have not been successful, and alter-
native strategies are needed.

Other kinase pathways under investigation include the
PI3kinase pathway and at present CHF6523, an inhaled drug,
is currently undergoing safety and tolerability tests in COPD
patients.'”® Nemiralisib (GSK2269557) is an inhibitor of
PI3KS$ and is an inhaled drug that did not show improvement
in patients with asthma'*® but is also currently under investiga-
tion with safety studies in smokers'®” and COPD patients."®"

There has been little investigation into restoring defective
innate immune responses in COPD. However, sulforaphane
has been shown to improve phagocytosis by COPD
macrophages'®*'® acting via Nrf2, although a four-week clin-
ical trial of this drug in patients with COPD failed to show an
improvement in expression of Nrf2 or any clinical
parameters.'® This may be due to the lack of stability of the
compound, therefore discovery of a more stable analogue of
sulforaphane may allow further studies.'®

Although we are now learning more about the inflamma-
tory profile observed in the lungs of patients with COPD, the
role of increased leukocyte accumulation is still not fully
understood. Environmental changes to cellular activation
states or phenotypes may derive from structural cells or expo-
sure to inhaled pollutants such as cigarette smoke. Further
understanding is needed to differentiate a “normal” physiolo-
gical response to these insults compared to a more pathological
response of leukocytes. Similarly, understanding as to whether
there are epigenetic changes in precursor cells is also required.
Nevertheless, targeting the changes in leukocyte populations in
COPD with pharmacological interventions (Table 2) could
offer a strategy to normalize the immune response in these
patients and reduce disease progression and improve quality of
life.
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Table 2 Potential Therapeutic Interventions in COPD and Their Leukocyte Target

Potential New Mode of Action Target Cell Reference
Therapeutic Targets
Chemokine receptor Inhibition of inflammatory cell recruitment into the lung CXCR?2 inhibitors | [131,135,137]
antagonists (Neutrophils)
CCR?2 inhibitors
(Monocytes)
Statins May improve chemotaxis and reduce NETosis Neutrophils [141,142]
Reduce inflammatory mediator release from macrophages Macrophages
Anti-IL-5 Inhibit eosinophil recruitment via binding directly to IL-5 or inhibiting IL-5 Eosinophils [145-147]
receptor
Anti-IL-17 Inhibit IL-17 signaling via binding directly to IL-17 or inhibiting IL-17 receptor, Neutrophils [148,149]
leading to reduction in chemokine release
Anti-TSLP Inhibit TSLP signaling via binding directly to TSLP, inhibiting cytokine and Th2 T cells [150,151]
chemokine release
p38 kinase inhibitor Reduction in inflammatory cytokine release (IL-6 and CXCL-8) Monocytes [152,153,166]
Macrophages
Neutrophils
Pl3kinase inhibitor Suppress inflammation via improvement of corticoid steroid sensitivity Macrophages [159,160]
Nrf2 activator Elevate antioxidant gene expression, leading to reduced levels of ROS Macrophages [163-165]
Disclosu re 8. Tan SY, Krasnow MA. Developmental origin of lung macrophage
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