Clinical Research and Trials

Review Article

ISSN: 2059-0377

Autoimmunity in chronic obstructive pulmonary disease:
Un Update
Alcibey Alvarado*

Internal Medicine and Neumology, Clínica de Diagnóstico Médico. San José, Costa Rica

Abstract
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide. While other diseases associated with smoking have entered
a plateau with respect to mortality, mortality associated with COPD has been increasing. Several facts seem to explain this phenomenon such as the increase in
smoking habits in developing countries, the increase in life expectancy in high-income countries, and the growing increase in COPD not associated with smoking.
A very striking finding of the entity is that the deterioration in lung function and therefore in mortality, is not stopped by the fact of suspending exposure to the
environmental noxa. This could also contribute to this increase in mortality. The explanations considered are two: frequent respiratory infections in these patients,
which are the leading cause of exacerbations, generate endogenous oxidative stress due to mitochondrial respiration, which perpetuates the inflammatory process,
although exogenous exposure is suspended. The other explanation is autoimmunity playing a pathogenic role in the development and evolution of COPD. This
monograph, therefore, aims to review the evidence of the immunological phenomenon in COPD giving special emphasis to two aspects: autoimmunity generating
COPD and the possible therapeutic avenues that can be derived from this perspective. This last aspect seems crucial, especially since the current treatment does not
prevent the deterioration of lung function or reduce mortality. At the end, some suggestions are made about future research.

Introduction
COPD is characterized by a progressive obstruction to airflow and
destruction of the lung parenchyma due to an inflammatory response
and tissue damage, caused by chronic exposure to environmental
factors in genetically susceptible individuals [1]. Inflammation is a
term credited to Celsus. It was used as a metaphor because the dermal
response to injury was reminiscent of fire, characterized by redness,
heat, swelling, and pain. Virchow described a fifth change, loss of
function (functio laesa). A sixth change, repair, could also be added,
because a new growth occurs after tissue injury, just like after the fire
occurs in forests, prairies and even cities in an attempt to preserve
function and life [2]. When injury and inflammatory responses are
abrogated, resorption of extracellular matrix protein occurs, promoting
organ repair. When chronic injury persists, the unremitting activation
of effector cells results in continuous deposition of extracellular matrix,
progressive scarring and organ damage [3].
While it is true metaphor of Celsus remains available for academic
purposes, semantics has oversimplified biological phenomena. The
"inflammatory process" is incredibly complex, diverse and involves
the participation of many cells and molecular products, interacting in
complex combinations, activation of immune responses and pattern
recognition receptors (PRRs). Briefly, the innate immune system
is comprised of various anatomical barriers to infection, including
physical barriers (bronchial epithelium and cilia), chemical barriers
(bronchial mucus alkalinity), and biological barriers (oropharyngeal
flora) [4]. Added to these barriers are soluble factors and phagocytic
cells that form the first line of defense against pathogens. Soluble
factors include the complement system, the reactant acute phase
proteins and chemical messenger proteins called cytokines [5]. The
complement system (a biochemical network of more than 30 proteins
in plasma or cell surfaces) is a key component of innate immunity.
The system develops responses that kill invading pathogens by direct
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lysis (cell disruption) or promote phagocytosis. These proteins also
produce inflammatory responses which are an important part of innate
immunity. The acute phase reactant proteins are a class of plasma
proteins that are basic in inflammation. Cytokines secreted by immune
cells in the early stages of inflammation stimulate the synthesis of acute
phase reactant proteins by the liver [6]. Cytokines have a preponderant
role in regulating the immune response; some cytokines interfere
directly with pathogens. Interferons (IFNs) have antiviral activity [7].
Soluble factors are important to recruit phagocytic cells to local areas
of infection such as monocytes, macrophages and neutrophils that
engulf and digest invading microorganisms through a process called
phagocytosis. In addition, neutrophils also form extracellular traps,
which are chromatin networks containing antibacterial proteins that
can trap and kill extracellular bacteria. These cells express the PRRs
identifying the pathogen-associated molecular patterns (PAMPs)
(diverse biochemical signatures) that are unique to pathogenic
microorganisms but preserved through several families of pathogens.
Immediate immune response is non-specific and has does not have
"immunological memory", which means that the same response (same
time, same intensity) must be orchestrated each time the system reencounters the antigens.
Adaptive immunity (also called acquired immunity), a second
line of defense against pathogens, takes several days, even weeks
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to develop to the fullest. However, adaptive immunity is much
more complex because it involves an antigenic specificity and
"immunological memory". Exposure to a specific antigen stimulates
production of immune cells that target the pathogen for destruction
[5]. “Immunological memory” means that the immune response to
subsequent exposure of the same pathogen is faster and stronger
because the antigens are "remembered." The primary mediators of this
response are B and T lymphocytes. B lymphocytes produce antibodies
which are specialized proteins that recognize and bind to foreign
proteins or pathogens in order to neutralize or facilitate destruction by
macrophages. The response mediated by antibodies is called humoral
immunity. In contrast, cellular immunity is mediated by T lymphocytes,
which develop in the thymus. Different subsets of T cells have different
roles in immunity adaptive. For example, cytotoxic T (natural killer)
cells directly attack and kill infected cells, while T helpers increase the
response and help the function of other cells [4]. Regulatory T cells
(also called suppressor T) suppress the immune response [5]. Memory
T lymphocytes "remember" the antigens. In addition to its vital role
in innate immunity, the complement system modulates the adaptive
immune response and it is an example of interaction between the two
immune systems [6]. Obviously, both response systems work together,
to protect the body from infection and disease.
The PRRs are a family of sensors able to sense different exogenous
microbial molecules as well as endogenous molecules which are released
by the host tissue damage. The commitment of PRRs is a prerequisite
for the initiation of inflammatory and immune responses to external
aggression (for example, infection) and tissue injury that may be
beneficial or harmful. The PRRs are germline-encoded, evolutionarily
conserved molecules and consist of Toll-like receptors (TLRs), NODlike receptors (NLRs), RIG-I-like receptors (RLRs), C-type lectin-like
receptors (CLRs) and cytosolic DNA sensors. The PRRs are expressed
in alveolar macrophages, epithelial lung cells, dendritic cells (DCs),
endothelial cells and stromal cells as well as immune cells. PRRs not only
recognize PAMPs, danger-associated molecular patterns (DAMPs),
tumor-associated molecular patterns (TAMPs), but also large particles
such as asbestos fibers, aluminum and silica crystals being critically
involved in the pathogenesis of pneumoconiosis [8-11]. The cascade
of events that generate inflammation is possibly the following: PRRs
sense these molecules and produce signals leading to the production
of part of the cells expressing them of inflammatory cytokines, IFNs
and chemokines, which activate more cells around them (paracrine
activity), macrophages and neutrophils (innate immune response)
that, in turn, amplify the production and activity of more cytokines,
capitalizing the reaction. The PRRs activate antigen presenting cells,
such as macrophages and DCs, and with the participation of the
major histocompatibility complex II (HLA-II), provides a mandatory
signal to induce and activate T lymphocytes (Th1, Th2 and Th17)
and production of antibodies (adaptive immune response) [12-15].
Therefore, both immune responses depend directly or indirectly on the
PRRs recognition the molecules, and explain why these receptors play
a key role in acute respiratory infection such as pneumonia, infectious
exacerbation of COPD, inflammatory response to sterile tissue damage
such as acute lung injury (ALI/ARDS) or disease from exposure to
inorganic dust.
In both, inflammatory and autoimmune diseases, the condition
originates through aberrant reactions of the adaptive immune
response or the innate immune response. In chronic inflammatory
diseases, neutrophils and other leukocytes are constitutively
recruited by cytokines and chemokines, leading to tissue damage. In
autoimmunity, the patient's immune system is activated against the
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proteins themselves. An autoimmune disease such as those caused by
activation of T cells and / or B by auto-antigens can thus be defined in
the absence of an infection or other discernible causes [16]. Is COPD
an autoimmune disease? Discernible causes of COPD are the various
types of stress generated by cigarette smoke and pollutants/biomass
fuel. Infection is the leading cause of exacerbations of the entity.
From this perspective it could be said that the initial mechanism that
generates the inflammatory process in COPD is not autoimmune.
From another angle, for a disease to be seen as autoimmune, it is
necessary to fulfill Witebsky's postulates that say: direct evidence of
transfer of T lymphocytes or antibodies that cause the disease, indirect
evidence based on the reproduction of autoimmune disease in animals
of experimentation and circumstantial evidence of clinical keys [17].
In the case of COPD, the three types of evidence have been established
[18]. Even, some authors note that the chronic inflammatory process
of the entity is immune [19]. Inflammation mediated by T cells in
the lung, which persists for years after stopping smoking, has been
identified as a key component of COPD and these findings suggest that
COPD could be an autoimmune disease triggered by cigarette smoke
[20]. This monograph therefore evaluates the evidence for and against
the idea that COPD is an autoimmune disease.

Inflammatory cells in COPD
Each inhalation of the cigarette smoke contains around 1017
reactive oxygen species (ROS) and more than 2000 xenobiotic
compounds which initiate the inflammatory response in airways and
lung parenchyma in COPD. This also occurs with exposure to biomass
[21]. The inflammatory profile in normal smokers (without COPD) is
very similar to that of patients with COPD, but less prominent. The
concept that emerges is that of an amplified inflammatory response in
COPD [22]. The amplified inflammatory response is associated with
mucus production, proteolysis, fibrosis and resolution cycles. The
process is possibly determined by genetic factors [23], latent viruses
[24], oxidative stress [25] and alterations on the histone de-acetylase-2
(HDAC-2) activity [26]. The type of inflammation that occurs is
mediated by the recruitment of different inflammatory cells and the
production of distinct mediators (Figure 1).
Macrophages are increased in number and activity in the sputum
and bronchoalveolar lavage (BAL) of patients with COPD; macrophages
play a main role in orchestrating the inflammatory process. Stimulated
by cigarette smoke and others irritants (biomass smoke), they release
ROS, nitric oxide (NO) and chemokines that attract monocytes, T
cells and neutrophils into the inflamed area [27]. T cells are CD8+
(suppressors / cytotoxic) and are located in the mucus secreting glands,
central and peripheral airways and lung parenchyma. They release
granzymes, perforins and tumor necrosis factor-α (TNF-α), which
induces apoptosis of alveolar type I cells, favoring emphysema [26].
Neutrophils are increased in the sputum and BAL of patients with
COPD. They are attracted by epithelial cells, macrophages and T cells
through chemotactic factors such as interleukin 8 (IL-8), leukotriene
B4 (LTB4) and a number of chemokines of the CXC family that act
on specific receptors. Neutrophils release serine proteases like elastase,
cathepsin G, proteinase-3, matrix metalloproteinase-12 (MMP-12) and
ROS, which promote the mucus production and alveolar destruction [28].
It is controversial whether eosinophils are elevated in the sputum
of stable COPD patients. Some recent studies claim that up to 40% of
patients with COPD have airway eosinophilia and persistent peripheral
eosinophilia with no history of asthma and that these patients are
at greater risk of exacerbations than patients without eosinophilia
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and airway inflammation. Patients with unexplained chronic cough
and lymphocytic inflammation of the airway are 8 times more likely to
have autoimmune disease and some will develop COPD not associated
with smoking [38].

Cellular Immunity

Figure 1. Inflammatory and immune cells and mediators involved in COPD. Cigarette
smoke and other pollutants/biomass fuels are the initial noxa that stimulate epithelial
cells and macrophages to release chemotactic factors that attract other inflammatory cells
to the lungs. The distinct pattern of inflammation in COPD determines the structural
consequences and response to therapy. The circular disposition is a simplified model, but
it aims to emphasize the confluence and interplay between the related cells and mediators.
IL-8: Interleukin-8. TNF-α: Tissue Necrosis Factor-α. TGF-β Transforming Growth Factor
β. ROS: Reactive Oxygen Species. NO: Nitric Oxide.

[29,30]. 10% of COPD patients respond to inhaled glucocorticoids,
these patients have a greater number of eosinophils in the airways and
greater reversibility to bronchodilators. It has been suggested that these
patients may have concomitantly asthma [31]. Recently, in a joint effort
of GINA and GOLD the term ACOS was developed, as an overlap
syndrome between asthma and COPD [32]. Epithelial cells produce
TNF-α and IL-8 in response to inhaled bronchial irritants. They also
generate transforming growth factor β (TGF-β) which can cause local
fibrosis. Fibroblasts have increased activity and produce extracellular
matrix proteins (ECM) in the small airways (obstructive bronchiolitis).
Smooth muscle cells and endothelial cells are also involved in the
inflammatory process [33].

Autoimmunity in COPD
The main proteases that elastin degrades (responsible for elastic
recoil of the lung) are MMP9 and MMP12 and elastase and its activity
is counterbalanced by inhibitors of metalloproteinases and α-1 AT
(α-1 anti-trypsin). Cigarette smoke increases the release of proteases
and decreases the production of inhibitors, clearly shifting the balance
towards proteolysis. The cells that generate this displacement are
the active cells in a chronic autoimmune inflammation directed
against auto-antigens of the lung [18]. Human autoimmune disease
is characterized by having in its profile activated T helper cells (Th1
and Th17) and their respective canonical cytokines (INF-γ, IL-17A and
TNF) [34,35]. This cellular and immunological profile is essential for
the human autoimmune disease model and has been demonstrated in
emphysema and is like a signature of autoimmunity [36]. On the other
hand, there is an increased prevalence of organ-specific autoimmune
diseases in patients with COPD not associated with smoking [37]. They
are usually older women, with lymphopenia, positive autoantibodies
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How smoke irritants trigger an immune innate response is
unknown. The “danger hypothesis” suggests that epithelial injury
(either an environmental or infectious insult) generates inflammatory
mediators that activate macrophages and neutrophils that will produce
oxidative stress, cell death, release of sequestered auto-antigens,
modified proteins, damage mitochondrial and DNA release from
apoptotic cells [39,40]. The adaptive immune response can recognize
these antigens as foreign and trigger an immune reaction [41]. These,
and other similar mechanisms have been implicated in rheumatoid
arthritis, atherogenesis, multiple sclerosis, and systemic lupus
erythematosus [42]. With environmental exposure, these auto-antigens
can be released by necrosis and apoptosis of epithelial and endothelial
cells and injury to the ECM [43]. Auto-antigens are not by themselves
sufficient to develop an immune response or an autoimmune disease;
however, PRRs (and particularly TLRs) are able to connect innate
and adaptive immunity, increasing the pathogenic potential of these
antigens [44]. If the chain of events does not progress, dendritic cells
are not activated, innate immunity is minimized and the inflammatory
process is contained, smokers may not develop COPD or develop early
stages of the disease.
If the inflammatory cascade is not contained, immature antigen
presenting cells (APCs), such as DC (myeloid and plasmocytoid), will
alert the adaptive immune system to the presence of pathogens or tissue
injury [45]. DCs mature when their TLRs bind ligands. Once mature,
the DCs express high levels of the MHC proteins and the co-stimulatory
molecules CD80 and CD86 direct them towards the local lymph nodes,
where the DCs present the antigens to the T cells [46]. The ability of
DC to present and stimulate T cells is what determines the progression
of the disease. This ability is modulated by immunoregulatory
mechanisms. If these mechanisms operate properly, the patient will
not develop COPD. If the failure is slight, the early stages of the entity
will arise. If the failure is severe, the process will continue until more
advanced stages, which is what is detailed below.
The "naive" T cells will be attracted to the lung by means of
chemokines that act on specific receptors. In COPD, basically
CXCR3, CCR5 and CXCR6 are expressed in T lymphocytes (CD4+Th2
lymphocytes expressing CCR3 and CCR4 in bronchial asthma) (the
letter R in the acronym indicates that it is a receptor). The ligands for
these receptors are strongly expressed in structural cells of the airways
and pulmonary arteries of patients with COPD but not in those of
smoking patients without COPD. For example, for CXCR3 the ligand
is CXCL10 (or interferon-inducible protein-10) [IP-10]) (the letter L in
the acronym indicates that it is a ligand), or the CXCL9 (or monokine
induced by interferon-γ [MIG]). The expression of these receptors
and their ligands correlates with the severity of the disease [47]. The
CD8+ cytotoxic T cell is the predominant cell in large pathways, small
pathways and lung parenchyma in COPD, which perform a cytolytic
attack releasing perforin, granulysin and granzimes A and B which are
proteolytic enzymes that produce necrosis and apoptosis of epithelial
cells and endothelial cells producing not only emphysema but also
the release of more antigenic material, perpetuating autoimmunity
and amplifying the process [18]. CD4+ T cells are also increased in
the airways and parenchyma of patients with COPD. Its presence
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and activation in the lung (but not in blood), and the expression of
STAT4 and interferon-γ suggest stimulation by antigens distributed
through the lung. The effector function of CD4+ T cells is mediated
by Th1 cytokines and is to promote transendothelial migration of
inflammatory cells to the site of injury [48]. The increased function of
dendritic cells, the genetic predisposition and the failure in tolerance or
immune regulation catapult adaptive immunity and the severity of the
disease towards advanced stages.

Inflammasomes and autoimmunity
The NLR receptor family consists of 22 members in humans, and
only some of them have been functionally characterized. Many of them,
unlike the TLRs are fundamentally membranous, found in the cytosol.
They all consist of a central NOD and a leucine rich repeats (LRRs)
C-terminal which are those that mediate ligand binding possibly. They
also have an N-terminal effector domain that allows subdividing the
family on five subfamilies [49]. The proteins NLRP is a subgroup of
NLRs which is composed of 14 proteins of which the NLRP1, NLRP3,
NLRP6, NLRP7 and NLRP12 form multiprotein complexed called
inflammasomes, which consist of one or two NLR proteins, adapter
molecule ASC (apoptosis-associated protein speck-like containing a
CARD) [PYCARD]) and procaspase-1 [50].The inflammasomes serve
as a platform for autocatalytic activation of caspase-1 (by forming a
zipper with procaspase-1) which critically regulates production of IL1β, IL-18 and IL-33 processing pro-IL1β, pro-IL-18 and pro-IL-33
zymogens, and induce a form of cell death called pyroptosis [51]
The role of NLRP1 (was the first to be described) in lung disease in
humans is unclear [52]. The NLRP3 inflammasome responds to a wide
range of microbial and non-microbial molecules and has a more defined
role in respiratory pathology. Chronic smoking activates NLRP3 as
well as particles of matter and endogenous ATP acting as DAMPs
[53,54]. Endogenous ROS product of NADPH bacterial oxidation
and mitochondrial ROS activate NLRP3. It must be remembered that
bacterial and viral infections are the main cause of exacerbations of
COPD and source of endogenous ROS [55]. Patients with stable
and exacerbated COPD have high levels of IL-1β (endogenous ATP,
oxidative stress and infection), which keeps the inflammatory process
active [56-58]. The other inflammasomes do not have enough studies
to support their involvement in pulmonary pathology. Therapeutic
manipulation of them already exists [59].

Humoral immunity
Studies of autoantibodies in COPD classify autoantigens into two
types: undefined autoantigens (the majority) and defined antigens.
The determination of autoantibodies is a proof of principle evidence.
In the first group the antibodies are directed against cellular elements
of lung or endothelial tissue, for example, IgG directed against airway
epithelial cells and pulmonary artery endothelial cells [60,61]. The
seconds are suspected to be functionally related to the entity. For
example, autoantibodies against ECM such as those directed against
elastin, collagen I, II and IV and aggrecan (another extracellular matrix
protein), have been found elevated in patients with COPD, with higher
titles than those of healthy controls, although not it's all jobs [62,63]. IgG,
IgA, IgM antibodies directed against CK-18 and CK-19 (cytokeratins
that are intracytoplasmic cyto-skeletal proteins of epithelial cells)
they have also been reported in COPD [64]. Autoantibodies have also
been described against immune cell molecules such as αβ-crystallin
(a marker of activation of innate immunity), CD80 (co-stimulatory
molecule of T lymphocyte activation), β2-microglobilin (component
of MHC I) [65,66]. It is likely that the determination of the antibodies
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and their visualization depend not only on the autoantigens but also
on the assay used.
A critical problem to sustain the preponderant role of autoimmunity
in the pathogenesis of COPD is the inconsistent result of the studies.
For example, the levels of anti-tissue antibodies correlate with the
severity of emphysema (basically defined by the drop in DLCO), as well
as the severity of COPD correlates with the levels of antibodies against
CK-18 and CK-19 and CD80 [67]. This is not the case when correlating
the extension of emphysema with anti-epithelial antibodies and with
autoantibodies against elastin. The correlation between severity and
activity of the antibodies is inversed.

Stress, autoimmunity and mitochondrial dysfunction
In COPD there are several types of stress playing a pathogenic
role. Oxidative stress can be exogenous or endogenous. Sources of
exogenous ROS are chronic smoking, oxidant gases, ultrafine matter
particles, environmental pollution nanoparticles, exhausted vapors
and biomass fuels for cooking and heating homes (particularly in third
world countries) [68,69]. Endogenous oxidants result mainly from
mitochondrial respiration and inflammatory response to viruses and
bacteria. Inflammatory stress is mediated by IL-1, TNF-α and INF-γ
generating endogenous ROS. Other sources of intracellular ROS are
the enzyme nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, xanthine oxidase (XO) and hem-peroxidase, all of which are
increased in BAL in patients with COPD. These enzymes catalyze the
production of free radicals [70]. Others destructive oxidizing molecules
are H2O2 (which acts as a substrate to generate additional oxidant
molecules), ethane and isoprostanes (produced by direct oxidation
of arachidonic acid). The superoxide anion and nitric oxide form
the peroxynitrite that nitrosylates protein amino acids and enzymes,
inactivating them. Therefore, ROS and reactive nitrogen species (RNS)
are continuously produced at the cellular level by mitochondrial
metabolism and by inflammatory cells in the case of hypoxic diseases
as COPD. Endoplasmic reticulum (ER) oxidative stress can induce
mitochondrial apoptosis and cell death. Normally, a fine crosscommunication between ER and mitochondria prevents apoptosis of
epithelial cells [71].
One type of neo-antigens (antigens expressed under specific
pathophysiological conditions that are not ubiquitous in our body)
are the carbonyl-modified proteins (CMP) generated by ROS. The
reaction aldol in chemistry refers to the formation of carbon =
carbon bonds (aldehydes and ketones). For example, oxidized lipids
containing carbonyls derived from polyunsaturated fats (PUFAs)
(lipid peroxidation in cell membranes produced by ROS) carbonyl
certain amino acid residues of proteins such as the sulfhydryl groups of
cysteine, γ-amino of lysine, and imidazole of histidine (the separation
of the carbons by the covalent bond qualifies them as carbonyl adducts)
[72]. Moderately carbonylated proteins are degraded by the cellular
proteosomal system, but markedly carbonylated proteins tend to form
high molecular weight aggregates that are resistant to degradation and
accumulate as unfolded and damaged proteins, which inhibits the
proteosomal activity. In other words, they are resistant to proteolysis [73].
Carbonylated proteins are highly immunogenic and lead to the
formation of neo-antigens (CMP) in the form of carbonylated selfproteins, which leads to the formation of autoantibodies that are
elevated not only in the serum of patients with COPD but also in the
pulmonary epithelium and the endothelium of the pulmonary vessels
[74]. Several proteins are converted to CMP. There are described
autoantibodies for elastin, human serum albumin (HSA) and lung
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parenchyma, malonyldialdheyde protein, and acrolein-modified
protein [72]. Circulating and lung antibodies are from the IgG1 isotype
directed against carbonyl epitopes and could be the result of an aberrant
immune response directed against putative antigens for which immune
tolerance has been lost or never acquired. These antibodies bind
complement (C3) and may contribute to the production of emphysema
[75]. The presence of these reactive carbonyls and autoantibodies
correlates inversely with FEV1 and the severity of the disease [76].
CMP are recognized by innate immunity through the PRRs, expressed
in cells that identify antigens and from there the cascade of immune
events described in the introduction is activated [77].
Mitochondria are complex cellular organelles assembled from
proteins encoded by two distinct genomes: nuclear chromosomal
DNA and the mitochondrial DNA (mtDNA). Despite the small size
of the mtDNA (16.5 kb in humans), it encodes 13 potential oxidative
phosphorylation subunits (OXPHOS) which interact with more than
70 units encoded by nuclear DNA; they concerted action is necessary
to produce ATP, which is required for all active cellular processes [78].
Historically, the major role of mitochondria has been to catalyze the
oxidation of metabolites for the production of ATP, via OXPHOS,
involving the transference of high energy electrons derived from
NADH and FADH2 to the four mitochondrial complexes, where they
react with oxygen to form water. During this process, the protons are
pumped through the inner mitochondrial membrane they are used
by the FOF ATP synthase to generate ATP [79]. Additional critical
functions are: regulation, proliferation, differentiation, cell death,
redox and calcium homeostasis and recently, research has pointed to
mitochondria as controlling the immune responses and determinants
of immune cell phenotypes and their functions, including CD4+ T cells
differentiation and CD8+ memory T cell formation [80]. Within the
mitochondrial proteome there are key proteins such as mitochondrial
antiviral signaling protein (MAVS), which is the first protein located
in the mitochondria involved in the innate immune response and
inflammatory response [81]. NOD-like receptor (NLRX1) is a member
of the NLR family of PRRs that has a unique N-terminal domain (which
explains the letter X in the acronym) and is the first, and only so far, of
the PRRs located in the mitochondria and by therefore, it establishes
a connection between mitochondrial function and innate immunity
[82]. Apparently, the inhibition of inflammation and remodeling in
COPD is performed by NLRX1 regulating MAVS [83].
In COPD, exposure to smoke reduces mitochondrial OXPHOS
in airway smooth muscle cells, quadriceps, and external intercostal
muscles, compromising oxidative function. Alteration of mitochondrial
biogenesis may be associated with a significant reduction in body mass
index and lower extremities muscle mass, a common phenomenon
in COPD [84]. Loss of mtDNA has been associated with COPD
[85]. Several independent studies have shown that NLRX1 protein
expression and activity are suppressed by cigarette smoke in patients
with COPD and this correlates with airflow obstruction. Basically, the
idea is that chronic smoking alters NLRX1, inducing a mitochondrial
dysfunction mediated by the NLRX1 / MAVS interaction. Chronic
smoking, on inactivation of NLRX1, increases inflammatory activity
(IL-18) favoring emphysematous destruction, mitochondrial
ROS and proteases matrix metalloproteinase [85,86]. In this way,
the three mechanisms (stress, autoimmunity and mitochondrial
dysfunction) sometimes act in parallel, sometimes in series and often
in concert, generating, amplifying and perpetuating the inflammatory
phenomenon that underlies COPD.
Immune regulation, genetic susceptibility and environmental
factors are what will define which smokers will develop or not an
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immune response to the material released by the lung damaged by
the environmental noxa. And they will also be those that define the
wide range of severity of the disease in response to similar amounts of
exposure to smoke.

Immunotherapy in COPD
Existing pharmacologic treatments do not reduce the progression
of COPD. Bronchodilators (which are the pharmacological basis of the
therapy) only provide symptomatic relief [87]. Patients with COPD
also have little response to glucocorticoids. This treatment has no
effect on the progression of the disease or on mortality; a potential
but slight decrease in exacerbations has been reported, although this
finding has been questioned [88,89]. Antioxidant therapy in COPD is
a logical approach and the topic has been recently reviewed [90], so
the following item will refer to therapeutic alternatives that specifically
impact autoimmunity in COPD.
For more than a decade it has been shown that cigarette smoke
activates caspase-1 and caspase-11 and, in turn, these activate the IL18 pro-peptide, which acts on its receptor (IL-18Rα). This process is
a critical signal to induce inflammation and remodeling and it was
suggested that blocking the IL-18 receptor could be a therapeutic
alternative in respiratory pathology associated with chronic smoking
[91]. It was also proposed that blocking the IL-1Rα receptor with
Anakinra and the IL-1β receptor with Trap / rilonacept were possible
options for pulmonary inflammation that leads to emphysema [92].
The sulfonylurea Glyburide (widely used drug for treatment of diabetes
mellitus type 2) was shown to reduce NLRP3 inflammasome and was
an option in the treatment of inflammatory lung diseases [93]. The
results of the studies that aim to manipulate the immune loop of COPD
have yielded dissimilar results. Monotherapy targeting Th1 and Th2
cytokines can be beneficial and deleterious. Monotherapy against IFN-γ
may limit the progression of emphysema but may worsen vascular
remodeling and airway remodeling, while monotherapy directed
against IL-13 may limit the progression of pulmonary remodeling but
accelerate the progression of emphysema [94]. Given that IL-18 has
crucial antitumor activity as well as in activating host defenses and
patients with COPD frequently they have infectious exacerbations and
increased risk of developing lung cancer, it is vital to determine the safety
and efficacy of novel therapies that have objective IL-18 in the lungs of
patients with COPD [95]. The fundamental problem with COPD is that
the underlying biological mechanisms in the pathogenesis are not fully
known and by not having all the complete panoramic knowledge but
fragmented, it becomes difficult the development of new drugs that are
urgent to inhibit the chronic inflammation associated with COPD.
Some randomized clinical trials that target inflammasome-related
effectors (i.e. IL-1α and IL-1β) have been performed on COPD patients
considering moderate to severe stages. From 2007 to 2011 Novartis
launched a phase 1/2 study (NCT00581945; Randomized, Doubleblind, Placebo Controlled, Exploratory Study) to evaluate the safety,
tolerability and efficacy of multiple doses of Canakinumab, a human
anti-IL-1β monoclonal antibody, versus placebo when administered
via intravenous infusion [96]. Pulmonary function in COPD patients
was evaluated. Neither FEV1 nor FVC showed significant statistical
differences among canakinumab-treated and placebo-treated COPD
patients. Another study involving MED18968, a human IgG2
monoclonal antibody against IL-1R1, abled to bind both IL-1α and IL1β, and injected intravenously (600 mg) and subcutaneously (300 mg)
did not show any beneficial effect in COPD patients (GOLD stage IIIV) during exacerbations [97]. Similarly, MED12338, a human IgG1
monoclonal antibody that binds to IL-18, was studied for efficacy and
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safety in COPD and again, no statistical differences were observed
between treated and placebo patients (clinical trial: NCT01322594).
Moreover, based on the potential involvement of eATP and P2X7
in pathogenesis of COPD, recently the effect of AZD9056, a P2XT
antagonist which is able of bind the human P2XT receptor with high
selectivity and specificity, was studied in Phase 2 clinical trials in patients
with moderate to severe COPD, but again the pulmonary parameters
studied were not significantly altered by the antagonist [98].

blood eosinophil count and sputum, and the fact that some previous
studies do not agree that eosinophilia is a generalized biomarker to
define COPD phenotypes, support this consideration [113]. Other
researchers do not find a robust association between blood eosinophilia
and the occurrence of exacerbations. One of the fundamental problems
with adding biological therapies in these patients is the high price. And,
if that is a limitation in high-income countries, with much more reason
in third world countries with meager health budgets [114,115].

The use of recent biological treatments comes originally from
studies in populations of patients with difficult-to-control asthma, also
labeled as severe asthma [99,100]. These patients may have basically
two immunological profiles. The eosinophilic profile, characteristic of
airway inflammation type 2, characterized by the presence of cytokines
originally recognized as being produced by type helper T (Th2) cells.
Th2 cytokines are IL-4, IL-5 and IL-13. These cytokines are also
produced by innate lymphoid cells (which do not express B or T cell
receptors) in response to infectious agents, pollutants and other "nonallergic" stimuli. These patients persistently maintain this inflammatory
profile despite high doses of inhaled glucocorticoids [101-104]. The
other profile is neutrophilic inflammation (defined as exceeding 4060% neutrophils) in induced sputum samples.

Future research

Many of the recent approved biological interventions target type
2- inflammation. IL-5 plays a central role in promoting eosinophilic
inflammation. Anti-IL-5 monoclonal antibodies are now available for
the treatment of patients with severe eosinophilic asthma and recurrent
exacerbations. Mepolizumab and reslizumab, both of which bind to
IL-5, have been approved by several regulatory agencies in the US
and EU. Benralizumab, which binds to the IL-5 receptor, producing
eosinophilic apoptosis, is nearing Food and Drug Administration
(FDA) approval [105]. Blockade of IL-13 has the potential to alter
airway inflammation and smooth-muscle reactivity, but one of the
two anti-IL-13 monoclonal antibodies, lebrikizumab, failed to provide
consistent improvement in patients with type 2. inflammation. The
other, tralokinumab, continues in development [106]. Dupilumab is
a full human monoclonal antibody to the alpha subunit of the IL-4
receptor that blocks both (IL-4 and IL-13) signaling [107]. Based on this
platform of immune knowledge and this experience with eosinophilic
asthma, studies have been designed using biologic interventions in
patients with COPD.
The use of mepolizumab in patients with COPD and eosinophilic
phenotype (2% or more [150-200 eosinophils / mm3] in peripheral
blood) and who already received triple therapy (including inhaled
glucocorticoids) has resulted in a reduction in the rate of moderate
to severe exacerbations of COPD when compared to placebo and
also in a longer time until the first exacerbation, and the extension
of this effect was related to the blood eosinophilia count [108]. The
stratification of COPD phenotypes could make it possible to clearly
define the subgroups of patients that could benefit from this type of
therapy. For example, Xia and colleagues suggest that some of the
patients in the aforementioned work protocol qualified as ACO
(overlap between asthma and COPD) and, therefore, that the biological
could be of benefit in ACO [109]. This indication of mepolizumab to
mitigate severe eosinophilic asthma in patients who also show changes
in COPD has already been reported [110]. Similar results have been
reported in patients with ACO in studies with dupilumab (anti-IL-4)
and omalizumab (anti-IgE) [111,112].
Some authors consider that blood eosinophilia is inferior to
sputum eosinophilia as a biomarker in these patients. The presence of
allergy and atopy, the disparity of specificity and sensitivity between

Clin Res Trials, 2018

doi: 10.15761/CRT.1000222

It is obvious that much remains to be defined in this immunological
approach to COPD. Since the inflammatory and immune process is
complex, probably unraveling the start of the cascade of events is the
best way to understand it. As ROS at the molecular level triggers the
innate immune response should be a research priority. This could allow
finding markers of the initial lesion that had early diagnostic value and
also implement safer therapeutic strategies.
Another important area of research is the immunoregulatory
mechanisms, because if they were known they could be manipulated
pharmacologically or epigenetically.
It is also vital to better define the autoantigens of epithelial and
endothelial cells. For example, identify the auto-antigens of endothelial
cells that may be involved in the genesis or in the perpetuation of
pulmonary hypertension secondary to COPD.
Another important aspect is to try to standardize the immunological
assays for the detection and quantification of antibodies.
Improving monoclonal antibodies in terms of efficacy and safety is
another priority.
Mitochondria offer a research objective not only for diagnosis but
also for the treatment of pulmonary diseases. Transfer of mitochondria
from mesenchymal stem cells from bone marrow to injured epithelial
cells could be beneficial in COPD [116]. Contact is important for the
transmission of calcium signals from the ER to the mitochondria. This
is done by proteins. Therefore, designing strategies that refine and
perpetuate transmission could improve the function and survival of
mitochondria [117].

Conclusions
The mortality of COPD, worldwide, continues to rise.
The treatment recommended by international guidelines does not
significantly impact lung function or the natural evolution of the disease.
This may be due to the fact that cyclic infection and autoimmunity
play a role in the development, perpetuation and chronicity of the
inflammatory process.
Despite the large amount of evidence that autoimmunity has a
predominant pathogenic role, the cause-effect relationship is not
completely proven, so that COPD can´t be defined as a primary
autoimmune disease. What does appear is that the autoimmune
phenomenon can be triggered by chronic exposure to smoke.
The autoimmune phenomenon in COPD is well documented and
seems to have a pathogenic role and not only be an epiphenomenon.
Defining the axis of stress, autoimmunity and mitochondrial
dysfunction better could generate diagnostic and therapeutic benefits.
Therefore, future and extensive investigations are required in the
entity to unravel and understand the complex signals that initiate,
develop and perpetuate the process.
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This is vital to implement early diagnostic tools and new therapeutic
tools.
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