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Abstract

Objective: Airways obstructive diseases (asthma, COPD, asthma-COPD overlap (ACO) and severe asthma) are different
entities characterized by airflow obstruction. They may share common pathogenetic mechanisms allowing new
therapeutic options for patients.

Methods: A review of the current literature is performed to investigate the common pathogenetic mechanisms among
these medical conditions.

Results: Different specific cytokones are involved in both asthma and COPD pathogenesis, while ACO shares some of
these cytokines placing the condition between the two entities. The cytokines regulate accumulations and contraction
of airways smooth muscle cells which leads to different expression of airflow obstruction. A special cytokine, TSLP, is
highlighted as playing a key role in the pathogenesis of asthma, COPD, ACO, and severe asthma which opens the
opportunity for new treatment options for patients suffering from these conditions.

Conclusion: COPD, asthma, ACO and severe asthma share some common elements in their pathogenesis which opens
the gate for new therapeutic options for the patients

Keywords: Pathogenesis; Biomarkers; Inflammation; Biologics

1. Introduction

Obstructive pulmonary diseases affect a significant number of people worldwide. The hypothesis of a single obstructive
airway disease with varying pathogenic mechanisms is still a point of debate within the pulmonary community. Some
patients exhibit hallmarks typical of both asthma and COPD, as seen in conditions like asthma-COPD overlap (ACO)
syndrome and severe asthma. The article emphasizes the similarities in the pathogenesis of these conditions. The
presence of common elements in the development of asthma, ACO, COPD, and severe asthma provides a foundation for
implementing new therapeutic options, such as biologics, which are also discussed in the article.

2. COPD and asthma - pulmonary Janus?

Since the 1960s, two hypotheses regarding asthma and chronic obstructive pulmonary disease (COPD) exist in
pulmonary medicine. According to the first one, the so-called Dutch hypothesis put forward by Prof. Dick Ory and
colleagues, both asthma and COPD (then called bronchitis) share the same causes but are essentially different
manifestations of a single disease, which they call "chronic non-specific lung disease" [1[. According to the so-called
British hypothesis both asthma and COPD represent two different nosological entities with different aetiologies and
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different therapeutic approaches [2]. For instance, both asthma and COPD are small airways diseases characterized by
airflow limitation [3]. In COPD this limitation is constant and progresses over time, so patients have constant symptoms,
while in asthma it is variable as patients can often be in a long period of remission characterized by absence of symptoms
and normal lung function. Furthermore, they may not even need inhalation therapy [4,5]. Advances in science have shed
additional light on the intimate processes underlying the two socially significant small airways diseases. The
mechanisms leading to the development of specific for both diseases types of inflammation - predominantly
neutrophilic in COPD and predominantly eosinophilic in asthma, have become clear. In addition, the diseases themselves
have been found not to be homogeneous, but heterogeneous entities, consisting of multiple pathogenetically and
clinically defined phenotypes [6-8].

3. ACO

In 2014 one new term is added to the picture - the syndrome of co-occurrence of asthma and COPD in one organism,
the so-called Asthma-COPD Overlap Syndrome (ACOS), currently called ACO [9,10]. According to the original definition,
ACO is characterized by a persistent airflow limitation accompanied by a number of features associated with both
asthma and COPD [9]. It is known that untreated and/or uncontrolled bronchial asthma, as well as that in active smoking
patients, leads to airways remodelling resulting in fixed bronchial obstruction. Thus, a patient with asthma can acquire
clinical, biochemical and functional characteristics of COPD [8,11]. Hence, in 2014 ACO is considered as the asthma-
COPD transition, i.e. as the connecting unit between the two nosological entities. A question arises - which hypothesis
is the correct one - the Dutch or the British one? The therapeutic approach for ACOS is a combination of asthma and
COPD therapies. It is interesting that after 2015 the ACO concept has somehow disappeared from GOLD. The diagnosis
of ACO gave each pulmonologist the right to choose whatever therapeutic combination of inhaled bronchodilators and
inhaled corticosteroids (ICS) he/she preferred, but apart from this fact ACOS presented nothing new to the pulmonology
community.

Unlike GOLD, in GINA the interest in ACOS does not disappear. In GINA 2017 report, the concept is renamed as asthma-
COPD overlap (ACO), but applying the 2014 definition [9,10]. According to GINA, ACO does not represent a uniform
nosological entity, but rather a heterogeneous group. As a main argument for the presence of ACO in GINA, the difference
in the therapeutic approach is highlighted - in COPD the initial single or combined treatment with inhaled (-agonists
and/or anticholinergics is fundamental, but not recommended, as it could be harmful for patients with asthma, in whom
ICS plays the main role in the therapy and who are not recommended for initial treatment of COPD [10].

4., Severe asthma

Bronchial asthma is not a uniform nosological entity, but represents a collection of different phenotypes [8]. In the
recent years, one of them - known as severe asthma, has gained particular popularity because of the widespread
introduction of biological therapy in pulmonology practice [12,13]. By definition, severe asthma may group patients
with different phenotypes that require treatment defined in steps 4 and 5 of the GINA guidelines, i.e. with a high-dose
ICS/long-acting B2-agonist (LABA) to prevent it from becoming uncontrolled, or asthma that remains uncontrolled
despite this treatment [12]. As severe asthma is practically unresponsive or responds hardly to ICS treatment, and is
characterized by frequent episodes of exacerbations and progressive loss of lung function, it closely resembles COPD,
but differs from it in pathogenesis.

The presented brief literature review shows that there are many similarities, but also differences, between asthma,
severe asthma, ACO and COPD. This reasonably raises the question if there are any similar or common pathogenetic
mechanisms underlying these conditions.

5. Pathogenesis - similarities and differences

5.1. Biomarkers

Both diseases, asthma and COPD, are characterized by airflow obstruction and systemic inflammation underlying
airways remodelling and patient symptoms. In asthma, the obstruction and patients' symptoms are variable over time,
whereas in COPD, the obstruction is constant and progressive, the severity of symptoms is increasing along with the
increasing loss of lung function [14]. In asthma, the systemic inflammation is mainly due to the T-helper (Th) type 2
cells. In addition, a major role is played by the eosinophils (Eo) and type 2 innate lymphoid cells producing interleukins
IL-4, IL-5, IL-6, IL-9, IL-13 and IL-17E. This results in significant production of immunoglobulin E (IgE), accumulation of
Eo and suppression of phagocyte-dependent inflammation [15-17]. In COPD, the systemic inflammation is
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predominantly neutrophilic with a main involvement of CD4/CD8 lymphocytes and macrophages. The immune
response in COPD is a Th1 cell-mediated type and phagocyte-dependent inflammation involves the interleukins IL-2,
IL6, IL-8, IL-9 and IL-17A4, interferon-y and tumour necrosis factor-a (TNF-a) [15,18].

According to the 2014 definition ACO is characterized by persistent airflow limitation and features common to both
asthma and COPD [9]. Thus, the two different inflammatory mechanisms in asthma and COPD may overlap in ACO [14].
Studies with patients diagnosed with ACO show high levels of markers typical for asthma such as nitric oxide fraction
in exhaled air (FeNO), peripheral blood Eo (absolute count and percentage) and markers of Th2 inflammation compared
to patients with COPD [19-22]. Another study comparing patients with COPD, asthma and ACO found low, high and
medium levels of IL-13 and IL-5 respectively [23]. The main risk factor for the development of COPD is smoking, and for
the development of asthma - exposure to allergens [4,5]. It can be easily assumed that in asthmatics who smoke or are
exposed to other COPD risk factors (e.g. air pollution) the airflow obstruction may become fixed and they may develop
COPD as a consequence of the increased oxidative stress, the release of cytokines and chemokines, the altered activity
of innate immune cells, dysfunction of regulatory T cells, changes in DNA methylation [2,3]. This is supported by studies
with asthmatic patients who smoke, showing high levels of neutrophils in sputum and the airways, which is mediated
by the secretion of interleukins IL-6, IL-8 and IL-17A [24-26]. Of particular importance is IL-17, which regulates
neutrophilic inflammation in asthma, while in COPD it stimulates the secretion of matrix metallopeptidase-9 (MMP-9)
by the macrophages [26,27]. In another study conducted among 2 groups of asthmatic patients - smokers and
nonsmokers, bronchial infiltration with CD8+ T cells, macrophages and epithelial remodelling was found in the first
group, similar to that in COPD in contrast to the second group, and therefore CD8+ T cells and macrophages can be
considered the dominant inflammatory cells in smokers with asthma [28].

High serum IgE levels are characteristic of asthma, but they are also found in COPD patients with allergic sensitization
[29]. The use of tobacco products also leads to an increase of total serum IgE levels. In patients with ACO high levels of
IgE and signs of Th2-type inflammation with its characteristic tissue and peripheral eosinophilia, bronchial
hyperreactivity and good response to ICS treatment are found [30-32]. Thus, ACO is characterized as a complex tangle
of pathogenetic pathways characteristic of both asthma and COPD, rather than a mechanistic sum of the two diseases.
(Fig. 1, table 1.)
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Figure 1 Comparison of the inflammatory mechanisms of asthma and COPD.

Severe asthma represents a particular phenotypic manifestation of the disease that remains uncontrolled despite
adherence to optimal high-dose ICS/LABA therapy and control of contributing factors, or that becomes uncontrolled
when high-dose therapy is reduced [5]. This definition is more general than the one used since 2018 according to which
severe asthma is a condition requiring treatment as defined in steps 4 and 5 of the GINA guidelines, i.e. with a high-dose
ICS/LABA to prevent it from becoming uncontrolled, or asthma that remains uncontrolled despite this treatment [12].
Severe asthma closely resembles ACO in terms of clinical course and therapeutic approach - patients are symptomatic,
with low lung function (fixed airflow obstruction), with frequent episodes of exacerbations, with partial response to ICS
treatment, their treatment includes the main inhaler groups of medications used both for the treatment of asthma and
COPD - ICS, LABA, anticholinergics [5]. In pathogenetic terms, similarities with ACO are also found.
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Table 1. Pathogenetic comparison among COPD, asthma, ACO, and severe asthma. Legend: Il - inteleukin; IFN-y -
interferon gamma; TNF-a - tumour necrosis factor alpha; Th - T-helper cell; + - present; ++ - moderate presence; +++ -
pronounced presence

Asthma COPD ACO Severe
asthma
Inflammation | Type 2 Type 1 Type 1 predominantly; Type 2 in | Type 2
eosinophilic patients
Cells Eosinophils, CD4/CDs, Th1, | both Eosinophils,
Th2 macrophages Th2
IgE +++ + in exacerbators ++ +++
Cytokins 1I- 1I-13,2,6,9,17a, IFN- | 11-5,6,8,13,17A 11-4,5,13,17
4,5,6,9,13,17 Y, TNF-a
TSLP +++ + ++ +++

Severe asthma is characterized by the development of Th2-type inflammation with the typical high levels of serum IgE,
peripheral and tissue Eo, IL-4 IL-5 and IL-13 [33-36]. However, similar to ACO, Th1-type inflammation mediated by IL-
17 can be observed in severe asthma, especially in patients with late-onset asthma [37-40]. On its turn, IL-17 induces
bronchial smooth muscle cells (SMCs) contraction, thereby inducing bronchial hyperresponsiveness in the absence of
neutrophilic inflammation [41]. On the other hand, Th17 cytokine production is resistant to inhibition by steroids, which
explains why neutrophilic inflammation driven by Th17 cells is the pathomorphological correlation to steroid-resistant
asthma [37]. Some studies have found an association between Th17 cell-dominated asthma and tumour TNF-a - its
pulmonary and systemic levels are increased in patients with steroid-resistant asthma [40,42].

The sharing of some pathogenetic mechanisms between asthma, COPD, ACO and severe asthma raises the question are
there connecting or distinctive elements between these conditions?

In 2018 Wang et al. published a study with 423 patients (147 with COPD, 124 with asthma, 102 with ACO, and 50 healthy
nonsmokers) in which they investigated associations between plasma levels of biomarkers characteristic of asthma
(periostin, thymic stromal lipoprotein (TSLP), and YKL- 40), COPD (neutrophil gelatinase-associated lipocalin (NGAL)),
lung function, bronchodilator response and imaging changes. They have found that patients with ACO could be
distinguished from patients with COPD by high levels of YKL-40 and from patients with asthma by high levels of NGAL.
No statistically significant differences are found between the different groups regarding the levels of periostin and TSLP.
A negative correlation between YKL-40 levels and lung function and a positive correlation between emphysema
prevalence and NGAL levels are also noted. The level of peripheral Eo correlates positively with the level of TSLP, and
that of peripheral neutrophils with NGAL. According to Wang et al. the results obtained in their study defined ACO as an
intermediate condition between COPD and asthma [43].

In 2016 Korosec et al. publish a study involving 362 patients with asthma, 184 with COPD, 39 with ACO and 14 healthy
controls. They have found that the level of TSLP in the peripheral blood of patients with asthma and ACO is significantly
higher than that of patients with COPD, the results are marked with high specificity and sensitivity. According to Korosec
et al. TSLP deficiency in COPD patients is a marker of epithelial dysfunction [44]. This result suggests a role for TSLP as
a link between the pathogenesis of asthma and COPD in ACO.

In another study published in 2022 examining the genetic associations and architecture of ACO, John et al. have
highlighted a strong genetic correlation between ACO and COPD/pulmonary function and between ACO and asthma,
particularly moderate-severe asthma. The genetic correlation between peripheral blood Eo level and ACO is similar in
strength to that between Eo and asthma compared to that between Eo and FEV1/FVC and COPD [45]. As known from
the literature, increased Eo counts in peripheral blood are associated with exacerbations of asthma and COPD as well
as with a decline in lung function in non-asthmatic patients [46-49].

6. Role of airways smooth muscle cells

A main feature of the airways obstructive chronic diseases like COPD, asthma, ACO and severe asthma is the differently
expressed obstruction of the airflow due to spasm of the airways SMCs [4,5]. Thus, airways SMCs emerge as the main
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participants in the regulation of airways tissue homeostasis and in their remodelling which in turn develops in chronic
obstructive inflammatory diseases. Accumulation of SMCs as a result of hypertrophy and hyperplasia is an important
hallmark of asthma and COPD [50]. Airways SMCs react directly to various inhaled factors from the environment
(allergens, tobacco smoke, gases, dusts, pollutants) in an immune-dependent and immune-independent manner [51-
54]. Chronic immune inflammation underlying the pathogenesis of asthma and COPD triggers and maintains a vicious
cycle of tissue damage and repair leading to tissue remodelling [50].

7. Role of TSLP

Airways SMCs secrete, react with, and are regulated by various cytokines, especially TSLP [50]. It is an IL-7-like cytokine
(alarmin) secreted by the epithelial cells of the lungs, intestines, skin, as well as by fibroblasts, airways SMCs, mast cells,
macrophages, granulocytes, synovial fibroblasts, intervertebral disc cells and dendritic cells [55-62]. Its expression is
regulated by a number of factors such as mechanical damage, trauma, microorganisms, infection, pro-inflammatory and
Th2-type cytokines [63,64]. An interesting fact is that 1-2% cigarette smoke extract increased the basal expression of
TSLP by the airways SMCs, which proves the pathogenetic role of cigarette smoke in the development of inflammation
in the airways [65]. TSLP fulfils a number of functions - activates myeloid dendritic cells and triggers pro-allergic CD4+
and CD8+ immune responses, interacts synergistically with IL-1f and TNF-a to induce Th2-type cytokine and
chemokine expression in mast cells [56,66,67]. TSLP is expressed by airways SMCs in COPD, and the pro-inflammatory
cytokines IL-1B and TNF-a stimulate this expression [59,68]. In addition, IgE also induces TSLP expression by the
airways SMCs [69]. Thus, TSLP appears as a link in the interaction between mast cells and the airways SMCs [50]. The
TSLP produced by the airways SMCs is involved in the regulation of the local immune response through its interaction
with mast cells, Eo and dendritic cells located near the airways SMCs [56,66,70,71]. This is possible because airways
SMCs are a rich source of IL-8, express its receptors, produce eotaxin-1 and the proinflammatory IL-6. Furthermore, IL-
8 and eotaxin-1 are attractants for neutrophils and Eo respectively [72-75]. The activation of IL-8 receptors increases
intracellular Ca** concentration [76].
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Figure 2. Role of TSLP in the pathogenesis of asthma, IgE - immunoglobulin E, IL -
interleukin, ILC2 — type 2 innate lymphoid cells, T2 — T2 T-helper, TSLP - thymic stromal
lymphopoietin. From Parnes et al.*!

Figure 2 Asthma pathogenesis overview

As it has already been mentioned, the key inflammatory mediators in COPD are the cytokines IL-1f, TNF-a and
chemokine IL-8, whereas airways SMCs express TSLP significantly [59,77]. Although Th1-type cytokines predominate
in COPD, there is also a Th2-type immune response in the airways, especially in patients with chronic bronchitis [78].
This Th2 immune response is modulated by CD8+ T cells. TSLP stimulates dendritic cells to initiate activation of naive
CD8+ T cells by differentiating them into IL-5 producing cells [67]. In COPD, frequent bacterial/viral infections and
oxidative stress contribute to the enhanced expression of TSLP by the airways SMCs [58].
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In asthma, TSLP is a necessary and sufficient factor for the development of Th2-type inflammation in the airways, its
prolonged expression triggers allergic inflammation characterized by massive infiltration of inflammatory cells, goblet
cell hyperplasia, subepithelial fibrosis and elevated serum IgE levels [79].

The role of TSLP in the pathogenesis of severe asthma is best studied. Exogenous and endogenous irritants (allergens,
bacteria, viruses, fungi, cigarette smoke and other environmental pollutants, other cytokines) stimulate bronchial
epithelial cells to secrete TSLP, IL-33 and IL-25, which in turn triggers Th2-type inflammation [80]. TSLP activates naive
T-cells through dendritic cells as they differentiate into Th2 cells, which in turn begin to produce IL-4, IL-5, IL-13. Both
Eo and basophils are activated while production of specific antibodies and Th2-type inflammatory molecules begins.
Allergic Eo inflammation is triggered in the airways. TSLP interacts directly with innate type 2 lymphoid cells, causing
them to produce and secrete IL-13, thus allergic non-Eo inflammation develops in the airways. Direct interaction of
TSLP with mast cells underlies Th2-independent inflammation in the airways of patients with severe asthma [37,81-
84]. (Fig. 2)

8. Therapeutic options

The presence of common elements in the pathogenesis of asthma, COPD, ACO and severe asthma raises the question
about common or similar therapeutic approach. The therapies for asthma, severe asthma and COPD are well specified
in the relevant guidelines [4,5]. Although presented as a mechanical sum of asthma and COPD therapies, the therapeutic
management in ACO is also clarified [9,10]. The detection of TSLP in the sera of patients with asthma, COPD, severe
asthma and ACO points it out as a significant therapeutic target. The monoclonal antibody tezepelumab directed against
TSLP, tested in several phase Il and phase III clinical trials, has shown its effectiveness in patients with severe asthma -
achieving clinically significant, rapid and stable relief of patients from asthma exacerbations, regardless of its
phenotype. This includes patients with a low Eo level for whom there is no specific treatment [81]. Although about 40%
of patients with COPD have peripheral eosinophilia as well as other hallmarks of Th2-inflammation, the studies
conducted so far involving other biological drugs - mepolizumab, benrazlizumab, dupilomumab have not shown
promising results in patients with COPD. A phase II study for the action of tezepelumab is still ongoing, the results of
which are expected given the key role of the alarmin in the pathogenesis of obstructive pulmonary disease [85,86]. The
presence of signs of Th2- and Th1-type inflammation in ACO is a reason to expect a positive effect from the application
of biological medications used in severe asthma [14]. In 2024 new results from trials with biologics in COPD patients
with eosinophilic inflammation were presented at the European Respiratory Society Annual Congress in Vienna, Austria
[87]. According to the obtained data, the application of dupilomab, mepolizumab, tezepelumab and itipecimab leads to
a reduction of exacerbations rate, and to an improvement of the quality of life and the pulmonary function of patients,
which is dependent on the Eo level in the peripheral blood, especially at levels above 300 cells/pL blood. Officially,
dupilomab is the first biologic medication approved for the treatment of COPD [88-91].

9. Conclusion

Asthma, COPD, severe asthma and ACO share common risk factors for impaired lung function like tobacco smoking and
there are similar elements in their pathogenesis. Signes of both Th type 1 and 2 inflammation can be noticed in these
entities together with interaction of proinflammatory molecules and interleukins like TSLP, 11-17, 11-6, 11-8. The role of
SMCs for the bronchobstruction is emphasized. The similarity in the pathogenesis and the clinical course of these
medical conditions is a basis for developing of new common treatments

Compliance with ethical standards

Disclosure of conflict of interest

Both authors disclose no conflict of interest.

References

[1]  Postma DS, Weiss ST, van den Berge M, et al. Revisiting the Dutch hypothesis. J Allergy Clin Immunol 2015; 136:
521-529.doi:10.1016/j.jaci.2015.06.018

[2] Leung]M, Sin DD. Asthma-COPD overlap syndrome: pathogenesis, clinical features, and therapeutic targets. BMJ
2017; 358:j3772.d0i:10.1136/bmj.j3772

1359



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

World Journal of Advanced Research and Reviews, 2024, 24(03), 1354-1363

Dey S, Eapen MS, Chia C, et al. Pathogenesis, clinical features of asthma COPD overlap, and therapeutic modalities.
Am ] Physiol Lung Cell Mol Physiol 2022; 322: 64-83. do0i:10.1152/ajplung.00121.2021

Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease,
revised 2023, available at: www.goldcopd.org

Global Strategy for Asthma Management and Prevention 2022 (update), available at: www.ginasthma.org

Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease,
revised 2011, available at: www.goldcopd.org

Global Strategy for Asthma Management and Prevention 2010 (update), available at: www.ginasthma.org
Global Strategy for Asthma Management and Prevention 2014 (update), available at: www.ginasthma.org

Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease,
revised 2014, available at: www.goldcopd.org

Global Strategy for Asthma Management and Prevention 2017 (update), available at: www.ginasthma.org
Global Strategy for Asthma Management and Prevention 2008 (update), available at: www.ginasthma.org
Global Strategy for Asthma Management and Prevention 2018 (update), available at: www.ginasthma.org
Global Strategy for Asthma Management and Prevention 2019 (update), available at: www.ginasthma.org

Chen Y-C, Chang Y-P, Huang K-T, et al. Unraveling the Pathogenesis of Asthma and Chronic Obstructive
Pulmonary Disease Overlap: Focusing on Epigenetic Mechanisms. Cells 2022; 11: 1728. https://doi.org/10.3390/
cells11111728

Guo-Parke H, Linden D, Weldon S, et al. Mechanisms of Virus-Induced Airway Immunity Dysfunction in the
Pathogenesis of COPD Disease, Progression, and Exacerbation. Front Immunol 2020; 11: 1205

De Cunto G, Cavarra E, Bartalesi B, et al. Innate Immunity and Cell Surface Receptors in the Pathogenesis of COPD:
Insights from Mouse Smoking Models. Int | Chronic Obstr Pulm Dis 2020; 15: 1143-1154

Abu Khweek A, Kim E, Joldrichsen MR, at al. Insights Into Mucosal Innate Immune Responses in House Dust Mite-
Mediated Allergic Asthma. Front Immunol 2020; 11: 534501

Bu T, Wang LF, Yin YQ. How Do Innate Immune Cells Contribute to Airway Remodeling in COPD Progression? Int
J Chronic Obstr Pulm Dis 2020; 15: 107-116

Tu X, Donovan C, Kim RY, et al. Asthma-COPD overlap: Current understanding and the utility of experimental
models. Eur Respir Rev 2021; 30: 190185

Toyota H, Sugimoto N, Kobayashi K, et al. Comprehensive analysis of allergen-specific IgE in COPD: Mite-specific
IgE specifically related to the diagnosis of asthma-COPD overlap. Allergy Asthma Clin Immunol 2021; 17: 13

Fujino N, Sugiura H. ACO (Asthma-COPD Overlap) Is Independent from COPD, a Case in Favor: A Systematic
Review. Diagnostics 2021; 11: 859

Hikichi M, Hashimoto S, Gon Y. Asthma and COPD overlap pathophysiology of ACO. Allergol Int 2018; 67: 179-
186

de Llano LP, Cosio BG, Iglesias A, et al. Mixed Th2 and non-Th2 inflammatory pattern in the asthma-COPD overlap:
a network approach. Int ] Chron Obstruct Pulmon Dis 2018; 13: 591-601. doi:10.2147/COPD.S153694

Green RH, Brightling CE, Woltmann G, et al. Analysis of induced sputum in adults with asthma: identification of
subgroup with isolated sputum neutrophilia and poor response to inhaled corticosteroids. Thorax2002; 57: 875-
879. doi:10.1136/thorax.57.10.875

Qiu Y, Zhu ], Bandi V, et al. Biopsy neutrophilia, neutrophil chemokine and receptor gene expression in severe
exacerbations of chronic obstructive pulmonary disease. Am | Respir Crit Care Med 2003; 168: 968-975.
doi:10.1164 /rccm.200208-7940C

Siew LQC, Wu SY, Ying S, Corrigan CJ. Cigarette smoking increases bronchial mucosal IL-17A expression in
asthmatics, which acts in concert with environmental aeroallergens to engender neutrophilic inflammation. Clin
Exp Allergy 2017; 47: 740-750. d0i:10. 1111 /cea.12907

Mercer PF, Shute JK, Bhowmik A, et al. MMP-9, TIMP-1 and inflammatory cells in sputum from COPD patients
during exacerbation. Respir Res 2005; 6: 151. d0i:10.1186/1465-9921-6-151.

1360


http://www.goldcopd.org/
http://www.ginasthma.org/
http://www.goldcopd.org/
http://www.ginasthma.org/
http://www.ginasthma.org/
http://www.goldcopd.org/
http://www.ginasthma.org/
http://www.ginasthma.org/
http://www.ginasthma.org/
http://www.ginasthma.org/

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

World Journal of Advanced Research and Reviews, 2024, 24(03), 1354-1363

Ravensberg AJ, Slats AM, van Wetering S, et al. CD8(p) T cells characterize early smoking-related airway
pathology in patients with asthma. Respir Med 2013; 107: 959-966. doi:10.1016/j. rmed.2013.03.018

Itabashi S, Fukushima T, Aikawa T, et al. Allergic sensitization in elderly patients with chronic obstructive
pulmonary disease. Respiration 1990; 57: 384-388. d0i:10.1159/000195876

Kalinina EP, Denisenko YK, Vitkina TI, et al. The mechanisms of the regulation of immune response in patients
with comorbidity of chronic obstructive pulmonary disease and asthma. Can Respir | 2016: 4503267.
doi:10.1155/2016/4503267

Omenaas E, Bakke P, Elsayed S, et al. Total and specific serum IgE levels in adults: relationship to sex, age and
environmental factors. Clin Exp Allergy 1994; 24: 530-539. d0i:10.1111/j.1365-2222.1994.tb00950.x

Christenson SA, Steiling K, van den Berge M, et al. Asthma-COPD overlap. Clinical relevance of genomic signatures
of type 2 inflammation in chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2015; 191: 758-766.
doi:10.1164 /rccm.201408-14580C

Lotvall ], Akdis CA,Leonard B. Bacharier LB, et al. Asthma endotypes: A new approach to classification of disease
entities within the asthma syndrome. J Allergy Clin Immunol 2011; do0i:10.1016/j.jaci.2010.11.037

Woodruff PG, et al. T-helper type 2-driven inflammation defines major subphenotypes of asthma. Am J Respir Crit
Care Med 2009; 180: 388-395

Woodruff PG, et al. Genome-wide profiling identifies epithelial cell genes associated with asthma and with
treatment response to corticosteroids. Proc Natl Acad Sci USA 2007; 104: 15858-15863

Cheng D, et al. Epithelial interleukin-25 is a key mediator in TH2-high, corticosteroid-responsive asthma. Am ]
Respir Crit Care Med 2014; 190: 639-648

Lambrecht BN, Hammad H. The immunology of Asthma. Nat Immunol 2015; 16(1): 45-56

McKinley L, et al. TH17 cells mediate steroid-resistant airway inflammation and airway hyperresponsiveness in
mice. ] Immunol 2008; 181: 4089-4097

Shaw DE, et al. Association between neutrophilic airway inflammation and airflow limitation in adults with
asthma. Chest 2007; 132: 1871-1875

Manni ML, et al. The complex relationship between inflammation and lung function in severe asthma. Mucosal
Immunol 2014; 7: 1186-1198

Kudo M, et al. IL-17A produced by of T cells drives airway hyper-responsiveness in mice and enhances mouse
and human airway smooth muscle contraction. Nat Med 2012; 18: 547-554

Berry MA, et al. Evidence of a role of tumor necrosis factor a in refractory asthma. N Engl ] Med 2006; 354: 697-
708

Wang |, Luo Z, Mou S, et al. Plasma YKL-40 and NGAL are useful in distinguishing ACO from asthma and COPD.
Respiratory Research 2018; 19: 47. https://doi.org/10.1186/s12931-018-0755-6

Korosec P, Korn S, Skrgat S, et al. TSLP in Patients with Asthma, COPD and ACOS. Am J Resp Crit Care Med 2016;
193: A1008

John C, Guatt AL., Shrine N, et al. Genetic Associations and Architecture of Asthma-COPD Overlap. Chest 2022;
161(5): 1155-1166. DOI: https://doi.org/10.1016/j.chest.2021.12.674

Zeiger RS, Schatz M, Li Q, et al. High blood eosinophil count is a risk factor for future asthma exacerbations in
adult persistent asthma. J Allergy Clin Immunol Pract 2014; 2(6): 741-750

Price D, Wilson AM, Chisholm A, et al. Predicting frequent asthma exacerbations using blood eosinophil count
and other patient data routinely available in clinical practice. ] Asthma Allergy 2016; 9: 1-12

Siva R, Green RH, Brightling CE, et al. Eosinophilic airway inflammation and exacerbations of COPD: a randomised
controlled trial. Eur Respir ] 2007; 29(5): 906-913

Hancox R], Pavord ID, Sears MR. Associations between blood eosinophils and decline in lung function among
adults with and without asthma. Eur Respir ] 2018; 51(4): 1702536

Redhu NS, Gounni AS. Function and mechanisms of TSLP/TSLPR complex in asthma and COPD. Clin Exp Allergy
2011;1-12.doi: 10.1111/j.1365-2222.2011.03919.x

1361



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

World Journal of Advanced Research and Reviews, 2024, 24(03), 1354-1363

Gounni AS, Wellemans V, Yang | et al. Human airway smooth muscle cells express the high affinity receptor for
IgE (Fc epsilon RI): a critical role of Fc epsilon RI in human airway smooth muscle cell function. / Immunol 2005;
175:2613-21

Hakonarson H, Grunstein MM. Autologously up-regulated Fc receptor expression and action in airway smooth
muscle mediates its altered responsiveness in the atopic asthmatic sensitized state. Proc Natl Acad Sci USA 1998;
95:5257-62

Redhu NS, Saleh A, Shan L et al. Proinflammatory and Th2 cytokines regulate the high affinity IgE receptor
(FcepsilonRI) and IgE-dependant activation of human airway smooth muscle cells. PLoS ONE 2009; 4: e6153

Roth M, Tamm M. Airway smooth muscle cells directly respond to inhaled environmental factors. Swiss Med Wkly
2010; 140: w13066

Allakhverdi Z, Comeau MR, Jessup HK, Delespesse G. Thymic stromal lymphopoietin as a mediator of crosstalk
between bronchial smooth muscles and mast cells. ] Allergy Clin Immunol 2009; 123: 958-60, e952

Allakhverdi Z, Comeau MR, Jessup HK et al. Thymic stromal lymphopoietin is released by human epithelial cells
in response to microbes, trauma, or inflammation and potently activates mast cells. ] Exp Med 2007; 204: 253-8

Lee HC, Ziegler SF. Inducible expression of the proallergic cytokine thymic stromal lymphopoietin in airway
epithelial cells is controlled by NFkappaB. Proc Natl Acad Sci USA 2007; 104: 914-9

Ying S, O’Connor B, Ratoff | et al. Expression and cellular provenance of thymic stromal lymphopoietin and
chemokines in patients with severe asthma and chronic obstructive pulmonary disease. ] Immunol 2008; 181:
2790-8

Zhang K, Shan L, Rahman MS, et al. Constitutive and inducible thymic stromal lymphopoietin expression in human
airway smooth muscle cells: role in chronic obstructive pulmonary disease. Am J Physiol Lung Cell Mol Physiol
2007; 293: L375-82

Ying S, O’Connor B, Ratoff] et al. Thymic stromal lymphopoietin expression is increased in asthmatic airways and
correlates with expression of Th2-attracting chemokines and disease severity. ] Immunol 2005; 174: 8183-90

Ohba T, Haro H, Ando T et al. A potential role of thymic stromal lymphopoietin in the recruitment of macrophages
to mouse intervertebral disc cells via monocyte chemotactic protein 1 induction: implications for herniated discs.
Arthritis Rheum 2008; 58: 3510-9

Kashyap M, Rochman Y, Spolski R, et al. Thymic stromal lymphopoietin is produced by dendritic cells. ] Immunol
2011; 187:1207-11

He R, Geha RS. Thymic stromal lymphopoietin. Ann NY Acad Sci 2010; 1183: 13-24

Oyoshi MK, Larson RP, Ziegler SF, Geha RS. Mechanical injury polarizes skin dendritic cells to elicit a T(H)2
response by inducing cutaneous thymic stromal lymphopoietin expression. J Allergy Clin Immunol 2010; 126:
976-84, €975

Smelter DF, Sathish V, Thompson MA, et al. Thymic stromal lymphopoietin in cigarette smoke-exposed human
airway smooth muscle. ] Immunol 2010; 185: 3035-40

Soumelis V, Reche PA, Kanzler H et al. Human epithelial cells trigger dendritic cell mediated allergic inflammation
by producing TSLP. Nat Immunol 2002; 3: 673-80

Gilliet M, Soumelis V, Watanabe N et al. Human dendritic cells activated by TSLP and CD40L induce proallergic
cytotoxic T cells. J Exp Med 2003; 197: 1059-63

Redhu NS, Saleh A, Halayko A], et al. Essential role of NFkappaB and AP-1 transcription factors in TNF-alpha-
induced TSLP expression in human airway smooth muscle cells. Am J Physiol Lung Cell Mol Physiol 2010; 300:
L479-85

Redhu NS, Saleh A, Lee HC, et al. IgE induces transcriptional regulation of thymic stromal lymphopoietin in human
airway smooth muscle cells. ] Allergy Clin Immunol 2011; 128: 892- 6, e892

Brightling CE, Bradding P, Symon FA, et al. Mast-cell infiltration of airway smooth muscle in asthma. N Engl ] Med
2002; 346: 1699-705

Wong CK, Hu S, Cheung PF, Lam CW. Thymic stromal lymphopoietin induces chemotactic and prosurvival effects
in eosinophils: implications in allergic inflammation. Am J Respir Cell Mol Biol 2009; 43: 305-15

1362



[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

World Journal of Advanced Research and Reviews, 2024, 24(03), 1354-1363

Rahman MS, Yamasaki A, Yang ], et al. IL-17A induces eotaxin-1/CC chemokine ligand 11 expression in human
airway smooth muscle cells: role of MAPK (Erk1/2, JNK, and p38) pathways. ] Immunol 2006; 177: 4064-71

Joubert P, Lajoie-Kadoch S, Labonte I et al. CCR3 expression and function in asthmatic airway smooth muscle
cells. ] Immunol 2005; 175: 2702-8

Lahiri T, Laporte ]D, Moore PE, et al. Interleukin-6 family cytokines: signaling and effects in human airway smooth
muscle cells. Am J Physiol Lung Cell Mol Physiol 2001; 280: L1225-32

Shan L, Redhu NS, Saleh A, et al. Thymic stromal lymphopoietin receptor-mediated IL-6 and CC/CXC chemokines
expression in human airway smooth muscle cells: role of MAPKs (ERK1/2, p38, and JNK) and STAT3 pathways. /
Immunol 2010; 184: 7134-43

Govindaraju V, Michoud MC, Al-Chalabi M, et al. Interleukin-8: novel roles in human airway smooth muscle cell
contraction and migration. Am J Physiol Cell Physiol 2006; 291: C957- 65

Fabbri LM, Luppi F, Beghe B, Rabe KF. Update in chronic obstructive pulmonary disease 2005. Am J Respir Crit
Care Med 2006; 173: 1056-65

Miotto D, Ruggieri MP, Boschetto P et al. Interleukin-13 and -4 expression in the central airways of smokers with
chronic bronchitis. Eur Respir ] 2003; 22: 602-8

Zhou B, Comeau MR, De Smedt T et al. Thymic stromal lymphopoietin as a key initiator of allergic airway
inflammation in mice. Nat Immunol 2005; 6: 1047-53

Barnes, P.]. Targeting cytokines to treat asthma and chronic obstructive pulmonary disease. Nat Rev Immunol
2018; 18: 454-466

Parnes ]R, Molfino NA, Colice G, et al. Targeting TSLP in Asthma. ] Asthma Allergy 2022; 15: 749-765

Gauvreau GM, Sehmi R, Ambrose CS, Griffiths JM. Thymic stromal lymphopoietin: its role and potential as a
therapeutic  target in  asthma. Expert Opin  Ther  Targets 2020;  24(8): 777-792.
doi:10.1080/14728222.2020.1783242

Brusselle GG, Maes T, Bracke KR. Eosinophils in the spotlight: eosinophilic airway inflammation in nonallergic
asthma. Nat Med 2013; 19 (8): 977-979. d0i:10.1038/nm.3300

Brusselle G, Bracke K. Targeting immune pathways for therapy in asthma and chronic obstructive pulmonary
disease. Ann Am Thorac Soc 2014; 11 (Suppl 5): S322-S328. d0i:10.1513/AnnalsATS.201403-118AW

Choi JY, Kim T-H, Kang S-Y, et al. Association between Serum Levels of Interleukin-25/Thymic Stromal
Lymphopoietin and the Risk of Exacerbation of Chronic Obstructive Pulmonary Disease. Biomolecules 2023; 13:
564. https://doi.org/10.3390/biom13030564

Fieldes M, Bourguignon C, Assou S, et al. Targeted therapy in eosinophilic chronic obstructive pulmonary disease.
ERJ Open Res 2021; 7: 00437-2020. https://doi.org/10.1183/ 23120541.00437-2020

ERS Annual Congress, Viena, Austria, 8-13 Sep 2024: Session ID 254: Implementing new strategies and
treatments in asthma and chronic obstructive pulmonary disease

Bhatt SP, Rabe KF, Hanania NA, et al. Dupilumab for COPD with Type 2 Inflammation Indicated by Eosinophil
Counts. N Engl ] Med 2023; 389: 205-14; DOI: 10.1056/NE]JM0a2303951

Pavord ID, Chanez P, Criner GJ, et al. Mepolizumab for Eosinophilic Chronic Obstructive Pulmonary Disease. N
Engl] Med 2017;377: 1613-29; DOI: 10.1056/NE]JMo0a1708208

Singh D, et al. Tezepelumab in adults with moderate to very severe chronic obstructive pulmonary disease
(COPD): efficacy and safety from the phase 2a COURSE study. American Thoracic Society (ATS) 2024. May 2024;
available at: https://site.thoracic.org/about-us/news/2024-international-conference-press-release/the-potential-of-
tezepelumab-to-play-a-role-in-the-future-treatment-of-chronic-obstructive-pulmonary-disease

Rabe KF, Celli BR, Wechsler ME, et al. Safety and efficacy of itepekimab in patients with moderate-to-severe COPD:
a genetic association study and randomised, double-blind, phase 2a trial. Lancet Respir Med 2021;
doi.org/10.1016/ S2213-2600(21)00167-3

1363


https://site.thoracic.org/about-us/news/2024-international-conference-press-release/the-potential-of-tezepelumab-to-play-a-role-in-the-future-treatment-of-chronic-obstructive-pulmonary-disease
https://site.thoracic.org/about-us/news/2024-international-conference-press-release/the-potential-of-tezepelumab-to-play-a-role-in-the-future-treatment-of-chronic-obstructive-pulmonary-disease

