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Abstract: It is a heterogeneous chronic airway disease with an inflammatory cycle of persistent
infection with impaired mucociliary clearance, dysregulated host immunity and structural airway
damage. Biomarkers can offer a biological dimension of information that enhances the clinical,
microbiology, pulmonary function and radiology information. The aim of this review is to emphasis
the current evidence on inflammatory and oxidative stress biomarkers in bronchiectasis, including
their biological compartments, association with clinical parameters, potential limitations and uses
in precision medicine. The most well-established biological process is the neutrophil dominated
inflammation, which is represented by the presence of neutrophil extracellular traps, sputum
myeloperoxidase, myeloperoxidase, matrix metalloproteinases and inflammatory cytokines in the
sputum [1-4,8-12]. Systemic markers such as C-Reactive protein and fibrinogen could be useful to
obtain a readily available measure of disease activity and risk of exacerbation but are not specific
[13-16]. Oxidative stress can also be measured, by increases in lipid peroxidation and ROS
production and decreases in antioxidant defenses [21,22]. Notably, type 2 inflammatory and
eosinophilic endotypes have been identified in a clinically meaningful proportion and neutrophilic
markers are not able to represent bronchiectasis [28,29]. New proteomic, microbiome,
transcriptomic, and composite biomarker approaches might prove to be more effective for
endotyping and treatment selection [30-35]. Further studies are warranted including: longitudinal
validation, standard assays, clinically relevant thresholds and combining biomarkers with treatable
traits (rather than using laboratory assays alone).

Keywords: bronchiectasis; biomarkers; neutrophilic inflammation; oxidative stress; neutrophil
elastase

1. Introduction

Bronchiectasis is defined as a persistent dilatation of the bronchi which is
accompanied by chronic cough, sputum formation, recurrent respiratory infections, and
differing amounts of lung function compromise. Current models of the disease have the
disease in a “vicious vortex” where impaired mucous clearance allows for the persistence
of microorganisms that lead to infection, which in turn leads to inflammation, which leads
to progressive airway injury, which leads to more impaired mucous clearance [1], [2], [3],
[4]], [5], [6], [7] (Figure 1). These results support this concept, which implies that there is
significant variation in clinical symptoms, exacerbation rate, microbiological profile, and
functional deterioration rate among patients with CT appearances similar to the one
studied. Disease severity is therefore multidimensional, and disease severity tools such as
the Bronchiectasis Severity Index (BSI) and FACED score do not only include biological
measurements, but also other clinical, functional, microbiological and radiological
parameters [1], [2].
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This is because conventional clinical parameters are not sufficient to represent disease
activity and inflammatory endotype, resulting in the use of biomarkers. The most
convincing evidence is that neutrophilic airway inflammation is linked to the level of the
enzyme, neutrophil elastase (NE), which has been linked to exacerbation and lung-
function decline, and disease severity [8], [9], [10]. However, proteins relevant to the acute
phase, cytokines, matrix-degrading enzymes, oxidative stress products, eosinophilic
markers and emerging omics-derived signatures might be addressing different facets of
inflammation, which is biologically heterogeneous [11], [12], [13], [14], [15], [16]. The
objective of this review is to summarize the current knowledge on inflammatory/oxidative
stress markers in bronchiectasis and propose areas where these markers can move from
descriptive towards clinical application as precision markers.
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Figure 1. The bronchiectasis “vicious vortex” linking impaired mucociliary
clearance, persistent infection, neutrophilic inflammation, oxidative/proteolytic injury,
and structural airway damage.

2. Materials and Methods

This study employed a narrative review approach to synthesize the current evidence
regarding inflammatory and oxidative stress biomarkers in bronchiectasis. Relevant peer-
reviewed literature was evaluated with particular emphasis on studies addressing the
biological mechanisms of neutrophilic inflammation, protease—antiprotease imbalance,
oxidative stress, airway and systemic inflammatory biomarkers, eosinophilic and mixed
inflammatory endotypes, airway microbiology, and emerging multi-omics approaches.
The reviewed evidence included observational studies, prospective cohorts, randomized
clinical trials, registry-based studies, clinical reviews, and molecular investigations
relevant to bronchiectasis. Biomarkers of particular interest included sputum neutrophil
elastase, neutrophil extracellular traps, myeloperoxidase, matrix metalloproteinases,
inflammatory cytokines, C-reactive protein, fibrinogen, eosinophil-related markers, and
oxidative stress indicators such as malondialdehyde, lipid-peroxidation products,
reactive oxygen species, glutathione, superoxide dismutase, catalase, and total
antioxidant capacity. The evidence was synthesized thematically according to biomarker
compartment, underlying biological pathway, association with disease severity and
exacerbation, treatment responsiveness, and potential clinical applicability. Particular
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attention was also given to methodological limitations, including pre-analytical
variability, differences in assay platforms, lack of standardized thresholds, and
heterogeneity among patient populations. Because this review was based exclusively on
previously published studies and did not involve direct recruitment of human
participants or collection of identifiable patient information, ethical approval and
informed consent were not required.

3. Results
3.1 Biological Basis of Inflammation and Oxidative Stress
3.1.1 The neutrophil-centered inflammatory response

Clinically significant bronchiectasis is characterized by a predominant neutrophilic
inflammation. Microbial stimulation, epithelial signaling and chemokine release leads to
the recruitment and activation of neutrophils in the airways. IL-8/CXCL8 is a known
neutrophil chemoattractant in bronchiectatic sputum and other mediators such as IL-13,
IL-6 and TNF-a enhance inflammatory signaling both locally and systemically (Figure 2)
[17], [18], [19], [20]. Activated neutrophils produce serine proteases such as NE, cathepsin
G and proteinase 3, in addition to the myeloperoxidase and reactive oxygen species. If the
activity of protease is greater than that of the antiprotease, then the property of the
epithelial structures, extracellular matrix and mucus can be changed [8], [9], [10], [21, [22],
[23], [24].

NE is especially relevant in terms of its association with clinical outcomes and
inflammation. In prospective cohorts, increased sputum NE activity has been linked to
increased bronchiectasis severity scores, exacerbation frequency, radiological extent and
accelerated FEV1 loss rates [8]. NE also increases during exacerbations and can decrease
after antibiotic therapy, suggesting that it is a dynamic parameter, and not simply a static
disease feature [8], [9]. Another way that activated neutrophils play a role in mucous
plugging and chronic inflammation is via NET formation. A higher NET burden has been
correlated with increased disease severity, and may affect antibiotic responsiveness [11].
The results indicate that the numbers of neutrophils is not enough; the functional state
and products of neutrophils may be more informative.
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Figure 2. Neutrophil and Systemic inflammatory response

3.1.2 Protease-antiprotease imbalance and airway remodeling
A protease activity is a link between inflammation and permanent damage. NE and
other neutrophil serine proteases cleave the ECM proteins and affect the function of

Central Asian Journal of Medical and Natural Science 2026, 7(4), 567-578 https://cajmns.casjournal.org/index.php/CAJMNS



570

epithelial cells, host defense mechanisms and can increase mucus viscosity. Furthermore,
the presence of increased levels of the matrix metalloproteinases (MMP-8 and MMP-9) in
the sputum of bronchiectasis patients relates to the radiological severity, lung-function
deficits and exacerbation risk of bronchiectasis [23]. Such enzymes are part of a complex
protease—antiprotease system that includes endogenous antiproteases, including
secretory leukocyte protease inhibitor (SLPI) (Figure 3). The biological consequence is not
only a function of the concentration but rather depends on the ratio of proteases to
protective mechanisms [25], [26], [27], [28].

This pathway has been confirmed clinically by therapeutic studies. Biological
pathways (defined by biomarkers) are important and can be a therapeutic target: In
randomized trials, the DPP-1 inhibitor brensocatib led to a reduction in exacerbations and
sputum NE activity [29], [30]. The relationship of suppression of the biomarkers with
long-term structural preservation is not completely clear, however. Future research is
therefore required to evaluate the ability of serial measurements of proteases to predict
patients who are most likely to progress and whether changes in protease activity are

associated with clinical improvement.
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Figure 3. Major inflammatory pathways generating candidate biomarkers in
bronchiectasis.

3.1.3. Inflammatory Biomarkers: Current Evidence
3.1.3.1. Airway biomarkers

The concept of airway biomarkers is thus substantially more advantageous because
they are measured near the site of disease. The most well-documented candidate and
associated with exacerbation, severity, lung-function decline, and microbiological
features is sputum NE [8-10]. These are complementary to each other as they give
information on extracellular matrix remodeling (ECMR) (MMP-8 and MMP-9) and
neutrophil activation and oxidant generation (MPO). Cytokines present in sputum,
including IL-1B, IL-6, IL-8 and TNF-a, can be used to provide information about
inflammatory signaling but may be influenced by sampling technique, dilution, the
presence of infection and by the method of assay [17], [18], [19], [20].

The neutrophil-derived proteins such as calprotectin are attractive due to their
potential for being more stable than some soluble cytokines, however there is a lack of
sufficient standardization for clinical thresholds. Recent studies of airway IL-1f3 indicate
that it is linked to the severity of the disease, characteristics of mucus, and mucociliary
function, which is consistent with the idea that biomarkers reflect certain biological
processes and not just “inflammation” [19]. The biggest drawback of sputum biomarkers
is their practicality, the fact that sputum may not be spontaneously or inducibly obtained
in certain patients or that the processing conditions can significantly affect the outcome of
the test. Hence, the biomarkers in the airways are of special interest for research
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stratification and therapeutic trials, whereas blood-based biomarkers can be used more
for routine longitudinal monitoring.
3.1.3.2. Systemic inflammatory biomarkers

Blood biomarkers are desirable because they are easily incorporated into the standard
health care system, they are easily replicated, and they are inexpensive. In registry studies,
higher levels in baseline C-reactive protein (CRP) have been linked to subsequent severe
exacerbations [14], [15] and are a sign of systemic inflammatory activity. Fibrinogen has
also been found to have consistent associations with severity of disease, Pseudomonas
aeruginosa colonisation, and poor health status and risk of exacerbation in the future [13],
[16]. However, other circulating cytokines, such as tumour necrosis factor (TNF-a) can be
used to differentiate inflammatory phenotypes, but their clinical value is limited because
of biological variation and lack of validated decision thresholds [20].

The results of this study suggest systemic biomarkers can be useful, but in a non-
specific manner. A raised CRP or fibrinogen level may be a result of other inflammatory
factors (not necessarily the activity of bronchiectasis) — these include smoking, obesity,
auto-immune disease, and/or activity of another comorbidity. Recent developments have
been the use of composite measures (e.g. CRP/albumin-related measures and
fibrinogen/FeNO) that combine complementary signals that can provide greater
biological resolution than a single measure [15], [16]. However, composite biomarkers
need to be externally validated, collected under standard circumstances and have
demonstrated to modify clinical decisions, and not simply correlate with severity scores.
3.1.4. Oxidative Stress Biomarkers and Redox Biology

Oxidative stress is emerging as an important element of the biology of bronchiectasis
(Figure 4). Respiratory burst (and myeloperoxidase dependent) pathways by activated
neutrophils and the overwhelming of epithelial and systemic antioxidant systems during
inflammatory and infectious processes contribute to the production of reactive oxygen
species. In bronchiectasis adults, a decrease in total antioxidant capacity and superoxide
dismutase activity and increase in superoxide and hydrogen peroxide has been shown
when compared with healthy adult controls [21]. These findings corroborate a condition
of redox imbalance and not just of a single oxidative product.

Oxidative stress biomarkers which are potential candidates are malondialdehyde,
lipid-peroxidation and its products, 8-isoprostanes, intracellular reactive oxygen species,
glutathione status, superoxide dismutase, catalase and total antioxidant capacity [21], [22].
Exhaled breath condensate (EBC) can be used as a non-invasive method to quantify
oxidative products but pre analytical issues and low concentration of analytes make the
practical use of EBC in clinical routine more challenging [22]. Glutathione is especially
important as it is involved in epithelia antioxidant defense and redox signaling. Oxidative
injuring can further increase the harm caused by proteases on epithelial function, affecting
the cilia function and integrity of the epithelial barrier, thus establishing a positive
feedback loop between infection and inflammation.

Although possible, oxidative stress biomarkers are less clinically advanced than NE.
The results obtained from different analytical platforms, different handling of samples,
and different definitions of oxidative stress make it difficult to compare the results from
different studies. Perhaps the best approach that can be used in the future is to use a redox
panel consisting of oxidant products and antioxidant capacity instead of just one oxidative
marker.
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Figure 4. Oxidative stress—antioxidant imbalance in bronchiectasis and its potential
consequences for airway injury.

3.1.5. Biomarker Heterogeneity, Endotypes, and Clinical Interpretation
3.1.5.1. Neutrophilic and eosinophilic endotypes

While the most common type is neutrophilic inflammation, there is no single
immunopathology of bronchiectasis. Patients with allergic bronchopulmonary
aspergillosis (ABPA) and/or other associated diseases, such as asthma, typically have
blood or sputum eosinophilia, features of type 2 inflammation, and are a clinically useful
subpopulation (Figure 5) [28], [29]. Blood eosinophils that can be accessed, but are not as
reflective. The use of FeNO may give additional information about epithelial type 2
signaling, but is influenced by atopy, corticosteroid use, smoking and infection [28], [29].
This is relevant, as a neutrophil-only biomarker panel could underestimate the patients
with eosinophilic or mixed inflammation.

Recent research has suggested that adaptive immune pathways are also involved in
inflammatory heterogeny. The balance of T-helper cells/airway microbiome-host
immunity, IL-17 signaling [12], [29] may be involved in persistent inflammation.
Therefore, biomarkers are not necessarily indicators of disease severity but rather are
indicators of endotype. A marker must be “high” but it must also be a marker of a
biological pathway and it must be stable over time and be able to predict the response to
a treatment.
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Figure 5. Biomarker compartments and the biological information they may provide in
bronchiectasis
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3.1.5.2. Microbiology and inflammation as interacting biomarkers

The most clinically important other bacteria associated with bronchiectasis are P.
aeruginosa, which has been associated with increased disease burden, exacerbations, and
increased hospitalization and mortality [25], [26]. Importantly, infection and
inflammation are not a completely independent process. Dominance of P. aeruginosa is
associated with increased neutrophilic activity, a decrease in microbial diversity and an
increase in NE activity [10], [27]. This is in line with the concept of host-microbe
biomarkers in which microbial composition and inflammatory response are taken into
consideration.

More specifically, the concept of 'microbiome’ applies, in that only a small proportion
of the airway microbiome can be detected by standard culture methods. Studies
conducted through sequencing have revealed associations between decreased microbial
diversity, pathogens dominance and disrupted microbial networks and inflammatory
phenotypes [27][30], [31], [32], [33], [34]. The majority of the available evidence, however,
is observational only and correlations are not proof of cause-and-effect. Therefore, the
development of biomarkers should focus on an approach of longitudinal sampling to
identify microbiome shifts that happen before, after or at the same time that inflammatory
activation occurs during exacerbations.

3.1.6. Clinical Utility, Therapeutic Response, and Current Limitations

However, clinical utility is the final measure of the utility of a biomarker not just
statistical association (Figure 6). The ideal bronchiectasis biomarker should be analytically
reliable, biologically plausible, sensitive to disease change, linked to clinically meaningful
outcomes and useful for treatment selection or monitoring [30], [31], [32]. NE is most
closely associated to this concept as it has also been linked to disease severity and
exacerbation risk, and has been included in clinical trials of targeted neutrophil therapies
[8], [35], [36], [37]. In addition to this, markers of oxidative stress are more easily accessed
but less specific, while CRP and fibrinogen are mainly research tools [13], [14], [15], [16],
[21], [22].

A recent example of therapeutic development that demonstrates the impact of
biomarker biology on the clinical approach is the development of Aprepitant, a selective,
selective neurokinin 1 receptor antagonist (NK-1). Brensocatib is an inhibitor of the
neutrophil-protease pathway, and the WILLOW and ASPEN trials showed that inhibiting
activation of neutrophil serine protease reduces exacerbation burden, which is a biological
indication of the relevance of the neutrophil-protease pathway [36], [37]. Long-term
antibiotic trials also show that the microbiological phenotype has an impact on treatment
choices, especially when the infection is chronic with P. aeruginosa infection [38], [39],
[40]. But response to treatment is seldom governed by one biomarker. History,
microbiology, lung function, symptoms, imaging, comorbidities and inflammatory
phenotype need to be taken into account.

Pre-analytical variability and a lack of universally agreed standards for thresholds,
definition of stable disease and exacerbation, variability in assay platforms and limited
representation of diverse populations are all major limitations. Numerous biomarkers are
well correlated with the cross-sectional clinical scores, but have limited incremental value
above the established clinical scores. Future research studies should thus be designed to
determine whether the use of biomarkers to guide treatment decisions is associated with
better patient outcomes, fewer exacerbations or identification of patient responders to
targeted therapies.
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Figure 6. Conceptual transition from single biomarkers to composite and multi-omic
precision-medicine signatures.

3.1.7. Future Perspectives

A new era of bronchiectasis biomarker initiatives is likely to progress from individual
markers to biological "signatures. Interactions that cannot be represented by a single
inflammatory protein can be captured by multi-omics approaches such as the proteomics,
microbiome sequencing, transcriptomics and metabolomics [30-35]. Molecular profiling,
by proteomic analyses of the bronchoalveolar lavage (BAL) fluid from exacerbations in
recent years, has shown coordinated changes in epithelial and epithelial derived
pathways related to neutrophil degranulation and in host-defense pathways, supporting
the potential of molecular profiling to define exacerbation disease state [34]. The key is
creating large panels of molecular information in a small format that can be measured
from within the standard clinical laboratory.

It is also necessary to do longitudinal sampling. Biomarkers should be used to identify
those that indicate changes that lead to clinical deterioration versus those that only reflect
the rise in inflammation when used in stable disease, early exacerbation, treatment, and
recovery. International validation is required and validation across ethnicities and
aetiologies and with other comorbid conditions. Biomarker trials must be accompanied
by standardized sample collection and assay calibration in order to be able to compare
thresholds between labs in the future.

A future model would utilize the structural phenotype from the MRI, the clinical
history, the microbiology, blood inflammatory markers, the protease activity of the
sputum and some of the omics signals. This composite could be used to differentiate
neutrophilic and/or eosinophilic and/or mixed endotypes; to provide a risk stratification
for exacerbation; and to lead pathway-based treatment. Importantly, health-economic and
implementation outcomes should be included in the development of biomarkers; a
biomarker that is biologically valid is not very useful if it is not available, is too expensive
or does not change clinical practice.

4. Discussion

The evidence reviewed indicates that bronchiectasis is characterized by considerable
biological heterogeneity, although neutrophil-dominated airway inflammation remains
the most consistently documented inflammatory pattern. Activated neutrophils release
neutrophil elastase, myeloperoxidase, reactive oxygen species, and other proteolytic
mediators that contribute to epithelial injury, extracellular matrix degradation, mucus
dysfunction, and continued recruitment of inflammatory cells. Among these biomarkers,
sputum neutrophil elastase appears to have the strongest clinical evidence because
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increased activity has been associated with greater disease severity, more frequent
exacerbations, more extensive radiological abnormalities, and accelerated decline in lung
function. Its dynamic response during exacerbations and after antibiotic therapy further
suggests that neutrophil elastase reflects active disease biology rather than merely
established structural damage.

The protease—antiprotease imbalance provides an important mechanistic link
between persistent inflammation and structural airway damage. Neutrophil elastase and
matrix metalloproteinases can degrade extracellular matrix components, alter epithelial
function, compromise host defense, and increase mucus viscosity, whereas endogenous
antiproteases attempt to counterbalance this activity. Therefore, the biological
consequences of proteolysis depend not simply on absolute protease concentrations but
on the balance between destructive and protective pathways. The clinical relevance of this
mechanism is supported by trials of the DPP-1 inhibitor brensocatib, in which suppression
of neutrophil serine protease activation was associated with reductions in exacerbation
burden and sputum neutrophil elastase activity. Nevertheless, it remains uncertain
whether short-term biomarker suppression translates into long-term preservation of
airway structure.

Airway biomarkers provide the advantage of measuring inflammatory processes
close to the principal site of disease. In addition to neutrophil elastase, sputum
myeloperoxidase, MMP-8, MMP-9, IL-1p3, IL-6, IL-8, TNF-a, and calprotectin may provide
complementary information regarding neutrophil activation, tissue remodeling, and
inflammatory signaling. However, their clinical implementation is limited by variability
in sputum availability, processing procedures, dilution effects, infection status, and assay
methodology. In contrast, systemic biomarkers such as CRP and fibrinogen are easier to
measure repeatedly in routine practice and have been associated with disease severity and
future exacerbation risk. Their major limitation is lack of specificity, because elevated
systemic inflammatory markers may also reflect smoking, obesity, autoimmune
conditions, infection, or other comorbid diseases.

Oxidative stress represents another important component of bronchiectasis
pathobiology. Increased reactive oxygen species production associated with neutrophil
respiratory burst and myeloperoxidase activity, together with reduced antioxidant
defenses, may amplify epithelial injury and protease-mediated damage. Available
evidence demonstrates increased oxidative products together with reductions in
antioxidant capacity and superoxide dismutase activity in patients with bronchiectasis.
Potential biomarkers include malondialdehyde, 8-isoprostanes, lipid-peroxidation
products, intracellular reactive oxygen species, glutathione, catalase, superoxide
dismutase, and total antioxidant capacity. However, oxidative stress biomarkers remain
less clinically established than neutrophil elastase because differences in analytical
platforms, sample handling, and definitions of oxidative stress limit cross-study
comparability. This suggests that future assessment may be more informative when based
on combined redox panels rather than a single oxidative marker.

Importantly, bronchiectasis cannot be represented exclusively by a neutrophilic
inflammatory model. Eosinophilic and type 2 inflammatory endotypes occur in a
clinically relevant subgroup, particularly among patients with asthma or allergic
bronchopulmonary aspergillosis. Blood and sputum eosinophils and FeNO may provide
information about these pathways, although their interpretation may be influenced by
corticosteroid exposure, smoking, atopy, and concurrent infection. These findings
reinforce the concept that biomarkers may be more useful for identifying biological
endotypes than for providing a universal measure of disease severity. A clinically useful
biomarker should therefore represent a defined biological pathway, remain sufficiently
stable or predictably dynamic over time, and ideally identify patients likely to respond to
pathway-specific treatment.

The interaction between microbiology and inflammation further complicates
biomarker interpretation. Chronic Pseudomonas aeruginosa infection has been associated
with greater disease burden, more frequent exacerbations, increased hospitalization and
mortality, stronger neutrophilic activity, reduced microbial diversity, and higher
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5. Conclusion

Bronchiectasis is a very clinically and molecularly heterogeneous disease and
inflammatory and oxidative stress biomarkers provide an important biological window
into this disease. Neutrophil elastase is the most well-established airway biomarker, nets,
myeloperoxidase, matrix metalloproteinases and inflammatory cytokines provide
complementary information regarding neutrophil activation, proteolysis and airway
injury. All four markers (crp, fibrinogen and markers of oxidative stress) are systemic
markers more practical, and markers of oxidative stress provide more evidence of a
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there is no single biomarker to describe the whole spectrum of the disease. The most
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with the markers that are found in the sputum and exhaled air, the microbiology, the
image and the multi-omics data. Future studies are needed to focus on longitudinal
validation, to set validated thresholds, and to show the clinical utility, especially.
Pathway-directed inhibitor of neutrophil proteases—an emerging success of biomarker-
driven biology and disease-modifying therapy. Lastly, a validated composite biomarker
tool could aid in the assessment of the efficacy of risk stratification, therapeutic selection
and monitoring in precision bronchiectasis management.

Central Asian Journal of Medical and Natural Science 2026, 7(4), 567-578 https://cajmns.casjournal.org/index.php/CAJMNS



577

[3] Hill AT, Sullivan AL, Chalmers JD, De Soyza A, Elborn SJ, Floto AR, et al. British Thoracic Society Guideline for
bronchiectasis in adults. Thorax. 2019;74(Suppl 1):1-69. d0i:10.1136/thoraxjnl-2018-212463.

[4] Polverino E, Goeminne PC, McDonnell MJ, Aliberti S, Marshall SE, Loebinger MR, et al. European Respiratory
Society guidelines for the management of adult bronchiectasis. Eur Respir ]J. 2017;50(3):1700629.
doi:10.1183/13993003.00629-2017.

[5] Chalmers JD, Aliberti S, Blasi F. Management of bronchiectasis in adults. Eur Respir ]. 2015;45(5):1446-1462.
doi:10.1183/09031936.00119114.

[6] Chalmers JD, Aliberti S, Polverino E, Vendrell M, Crichton M, Loebinger M, et al. The EMBARC European
Bronchiectasis Registry: protocol for an international observational study. ER] Open Res. 2016;2(1):00081-2015.
doi:10.1183/23120541.00081-2015.

[7] Flume PA, Chalmers JD, Olivier KN. Advances in bronchiectasis: endotyping, genetics, microbiome, and disease
heterogeneity. Lancet. 2018;392(10150):880-890. doi:10.1016/S0140-6736(18)31767-7.

[8] Chalmers JD, Moffitt KL, Suarez-Cuartin G, Sibila O, Finch S, Furrie E, et al. Neutrophil elastase activity is
associated with exacerbations and lung function decline in bronchiectasis. Am ] Respir Crit Care Med.
2017;195(10):1384-1393. d0i:10.1164/rccm.201605-10270C.

[9] Gramegna A, Amati F, Terranova L, Sotgiu G, Tarsia P, Miglietta D, et al. Neutrophil elastase in bronchiectasis.
Respir Res. 2017;18(1):211. doi:10.1186/s12931-017-0691-x.10. Aliberti S, Lonni S, Dore S, McDonnell MJ,
Goeminne PC, Dimakou K, et al. Sputum neutrophil elastase associates with microbiota and Pseudomonas
aeruginosa in bronchiectasis. Eur Respir J. 2020;56(2):2000293. d0i:10.1183/13993003.00293-2020.

[10] Keir HR, Shoemark A, Dicker AJ, Perea L, Pollock ], Giam YH, et al. Neutrophil extracellular traps, disease
severity, and antibiotic response in bronchiectasis: an international, observational, multicohort study. Lancet
Respir Med. 2021;9(8):873-884. doi:10.1016/52213-2600(20)30504-X.

[11] Saleh AD, Chalmers JD, De Soyza A, Fardon TC, Koustas SO, Scott ], et al. The heterogeneity of systemic
inflammation in bronchiectasis. Respir Med. 2017;127:33-39. d0i:10.1016/j.rmed.2017.04.009.

[12] LeeS], Jeong JH, Heo M, Ju S, Yoo JW, Jeong YY, et al. Serum fibrinogen as a biomarker for disease severity and
exacerbation in patients with non-cystic fibrosis bronchiectasis. ] Clin Med. 2022;11(14):3948.
doi:10.3390/jcm11143948.

[13] Oscullo G, Méndez R, Olveira C, Girén R, Garcia-Clemente M, Mdiz L, et al. Effect of N-acetylcysteine on
bronchiectasis in a real-life study. Data from the Spanish RIBRON Registry. Arch Bronconeumol. 2025;61:196-
202.

[14] Zhang ], Wang S, Wang M, Yan Y, Jiang H, Du C. Roles of C-reactive protein and its composite index in
predicting acute exacerbation of bronchiectasis. Eur ] Med Res. 2025;30(1):797. doi:10.1186/s40001-025-03090-5.

[15]  Gray RD, MacGregor G, Noble D, Imrie M, Dewar M, Boyd AC, et al. Sputum proteomics in inflammatory and
suppurative respiratory diseases. Am ] Respir Crit Care Med. 2008;178(5):444-452. doi:10.1164/rccm.200703-
4090C.

[16] Richman-Eisenstat JB, Jorens PG, Hébert CA, Ueki I, Nadel JA. Interleukin-8: an important chemoattractant in
sputum of patients with chronic inflammatory airway diseases. Am ] Physiol. 1993;264(4 Pt 1):1413-L418.
doi:10.1152/ajplung.1993.264.4.1.413.

[17]  Perea L, Bottier M, Cant E, Richardson H, Dicker AJ, Shuttleworth M, et al. Airway IL-1p is related to disease
severity and mucociliary function in  bronchiectasis. Eur Respir J. = 2024;64(2):2301966.
doi:10.1183/13993003.01966-2023.

[18] Menéndez R, Méndez R, Amara-Elori I, Reyes S, Montull B, Feced L, et al. Systemic inflammation during and
after bronchiectasis exacerbations: impact of Pseudomonas aeruginosa. ] Clin Med. 2020;9(8):2631.
d0i:10.3390/jcm9082631.

[19] Chen YH, Sun YC. Bronchiectasis as a comorbidity of chronic obstructive pulmonary disease: implications and
future research. Chin Med ] (Engl). 2016;129(17):2017-2019. d0i:10.4103/0366-6999.189071.

[20] Gao YH, Guan W], Xu G, Lin ZY, Tang Y, Lin ZM, et al. The role of viral infection in pulmonary exacerbations
of bronchiectasis in adults: a prospective study. Chest. 2015;147(6):1635-1643. doi:10.1378/chest.14-1961.

[21]  Petty TL. The history of COPD. Int ] Chron Obstruct Pulmon Dis. 2006;1(1):3-14. doi:10.2147/copd.2006.1.1.3.

[22]  Guerra M, Frey D, Hagner M, Dittrich S, Paulsen M, Mall MA, et al. Cathepsin G activity as a new marker for
detecting airway inflammation by microscopy and flow cytometry. ACS Cent Sci. 2019;5(3):539-548.
doi:10.1021/acscentsci.8b00933.

Central Asian Journal of Medical and Natural Science 2026, 7(4), 567-578 https://cajmns.casjournal.org/index.php/CAJMNS



578

(23]

[24]

[25]

[26]

[27]
(28]
[29]
(30]
(31]
(32]

(33]

(34]
(35]

(36]

(37]

(38]

(39]

[40]

Finch S, McDonnell MJ, Abo-Leyah H, Aliberti S, Chalmers JD. A comprehensive analysis of the impact of
Pseudomonas aeruginosa colonization on prognosis in adult bronchiectasis. Ann Am Thorac Soc. 2015;12(11):1602-
1611. doi:10.1513/AnnalsATS.201506-3330C.

Hull RC, Stobo ], Abo-Leyah H, Richardson H, Alferes de Lima Headley D, Long MB, et al. Endotypes of
Pseudomonas aeruginosa infection in bronchiectasis are associated with inhaled antibiotic response: results from
two randomized, double-blind, placebo-controlled phase III trials (ORBIT 3 and ORBIT 4). Am J Respir Crit Care
Med. 2025;211(8):1397-1408. d0i:10.1164/rccm.202501-01590C.

Narayana JK, Mac Aogain M, Hansbro PM, Chotirmall SH. The bronchiectasis microbiome: current
understanding and  treatment implications. Curr Opin Pulm Med. 2025;31(2):135-144.
doi:10.1097/MCP.0000000000001131.

Shoemark A, Shteinberg M, De Soyza A, Haworth CS, Richardson H, Gao Y, et al. Characterization of
eosinophilic bronchiectasis: a European multicohort study. Am ] Respir Crit Care Med. 2022;205(8):894-902.
doi:10.1164/rccm.202108-18890C.

Doumat G, Aksamit TR, Kanj AN. Bronchiectasis: a clinical review of inflammation. Respir Med.
2025;244:108179. d0i:10.1016/j.rmed.2025.108179.

Johnson E, Long MB, Chalmers JD. Biomarkers in bronchiectasis. Eur Respir Rev. 2024;33(173):230234.
doi:10.1183/16000617.0234-2023.

Bertuccio FR, Baio N, Montini S, Ferroni V, Chino V, Pisanu L, et al. Potential new inflammatory markers in
bronchiectasis: a literature review. Curr Issues Mol Biol. 2024;46(7):6675-6689. doi:10.3390/cimb46070398.
Amaro R, Perea L, Sibila O. Future directions in bronchiectasis research. Clin Chest Med. 2022;43(1):179-187.
d0i:10.1016/j.ccm.2021.12.005.

Perea L, Faner R, Chalmers JD, Sibila O. Pathophysiology and genomics of bronchiectasis. Eur Respir Rev.
2024;33(173):240055. doi:10.1183/16000617.0055-2024.

Lee JY, Yang ], Kim JY, Do Y, Kim MS, Kye DE, et al. Bronchoalveolar lavage proteomics in exacerbation of
bronchiectasis. BMC Pulm Med. 2025;25(1):441. doi:10.1186/s12890-025-03904-6.

Thornton CS, Schaupp L, Tunney MM, Mall MA. Bridging the airway microbiome and targeted therapy in
bronchiectasis: multi-omics insights, endotypes and emerging therapies. Eur Respir J. 2026;68(3):2600239.
doi:10.1183/13993003.00239-2026.

Chalmers JD, Haworth CS, Metersky ML, Loebinger MR, Blasi F, Sibila O, et al. Phase 2 trial of the DPP-1
inhibitor brensocatib in bronchiectasis. N Engl ] Med. 2020;383(22):2127-2137. doi:10.1056/NEJMo0a2021713.
Chalmers JD, Burgel PR, Daley CL, De Soyza A, Haworth CS, Mauger D, et al. Phase 3 trial of the DPP-1 inhibitor
brensocatib in bronchiectasis. N Engl ] Med. 2025;392(16):1569-1581. d0i:10.1056/NEJMo0a2411664.

Altenburg ], de Graaff CS, Stienstra Y, Sloos JH, van Haren EH, Koppers RJ, et al. Effect of azithromycin
maintenance treatment on infectious exacerbations among patients with non-cystic fibrosis bronchiectasis: the
BAT randomized controlled trial. JAMA. 2013;309(12):1251-1259. d0i:10.1001/jama.2013.1937.

Wilson R, Welte T, Polverino E, De Soyza A, Greville H, O'Donnell A, et al. Ciprofloxacin dry powder for
inhalation in non-cystic fibrosis bronchiectasis: a phase II randomised study. Eur Respir J. 2013;41(5):1107-1115.
doi:10.1183/09031936.00071312.

Martinez-Garcia MA, Oscullo G, Barreiro E, Cuenca S, Cervera A, Padilla-Galo A, et al. Inhaled dry powder
antibiotics in patients with non-cystic fibrosis bronchiectasis: efficacy and safety in a real-life study. ] Clin Med.
2020;9(7):2317. doi:10.3390/jcm9072317.

Barker AF, O'Donnell AE, Flume P, Thompson PJ, Ruzi JD, de Gracia ], et al. Aztreonam for inhalation solution
in patients with non-cystic fibrosis bronchiectasis (AIR-BX1 and AIR-BX2): two randomised double-blind,
placebo-controlled phase 3 trials. Lancet Respir Med. 2014;2(9):738-749. d0i:10.1016/52213-2600(14)70165-1.
Olveira G, Olveira C, Dorado A, Garcia-Fuentes E, Rubio E, Tinahones F, et al. Cellular and plasma oxidative
stress biomarkers are raised in adults with bronchiectasis. Clin Nutr. 2013;32(1):112-117.
doi:10.1016/j.clnu.2012.06.002.

Central Asian Journal of Medical and Natural Science 2026, 7(4), 567-578 https://cajmns.casjournal.org/index.php/CAJMNS



	Figure 2. Neutrophil and Systemic inflammatory response
	3.1.2  Protease–antiprotease imbalance and airway remodeling
	3.1.3.1. Airway biomarkers
	The concept of airway biomarkers is thus substantially more advantageous because they are measured near the site of disease. The most well-documented candidate and associated with exacerbation, severity, lung-function decline, and microbiological feat...
	The neutrophil-derived proteins such as calprotectin are attractive due to their potential for being more stable than some soluble cytokines, however there is a lack of sufficient standardization for clinical thresholds. Recent studies of airway IL-1β...
	3.1.3.2. Systemic inflammatory biomarkers

