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Abstract 
Neutrophils, essential components of innate immunity, have garnered significant attention for their role in combating 
infections and contributing to inflammatory conditions. These polymorphonuclear leukocytes, known for their 
phagocytic and microbicidal activities, exhibit remarkable functional versatility, including the formation of Neutrophil 
Extracellular Traps (NETs) as a mechanism to ensnare and neutralize pathogens. NETosis, the process of NET 
formation, involves intricate molecular cascades mediated by factors such as histones, reactive oxygen species, and 
enzymes like elastase and myeloperoxidase. 
Chronic inflammatory disorders, such as cystic fibrosis, chronic obstructive pulmonary disease, and autoimmune 
diseases, demonstrate sustained activation of neutrophils and excessive NET release, contributing to tissue damage 
and disease severity. The therapeutic implications of targeting neutrophil function, including NET formation, in these 
conditions are under investigation, with potential strategies aiming to modulate neutrophil recruitment, cytokine 
production, and resolution of inflammation. 
Furthermore, future considerations for precision targeting of neutrophil activities, such as circadian-based drug 
administration and nanoparticle-mediated delivery systems, offer promising avenues for developing effective and safe 
therapeutic interventions for chronic inflammatory diseases. Studying the interplay of NETs and neutrophils in various 
pathological contexts provides crucial insights for advancing personalized treatment approaches with minimized side 
effects. 
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Introduction 
In the circulation of blood there are prevalent 
complicated universal cells having an important 
meaning in inborn immune protection from bacteria, 
fungi and viruses but at the same time are potentially 
destructive for a host. They are called neutrophilic 
granulocytes or polymorphonuclear leukocytes 
(PMNs). PMNs are capable to prolong their life cycle 
with the relation to the stage of their activation and to 
the interaction with other inflammatory cells [1-3]. 
Nowadays it is considered that their circulatory half-
life period consists of several days instead of several 
hours [3]. According to the latest researches 
polymorphonuclear leukocytes are rather 
multifunctional because of their behavior earlier 
unexpected including a reverse transmigration, cross 
interferences, and a control of other leukocyte 
populations, besides their activation and microbicidal 
activity are rigidly regulated by many triggers [3]. The 
influence of neutrophils both antimicrobial and 

cytopathogenic includes phagocytosis, generation of 
reactive oxygen species (ROS), and the degranulation 
of several microbicidal factors such as α-defensins, 
cathelicidin, elastase, cathepsin G, and lactoferrin. 
Besides polymorphonuclear leukocytes are good in 
producing CXC and CC chemokines; 
proinflammatory, anti-inflammatory, and 
immunoregulatory cytokines; as well as angiogenic 
and fibrogenic factors and matrix metalloproteinases 
[4,5]. In 2004 scientists, including Brinkmann, 
announced about a net extraction of chromatin fibers 
accompanied with antimicrobial peptides and enzymes 
able to destroy Gram-positive and Gram-negative 
bacteria [6]. Such net is responsible as well for 
protection from fungi, not exactly from enveloped 
viruses received the name of neutrophil extracellular 
traps (NETs). Greatly distributed chromatin fibers 
having a diameter of 15 to 17 nm form NETs [7]. 
Originated from nuclear components such fibers form 
a complex with histone proteins, microbicidal globular 
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proteins, such as elastase, cathepsin G, and 
myeloperoxidase, which are normally stored in 
neutrophil granules.  
Exocytosis, the process by which cells transport and 
release substances from vesicles, plays an important 
role in the context of the impossibility of phagocytosis 
due to the size of pathogens, as it allows the expulsion 
of larger materials that cannot be engulfed by the cell. 
NETs are cast away out of the cells where the 
chromatin net grabs microbes, decreasing their 
extension and enhancing the neutrophil impact, as a 
result increasing the antibacterial effects [8,9]. A 
crucial process are based on the DNA properties, such 
as the ability of DNA to induce chelation of 
manganese and other ions. Such bound ions help to 
transfer electrons which are the source of energy for 
bacteria. This leads to the reduction of the transfer of 
electrons and, as a result, the survival of microbes. 
This is not the only function of NETs, they also control 
a local inflammatory process [10,11]. At first NET 
formation was considered to be a result of cells death 
in a process of an explosive case responsible for 
eliminating pathogens without caspases/DNA 
fragmentation or necrosis death signals activation. 
According to this description the process was called 
NETosis [12,13].  
Recent observations suggest that NETosis should not 
be considered a traditional cell death mechanism, as 
neutrophils remain alive after NET extrusion. This 
process is similar to other immune responses involving 
reactive oxygen species (ROS) that kill immune cells 
but are also effective against pathogens. The stages of 
NET formation involve the dissolution of the nuclear 
envelope, allowing decondensed chromatin to enter 
the cytoplasm, followed by the disappearance of 
granular membranes, which enables the mixing of 
nuclear and granular components while keeping the 
cell membrane intact. Ultimately, chromatin and 
granular components are released, but the cytoplasmic 
membrane of polymorphonuclear cells (PMNs) 
remains preserved. Even though neutrophils become 
enucleated, their remnants can still perform 
antimicrobial functions through active phagocytosis 
for a limited time. This revised understanding of 
NETosis highlights its complex role in the immune 
response [14,15]. This research shows that NETosis 
has much in common with processes including 
microbicidal effects and leading to the death of 
immune cells. As a result, some researchers choose the 
title “NET formation” instead of “NETosis”. The 
formation of nets is a common occurrence in immune 
cell responses, with various immune cells besides 
neutrophils participating in this process. To 
encompass this broader concept, the term extracellular 
trap (NET)osis has been suggested [16,17]. 
Neutrophils play a role in safeguarding the body's 
well-being and integrity. They identify microbial 
molecular patterns, called pathogen-associated 
molecular patterns (PAMPs), and molecules from 
damaged host cells, known as damage-associated 
molecular patterns (DAMPs), through pattern 
recognition receptors (PRRs), and this triggers the 
immune response. PAMPs include components such 

as lipopolysaccharide (LPS) and flagellin, while 
DAMPs may consist of nuclear proteins, adenosine 
triphosphate (ATP), and mitochondrial DNA [18,19]. 
Net formation begins with the activation of neutrophils 
in response to stimuli, leading to the activation of the 
NADPH oxidase (NOX) complex. Bacteria, for 
instance, can induce net production by activating 
TLR4, which further triggers a pathway involving 
enzymes such as NOX2, myeloperoxidase (MPO), and 
peptidylarginine deaminase 4 (PAD4). During net 
formation, chromatin undergoes changes, including 
the involvement of enzymes like elastase, MPO, and 
PAD4 [20,21]. 
Moreover, recent studies have highlighted the 
involvement of NADPH oxidase-dependent 
autophagy in net formation [22]. Neutrophil 
stimulation and cytoskeletal changes also play 
essential roles in regulating net formation. 
Additionally, a rapid net formation pathway has been 
observed, where mitochondrial DNA is released 
instead of nuclear DNA, depending on the formation 
of reactive oxygen species (ROS) [23].  Beyond 
physical barriers, neutrophils serve as a primary 
component of the immune system's initial defense. 
These cells circulate in the blood, where they survive 
for approximately 6–8 hours, and in tissues, where 
their lifespan can extend up to 7 days. They are the first 
immune cells to arrive at the site of inflammation, 
where they contribute significantly to pathogen 
eradication and cytokine synthesis [24,25]. 
The defense strategies employed by neutrophils 
include phagocytosis, degranulation, cytokine 
synthesis, and the production of neutrophil 
extracellular traps (NETs), a mechanism that has been 
more recently identified. NETs were first identified by 
Takei et al. in 1996 as a distinct form of cell death, 
separate from apoptosis and necrosis [26,27]. They 
observed unique morphological changes during 
neutrophil activation induced by phorbol-12-
myristate-13-acetate (PMA), suggesting an alternative 
cell death pathway. This pathway involves the fusion 
of the neutrophil nucleus, breakdown of the nuclear 
envelope, and disruption of the extracellular 
membrane [28-30]. 
NETs are DNA-based structures formed through 
chromatin decondensation and expansion, occupying 
a volume several times greater than that of condensed 
chromatin. These structures are adorned with various 
proteins, including histones and over 30 components 
from primary and secondary granules, many of which 
possess bactericidal properties such as elastase, 
myeloperoxidase, cathepsin G, lactoferrin, and others 
capable of neutralizing virulence factors [31]. 
It is noteworthy that chromatin and histones inherently 
possess antimicrobial capabilities. DNA, due to its 
phosphodiester backbone, functions as a cation 
chelator, potentially disrupting the membranes of 
pathogens like Pseudomonas aeruginosa [32,33]. The 
antimicrobial effects of histones were first 
documented in the 1950s and have since been 
recognized against a broad spectrum of bacteria and 
parasites. For instance, recombinant H4 has 
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demonstrated antimicrobial activity against 
Staphylococcus aureus and Propionibacterium [34,35]. 
Currently, three models of netosis are recognized. The 
most extensively studied is suicidal netosis, which 
occurs over 2–4 hours. This model begins with 
neutrophil activation in response to specific stimuli, 
triggering the assembly and activation of the NADPH 
oxidase (NOX) complex via protein kinase C 
(PKC)/Raf/Merk/Erk pathways and increasing 
cytosolic calcium levels [36,37]. These calcium ions 
facilitate the activity of peptidyl arginine deiminase 4 
(PAD4), which modifies histones to promote 
chromatin decondensation, thereby altering the 
interactions between histones and DNA. Reactive 
oxygen species play a crucial role as signaling 
molecules in the process of suicidal NETosis, leading 
to the gradual breakdown of the nuclear membrane and 
dispersion of chromatin throughout the cytoplasm 
[38,39]. NET formation requires elastase and 
myeloperoxidase transport from granules to the 
nucleus before chromatin is released outside the cell 
through membrane pores. In contrast, vital NETosis 
involves the release of nuclear DNA in a rapid 
timeframe without loss of nuclear or plasma 
membrane integrity, triggered by toll-like receptors 
and complement receptor recognition. Additionally, 
there is a subtype of vital NETosis that relies on ROS 
for the release of mitochondrial DNA instead of 
nuclear DNA. This process can be induced by stimuli 
like C5a or LPS [40].  
Methods 
A comprehensive search strategy was developed to 
systematically identify relevant studies for this review 
on neutrophils and their role in chronic inflammatory 
diseases and NET formation. The search encompassed 
multiple electronic databases, including PubMed, 
Scopus, Web of Science, Embase, and the Cochrane 
Library. In conducting the search, a combination of 
keywords and Medical Subject Headings (MeSH) 
terms related to neutrophils, neutrophil extracellular 
traps (NETs), chronic inflammation, and specific 
diseases such as cystic fibrosis, chronic obstructive 
pulmonary disease, autoimmune diseases, diabetes, 
and atherosclerosis was utilized. Example search 
terms included "neutrophils," "neutrophil extracellular 
traps," "NETosis," "chronic inflammation," 
"autoimmune diseases," "cystic fibrosis," "COPD," 
"diabetes mellitus," and "atherosclerosis." This search 
was restricted to publications in English from the year 
2000 to the present, ensuring relevance and timeliness 
in the included studies. 
To maintain a clear focus and uphold the quality of the 
review, specific inclusion and exclusion criteria were 
established. Studies were included if they were original 
research articles, reviews, or clinical studies investigating 
neutrophil functions and NET formation, particularly 
focusing on chronic inflammatory diseases such as cystic 
fibrosis, chronic obstructive pulmonary disease, 
autoimmune diseases, diabetes, and atherosclerosis. 
Additionally, publications discussing therapeutic 
interventions targeting neutrophil activities and NET 
formation were included. In contrast, animal studies that did 
not provide relevant translational insights for human 
conditions, publications not in English or lacking full-text 

access, and studies older than the year 2018—unless 
essential for historical perspective—were excluded. 
The initial search yielded an extensive number of 
articles, which underwent a systematic selection 
process. First, two independent reviewers screened the 
titles and abstracts of the retrieved articles based on the 
established criteria. Articles deemed irrelevant to the 
scope were excluded. The remaining articles then 
proceeded to a full-text review, with the two reviewers 
evaluating their relevance to the research question. 
Any disagreements encountered during the review 
process were resolved through discussion, ultimately 
reaching a consensus prior to final selection.  
Definition, Mechanisms, and Functions 
NETs were first identified in 1996 as a unique form of 
cellular death different from apoptosis and necrosis. 
They are DNA structures released due to chromatin 
decondensation and spreading, containing various 
proteins with bactericidal activity. Chromatin and 
histones within the nucleus possess intrinsic 
antimicrobial properties, disrupting bacterial 
membranes [41]. In Figure 1, we schematically 
depicted the process of NETs release. 
There are three known models of NETosis. Suicidal 
NETosis, the most studied model, involves the 
activation of neutrophils, leading to chromatin 
decondensation and release of DNA as extracellular 
traps. Vital NETosis occurs without nuclear or plasma 
membrane loss and is triggered by stimuli through toll-
like receptors. Another type of vital NETosis, 
dependent on ROS, involves the release of 
mitochondrial DNA to form NETs [42,43]. 

 
Figure 1. Simplified scheme of NET release 
Overall, neutrophils play a critical role in the immune 
response through various mechanisms, including the 
production of NETs to combat pathogens. This article 
will discuss the involvement of NETs in microbial 
infections, autoimmunity, and metabolic disorders. 
While a detailed explanation of NET formation 
mechanisms is outside the scope of this review, it is 
worth mentioning that HMGB1 protein-exing platelets 
are significant inducers of NET formation in both 
infectious and sterile inflammatory conditions 
[44,45]. In Table 1, we summarized the functions of 
neutrophils along with the implicated mechanisms. 
Table 1: Neutrophil Functions and Mechanisms 
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Function 
Mechanis
m 

Key 
Components 

Referenc
es 

Phagocytosis 
Engulfing 
pathogens 

NADPH 
oxidase, 
enzymes, 
phagocytic 
receptors 

[4,5,26,2
7] 

Degranulatio
n 

Release of 
antimicrobi
al granules 

Elastase, 
cathepsin G, 
lactoferrin 

[4,5,26,2
7] 

NET 
Formation 

Release of 
Neutrophil 
Extracellul
ar Traps 
(NETs) 

Chromatin, 
histones, 
reactive 
oxygen 
species 
(ROS), 
myeloperoxid
ase 

[20,21] 

Cytokine 
Production 

Synthesis 
of pro-
inflammato
ry and 
regulatory 
cytokines 

CXC and CC 
chemokines 

[4,5] 

Interaction 
with 
PAMPs/DA
MPs 

Recognitio
n and 
response to 
microbes 
and 
damage 

Pattern 
recognition 
receptors 
(PRRs) 

[18,19] 

NETs in Chronic Inflammation 
Many chronic inflammatory diseases are characterized 
by a sustained influx of neutrophils and persistent 
release of NETs. In respiratory chronic diseases like 
cystic fibrosis (CF) and chronic obstructive pulmonary 
disease (COPD), neutrophils and NETs contribute to 
reduced pulmonary function by blocking airways. 
Chronic lung infections are associated with sputum 
rich in neutrophil proteins and DNA, thought to come 
from NETs. Persistent NET formation has been found 
in patients with CF and COPD, linked to inflammation 
and disease severity [46,47]. The impact of NETs on 
recurrent infection in these patients remains unclear. 
Pseudomonas aeruginosa, often present in the lungs of 
CF patients, can induce NET formation, but some 
strains are resistant to NET-mediated killing and may 
use NETs to create replicative niches in the lung. 
Neutrophils from CF patients live longer and produce 

more NETs, which also stimulate inflammation in the 
lungs. Treatment with inhaled recombinant DNase has 
been shown to improve lung function in CF patients 
and mice, but carries the risk of damaging the lung 
epithelium [48,49]. The role of NETs in autoimmune 
diseases is also significant, as they may contribute to 
the initiation and progression of diseases like systemic 
lupus erythematosus (SLE) and rheumatoid arthritis 
by exposing intracellular components to the immune 
system, leading to inflammation and the production of 
autoantibodies. The role of NETs in SLE is complex, 
with studies showing contradictory results, and it 
remains unclear whether targeting NETs in established 
diseases will be an effective medical intervention 
[50,51]. In Table 2, we provided a brief overview of 
implications of NETs in various diseases. 
NETosis in Atherosclerosis 
Neutrophil Extracellular Traps (NETs) significantly 
impact the development and progression of 
atherosclerosis (AS), a pathological condition 
primarily driven by cholesterol accumulation and 
dysregulated inflammation [52]. NETs have been 
identified in both murine and human atherosclerotic 
lesions, indicating that their formation might play a 
role at various stages of AS [53]. In conditions such as 
systemic lupus erythematosus (SLE), enhanced 
NETosis correlates with proatherogenic dyslipidemia 
and increased cardiovascular risk [54]. The imbalance 
of lipid metabolism, notably from modified low-
density lipoproteins (mLDL) like oxidized LDL 
(oxLDL) and cholesterol crystals, has been shown to 
provoke NET formation through specific signaling 
pathways, including the NADPH oxidase and the Toll-
like receptor (TLR) pathways [55]. These NETs, in 
addition to harboring citrullinated histones that 
promote lipid oxidation and foam cell formation, act 
as danger signals that prime macrophages for cytokine 
release, further exacerbating inflammation and 
immune cell recruitment within atherosclerotic 
plaques [56]. 
Moreover, chronic hyperlipidemia not only initiates 
AS but also sustains its progression by promoting 
neutrophil adhesion to the arterial lumen and 
enhancing NET formation. Experimental studies have 
demonstrated that interventions targeting the 
resolution of NETs can mitigate AS progression, 
highlighting the critical role of NETs in maintaining 
the inflammatory milieu of advanced plaques [57]. 
The interplay between NETs and the inflammasome 
pathways further complicates this relationship; as 
certain lipids activate the NLRP3 inflammasome, they 
trigger NET release, creating a feedback loop that 
amplifies inflammation and contributes to plaque 
instability. As such, NETs function as a bridge 
between altered lipid metabolism and the 
inflammatory processes central to AS, facilitating a 
complex network of cellular interactions that 
ultimately drive disease progression and increase 
cardiovascular risk [58]. 
NETosis in Diabetes Mellitus 
Neutrophil Extracellular Traps (NETs) play a 
significant role in the development of diabetic 
complications, particularly in impairing wound 



NEUTROPHIL FUNCTION AND NEUTROPHIL EXTRACELLULAR TRAPS IN CHRONIC 
INFLAMMATORY DISORDERS: EXPLORING COMPLEX INTERACTIONS 

 IJDDT Volume 16 Issue 80s 2026 Page: 1899 

healing and influencing diabetic retinopathy. In 
patients with diabetes, the expression of peptidyl 
arginine deiminase 4 (PAD4) is notably elevated in 
neutrophils, leading to increased histone citrullination 
and subsequent NET formation, which can hinder the 
healing process of skin wounds [59]. Studies have 
shown that in diabetic mice, the absence of PAD4 
results in accelerated re-epithelialization, suggesting 
that NETs obstruct timely wound recovery [60,61]. 
The inhibition of PAD4 or treatment with DNase I, 
which degrades NETs, has been found to promote 
healing, emphasizing the detrimental effects of NETs 
in a hyperglycemic environment [62]. 
Additionally, neutrophil elastase (NE), which is 
elevated in the context of diabetes, contributes to NET 
formation and delays wound healing by degrading the 
wound matrix [59]. This enzyme's activity correlates 
with the severity of non-healing wounds in diabetic 
patients, highlighting its role as a barrier to effective 
tissue repair [63]. Similarly, the activation of protein 
kinase C (PKC), particularly PKC-β, has been linked 
to NETosis in diabetic conditions, further 
complicating wound healing [64]. 
Beyond wound healing, NETs also contribute to the 
pathogenesis of diabetic retinopathy (DR) by 
promoting inflammation within the retinal 
microenvironment. In patients with proliferative 
diabetic retinopathy, elevated levels of NET markers 
such as NE and myeloperoxidase (MPO) indicate 
increased NET formation, which facilitates 
inflammatory cell infiltration and vascular 
complications [65]. Interestingly, treatment aimed at 
inhibiting vascular endothelial growth factor (anti-
VEGF) has been shown to reduce NET formation in 
DR, suggesting a potential therapeutic avenue to 
alleviate the inflammatory response [66]. 
In summary, the involvement of NETs in diabetes 
underscores their dual role in exacerbating 
complications such as delayed wound healing and 
retinal damage, making them a promising target for 
future interventions aimed at improving outcomes for 
individuals suffering from diabetes-related 
complications. 
NETosis in Autoimmune Diseases 
Neutrophil Extracellular Traps (NETs) have emerged 
as key players in the pathogenesis of various 
autoimmune diseases, including rheumatoid arthritis 
(RA), anti-neutrophil cytoplasmic antibody-associated 
vasculitis (AAV), and systemic lupus erythematosus 
(SLE). In these conditions, NETs disrupt self-
tolerance by acting as reservoirs for autoantigens, 
thereby promoting the production of autoantibodies 
[67]. In RA, neutrophils in inflamed joints exhibit an 
increased propensity for NET formation, especially in 
response to synovial fluid from patients. These NETs 
release autoantigens, such as citrullinated histones, 
which are recognized by anti-citrullinated protein 
antibodies (ACPAs), creating pathogenic immune 
complexes that exacerbate joint inflammation and 
damage cartilage [68-70]. Similarly, in AAV, NETs 
serve as sources of autoantigens like myeloperoxidase 
(MPO) and proteinase 3 (PRTN3), which are 
implicated in vessel damage and inflammation [71]. 

Enhanced NET formation correlates with disease 
severity, and inhibiting this formation has shown 
promise in reducing AAV symptoms [72]. 
In SLE, NETs are central to disease pathology as they 
harbor a variety of autoantigens that, when not 
adequately cleared, perpetuate inflammation and the 
autoimmune response [73]. The presence of these non-
degraded NETs activates the complement system, 
further fueling inflammatory cascades. Additionally, 
low-density neutrophils in SLE patients exhibit 
heightened NET production and a range of 
immunostimulatory molecules, undermining 
endothelial integrity and contributing to vasculopathy 
and other complications [74]. The relationship 
between NETs and autoimmunity extends to other 
disorders, such as antiphospholipid syndrome and 
multiple sclerosis, wherein NETs catalyze immune 
responses by both inducing tissue damage and driving 
autoantibody production [75]. In summary, the 
dysregulated formation and persistence of NETs play 
a critical role in the initiation and exacerbation of 
autoimmune diseases by increasing exposure to 
modified autoantigens and amplifying inflammatory 
responses, highlighting the potential of targeting NET 
dynamics as a therapeutic strategy while conserving 
their essential antimicrobial functions. 
Table 2: Chronic Inflammatory Diseases and NET 
Impacts 

Disease 

Involveme
nt of 
Neutrophil
s and 
NETs 

Therapeuti
c Strategy 

Reference
s 

Cystic 
Fibrosis (CF) 

Persistent 
NET 
formation 
contributes 
to lung 
damage 

Inhaled 
recombinant 
DNase 

[46-49] 

Chronic 
Obstructive 
Pulmonary 
Disease 
(COPD) 

NETs block 
airways, 
impacting 
pulmonary 
function 

Modulation 
of NETs 
and 
inflammatio
n 

[46,47,76-
78] 

Autoimmune 
Diseases 

Expose 
intracellular 
components
, leading to 
autoantibod
y 
production 

Targeting 
NET 
formation 
and effects 

[50,51] 
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Disease 

Involveme
nt of 
Neutrophil
s and 
NETs 

Therapeuti
c Strategy 

Reference
s 

Atheroscleros
is 

Neutrophils 
exacerbate 
inflammatio
n in lesions 

CXCR2 
receptor 
blockade 

[79,80] 

Diabetes 

Neutrophil 
activity 
linked to 
metabolic 
dysregulatio
n 

Precision 
targeting of 
inflammator
y mediators 

[79,80] 

The therapeutic implications and future 
considerations 
The research findings outlined in the preceding section 
indicate that the role of neutrophils in chronic illnesses 
is significant. While the specific diseases discussed 
vary in their pathologies, there are common 
characteristics in the involvement of neutrophils, such 
as the release of proteases, formation of nets, and 
effects on other immune cells. Hence, exploring ways 
to target neutrophil function as a means of relieving 
symptoms or interrupting the chronic inflammation 
that exacerbates the conditions is appealing [81,82]. 
Most studies are still in the experimental and 
preclinical stages, providing a roadmap for future 
research that takes into account potential side effects 
and applicability in patients [83]. 
Beyond directly addressing neutrophil recruitment or 
activity in tissues, it is also possible to target other 
immune cells that facilitate neutrophil recruitment 
through cytokine production. The excessive presence 
of neutrophils in certain chronic inflammatory 
disorders can create a loop of reinforcement, where 
recruited neutrophils produce signals that attract more 
of their kind [84,85]. Blocking the CXCR2 receptor 
with an antibody showed improvements in clinical 
scores in mouse models of rheumatoid arthritis and 
atopic dermatitis. However, a study in COPD patients 
using the CXCR2 antagonist danirixin did not yield 
positive results [76,77]. 
When looking at neutrophil function in acute 
inflammation, one potential strategy to modulate their 
activity is to promote resolution. By aiding in the 
resolution of inflammation through reducing 
neutrophil migration, decreasing proinflammatory 
mediators, and enhancing the clearance of debris and 
dying cells, it might be feasible to halt some chronic 
inflammatory conditions [86]. The significance of 
resolution in inflammation was underscored in a study 
involving mice lacking the ALX/FRP2 receptor after a 
heart attack, showcasing the importance of this 

receptor in resolving damage post-injury. Resolvin E1 
(RvE1), an anti-inflammatory compound derived from 
omega-3 fatty acids, has shown promise in promoting 
the removal of dying neutrophils and reducing 
inflammation in various settings [87,88]. Moreover, 
individuals with obesity who have higher levels of 
RvE1 receptors in their fat tissues exhibit decreased 
inflammation, improved insulin sensitivity in the liver, 
and reduced levels of proinflammatory molecules in 
the blood. On the contrary, the absence of these 
receptors in mice is linked to heightened inflammation 
in fat and liver tissues. This highlights the potential 
benefits of interventions such as eicosapentaenoic acid 
supplementation, which has shown positive effects in 
animal models of obesity, diabetes, and 
atherosclerosis. nevertheless, the outcomes of such 
interventions in human trials are mixed, possibly due 
to genetic variability among individuals [78,79]. 
Future investigations focusing on neutrophils in 
chronic inflammation should take into account 
strategies to minimize treatment side effects. Since 
neutrophils play a crucial role in responding to 
infections, complete elimination of these cells can 
increase susceptibility to infections and delay healing. 
Potential approaches to reduce side effects include 
timing drug administration based on circadian rhythms 
and targeted delivery using nanoparticles [89,90]. 
Recent research emphasizes the importance of 
considering the body's internal clock in the 
management of inflammatory conditions. For instance, 
optimizing the timing of CCR2 inhibition has shown 
to limit the recruitment of inflammatory cells in large 
blood vessels without affecting the recruitment in 
smaller vessels. One more way to enhance effects is by 
using spatial targeting, which can be achieved with 
nanoparticle formulations directed at specific tissues 
[91,92]. Nano particles targeted at collagen IV were 
utilized to selectively transport the PAD4 inhibitor 
GSK484 to areas where endothelial cells are shed and 
collagen IV is exposed in ApoE-deficient mice. The 
targeted therapy led to a decrease in overall 
accumulation and a reduction in the risk of plaque 
rupture at sites of intimal injury. In a mouse model of 
inflammatory bowel disease, the delivery of a 
resolving Annexin A1-mimicking peptide using 
oxidation-responsive nanoparticles that release their 
contents at sites with high ROS expression resulted in 
a decrease in colon inflammation and improved 
clearance of apoptotic neutrophils. 
Chronopharmacology and targeted delivery represent 
promising avenues for research in the pursuit of 
effective and safe treatment approaches for chronic 
inflammatory diseases [92].  
Conclusion 
Neutrophils, as key players in innate immunity, exhibit 
a wide range of functional capabilities beyond 
conventional phagocytosis and microbicidal activities. 
The phenomenon of Neutrophil Extracellular Traps 
(NETs) represents a novel mechanism by which 
neutrophils entrap and eliminate pathogens, 
contributing to both host defense and inflammatory 
responses. Understanding the intricate molecular 
pathways involved in NET formation, including the 
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roles of histones, reactive oxygen species, and various 
enzymes, is essential for unraveling the complexities 
of neutrophil behavior in health and disease. 
Chronic inflammatory disorders underscore the 
significant impact of neutrophils and NETs on disease 
pathogenesis, with persistent NET release contributing 
to tissue damage and disease progression. Targeting 
neutrophil function, including modulating NET 
formation, emerges as a promising therapeutic strategy 
for mitigating chronic inflammation and improving 
patient outcomes. Research efforts directed towards 
precision targeting of neutrophil activities, the 
circadian regulation of inflammatory responses, and 
innovative nanoparticle-based drug delivery systems 
hold potential for developing tailored interventions 
with enhanced efficacy and reduced side effects. 
By exploring the dynamic interplay between NETs, 
neutrophils, and immune responses in diverse 
pathological contexts, the groundwork is laid for 
advancing personalized treatment approaches that 
address the underlying mechanisms of chronic 
inflammatory diseases. The complexity of neutrophil 
biology and the multifaceted roles of NETs underscore 
the need for continued research and collaborations 
across disciplines to translate scientific discoveries 
into clinically relevant interventions. Efforts focused 
on harnessing the therapeutic implications of 
understanding NET formation pathways and 
modulating neutrophil activities offer promise for 
improving outcomes in chronic inflammatory 
conditions, paving the way for precision medicine 
approaches that prioritize patient-centered care and 
therapeutic efficacy. 
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