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ABSTRACT. Neutrophils are thought to be the initial line of defence for the immune system. They can be found in
tissue for up to seven days in the bloodstream, where they can survive for six to eight hours. Neutrophils defend their
hosts by phagocytosis, degranulation, the creation of cytokines, and, most recently studied, the development of
NETs.NETosis is a sort of neutrophil specific cell death marked by the release of the enormous web-like structures
referred to as NETs. Two pathways of NETosis are known to date i) Suicidal/Classical Pathway which results in cell
death, ii) Vital NETosis Pathway, in which the cell retains not only it's viability but also many of its effector activities
are retained. Over the past decade and a half of research, it has been shown that NETSs positively aid the body’s immune
system in defending it from the pathogens. However, it has also been shown that neutrophils and NETSs are not always
beneficial to one’s body. They have been found at the sites of a multitude of diseases where they contribute to the
pathogenesis of the disease by various means like presenting self-antigen to autoantibodies. In this review, the basic
mechanism of NETosis, as well its role in some autoimmune diseases including Rheumatoid arthritis, Systemic Lupus
Erythematosus, Type-1 Diabetes etc., along with various clinical applications has been discussed.
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OTOIMMUNITEDE NOTROFIL HUCRE DISI TUZAKLAR (NETs) VE
UYGULAMALARINA ILiSKIN YENi ANLAYISLAR

OZET. Notrofillerin bagisiklik sisteminin ilk savunma hatt1 oldugu diisiiniilmektedir. Kan dolasiminda dokuda yedi
giine kadar bulunabilirler ve burada alt1 ila sekiz saat boyunca hayatta kalabilirler. Notrofiller konakgilarini fagositoz,
degraniilasyon, sitokinlerin olusturulmasi ve en son incelenen NET'lerin gelisimi yoluyla savunurlar. NETosis,
NET'ler olarak adlandirilan devasa ag benzeri yapilarin salinmasiyla isaretlenen bir tiir notrofil spesifik hiicre
oliimiidiir. Bugiine kadar NETosis'in iki yolu bilinmektedir: i) Hiicre liimiiyle sonuglanan Intihar/Klasik Yol, ii)
Hiicrenin sadece canliligin1 korumakla kalmayip aym1 zamanda efektor aktivitelerinin gogunun da muhafaza edildigi
Vital NETosis Yolu. Gegtigimiz on bes yilda yapilan arastirmalarda, NET'lerin viicudun bagisiklik sistemine
patojenlere karsi savunmada olumlu bir sekilde yardimci oldugu gosterilmistir. Ancak nétrofillerin ve NET'lerin
kisinin viicuduna her zaman faydali olmadig1 da gosterilmistir. Kendi antijenini otoantikorlara sunmak gibi gesitli
yollarla hastaligin patogenezine olan katkilari, hastaliklarin birgok alaninda bulunmustur. Bu derlemede NETosis'in
temel mekanizmasi, Romatoid artrit, Sistemik Lupus Eritematozus, Tip-1 Diyabet gibi bazi otoimmiin hastaliklardaki
rolii ve gesitli klinik uygulamalar tartigilmastir.

Anahtar Kelimeler: Bagisiklik sistemi; Notrofiller; NET'ler; Otoimmiin Hastaliklar
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INTRODUCTION

Immune Response

Our body has an in-built defence mechanism to combat nonself or foreign substances.
Antigens (typically proteins) on the surface of foreign substances or microorganisms, such as
bacteria or viruses, are recognised by the immune system, which fights and destroys, or tries to
destroy them. Antigen triggers the immune response, which is the body's reaction to foreign
substances [1]. This reaction defends the body against disease-causing viruses, fungi, bacteria, and
parasites. When transplanted organs are recognised as foreign, they can trigger an immunological
reaction [2]. The immunological reaction is divided into two arms: the humoral arm of immunity
and cellular arm of the immunity. Humoral immunity is mediated by B cell receptors (BCR). The
B cell receptors are released from the B cells in response to an antigen and are called Antibody.
Cellular immunity mediated by T cell receptor (TCR). T cells are of two types T helper cells (TH)
and T cytotoxic cells (Tc). The B cells and T cells collaborate to bring about the immune response
to fight the antigen [3].

The immune system is a collection of biological structures and activities that defends an
organism from disease. An immune system must be able to recognise a wide range of agents, from
viruses to parasitic worms, and separate them from the organism's own healthy tissue in order to
function correctly. Pathogens can change and adapt quickly in order to avoid being detected and
neutralised by the immune system. As a result, several defence mechanisms to recognise and kill
viruses have evolved. Even small unicellular organisms like bacteria have a primitive immune
system in the form of enzymes that protect them from bacteriophage infections [4]. Phagocytosis,
antimicrobial peptides known as defensins, and the complement system, which evolved in ancient
eukaryotes and is still present in modern descendants such as plants and insects, are examples of
basic immunological systems [5].

In this review article, it has been discussed about Neutrophil suicide which is commonly
known as NETosis. Process NETosis was actually observed after the discovery of phorbol 12-
myristate 13-acetate (PMA) and it also stimulates neutrophils [7]. A critical step in NETosis is the
release of certain proteins from granules into the cytosol. Azurophil granules contain the protein
complex "azurosome™ and ROS have been shown to cause azurosome dissociation, which causes
serine proteases and MPO to be released from the granules and enter the cytosol [15]. Cytoskeletal
elements are then broken down by serine proteases, most notably NE, allowing NETosis to take
place [16]. There are majorly 2 pathways of NETosis discussed over here: (i) Suicidal NETosis
(ii) Vital NETosis.

Here, it has also been discussed about how neutrophil leads to the condition of
pathogenesis. Numerous systemic autoimmune diseases and autoinflammatory syndromes, such
as adult-onset Still's disease (AOSD), which is brought on by innate immunity, and rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), and ANCA-associated vasculitis (AAV),
which is brought on by adaptive immunity, have been linked to the pathogenesis by neutrophils.
The involvement of neutrophils in inflammatory autoimmune illness is still unknown [40].
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Neutrophil extracellular traps are hypothesised to participate in an autoimmune response
as they get exposed to the intracellular endogenous components to the immune system. This article
mainly discusses how NET is involved in activation of autoimmune response
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Fig.1. Showing neutrophil and its components

Neutrophils are majorly found in white blood cells in circulation and are essential in
maintaining our health. Neutrophils differentiate from hematopoietic stem cells and leave the bone
marrow when they are terminally developed [6]. They spend their brief existence circulating in the
bloodstream. Components of neutrophil mainly include phagosome, primary granule, secondary
granule, multi-lobed nucleus, mitochondria and glycogen as illustrated in Fig.1. In particular, only
neutrophils possess multi-lobed nucleus.

Neutrophils cover 60-65% of white blood cells in peripheral blood and are involved in
many physiological and pathological processes of our body [4]. Neutrophil has a significant
position in the first line of defence of the immune system against bacterial and viral infections by
the means of phagocytosis and activation of intracellular proteins [5]. Additionally, under
pathological conditions, neutrophils are also capable of releasing traps called NETS.

Neutrophil Extracellular Trap [NET]

NETSs consist of extracellular DNA fibres which further includes histone proteins and
cytoplasmic granules [6]. NETs were first found in 1996 and further described by Brinkmann in
2004 as a form of the innate response to pathogen invasion that can trap pathogens, destroy
bacterial virulence factors, and kill bacteria, who also later coined the term "NETosis" to describe
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the process [7, 8, 9]. Neutrophils are short-lived granulocytes that serve as the body's first line of
defence against infections. Phagocytosis, degranulation, the formation of reactive oxygen species
(ROS), and the creation of cytokines and chemokines to provide additional immune cells in order
to maximise the host's immunological response are all employed for this process [6,10].

The innate immune system's major cells are neutrophils. The creation of NETS is one of
the neutrophils’ methods of action. The discovery of the network has spawned a new branch of
granulocyte research. Nuclear chromatin and granular antimicrobial proteins linked to nuclear
histones make up NETSs. They make excellent germ-holding scaffolds. NETs are used to catch and
kill disease-causing microbes such as bacteria, fungus, viruses, and protozoa (Fig.2). The
confinement of viruses inside DNA strands inhibits their spread and boosts antimicrobial agent
concentrations at the infection's focal point [6]. The creation of a NET, also known as NETosis, is
a specific type of cell death. NET is a web-like trap that engulfs the cell inside it through NETosis
further leads to cell death.
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Fig.2. Schematic diagram of various sides of NETs

NETs are extracellular fibre networks that bind pathogens and are mostly made up of
neutrophil DNA [8]. Neutrophils are the immune system’s first line of protection against infection,
and they are thought to kill pathogens via two mechanisms: microbe engulfment and antimicrobial
release. A new third function was identified in 2004: the development of NETs. Neutrophils use
NETSs to destroy extracellular infections while causing the least amount of damage to the host cells
[11].
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Neutrophils, in addition to physical barriers, are considered part of the immune system's
first line of protection. They can be found in the bloodstream, where they have a lifespan of 6-8
hours, and in tissue, where they have a 7-day existence [12]. Phagocytosis, degranulation, cytokine
production, and, most recently, NET generation are all strategies neutrophils use to defend their
host[8]. NETs are DNA structures that are formed when chromatin decondense and spreads,
occupying three to five times the volume of compact chromatin. Histones and over 30 components
of primary and secondary granules, including bactericidal components like -elastase,
myeloperoxidase, cathepsin G, lactoferrin, pentraxin 3, gelatinase, proteinase 3, LL37, and
peptidoglycan-binding proteins, cling to NETs and with this bactericidal activity they are able to
destroy virulence factors [6,13].

NET - Structure and Composition

NETSs are made up of DNA stretches and globular protein domains with sizes of 15-17 nm
and 25 nm, respectively, according to high-resolution scanning electron microscopy. They clump
together to form bigger threads with a diameter of 50 nanometer [8]. Under current parameters,
NETs can also form much larger structures, reaching hundreds of nanometers in length and width
[14]. NETs consist of proteins from azurophilic granules (cathepsin G, neutrophil elastase and
myeloperoxidase), specialised granules (lactoferrin), tertiary granules (gelatinase), and the
cytoplasm, according to immunofluorescence analysis.Programmed Cell Death of Neutrophil is
NETosis is characterised by the secretion of NETs which are large web-like structures. NETs
consist of chromatin fibres that make up the DNA with diameters of 15-17 nm. Histones H1, H2A,
H2B, H3 and H4 are also composed of proteins from granules (i.e., Neutrophil elastase (NE)
cathepsin G, and Myeloperoxidase (MPO), and some specific granules like lactoferrin, gelatinase
which is the tertiary granules.NE (Neutrophil elastase) is a serine protease that eliminates bacteria
and MPO that activates the oxidation of halides by hydrogen peroxide [8].

Mechanism of NETosis

Neutrophil suicide, which differs from necrosis and apoptosis, was initially observed in
1996 after phorbol 12-myristate 13-acetate (PMA) was used to stimulate neutrophils [7]. The
release of decondensed chromatin into the cytoplasm, as well as the breakdown of nuclear and
granular membranes, were characteristics of this type of cell death. In 2004, Zychlinsky and
colleagues discovered that neutrophil suicide resulted in the production of enormous web-like
structures made up of decondensed chromatin and neutrophil antimicrobial components, which
they termed neutrophil extracellular traps [8].

The release of certain proteins from granules into the cytosol is a crucial event in NETosis.
Azurophil granules contain the protein complex "azurosome,” which contains eight different
proteins, three of which are highly homologous serine proteases — neutrophil elastase (NE),
cathepsin G, and azurocidin — as well as myeloperoxidase (MPO), an enzyme that uses chlorine
and hydrogen peroxide as substrates to produce hypochlorite anion. ROS have been demonstrated
to cause azurosome dissociation, resulting in the release of serine proteases and MPO from the
granules into the cytosol [15]. Serine proteases (most notably NE) degrade cytoskeletal
components, allowing NETosis to occur [16].
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They then move to the nucleus, where they break down lamin and histones, causing
chromatin decondensation and the nuclear envelope to be destroyed. MPO is involved in the
dissociation of the azurosome as well as the release of proteases from the granule [15]. MPO’s
enzymatic activity isn't necessary at this stage, which is surprising. This heme-containing protein
most likely functions as an intracellular hydrogen peroxide receptor. MPO activity, on the other
hand, is essential for NETosis because the hypochlorite anion increases neutrophil elastase activity
[15]. It's worth noting that the ROS-dependent release of proteins from granules during NETosis
is strikingly similar to the ROS-dependent permeabilization of lysosomes and release of cathepsins
from them are seen in various types of necrosis [17]. This whole procedure of NETosis mechanism
is illustrated in Fig. 3.

Pathways

Classical or suicidal NETosis, which results in cell death, and vital NETosis, in which the
cell retains not only viability but also many of its effector activities, are the two types of NETosis
currently described.

Suicidal NETosis
Reactive Oxygen Species (ROS)

The general belief, two major observations suggest that ROS play a key role in the classic
suicidal NETosis pathway: (1) Neutrophils from patients with the chronic granulomatous disease
(CGD), which are unable to complete the oxidative burst, have significantly diminished NET
formation capacity. This is true regardless of the mutation that causes a faulty PHOX complex.
Infections are common in CGD patients, and they are often severe and chronic [18,19].
Furthermore, H2O> therapy stopped the creation of NETs in CGD patients' neutrophils, which was
caused by the PHOX complex [18]. (2) ROS scavengers like N-acetylcysteine and Trolox are said
to prevent NETosis [18,20]. In addition, its unknown how ROS plays a role in the dissolution of
the nuclear envelope or the mixing of NET components. According to certain research, ROS have
adirect role in the morphologic alterations that occur during NETosis [21]. ROS can also inactivate
caspases, which inhibit apoptosis and promote autophagy. This causes cellular membranes to
dissolve [22]. These two options are not mutually exclusive: each of them can act independently
under certain experimental conditions. There is currently mounting evidence that some stimuli can
cause NETosis without the involvement of NADPH oxidase. Winterbourn and colleagues
investigated the oxidant-independent release of NETs in-depth [23].

Peptidyl Arginine Deiminase 4 (PAD4)

Peptidyl arginine deiminase 4 converts arginine residues to citrulline in polypeptides,
removing the protein's positive charge. As a result, histone citrullination reduces nucleosome
stability [24, 25]. The loss of positive charges leads the compact structure of chromatin to open
up, allowing chromatin to decondense and disperse in the form of NETS. In vivo, neutrophils from
mice lacking PAD4 have a reduced ability to form NETs and are more prone to severe skin
infections [26, 27]. PAD4 deficiency, on the other hand, has no effect on influenza virus-related
lung infections.
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Vital NETosis

There are methods of DNA release, in addition to the suicidal NETosis mentioned above,
where neutrophils retain their viability and normal effector roles [28]. These processes were named
"vital NETosis" by researchers. However, the Cell Death Nomenclature Committee recommended
against using the term NETosis for processes that are not related to cell death in 2018 [29]. The
crucial release of chromatin was initially seen in a system containing neutrophils and platelets
triggered by LPS via TLR4 [14].

The rate of NETosis was substantially faster in this situation than when induced by PMA,
and the role of NADPH oxidase and ROS was not investigated. Unfortunately, this intriguing idea,
which has clear physiological implications, has not been further examined. In this scenario,
NETosis was induced by opsonizing bacteria, interacting with TLR2, and activating the
complement system. Surprisingly, nuclear-free neutrophils were capable of chemotaxis and
phagocytosis of bacteria after NETosis [14].

In eosinophils and neutrophils primed with pro-inflammatory cytokines IL-5/IFN-o. or
GM-CSF and activated with LPS, massive and extremely fast release of mitochondrial DNA
(mtDNA) was seen without loss of viability [30,31]. The activity of NADPH oxidase was required
for this action in both types of granulocytes. In the case of basophils, a similar occurrence was
found [32]. In response to oligodeoxynucleotides, essential mtDNA release was identified in B
and T lymphocytes, as well as in natural killer cells (NK cells), [33].

Unlike granulocytes, lymphocytes did not require NADPH oxidase to release mtDNA. The
functional relevance of extracellular mtDNA is still a mystery. The low mitochondrial content of
neutrophils, particularly eosinophils, makes the creation of functional NETs highly unlikely.
Extracellular mtDNA in lymphocytes did not contain lytic enzymes and most likely served a
signalling function. mtDNA enhanced type | interferon production and secretion by peripheral
blood mononuclear cells in particular [33].

Extracellular mtDNA (typically oxidised) is discovered in the blood in a variety of
diseases, including systemic lupus erythematosus, an inflammatory illness in which NETosis plays
a major part in the pathogenesis [34].
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Fig.3. Showing Mechanism of NETosis (1). NETOSIS is initialized by several stimuli (E.G.,
FUNGI, VIRUSES, BACTERIA) binding to neutrophil receptors such as FC Receptors, Toll - like
receptors), Which activate the endoplasmic reticulum to release stored Calcium ions. (2).
Increased cytoplasmic calcium levels stimulate PKC activity, causing NADPH oxidase to form a
functional complex (PHOX). (3). PHOX (or, alternatively, the mitochondrial respiratory chain)
then generates ROS (Reactive oxygen species) (4). ROS generation causes granule and nuclear
envelope rupture. (5) Inthe meantime, NE and MPO are translocated to the nucleus. (6). (V1) As
a result, histone deimination and chromatin decondensation help to form NETs (7). Finally, the
rupture of the plasma membrane causes.

Mitochondrial DNA

As previously noted, ROS are essential for several forms of NETosis [35]. In mammals,
both the mitochondrial respiration chain and NADPH oxidase contribute to the production of
reactive oxygen species (ROS) [36]. In vivo suppression of mitochondrial ROS generation has
been shown to lower intracellular ROS levels and NETosis [34]. To promote neutrophils and
mitochondrial ROS production, RNP immune complexes (RNP ICs) were utilised. Mitochondria
became hyperpolarized, translocated to the cell surface, and were found within NETSs that had been
ejected. In vitro, mitochondrial ROS also oxidised mitochondrial DNA (mtDNA), which is
proinflammatory. Oxidised mtDNA promoted inflammation and type | IFN production in mice via
a route involving the DNA sensor STING [34, 37].
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Abnormal NETosis and NET clearance abnormalities were reported to enhance the
generation and release of type | IFN in patients with systemic lupus erythematosus (SLE) [38].
Patients with CGD, on the other hand, have a higher chance of developing SLE, despite the fact
that they lack functioning NADPH oxidase activity [19], the principal generator of ROS in
activated healthy neutrophils. On the basis of this finding, one might wonder if increased NETosis
is a factor in the etiopathogenesis of SLE. Instead, a lack of NET clearance is expected to
exacerbate antinuclear autoimmunity in SLE patients [38, 39].

Neutrophils and Autoimmunity

Autoimmunity is described as an immune response that results in a reaction with a self-
antigen, which otherwise is any molecule that is a normal body element/cell and is incapable of
triggering an immune response. In recent years, neutrophils have been implicated in the
pathogenesis of a number of systemic autoimmune diseases and autoinflammatory syndromes,
including adult-onset Still's disease (AOSD), which is caused by innate immunity, and rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), and ANCA-associated vasculitis (AAV),
which is caused by adaptive immunity. The exact involvement of neutrophils in inflammatory
autoimmune illness is mostly unknown [40].

Neutrophil extracellular traps are suspected to participate in an autoimmune response as
they expose the intracellular endogenous components to the immune system. Most of the proteins
in these structures, notably myeloperoxidase (MPO) and peptidylarginine-deiminase 4 (PADI4),
have been demonstrated to greatly increase the autoantigenic burden, making them effective
autoantigens for autoantibody formation [41].

Rheumatoid arthritis

Rheumatoid arthritis (RA) is an autoimmune illness that causes pain, inflammation, and
damage to joints all over the body. Neutrophils in RA patients are prepared for the production of
reactive oxygen species hence they behave differently than neutrophils in healthy people [42].

Because of their propensity to generate degradative enzymes and reactive oxygen species,
neutrophils have the most cytotoxic potential of all the cells implicated in the pathophysiology of
rheumatoid arthritis (RA) [43]. Neutrophils have serine proteases in their cytoplasmic granules,
which can be released when they are stimulated. Anti-citrullinated protein antibodies (ACPA) and
rheumatoid factor (RF) immune complexes in RA joints can trigger neutrophil degranulation via
FcyR [44]. Activated neutrophils, in addition to secreting proteases, regulate the adaptive immune
response in the same way that macrophages and dendritic cells do. TNF, B cell-activating factor
(BAFF) [45], and receptor activator of nuclear factor kappa B ligand (RANKL) [46] are all
inflammatory TNF family cytokines secreted by RA synovial fluid neutrophils [47, 48].

BAFF is a B cell growth factor that promotes B cell proliferation and leads to the
generation of autoantibodies in people with RA [49]. RANKL is a protein that regulates osteoclast
formation and is a key cause of bone degradation in RA [50]. Additionally, neutrophils in the
synovial fluid of people with RA can display MHC class Il molecules and deliver antigen to T
lymphocytes [51], a role they share with macrophages and dendritic cells.Neutrophils also play a
role in the inflammatory cytokine and chemokine cascades, as well as regulating immune
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responses through cell-cell contacts [43].In comparison to healthy individuals, neutrophils from
RA patients produce spontaneous NETSs [41].

Systemic Lupus Erythematosus

SLE is a chronic systemic autoimmune disease characterised by a wide range of
immunological and laboratory abnormalities as well as clinical manifestations. Lupus can damage
practically any organ, although the kidney and the central nervous system are particularly
vulnerable. Women are the ones who are most affected [52].

Neutrophils rapidly accumulate in sites of tissue injury, whether or not infection is present,
and prevent bacteria and fungus from invading further. In patients with SLE, a lack of NET
clearance has been linked to high anti-NET antibody titers and renal damage [38]. Neutrophils
from SLE patients have a variety of phenotypic and functional abnormalities. Patients with SLE
have an increased number of circulating apoptotic neutrophils in their peripheral blood, which
correlates with disease activity and may give excess autoantigen such as dsDNA [53]. When
tolerance to self-antigens is lost, autoreactive B lymphocytes are stimulated and autoantibodies are
generated against nucleic acids and AMPs, which are created by infiltrating neutrophils that
undergo NETosis in the skin and kidneys of patients with SLE.

The immune complexes that are produced can deposit in many tissues, causing injury and
inflammation, which can lead to skin lesions, nephritis, and cardiovascular disease [54,55].
Furthermore, autoantigens that have been opsonized cause pDCs to release IFN-a, and neutrophils
to form NETSs [56,57]. A subpopulation of neutrophils found in SLE patients has been identified
as having a high number of low-density granulocytes (LDG).

TNF and type 1 IFN were constantly produced by low-density granulocytes, and NETosis
occurred spontaneously [35]. Furthermore, in SLE patients, elevated IFN-a is a crucial driving
element that primes neutrophils for NETosis execution [58]. In SLE patients, not only the
generation but also the degradation of NETSs is affected.

Monocyte-derived macrophages (MoMa) efficiently clear NETs in normal settings, and
this process is aided by the extracellular pretreatment of NETs by DNase | and C1q [59]. DNase |
and C1q have previously been shown to work together to degrade chromatin [60]. NETs are
transported to lysosomes by phagosomes after being consumed by macrophages. Because NET
uptake by macrophages does not result in pro-inflammatory cytokine output, it is immunologically
silent [59].

Anti-DNase antibodies were found in 62% of SLE patients' sera, compared to only 8
percent of healthy controls, according to Yeh et al. They also discovered a link between anti-DNase
and anti-DNA antibodies in SLE patients' sera. Antibodies that recognize a conserved epitope near
DNase's catalytic region protect NETs against degradation and hence may play a role in SLE
pathogenesis [61].

Type-1 Diabetes Mellitus

Type 1 diabetes mellitus (T1DM) is an autoimmune disease that causes hyperglycemia by
destroying B pancreatic cells in genetically vulnerable individuals. Autoantigens are presented
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when P pancreatic cells die. These autoantigens are recognized by the autoreactive T cells and also
lead to the generation of specific autoantibodies for B cell antigens [62, 63, 64, 65].

Hyperglycemia causes neutrophils to create more superoxide and cytokines, including
TNF-0, which causes NETosis [66, 67]. According to research, hyperglycemia may also
aldNETosis. An increase in TNF-a, as seen in diabetics, leads to neutrophils to form NETs and
release their intracellular contents, which include neutrophil serine proteases [68]. These proteins
have a critical role in the pathogenesis of TLDM due to their function in the maturation and release
of the cytokines IFN-a, IL-1p, and IL-18 as well as in the formation and activation of TLRs, which
are crucial mediators of insulitis and B-pancreatic cell death [69, 70]. They also encourage
neutrophil migration to inflammatory areas, generating negative feedback and contributing to
autoimmune diabetes development [71].

Immunothrombosis (COVID-19)

As the SARS-CoV-2 epidemic prevails, research suggests that microthrombi and
coagulopathy have a role in COVID-19 development and a wide range of clinical manifestations.
Up to 10% of COVID-19 patients have shown a risk of having multiorgan failure and may require
admission to an intensive care unit (ICU) for acute respiratory distress syndrome (ARDS) [72].

Immunothrombosis, the innate immune response's direct interaction of activated
leukocytes with platelets and plasma coagulation factors, may have a role in the thrombotic events
seen in COVID-19 individuals with coagulopathy [73].

Various diseases, including viruses, have been found to cause NET development in studies.
Though advantageous to the host's defence, the collateral harm caused by the long-term creation
of NETs might set off a chain reaction of inflammatory responses. Such reactions can cause tissue
degradation, promote microthrombosis, and permanently harm organs in the pulmonary and
cardiovascular systems, among other things [74, 75, 76]. In hospitalised COVID-19 patients,
elevated blood levels of NETs have been reported, suggesting that these structures may play a role
in the disease's pathophysiology and have a link to the patients' prognosis [77].

In COVID-19, pathogenic immunothrombosis may also be caused by dysregulated
neutrophil extracellular trap (NET) production [75]. As a result, ARDS and death in COVID-19
associated NET-mediated inflammatory and thrombotic tissue damage and can be reduced by
breaking down or blocking NETs in COVID-19 [75].

Anti-neutrophil cytoplasm antibody (ANCA)-associated systemic vasculitis (AASV)

In perivascular tissues, ANCAs are produced, leukocytoclasis occurs, and unscavenged
apoptotic and necrotic neutrophils accumulate which characterises Antineutrophil Cytoplasmic
Antibody (ANCA)-associated vasculitis (AAV) [78, 79].

Many ANCAs target PR3 or MPO, enzymes that are present in neutrophil azurophilic
granules and on the surfaces of NETs [80]. ANCA-stimulated neutrophils are said to release NETS,
which contain the autoantigens PR3 and MPO [81]. Furthermore, circulating MPO-DNA
complexes have been found in patients with AASV, implying that NET formation in these multi-
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system autoimmune disorders causes vascular inflammation and amplifies autoimmune responses
against neutrophil components [82].

In 2009, Kessenbrock et al. conducted biopsies of AAV patients and showed NETS present
in the glomeruli in the kidney of the patients [82]. Further studies indicated that neutrophil
extracellular traps can also be shown in skin lesions [83, 84] and thrombi from samples taken from
AAYV patients [85, 86].

Adult-onset Still’s disease

Adult-onset Still's disease (AOSD) is a rare multigenic systemic autoinflammatory
condition that is the adult equivalent of juvenile idiopathic arthritis (JIA) [87]. Fever, arthritis,
lymphadenopathy, hepatosplenomegaly, and rash are the most common clinical symptoms of
AOSD [88]. Acute phase reactants such as erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and ferritin are raised in the majority of patients during active illness episodes [89].

Studies conducted by Hu et al. showed that in the circulation of patients with AOSD, the
amounts of cell-free DNA and NET-DNA complexes were much higher than in healthy controls,
and newly separated neutrophils from patients with AOSD were more susceptible to high levels
of spontaneous NET release. It was also documented that NADPH oxidase inhibitors and a
mitochondrial scavenger inhibited increased NET release.

NLRP3 inflammasomes were also triggered by DNA isolated from AOSD NETSs. The
activation of CD68+CD86+ macrophages was accelerated by NET DNA from AOSD, which
significantly boosted the expression of interleukin (IL)-1B, IL-6, and tumour necrosis factor
(TNF)-a [90]. This suggested that an accelerated NET formation contributes to AOSD
pathogenesis as it mediates activation of NLRP3 and proinflammatory macrophages.

Tumour and NETs

The relationship between NET development, carcinogenesis, tumour growth, and
metastasis has been broadly studied, and multiple reports have shown NETS' direct influence on
cancer cell proliferation through proteases or activating signals [91, 92, 93, 94]. Patients with
several forms of malignancies, including lung, pancreatic, and bladder cancer, contained higher
levels of NETs in their plasma than healthy controls [95].

Lewis lung cancer and Ewing sarcoma have been found to have a huge necrotic region of
dead neutrophils and NET-like structures [91, 96]. Cancer-associated thrombosis in tumours has
been found to be stimulated by NETS, a condition linked to a poor prognosis in patients [92,97].
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Applications
NETSs as antimicrobial agent

NETs have been found to have a positive impact on bacterial infection management.
Antimicrobial characteristics are found in components such as cathepsin G, histones, MPO, NE,
lactoferrin, gelatinase, antimicrobial peptide-LL37, proteinase 3, pentraxin 3, and peptidoglycan-
binding proteins [98, 99, 100]. According to Vidal Delgado, NETs limit or destroy microorganisms
such as Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella
enteritidis, Shigella sonnei, Salmonella typhimurium, and Shigella flexneri.

In viral conditions

There is an increased neutrophil recruitment in viral illnesses such as influenza, HIV, and
respiratory syncytial virus[101,102]. These viruses induce NETosis by releasing ROS species
through TLR and the NETSs capture, confine, and destroy viruses or impede viral replication by
blocking the PKC pathway. Histones are also very crucial for viral aggregation and then to start
neutralisation, which leads to reduction of viral replication significantly & also limits its activity
[103,104].

Aspergillus nidulans, A. fumigatus, Candida albicans and Cryptococcus spp. cause
NETosis by binding to B-glucan on hyphae by extracellular matrix components [10,104,105]. In
vivo, NETs have been demonstrated to be significant in capturing and removing big pathogens,
making them crucial for disease prevention.

In fungal conditions

Cryptococcus, A. nidulans, C. albicans and A. fumigatus spp. is the main reason for
NETosis through the recognition of B-glucan present on hyphae by extracellular matrix
components or by activating NOX. NETs have been shown to be essential for antifungal defence
by capturing and removing big pathogens in vivo [105, 106, 107].

In parasitic conditions

Platelets, monocytes, and neutrophils are activated by Plasmodium falciparum and
Toxoplasma gondii. The NET formation, which is reliant on the MEK-ERK pathway, prevents
parasites from spreading by trapping and killing them [108,109]. Histones inhibit Leishmania spp.
replication and have been proven to kill these pathogens when combined with other NETs-
associated chemicals including NE, MPO, and collagenase.The vast bulk of NET research has
been conducted in mice and in vitro, although the exact mechanism of NETSs in vivo is still
unknown. Extensive research is required to clearly define and understand their influence in vivo
and in humans.
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NETSs as hiomarkers

The ability to identify NETs can be used as a prediction tool for the patients with illnesses
that possess a high probability of NET production, allowing clinicians to give more tailored care.
There must be research to standardise and define normal and abnormal levels for NETSs to be used
as screening tools. This could include blood tests for cfDNA, CitH3, NE, and MPO, which are all
NET-related products.

A simple nucleic acid-staining technique has been used to quantify cfDNA in serum
samples from colorectal and breast cancer patients. This is in particular utilised to separately
distinguish the tumour; however, measures circulating MPO/cfDNA conjugates and CitH3 for
NET analysis are more specific than cfDNA alone [110]. CitH3 is more specific to NETosis,
making it a worthy tool for figuring out how NET levels differ [111]. Thalin discovered that a high
CitH3 plasma concentration was a significant predictor of short-term death in certain cancer
patients [112] and some observational studies support the role of NETs in colorectal cancer
progression. To definitively define the differing amounts of NETs and link them to harmful
cancer/disease outcomes, more extensive human research is needed.

NETSs as potential targets in cancer therapy

NETs have the potential to be effective cancer treatment targets. Despite the relevance of
NETSs in boosting cancer cells' metastatic potential, inhibiting NET production and/or activity in
tumours could be beneficial [113]. However, ongoing scientific trials are yet to determine the most
effective treatment for NETs [114, 115]. Gonzalez-Aparicio et al. proposed a combination of
immunotherapy and medicines that block neutrophil chemoattraction and NET extrusion as a
potential cancer treatment [116]. Another difficulty to consider is the paucity of signs that can
anticipate a patient's response to NETs-interfering medication. H3Cit and MPO-DNA are the only
available markers of NET development, and they may have predictive significance in cancer
patients [117, 118]. Patient selection criteria for NET targeting medicines were developed based
on the detection of NETs in tumour biopsies and the expression of G-CSF in human tumour
samples although, these studies did not present any conclusive data [113, 119]. More research is
needed into the semi-quantitative method for NET detection in body fluids based on the interaction
of DNA with MPO [120]. According to Jorch and Kubes, a vast number of experimental and
clinical investigations targeting NETs have been conducted for pathologies other than cancer, such
as autoimmune and pulmonary disorders, or consequences of autoimmune conditions [121].

Further reading/Future prospective

Neutrophils play a key role in the defence strategies used by our body to combat the
pathogens. Neutrophils are immune cells that are a part of the innate immunity which use a variety
of pathways to destroy antigens, including the release of NETs. NETs are a web-like structure
made up of antimicrobial proteins and DNA that are generated during NETosis, a specific type of
programmed neutrophil cell death. In general, NETs allow neutrophils to eliminate external
infections while minimizing host cell damage, but they can potentially trigger an autoimmune
reaction.
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Understanding the formation and function of NETosis will lead to a better understanding

of various autoimmune diseases, cancer biomarkers and diseases such as malaria and diabetes.
This will also pave the way for better designing the tailored medicines for tumours and cancers.
As more and more researches are taking place in this field of research and development, this
certainly has a lot of potential in clinical and therapeutic advancements. This has a lot of potential
and promises to keep in the area of biomedical research and we are sure that this review will prove
to be one of the good reference points.
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