http://www.jhpr.ir

Hosp Pract Res. 2024 March;9(1):381-388

HPR

Hospital Practices and Research

doi 10.30491/hpr.2024.469006.1441

Review Article

The Role of Neutrophils Extracellular Traps in

Autoimmune Diseases

Seyed Kiarash Aghayan "2

, Mohammad Reza Heydari', Javad Hosseini Nejad 3
Mahmoudabadi 4, Hadi Esmaeili Ghouvarchinghaleh *

, Ali Zahiri4 ", Mostafa Eslami

! Department of Veterinary Sciences, Shabestar Branch, Islamic Azad University, Shabestar, Iran

2 Applied Virology Research Center, Biomedicine Technologies Institute, Bagiyatallah University of Medical sciences, Tehran, Iran
3 Neuroscience Research Center, Bagiyatallah University of Medical Sciences, Tehran, Iran

4 Students Research Committee, Bagjiyatallah University of Medical Sciences, Tehran, Iran

*Corresponding Author: Hadi Esmaeili Ghouvarchinghaleh, Ph.D., Applied Virology Research Center, Biomedicine Technologies
Institute, Bagiyatallah University of Medical sciences, Tehran, Iran. Tel: +98-9125075438, Email: h.smaili69@yahoo.com

Received February 7, 2024; Accepted March 13, 2024; Online Published March 15, 2024

Abstract

Some neutrophils are shown to be able to release structures consisting of DNA strands associated with histones, decorated with
about 20 proteins. These structures are called Neutrophil Extracellular Traps (NETs). NETosis is the process by which the
formation of neutrophil extracellular traps eventually leads to cell death. Indeed, NETosis is a cell death process that is unique
from other common types of cell death. Two kinds of NETosis have been identified, vital NETosis and suicidal NETosis. Vital
NETosis, unlike suicidal NETosis, occurs a few minutes after neutrophil stimulation. Suicidal NETosis can be dependent on or
independent of NADPH oxidase. NADPH-independent NETosis can be induced by calcium ionophores. As long as NETs are set
up properly, they play an important role in fighting infections. However, if not properly adjusted, tissue damage and
inflammation increase. Furthermore, NETs are involved in some autoimmune diseases.
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1. Background

Neutrophil Extracellular Traps (NETs) were discovered
in 1996, and in 2004, NETosis was first described as an
important step in killing bacteria by neutrophils.? NETs
released by active neutrophils are believed to trap and
destroy invading microorganisms. Therefore, neutrophils
safeguard the host both internally through phagocytosis
and externally via NETs. Experiments conducted both in
vitro and in vivo demonstrated that gram-negative and
gram-positive bacteria, as well as fungi, adhere to DNA
fibrils.® Over the past few years, it has become more clear
that only a fraction of neutrophils can form NETs. This
indicates the heterogeneity of neutrophil populations,
especially during sterile inflammation.* NETosis is the
process by which NETs are formed and the formation of
these NETS causes cell death. It has also been shown that
if there is no balance between the formation of NETs and
their destruction, there is a possibility of autoimmune
diseases.>® When neutrophils are subjected to NETosis,
the nuclear and granular membranes disintegrate, chromatin
breaks down and spreads in the cytoplasm and mixes
with cytoplasmic proteins. The plasma membrane then
ruptures, releasing chromatin adorned with granular
proteins into the extracellular space.” In the inflammatory
environment, NETs expose antigens such as nucleic acids

and proteins that can stimulate the immune response in a
sensitive individual.® NETosis is characterized by the
release of NETs, which are large web-like structures.
NETs consist of DNA strands linked with histones and
are adorned with approximately 20 different proteins,
including Neutrophil Elastase (NE), Myeloperoxidase
(MPO), cathepsin G, proteinase 3, high mobility group
protein B1, and LL37.” Currently, two forms of NETosis
have been identified. One is the suicidal NETosis that
leads to cell death, and the other is the vital NETosis in
which not only the cell survives, but also retains many of
its effective functions 57. Both of these processes are
believed to perform antimicrobial functions.* NETs can
play a role in causing chronic inflammatory processes®
and can also lead to uncontrolled inflammatory responses
that lead to tissue damage.? Furthermore, NETs are also
associated with the resolution of inflammation. Therefore,
NETs can be central regulators of inflammation and
autoimmunity.* NETs are present in various conditions
such as infection, malignancy, atherosclerosis, and
autoimmune diseases including Rheumatoid Arthritis
(RA), Systemic Lupus Erythematosus (SLE), Anti-
Neutrophil Cytoplasmic Antibodies (ANCA), Associated
Vasculitis (AAV), psoriasis, and gout.® The exact
molecular mechanisms that cause NETosis are not fully
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understood; several pathways have been suggested, such
as induction by Reactive Oxygen Species (ROS) generated
from NADPH oxidase.® Accurate understanding of the
various mechanisms and factors that cause these diseases
is useful and necessary for their treatment. In this study,
the role of neutrophil extracellular traps in causing
autoimmune diseases have been discussed.

2. Investigation of Neutrophil Extracellular Traps
Formation

Neutrophil chromatin undergoes decondensation after
stimulation by pathogens. NE and MPO mediate this
process.® NE and MPO are enzymes stored in azurophilic
granules, found in large quantities in NETs. NE causes
chromatin to decondensation and MPO enhances this
process.t® Protein Kinase C (PKC) activates NADPH
oxidase. Phorbol 12-myristate 13-acetate (PMA) is a
NETosis activator that belongs to the PKC family.® PMA
is a chemical stimulator that is most commonly used to
release NETs from neutrophils derived from human
blood.* ROS induce NETosis. NADPH oxidase is the
main source of ROS. Increasing the concentration of Ca?*
in the cytoplasm activates NADPH oxidase. Mitochondrial
ROS production also causes this process in some cases.
Contrary to previous beliefs that mitochondria do not
play an important role in neutrophil function, the role of
mitochondrial ROS in NADPH oxidase activation and
NETosis induction has been identified.> This issue that
mitochondria are the source of a significant portion of the
nucleic acids in NETSs relative to the nucleus has been
reported by several studies.'> Mcl-1 is neutrophils main
anti-apoptotic protein that its expression stimulated by
PKC. NETosis induction can be associated with apoptosis
suppression.® The suicidal form of NET formation was
initially believed to depend on NADPH oxidase, but it
can also occur independently of NADPH oxidase
facilitated by calcium influx and mitochondrial ROS
production. NADPH oxidase-dependent NET formation
is triggered by agonists such as PMA and LPS, with
PMA being a non-physiological NADPH oxidase-
dependent agonist. Studies have shown that Protein
Arginine Deiminase 4 (PAD4) is required for the
NADPH oxidase-independent NET formation. It also has
no integral part in NADPH-oxidase-dependent NET
formation. However, NET formation mediated by LPS
and PMA may require PAD4.%® Inhibition of the PAD4
enzyme disrupts NET formation because it is required for
the citrullinating of proteins in neutrophils.’* NADPH
oxidase-independent NET formation can be induced by
calcium ionophores, a non-physiological agonists similar
to PMA, such as ionomycin.®® Also, one of the mechanisms
that does not require the production of oxidants by cells is
the increase of intracellular calcium ionophores.®®
Concanavalin A, like PMA, is a mitogenic stimulant that
induce  NADPH oxidase-dependent NETosis. These

stimuli also activate the PKC. Prostaglandin E, can
inhibit NETosis by inhibiting PKC and downstream
events that result in NET formation. Factors that
modulate NETosis include O,, CO>, bicarbonate levels,
and pH. An acidic environment reduces NETosis.!® In
addition to apoptosis and necrosis, NETosis is also
considered a type of cell death for neutrophils. Bacteria
are one of the stimulants that can induce NETOosis.
Although neutrophils release NETs during acute infection
with staphylococcus aureus, it has been shown that these
neutrophils are alive. Neutrophils that survive when
NETs are released maintain multitasking capabilities.
Rapid release of nuclear DNA is a hallmark of vital
NETosis.** Vital NETosis can occur in response to LPS-
activated platelets. The release of NETs by neutrophils
that have been in contact with TLR4-activated platelets
has been shown not to damage their membranes, leaving
those neutrophils intact.'*!" Living neutrophils can form
NETs following the stimulation of the complement factor
5a receptor. The presence of mitochondrial DNA and the
absence of nuclear DNA have been observed in living
cells that formed NET.* Suicidal NETosis, on the other
hand, is a type of cell death process in which NETSs are
composed of nuclear DNA decorated with various
histones, accompanied by rupture of cell membranes and
loss of polymorphonuclear neutrophils main functions.’
While suicidal NETosis requires high doses of PMA and
a long time to develop, vital NETosis occurs minutes
after neutrophil stimulation with bacteria.’® As a result,
two of the primary differences between vital NETosis and
suicidal NETosis can be considered the nature of the
stimuli and the duration that takes to release NET.*
Evidence has shown that NET formation occurs through
three mechanisms including NETosis, the release of NET
by living cells a) mediated by the vesicular release of
nuclear DNA b) formed of mitochondrial DNA.!!
Interestingly, in an infection, ROS formation may play a
role through two antimicrobial pathways. The first is the
intraphagosomal Kkilling of pathogens in which
neutrophils are alive, and the second is killing mediated
by NET.?

3. NETosis and other Forms of Cell Death

NETosis has not been using components of pathways
associated with apoptosis or necrosis, and is itself a
unique form of cell death.?* Caspases can be used as an
example to show the independence of apoptosis and the
formation of NET. Apoptosis is caspase-dependent, while
NET formation is independent of apoptotic caspases.?
The results of a study show that NET formation is
independent from apoptosis and necrosis and neither of
them is involved in NET formation. It has been shown
that the morphological and molecular criteria for
apoptosis and necrosis are quite different from NET-
induced cell death. One of the differentiation of necrosis
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and NET formation is due to nucleus morphological
changes between them. The nuclear envelope remains
intact in necrosis, but in NETs the nuclear membrane
ruptures into a large number of vesicles.?® Chromatin
degradation is essential for NETosis and NET formation.
It can be inhibited by inhibition of autophagy or NADPH
oxidase. Inhibition of chromatin degradation leads to cell
death, which is characterized by apoptotic hallmarks.?®
Comparing pyroptosis with NETosis, it can be noted that
pyroptosis is dependent on proinflammatory caspase
activity, while NETosis requires neutrophil serine
proteases. It should also be noted that the niche of
intracellular pathogens is destroyed by pyroptosis, while
NETSs capture extracellular microorganisms.?* In addition
to pyroptosis, it has been shown that the niche of viruses
and bacteria inside the cell is also destroyed by the
apoptosis and necroptosis.?> Decomposition of chromatin,
disintegration of the nuclear membrane, and rupture of
the plasma membrane to release NETs are events that
occur during NETosis (suicidal NETosis)-mediated cell
death, unlike apoptosis and necrosis.? It is also stated
that the granular membrane disintegrates during NETosis,
but the plasma does not lose its integrity.?” The results of
a study examining the different pathways of NETS
formation caused by the five stimuli including PMA,
calcium ionophore A23187, bacterial toxin nigericin,
dimorphic fungus Candida albicans and, gram-positive
bacteria Group B Streptococcus show that all five
pathways have similar properties. In addition, as
mentioned earlier, NETosis has been shown to be a
unique form of cell death, different from apoptosis and
necrosis.? Another type of cell death induced by lipid
peroxidation is called ferroptosis. The components of the
ferroptosis machinery are thought to have a role in the
formation of NET. The results of a study showed the
acceleration of NET formation by a ferroptosis inducer
but it was concluded that this substance is independent of
cystine transporter component glutamate/cystine xCT

antiporter.?? Research in recent years has shown that
NETosis induction requires autophagy, and NET
formation is closely related to autophagy.8?

4. Relationship between Neutrophil Extracellular
Traps and Autoimmune Diseases

NETs play a valuable role in fighting infections, but
when the correct regulation of these NETS in the host is
disturbed, direct tissue damage and inflammation
increase.?® Factors that cause NET formation include IL-
1B, tumor necrosis factor (TNF)-a, IL-8, IFN-a,
monosodium urate (MSU) crystals, and alum.? It has
been hypothesized that NETs are considered as strong
inducers of autoimmunity®® (Table 1). In these inflammatory
diseases, the immune system loses its tolerance to
autoantigens resulting in effector mechanisms.3! There is
ample evidence for the role of NETosis in various lung
diseases, cancer, and autoimmune diseases. NETs have
also been shown to have the ability to perpetuate
autoimmunity because they contain autoantigens.®
Neutrophils by engulfing dead cells and cell debris help
eliminate a source of sterile inflammation. Therefore,
it can be stated that although neutrophils have
proinflammatory function, they also help to eliminate
inflammation.*® Neutrophils modulate inflammation and
efficiently clear microorganisms during infection by two
forms of cell death called apoptosis and NETosis.3? NET
formation also occurs in various forms of vasculitis, and
the production of ANCAs against MPO and PR3, which
are components of NET, occurs under conditions of
vasculitis and autoimmunity.®®* Some forms of cell death,
such as apoptosis, necrosis, and NETS, are associated
with autoimmunity. One of the enzymes that plays an
essential role in the opsonization of NETSs for clearance
by macrophages is DNase 1. This enzyme is also
important for the degradation of NETs and C1q.3* In
preventing NET pathology during chronic inflammation,
DNase is effective.®

Table 1. Aspects of Neutrophil Extracellular Traps (NETSs) in different autoimmune diseases

Aspect Rheumatoid Arthritis (RA)

Systemic Lupus
Erythematosus (SLE)

Psoriasis Gout

NET Inducers RF, ACPAs,
antibodies/molecules

stimulating the immune

Role in Disease Contributes to joint
damage, formation of

citrullinated autoantigens

Cytokines Involved TNF-a

Treatment Targeting NETs or
neutrophil elastase may
slow cartilage damage

Increased mitochondrial
superoxide production,
Production increased in low-
system density granulocytes (LDGs)

Causes systemic inflammation,

protects against DNase

IFN-I, IFN-y, IL-6, IL-8, TNF-a
DNase1 to degrade NETs

pDC-derived IFN-I, PMA,
TNF-q, S. aureus

MSU crystals and
requires autophagy,
PI3K signaling,
endosomal
acidification

MSU crystals form
aggNETs that have
correlates with disease been suggested to
severity limit inflammation
IL-36, TLR4 IL-18

SLPI treatment to control Suramin, PPADS,
NET formation MRS2578 to inhibit
P2Y receptor

Increases NET formation
in inflamed skin,

4.1. Rheumatoid Arthritis

Antibodies or molecules that stimulate the immune
system stimulate the formation of NET in the peripheral
blood of patients with RA. Rheumatoid Factor (RF) and

Anti-Citrullinated Protein Antibodies (ACPAs) also
support the formation of NET in RA.% It seems that
ACPA formation is a pathogenic event in the progression
of RA.®” ACPA is a diagnostic feature of RA.%® Since
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ACPA can detect citrullinated proteins and NETosis is a
process associated with citrullination, NET may play a
key role in the pathogenesis of RA.*® Aggrecan is an
example of a potent citrullinated autoantigen in RA, a
protein in the extracellular matrix of articular cartilage.*
Cathepsins, MPO, MMP8, MMP9, LCN2, and PADI2 are
NET proteins with high levels in RA synovial fluid.*! It is
possible that the proteins such as myeloperoxidase,
neutrophil elastase, and cathepsin G that cause joint
damage, and are present in the synovial fluid due to
excessive NETosis.®® High levels of peptidyl arginine
deiminases are expressed by neutrophils, and NETosis is
associated with active peptidyl arginine deiminases
release. The production of citrullinated autoantigens,
following protein deimination by peptidyl arginine
deiminases, is a crucial step in the autoimmune response
in ACPA-positive RA patients.3**? It has been shown that
NET formation is much higher in RF (+) than in RF (-)
RA patients. It has also been shown that control
polymorphonuclear cells isolated from healthy donors
tend to form fewer NETs spontaneously compared to RA
polymorphonuclear cells.** MPO-DNA complexes
(remnants of NET) have been shown to be higher in
patients with RA than in healthy individuals.*’ MPO-
DNA levels are associated with increased neutrophil
counts, positive RF, and positive anti-citrullinated
protein/peptide antibodies in RA patients.** The results of
a study show that the progression of cartilage damage can
be slowed down by treatments that target NETs or
neutrophil elastase. These treatments can also reduce the
inability of RA.*° The results of another study show that
anti-NET antibodies (ANETA) are often present in
patients with RA. ANETA was much higher in RF (+)
patients/** MPO and PR3 in ANCA-associated vasculitis,
dsDNA in SLE, and autoantibodies to citrullinated
protein antigens in RA are autoantigens that may be
sourced from proteins found in NETSs. Interestingly, it is
stated that the levels of inflammatory cytokines, such as
TNF-0 and IL-17, and pathogenic autoantibodies to
citrullinated protein antigen, are increased years before
clinical diagnosis in patients with RA.®

4.2. Systemic Lupus Erythematosus

Another autoimmune disease that patients with it may
have inflammation in the joints, kidneys, skin, and brain
is Systemic Lupus Erythematosus (SLE). In this disease,
healthy tissues of the body are attacked by the immune
system.*> Improper activation of the immune system in
this disease, which causes systemic inflammation, is due
to the presence of autoantigens. In lupus patients' kidneys,
NETs have been found. Production of mitochondrial
superoxide is crucial for NET formation. Production of
this substance in lupus Low-Density Granulocytes
(LDGs) is increased compared to normal density
granulocytes in both lupus disease and healthy patients.*®

Chromatin and lactoferrin, myeloperoxidase, proteinase
3, and elastase, which are neutrophil proteins, are targeted
by antibodies produced in SLE patients. As mentioned
earlier, the degradation of NETs required serum DNasel.
A specific DNasel inhibitor has been observed in the
serum of some SLE patients. High titers of NETs-binding
antibodies that protect them against DNasel have also
been observed in the serum of other SLE patients.*’
According to a study by Campbell et al. on a murine
model, it has been shown that, contrary to the idea that
the pathogenesis of SLE is driven by NET, a source of
autoantigen, SLE can proceed without the formation of
NET and the dependence of NET formation on Nox2 is
not a major cause of disease pathology.*® LDGs have a
greater capacity to synthesize proinflammatory cytokines.
IFN-I is one of these cytokines and its increased activity
is associated with the endothelial dysfunction development
in SLE.“84° TFN v, IL-6, IL-8, and TNF-a are other
proinflammatory cytokines produced by LDGs that are
important in the pathogenesis of SLE.*® The small
vesicles that form as a result of cell membrane
germination during stimulation or in the late stages of
apoptosis are called microparticles. Dieker et al. showed
that unlike plasma microparticles isolated from healthy
individuals or RA patients, SLE plasma microparticles
can activate Plasmacytoid Dendritic Cells (PDCs) derived
from the blood. Dieker et al. have also shown that the
NET formation can be increased in SLE patients with
high levels of circulating apoptotic microparticles.>*
Decreased DNA destruction ability has been observed in
SLE patients. In addition, it has been confirmed that
NETs destroy ability is not present in the serum of a
subgroup of SLE patients.>?> Apoptosis is more common
in SLE neutrophils.®® Neutrophil accumulation and
neutrophil death, including apoptosis, necrosis, and
NETosis, have been shown to increase in mice with milk
fat globule EGF factor 8 (MFG-ES8) deficiency that are
exposed to pristane. The absence of MFG-ES8 leads to NET
formation, autoantibody synthesis, and glomerulonephritis.>®
It has been observed that in SLE patients compared to
controls, ubiquitination in NETs is reduced. Protein
degradation, for example, is a post-translational modification.
These modifications are called ubiquitination, which in
addition to protein degradation can affect various cellular
processes by modifying protein function and gene
transcription.> It has been indicated that the levels of
basal autophagy in peripheral blood neutrophils were
lower in healthy individuals and inactive SLE patients
compared with patients with SLE.%

4.3. Psoriasis

Psoriasis is a chronic disease that mostly affects the skin
and joints and affects many people.® One of the
important factors involved in psoriasis is pDC-derived
IFN-I. It has been shown that Secretory Leukocyte
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Proteinase Inhibitor (SLPI) associated with NETs are
more present in the sera-treated neutrophils of psoriasis
patients than in PMA-stimulated cells.>” In psoriasis skin
lesions, SLPI might bind to DNA and neutrophil elastase
and produce IFN-1 after activation of pDCs.58 Stimulation
of human neutrophils by PMA, TNF-a, and staphylococcus
aureus can cause NET formation in them, a process that
is greatly reduced by SLPI treatment. Findings from
studies highlight the controlling role of SLPI in NET
formation.>® Although an increase in NET formation
induction ability has been observed in control neutrophils
by psoriasis sera, their ability to degrade the NET
remains normal. It has been indicated that the severity of
psoriasis in peripheral blood is correlated with the
amount of NET.%° CD11b and CD66b, which have been
shown to increase in active neutrophils, are less in normal
healthy controls as well as in patients with moderate
psoriasis than in patients with severe psoriasis. Higher
levels of LL-37, a component of NETS that is antimicrobial,
were observed in keratinocytes of psoriasis lesions.®* The
activation of IL-36 and toll-like receptor 4 (TLR4)
signaling by neutrophils through the release of NETs has
been shown to enhance skin inflammation. The amount
of neutrophils and NETSs in inflamed skin were reduced
in IMQ mice treated with a neutralizing LCN2 antibody.
In psoriasis, the gene LCN2 is prominently expressed.®?

5. The Relationship between Gout and NETosis

The results of a new study show the presence of NETS in
the peripheral blood of gout patients.®® Gout is an acute
inflammatory disease characterized by the deposition of
extracellular pathogens called MSU crystals. These
crystals can trigger immunological responses and can
also induce the formation of NET, one of the strategies to
counteract extracellular agents.5* It has been shown that
the release of NETSs in neutrophil granulocytes mediated
by MSU crystals requires autophagy, PI3K signaling, and
endosomal acidification.®® One of the cells that play an
important role in the removal of these NETs is CD14*
macrophages in the synovial fluid.%* Activation of
NLRP3 inflammasome occurs due to the uptake of MSU
crystals, one of the strongest inducers of NETosis, by
macrophages.®*¢67 |t should be noted that not all patients
with hyperuricemia have gout, but serum urate is directly
associated with gout. Neutrophils treated with MSU
crystals have been shown to cause NET formation as well
as synovial fluid and peripheral neutrophils in patients
with acute gouty arthritis.®® IL-1B is a proinflammatory
cytokine that regulates neutrophil functions, can be
secreted by macrophages due to the uptake of MSU
crystals®®8 and this cytokine has been reported to
increase NET release. MSU crystals form aggregated
NETs (aggNETs) that have been suggested to limit
inflammation.®® The release of ATP and lactoferrin from
activated neutrophils increases this formation®® and

reports indicated that this formation depends on the ROS
production.”® The microcrystals stimulate neutrophils to
release NETs, which at low densities neutrophils form
NETSs, and at high densities neutrophils form aggNETs.”
The formation of aggNET stops inflammation by
destroying proinflammatory cytokines and densely packed
crystals. Studies have shown that the prerequisite for
NET formation is phagocytosis of MSU crystals by
neutrophil granulocytes.®® It has been shown that
NETosis caused by MSU crystals can be partially
inhibited by blocking ROS with various antioxidants.®
Data from a study show that MSU crystals in all three
granulocyte lineages (NETs, EETs, and BETS) can induce
the formation of extracellular DNA traps, but they do not
have the ability to induce extracellular DNA traps in
monocytes. It has also been shown that DNA externalization
does not require the adsorption of these crystals.”* P2Y
and P2Y®6 are purinergic receptors that studies described
the effect of these receptors on the formation of NETs
induced by MSU crystals and they have been suggested
to be involved in the formation of NETs.”® Suramin,
PPADS and MRS2578 inhibit the P2Y receptor. These
substances can limit the formation of NET induced by
MSU.6

6. Conclusion

It is now known that mitochondria are involved in
inducing NETosis. Mitochondrial ROS activates NADPH
oxidase. Two forms have been identified for NETosis.
Vital NETosis and Suicidal NETosis. Suicidal NETosis
has two forms. The first is dependent on NADPH oxidase
and the second is independent on NADPH oxidase. PMA
and LPS are NET-forming agonists that are dependent on
NADPH oxidase. Calcium ionophores can also cause
NET formation independent of NADPH oxidase.
NETosis has been identified as a unique form of cell
death and NET formation is independent from apoptosis
and necrosis. DNase | is an important enzyme for the
degradation of NETSs. A specific inhibitor of this enzyme
has been observed in the serum of some SLE patients.
NETs are found in the kidneys of lupus patients.
Decreased DNA degradability has also been observed in
SLE. NET proteins such as Cathepsins, MPO, MMP9,
etc., have been observed in large amounts in the synovial
fluid of RA patients. It has also been observed that MPO-
DNA complexes are higher in RA patients than in healthy
individuals. Evidence suggests that NET formation may
be associated with RA. Psoriasis is another autoimmune
disease that has been observed to increase the induction
of the ability to form NET in control neutrophils by the
psoriasis sera. But it should be noted that their ability to
destroy the NET is normal. The severity of psoriasis in
peripheral blood has also been shown to be associated
with NET levels. MSU crystals can form NET.
Neutrophils treated with MSU crystals confirm this fact.
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