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Behget’s disease (BD) is a chronic systemic vasculitis characterized by recurrent oral and genital ulcers, skin
lesions, articular, neurological, vascular and sight-threatening ocular inflammation. BD is thought to share both
autoimmune and autoinflammatory disease features. BD is triggered by environmental factors such as infectious
agents in genetically predisposed subjects. Neutrophils seem to play an instrumental role in BD and recent works

regarding the role of neutrophils extracellular traps (NETs) provides new insight in the pathophysiology of BD
and the mechanisms involved in immune thrombosis. This review provides a recent overview on the role of
neutrophils and NETs in the pathogenesis of BD.

1. Introduction

Neutrophils and their hyperfunction have been proposed to be
involved in the pathogenesis of Behcet’s disease (BD) since 1975. Mat-
sumura et al. showed that neutrophil chemotaxis was increased and
could be alleviated with colchicine [1]. Since this first publication, other
physicians reported the usefulness of colchicine in BD [2,3]. The effect
of colchicine on leukocytes count was first observed in 1908 by Dixon
et al. [4] and the inhibition of neutrophils migration (as well by hy-
drocortisone) was evidenced by Mukaide et al. [5]. Many studies have
highlighted the increase chemotaxism of BD neutrophil in the 70’s
[6-8].

Histological studies of different BD specimen revealed the impor-
tance of neutrophils infiltrates. In mucosal [9-11], aorta [12], intestinal
[13] and conjunctival lesions [14], neutrophils were prominent around
the vasa vasorum and expressed the pro-inflammatory cytokines IL-1a,
TNF-a and IFN-y. Neutrophils were more closely adherent to HLA-DR
positive endothelial cells. Neurological biopsy or autopsy of neuro-
Behcet’s patients also revealed perivascular infiltration of neutrophils
[15,16]. Histological evaluation of erythema nodosa lesion (ENL) in BD
are difficult to distinguishes from ENL of others causes but showed a
vasculitis with various degree (mostly venulitis) of neutrophil infiltra-
tion [17-20]. Neutrophilic dermatoses are a group of heterogeneous

inflammatory disorders characterized by a sterile neutrophilic infiltrate
on histopathology. Their management is very similar to that of BD, and
neutrophilic dermatoses can be found in BD (including pyoderma gan-
grenosum). This emphasizes that BD and neutrophilic dermatoses may
be part of the same spectrum of disorders [21]. Lastly, histopathology of
skin Pathergy test reveals neutrophil infiltration in most studies
[22,22,23]. Thus, though vasculitis is often present, the presence of a
true necrotizing vasculitis is not found in BD.

From a clinical stand point, neutrophil to lymphocyte ratio has been
proposed as a prognostic marker [24,25], as a disease activity marker
[26-29], or even as a diagnostic tool of BD [30-32].

In recent years, genetic, immunological and molecular data have
largely supported the key role played by neutrophils in this disease.

This review provides a detailed analysis of advances in understand-
ing the role of neutrophil activation and neutrophil extracellular traps
(NETs) in the lesional process of BD and their therapeutic implications
(Fig. 1).

2. Neutrophil activation in BD
2.1. Chemotaxis

Since 1975, many studies have highlighted the neutrophil
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chemotaxism in BD. Neutrophil migration in patients with active BD
disease was demonstrated by many researchers [6-8,33-36]. Neutrophil
hypermigration was also demonstrated in pathergy test skin lesions [37]
and in in vitro assay on human umbilical vein endothelial cells
(HUVECs) monolayer [38]. Some authors found an increased chemo-
taxis of neutrophils from patients with BD only when incubated with
patient’s and/or healthy donors (HD) plasma [39] suggesting that some
soluble factors may activate these neutrophils. Moreover, IFN-a have
been found to decrease neutrophil adhesion [40].

Altogether, these studies suggest that the increase chemotaxis of BD
neutrophils may be secondary to soluble factors, bacterial compound or
other cell-cell interaction. Increased adhesion molecules both on neu-
trophils and endothelial cells may facilitate such adhesion and increased
chemotaxis [11,17,38,41-44].

2.2. Neutrophil activation markers in BD

Analysis of activation markers by flow cytometry is an easy and
effective way to study neutrophil activation and to provide evidence for
neutrophil hyperfunction.

Upregulation of CD64 [45], CD11a, CD11b, CD18 [38,46,47] and
CD206, CD209 [46], CD66b, CD64 [47] have been found in BD’s neu-
trophils. Conflicting results regarding CD14, and TLR receptors expres-
sion exist [39,48].

2.3. Neutrophil granule enzymes

Neutrophil elastase (NE), Myeloperoxydase (MPO) and S100A pro-
tein have been found increased in saliva and serum of patients with BD
[49-55]. In addition, defensins [56,57] human neutrophil peptide [58]
and S100 protein [59] were increased in patients with BD’s saliva as
compared to healthy donors’, patients with endodontic infection and
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Fig. 1. Schematic representation of the role of neutrophils in Behcet’s disease.
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pericoronitis.

2.4. Phagocytosis

Karti et al. and Mizushima et al. showed that neutrophils from BD
had higher capacity of phagocytosis than healthy controls [35,40].
However, these results were not confirmed by other groups [48,60-62].
The consistent findings obtained by several groups with an array of
microorganisms and by different methods indicate that phagocyte mi-
crobicide activity is not primarily disturbed in BD patients.

2.5. Oxidative burst

Besides of chemoattraction, phagocytosis and activation markers,
secretion of free radicals is a neutrophils response to fight against
pathogens. Reactive oxygen species (ROS) are generated via the action
of the NADPH oxidase. This process consumes large amounts of oxygen,
which is converted into the highly-reactive superoxide radical O2- and
H202. Subsequent activation of myeloperoxidase (MPO) generates
secondary oxidants that are highly microbiocidal in nature. But,
imbalance between oxidant formation and endogenous antioxidant de-
fense is associated with tissue damages (DNA, proteins, membrane
lipids, endothelial cells etc) [63]. These events are responsible for the
onset of several pathological conditions [64].

The findings of previous studies are congruent: there is an excess in
the oxidant system and a decrease of the antioxidant system in BD. Both
serum/plasma and neutrophils, stimulated or not, exhibit increased ROS
levels [65-76].

High levels of plasma MPO activity have also been reported in
Behcet’s patients, along with increased levels of plasma nitrate/nitrite,
which are substrates for MPO and cause the formation of more ROS [54].
In addition, increased expression of cyclooxygenase-2 in Behget’s
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neutrophils may contribute to increased vascular damage via the syn-
thesis of pro-inflammatory prostaglandins [54].

The consequences of ROS production in BD can be very wide and
have not been extensively studied in this condition. Increased ROS
production by BD neutrophils may be a direct cause of fibrinogen
oxidation, which leads to slower fibrin polymerization and resistance to
plasmin-induced lysis. It could therefore be an explanation of the pro
thrombotic state in BD [77].

2.6. Genetics

Genes implicated cell chemotaxis (i.e., CCR1-CCR3) were found to be
associated with BS and.

rare and low-frequency variants involved in innate immunity have
also been found, namely TLR4, NOD2 and MEFV genes. Predisposing
variants may participate to neutrophils preactivation state. Moreover, in
a transgenic mouse model, Takeno et al. showed that neutrophils from
HLA-B51 mice were hyperactivated. They also showed that neutrophils
from HLA-B51 positive patients were hyperactivated as compared to
HLA-B51 negative patients [78].

2.7. Mechanisms of neutrophil activation

2.7.1. Micro-organisms

Neutrophil activation is a hallmark of bacterial infection. Thus, it
was hypothesized that microorganisms or bacterial compounds mays be
the cause of neutrophil activation. Indeed, exacerbations of BD have
been described following exposure to streptococcal antigens and pneu-
mococcal vaccines [79-81]. Deniz et al. showed that adding strepto-
coccal antigens to the pathergy test increased its sensitivity from 4.8% to
64% [82]. Moreover, some authors showed that monocytes from BD had
higher TLR-2 expression that HD. Thus, monocytes could be responsible
for the overreaction to streptococcal compounds, and may induce neu-
trophils hyperactivation [39,83-85]. But this hypothesis needs
confirmation.

2.7.2. Cytokines and chimiokines

Many studies showed that neutrophils are activated when incubated
with plasma/serum or T lymphocytes medium suggesting a role of one
or a cocktail of activation cytokines/molecules.

Yu et al. and Le Joncour et al. also showed that chimiokines receptors
(CCR1, CCR3, CCR4, CCR6, CCR7, CXCR1, CXCR2, CXCR3) were
enhanced in transcriptomic analysis of BD isolated neutrophils [47,86].

2.7.2.1. IL-8 and GM-CSF. Histological studies revealed that neutrophil
infiltration in BD is accompanied by T cell and monocytes that are
strongly positive for IL-8. Moreover, skin-derived T-cell clones from BD
patients produce large amounts of IL-8 and GM-CSF which are potent
activators of neutrophil recruitment and activation [87]. In addition,
serum levels of IL-8 [88-93] and GM-GCSF [94] is high in BD especially
in the active phase. Thus, cells producing IL-8/GM-CSF cytokines such as
monocytes [39] or lymphocytes [95], endothelial cells [96] may be
responsible for neutrophil infiltration in BD.

2.7.2.2. Other cytokines: TNF-q, IL-6, IL-1, IL-17. Many inflammatory
cytokines such as TNF-q, IL-6 and IL-1 (Kato 2006) are able to activate
neutrophils mainly through the activation of the NfkB pathway. These
cytokines have widely been studied in BD. They are elevated and core-
lated with activity [73,97-99]. They can be secreted by a wide range of
cells, included neutrophils, and may act as paracrine and/or autocrine
activators for neutrophils.

Th17 response yields IL-17A, IL-17F, IL-22 and IL-23 production and
neutrophils recruitment. Neutrophils can be recruited either through
innate immunity mechanisms or Th17 cells. IL-17 producing cells are
able to recruit neutrophils mainly by GM-CSF pathway [100] and

Clinical Immunology 250 (2023) 109318

endothelial cells [101] but also directly [102]. Interestingly, CD4+ T
helper (Th) lymphocytes in BD are predominantly shifted towards Thl
and Th17 [103-106].

2.7.3. Endothelial activation

Endothelial activation has been documented in BD. Indeed, throm-
bomodulin [107], selectins (P selectin, E selectin etc) [108-110],
endothelium derived von Willebrand [74,111] have been outlighted.
After activation, endothelial cells express a range of adhesion molecules
that promote neutrophil rolling and adhesion. It has been documented
that serum from BD patients enhances the adhesion of PMN to endo-
thelial cells in vitro via the upregulation of CD11a and CD18 on neu-
trophils and the intercellular adhesion molecule-1 (ICAM-1, CD54) on
endothelial cells [38]. Neutrophils and others cytokines/molecules cells
may activate endothelial cells that can in turn recruit and activate
neutrophils these mechanisms underline the important crosstalk be-
tween these cells.

2.7.4. Cell-cell interaction

Neutrophil can directly interact with many type of cells. We previ-
ously highlighted the critical role of endothelial cell-neutrophil inter-
action. Besides, platelets (and more importantly activated platelets)
induce neutrophil activation which produce oxidants and cytokines:
neutrophil-platelet aggregates are involved in the maintenance and the
amplification of the systemic inflammatory response. Platelets are
activated in BD [112-115]. In addition, activated platelets can induce
NEtosis (See paragraph 2) In addition, CD40L and its soluble form
(sCD40L) is found mainly on platelets but also in monocytes, lympho-
cytes, smooth muscle cells, endothelial cells. CD40L and sCD40 have
been found in BD: CD40L was upregulated in lymphocytes and mono-
cytes from BD [68] and sCD40L induced NETosis and oxydative burst in
neutrophils. High levels of CD40L have been found in BD [116].

2.7.5. Constitutive neutrophil activation

Whether neutrophils are constitutively activated or become acti-
vated upon multiple stimuli is not established in BD. In a mouse study,
authors suggest that HLA-b51 may predispose neutrophils to be acti-
vated [78] but this has not been confirmed elsewhere. Moreover, in BD
only 50% of patients carry HLA-B51 [117]. Yavuz et al., found that
neutrophils from BD male patients were more activated (showed higher
levels of oxidative burst, CD66b, and CD16b) than those from female
patients. These findings suggest that the role of testosterone could
potentially explain the differences in gender prevalence and severity
observed in BD [118].

3. Neutrophil extracellular Traps (NETs)

Researchers have explored the potential role of NETs in BD given that
(i) venous thrombosis, neutrophil activation, and ROS generation are
hallmarks of the disease, and (ii) ROS generation is one of the major
molecular pathways leading to NETosis, which in turn promotes
thrombosis and vascular injury. Under inflammatory or infectious con-
ditions, neutrophils are able to generate NETs via a distinct process of
cell death named NETosis [119]. NETs consist of extruded cell-free DNA
(CfDNA) decorated with histones and granular components that include
antimicrobial peptides and proteases. The molecular pathways leading
to NETosis include calcium mobilization, generation of ROS, nuclear
delobulation involving enzymatic activities of MPO and NE, and chro-
matin modification via the citrullination of histones by the peptidyl
arginine deiminase (PAD4) [120]. Numerous studies have implicated
NETs in the etiology of auto inflammatory or autoimmune conditions
such as systemic as autoimmune vasculitis [121,122]. Furthermore,
NETs are now recognized as a key trigger of thrombus initiation and
progression in pathological conditions such as, deep vein thrombosis in
mice and humans [123] but also in arterial diseases such as stroke and
myocardial infarction [124,125].
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To date, 4 studies have explored the role of NETs in BD
[68,72,126-128].

Indirect markers of NETs such as MPO-DNA complexes and cf-DNA
have been found to be elevated in serum and plasma of BD and was
corelated to disease activity and vascular involvement [72]. Besides,
neutrophils from BD patients were shown to be more prone to NETosis
even in the absence of stimuli in vitro as shown by immunostaining of
MPO-Citrulinated histone H3, neutrophil elastase [68,72,126-128].
Moreover, PAD4 mRNA was upregulated in neutrophils from BD [126].
Interestingly, evidence of NETs was shown in vivo in histological spec-
imen of mucocutaneous and vascular lesions from BD [72,126]. Serum/
Plasma from BD patients was able to induce NETosis both in BD and HD
neutrophils [68,72,126]. As sCD40L levels was increased in BD’s
plasma, Perazzio et al. hypothesized that it could be a NET inducer.
Indeed, NET release was higher after stimulation with sCD40L or BD
plasma and decreased after sCD40L blockade [68]. As previously
mentioned, CD40L or sCD40L source could be platelets, lymphocytes
and/or monocytes. Li et. also showed that high levels of Histone H4 and
oxidized DNA in BD NETs might mediate macrophages hyperactivation
[128]. Le Joncour et al. and Safi et al. have explored the possible link
between these NETs and thrombosis in BD. In an in vitro model of
thrombin generation, Le Joncour et al. have shown that NETs axis pro-
motes intravascular coagulation and that the velocity and peak of
thrombin generation were positively correlated with NETs markers in
serum, and these were decreased with the addition of a NET-disrupting
enzyme, DNase [72]. In addition to promoting the thrombin generation,
NETs also cause endothelial dysfunction via decreasing cell proliferation
and increasing apoptosis [126].

4. Neutrophil/NETs and thrombosis in BD: the concept of
immune-thrombosis

Behcet’s disease is an immune-inflammatory disorder that involves
different vessel types and sizes of the vascular tree and is often
complicated by recurrent thrombosis, particularly in the venous
compartment [129]. Thrombosis represents an important cause of
morbidity and mortality. The understanding of the above pathogenetic
mechanisms, together with the clinical experience, has led to consider
thrombosis in BS as inflammatory-mediated and consequently, has
suggested its treatment with immunosuppression rather than anti-
coagulation [130]. It is now widely accepted that there is a strong
relationship between inflammation, endothelial dysfunction, oxidative
stress, leukocytes and platelets. So far, the concept of thrombo-
inflammation and/or immuno- thrombosis has emerge in the field of
BD [131,131-133]. Indeed, BD, as an inflammatory and neutrophil
mediated disease, represents the spearheads of this concept. Neutrophil
activation results in enhanced ROS production. ROS can oxidate
fibrinogen altering its general structure which impaired fibrinogen
function, both in terms of fibrin polymerization and susceptibility to
plasmin-induced lysis, increasing the thrombogenic potential and the
resistance to clot lysis [68]. NETs produced by Behcet’s neutrophils can
activate thrombus formation through various mechanisms, such as
activating the intrinsic and extrinsic coagulation pathways [72],
enhancing endothelial cell activation [126], and activating platelets.
Besides NETs, Neutrophils also activate endothelial cells, platelets via
secretion of pro inflammatory cytokines (IL-1, TNF-a, IL-8) [134]. All
these phenomena participate to immune thrombosis in Behcet’s disease
[129].

5. NF-kB and Behcet disease

There is growing evidence of the implication of the NF-xB pathway in
BD. The NF-xB pathway is tightly regulated through multiple post-
translational mechanisms. Dysfunction of key proteins of NF-xkB
pathway leading to its upregulation have recently been described in
humans in a phenotype very close to BD [135]. The NF-kB pathway
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could thus represent an interesting target in the pathophysiology of BD
but has not yet been widely studied. Phosphodiesterase 4 (PDE4) is an
immune and inflammatory cell enzyme which, by degrading the key
intracellular signaling messenger cAMP, promotes the NF-kB pathway
activation [136-138]. Given the central role of PDE4 in the NF-xB
pathway and the clinical effect of PDE4 inhibition [139,140] and the
monogenic autoinflammatory diseases involving this pathway, NF-xB
pathway seems to be an important field of research in BD [141]. To date,
3 studies suggest the role of Nf-kB pathway in BD’s neutrophils. The
transcriptomic analysis of mononuclear cells revealed that 5 out of top
10 upregulated biological processes involved leucocyte recruitment to
peripheral tissues, especially for neutrophils. Moreover, NF-kB, TNF and
IL-1 signaling pathways were prominently enhanced in BD [142]. Yu
et al. recently showed in a transcriptomic analysis of isolated neutro-
phils that the NF-kB pathway was upregulated in BD as compared to HD
[86]. Recently, our group showed that PDE4 inhibition tilted down
neutrophil activation by decreasing, in vitro and in vivo and at the
transcriptomic level, neutrophils activation markers, ROS production
and NETs release by BD’s neutrophils [47].

6. Therapeutic implications

Steroids, colchicine, anti-TNFa, apremilast are largely used in the
therapeutic arsenal of BD. They are known to decrease neutrophil acti-
vation and NETs formation. Indeed, colchicine and steroids are the most
studied drugs for their impact of neutrophil function both in BD [1,5,75]
and other inflammatory conditions [143-145]. Safi et al. and Bettiol
et al. and our group showed that colchicine and steroids inhibited the
release of NETs by BD neutrophils [47,126,127].

Anti-TNFa have been shown to suppresses proinflammatory activ-
ities of mucosal neutrophils in inflammatory bowel disease [146].
Recently, our group showed that apremilast was able to tilt down
neutrophil activation by decreasing, in vitro and in vivo and at the
transcriptomic level, neutrophils activation markers, ROS production
and NETs release by BD’s neutrophils [47].

Potential other therapeutic avenue that directly target circulating
NETs such as N-acetyl-cysteine, PAD4 inhibitor, or DNase I have been
efficiently tested in vitro in BD [72,126] and in vitro and in animal
models in other inflammatory conditions (such as ischemia reperfusion,
SIRS, multiple myeloma, rheumatoid arthritis etc. [147-150]. However,
these molecules, although promising, have been tested in vitro and in
animal models. Further studies, particularly in humans, will be
mandatory before considering their therapeutic use.

7. Conclusion

Understanding the pathogenesis of Behget’s disease is critical for the
development of effective and innovative therapies. The presence of
multiple unknown environmental factors, together with polygenic in-
heritance, leads to patient’s heterogeneity and makes the awareness of
the of its pathogenesis more challenging. It is now clear that innate
immunity, and neutrophils in particular, play an instrumental role in the
disease, opening up new avenues for research and therapeutics.

Data availability
No data was used for the research described in the article.
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