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SIGNIFICANCE
Neutrophils fight microbes by releasing neutrophil extracel-
lular traps, which are DNA tracts studded with antimicro-
bial peptides. Neutrophil extracellular traps are implicated 
in autoimmunity. However, their presence and relevance 
in immune-complex-mediated cutaneous vasculitis is un-
known. This study showed that neutrophil extracellular 
traps are found in the various immune-complex-mediated 
vasculitides: hypersensitivity vasculitis, IgA vasculitis, ur-
ticarial vasculitis, and erythema elevatum diutinum; and 
their level of production correlates with the severity of vas-
culitis and the amount of reactive oxygen species produ-
ced. Drugs targeting neutrophil extracellular traps are cur-
rently under development and might eventually be useful 
for treatment of difficult-to-treat chronic recurrent small 
vessel vasculitis, IgA vasculitis relapses, and the notori-
ously chronic and disfiguring erythema elevatum diutinum.

Formation of neutrophil extracellular traps has been 
implicated in autoimmunity. However, the presence 
and clinical relevance of neutrophil extracellular traps 
in immune-complex-mediated cutaneous small and 
medium vessel vasculitides has not been investigated. 
This study retrospectively analysed 72 patients with 
histology-proven hypersensitivity vasculitis (n = 21), 
IgA vasculitis (n = 22), urticarial vasculitis (n = 22), 
erythema elevatum diutinum (n = 3) and polyarteri-
tis nodosa (n = 4). Neutrophil extracellular traps were 
detected in hypersensitivity vasculitis, IgA vasculitis, 
urticarial vasculitis and erythema elevatum diutinum, 
but not in polyarteritis nodosa lesions. Neutrophil ex-
tracellular traps were found around inflamed vessels, 
and their formation was highest early after the onset 
of vasculitis and decreased progressively thereafter. 
Neutrophil extracellular traps were strongly correlated 
with the histological severity of vasculitis and the pro-
duction of reactive oxygen species. Both hypersensiti-
vity vasculitis and IgA vasculitis showed significantly 
more neutrophil extracellular traps than did urticarial 
vasculitis, independent of the histological severity and 
duration of vasculitis. These results provide evidence 
on the implication of neutrophil extracellular traps in 
the early phases of immune-complex-mediated small 
vessel vasculitis.

Key words: neutrophil extracellular traps; cutaneous small ves-
sel vasculitis; reactive oxygen species; tissue damage.
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Vasculitis refers to a specific pattern of inflammation 
of the blood vessel walls. It can affect any organ 

system of the body, including the skin (1). Cutaneous 
vasculitis exclusively affects small vessels (in the su-
perficial and mid-dermis) and medium-sized vessels 
(in the deep dermis or subcutis). Small vessel vasculitis 
(SVV) is broadly categorized based on its pathogenesis; 
whether it involves immune-complex (IC) deposition or 

antibody-mediated cytotoxicity (anti-neutrophil cyto-
plasmic antibody (ANCA) vasculitis). Leukocytoclastic 
vasculitis (LCV) is the histopathological term that refers 
to SVV, in which the inflammatory infiltrate is composed 
predominantly of neutrophils, which disintegrate relea-
sing nuclear debris, a process named leukocytoclasia (1). 
LCV occurs due to the deposition of excess IC in post-
capillary venules. The IC precipitates into the vessels, 
fixes complement, activates both complement pathways 
and leads to an intense immune reaction (2). Complement 
activation recruits neutrophils, which attempt to engulf 
the IC. Neutrophils degranulate and release free oxygen 
radicals, vasoactive amines and lysosomal proteolytic 
enzymes, which cause damage to the vessel wall (3, 4). 
Hypersensitivity vasculitis (HV) (2, 5), IgA vasculitis 
(6) and urticarial vasculitis (UV) (7–9) are acute SVV, 
and erythema elevatum diutinum (EED) is a chronic 
SVV (1, 10), which all share IC deposition as a central 
role in their pathogenesis, and LCV in their histology. 
Cutaneous polyarteritis nodosa (PAN) is predominantly 
a medium-sized vessel vasculitis. Its precise aetiology 
remains unknown; however, IC deposition plays a role 
in its pathogenesis (11). In contrast, in ANCA vasculitis, 
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vessel damage is directly mediated by neutrophils rather 
than by IC deposition, and is therefore referred to as 
“pauci-immune” vasculitis (12). 

A major discovery in the last decade was the iden-
tification of neutrophil extracellular traps (NETs): a 
mechanism by which neutrophils externalize a fibrous 
network of web-like chromatin strands studded with 
antimicrobial peptides and histones (13). To release these 
NETs, activated neutrophils undergo NETosis, which is 
a form of cell death (14) dependent on the formation of 
reactive oxygen species (ROS) and on NADPH oxidase 
and myeloperoxidase (15–18). In recent years, NETs 
have been found to be implicated in immune defence, 
auto-inflammation and auto-immunity, such as systemic 
lupus erythematosus (SLE) (19, 20), rheumatoid arthritis 
(RA) (21), ANCA vasculitis (22) and Behçet’s disease 
(18). NETs cause tissue damage; with histones, major 
components of NETs, playing a predominant role in en-
dothelium injury (18, 23, 24). In ANCA vasculitis, NETs 
provide a scaffold for alternative complement pathway 
activation, which, in turn, contributes to endothelial cell 
damage (25). On the other hand, IC trigger NETs in au-
toimmune diseases, such as RA (26). To date, NETs have 
not been described in IC-mediated cutaneous vasculitis. 
Therefore, the aim of this study was to investigate the 
presence and clinical relevance of NETs in cutaneous 
small and medium vessel vasculitides that share IC de-
position in their pathogenesis.

PATIENTS AND METHODS

Patients

After obtaining approval for the study from the Institutional 
Review Board of the American University of Beirut, a pathology 
database search was performed to identify cohort cases with 
SVV, including HV, IgA vasculitis (previously Henoch-Schonlein 
purpura (27)), UV, EED and cutaneous PAN diagnosed at the 
Department of Dermatology of the American University of Beirut 
Medical Center from January 1992 to June 2018. For HV and 
IgA, only cases which had had both haematoxylin and eosin stain 
(H&E) and direct immunofluorescence stain (DIF) performed were 
included in the study. Reviewed data included age at diagnosis, sex, 
clinical history of constitutional symptoms and systemic involve-
ment, preceding infection and drug intake in the 4 weeks prior to 
diagnosis. Aetiology and systemic involvement were determined 
based on clinical, laboratory findings and physician notes. 

Immunofluorescence and dihydroethidium staining

For DIF, skin specimens were soaked in 0.9% saline solution 
and processed immediately. The presence of IgG, IgA, IgM, C3 
and/or fibrinogen deposits was evaluated on cryosections using 
anti-IgG (Dako F0202; Dako, DAKO/Agilent Technologies Inc., 
Santa Clara, CA, USA), anti-IgA (Dako F0204), anti-IgM (Dako 
F0203), anti-C3 (Dako F0201) and anti-Fibrinogen (Dako F0111), 
as described by the manufacturer. For elastase and citrullinated 
histone 3 (His-3-cit) single immunolabelling, formalin-fixed 
paraffin-embedded (FFPE) tissues were collected and 4-μm thick 
sections of tissues were mounted on glass slides. After deparaf-

finization in xylol, the slides were hydrated and then heat-mediated 
antigen retrieval was performed with sodium citrate buffer (for 
elastase) or Tris-EDTA buffer (for His-3-cit) for 15 min. Tissues 
were blocked with 3% normal goat serum (NGS, Nippon Chemi-
Con, Japan) in phosphate-buffered saline (PBS) for 1 h. Incubation 
with anti-neutrophilic elastase (5 µg/ml, Abcam, Cambridge, UK, 
#ab68672) and anti-His-3-cit (10 µg/ml, Abcam, #ab5103) diluted 
in 1% NGS was performed overnight at 4°C. Slides were washed 
and incubated with anti-rabbit IgG-Alexa Fluor 488 secondary 
antibody (1 µg/ml, Invitrogen) for 1 h at room temperature. For 
elastase and His-3-cit double immunolabelling, FFPE tissues were 
co-stained with anti-neutrophilic elastase (10 µg/ml, sc-53388) 
and anti-His-3-cit (10 µg/ml, Abcam, #ab5103). After washes, 
tissues were incubated with anti-rabbit IgG-Alexa Fluor 488 (1 
µg/ml, Invitrogen, Carlsbad, CA, USA) and anti-mouse IgG-Alexa 
Fluor 594 (1 µg/ml, Invitrogen) secondary antibodies. Nuclei 
were stained using Hoechst 33342 (0.5 mg/ml, Molecular probes, 
Eugene, Oregon, USA) for 10 min in the dark. Slides were washed 
and mounted using ProLong anti-fade (Thermo Fisher Scientific, 
Waltham, MA, USA) and observed under fluorescence microscopy 
(Zeiss, Oberkochen, Germany). 

To assess the presence of ROS, FFPE specimens were cut into 
4-μm sections and mounted on slides. After deparaffinization, tis-
sues were incubated with dihydroethidium (DHE, 10 μM, Sigma, 
Saint Louis, Missouri, USA) for 30 min at 37ºC in a humidified 
chamber and protected from light. Images were captured using 
fluorescence microscopy.

Scoring and quantification

The histological sections of all cases were reviewed (CB) and the 
diagnoses were confirmed by a dermatopathologist (OA). Histo-
logical definition of LCV involved a predominant neutrophilic 
infiltrate, primarily affecting superficial post-capillary venules, 
with fibrinoid deposits in and around the vessel wall, endothelial 
swelling and extravasation of red blood cells (28). In order to 
assess the extent of inflammation, a score was given to each vas-
culitis case according to the density of the neutrophilic infiltrate 
and leukocytoclasia, as well as the extent of fibrinoid necrosis 
found on H&E-stained slides (1: mild, 2: moderate, 3: severe). 
This is referred to as the vasculitis score in the current paper. 
Semi-quantitative scores are frequently and routinely used for 
histopathology quantification. This score has been used extensively 
in research and in the clinical setting in all sorts of pathologies, 
including cutaneous ones (29–31). A distinct score for elastase, 
His-3-cit and DHE staining was given to each case according to 
the density of immunofluorescence (0: none; 1: low; 2: medium; 
3: high). The investigators were blinded to the vasculitis score of 
each case while assessing the immunofluorescence. 

Statistical analysis

Statistical analyses were performed using SPSS (Chicago, IL, 
USA) Version 25.0 software package. Ordinal variables are pre-
sented as median and interquartile range. Age, the only continuous 
variable, is presented as mean ± standard deviation (SD). Data 
were considered statistically significant if p < 0.05. A χ2 test was 
used to assess the relationship between categorical variables. One-
way ANOVA was used for age, with Tukey for post hoc analysis 
and Kruskal–Wallis 1-way ANOVA for ordinal variables with 
pairwise comparisons using the Dunn-Bonferroni for post hoc 
analysis. Ordinal logistic regression model was built to assess the 
relationship between the His-3-cit score and vasculitis type, after 
adjustment for the vasculitis score and duration of the vasculitis 
as possible confounding variables. Spearman’s rho was used for 
the correlation between ordinal variables.
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RESULTS

Patients’ characteristics
A total of 43 cases of cutaneous SVV cases with both 
H&E and DIF performed were found, 21 of which had 
non-specific DIF and were referred to as HV, and 22 of 
which had IgA immunoreactivity and were referred to 
as IgA vasculitis. Sixty-two cases of UV were found, 
22 of which were randomly selected for inclusion in 
the study. There were 3 cases of EED and 4 of PAN. 
For statistical analysis, we only included cases of acute 
SVV (HV, IgA vasculitis and UV); and only descriptive 
analysis was performed for EED and PAN cases due 
to their small sample size. Patient characteristics are 
described in Table I.

Hypersensitivity vasculitis and IgA vasculitis form more 
neutrophil extracellular traps than urticarial vasculitis
Lesions of HV had a median vasculitis score of 3 on 
H&E sections, whereas IgA vasculitis and UV lesions 
had a median vasculitis score of 2. This difference was 
not statistically significant (p = 0.124) (Figs 1, and 2a). 

Histone citrullination, which plays a key role in chro-
matin decondensation and NETs formation, was used as 
a marker of NETs (32). Double immunolabelling showed 
that, when present, Hist-3-cit co-localizes with elastase and 
extracellular DNA, which is a hallmark of NETs (Fig. S11). 

HV and IgA vasculitis lesions had a median elastase 
staining score of 3, whereas UV lesions had a median 
score of 2. This difference was not statistically significant 
(p = 0.092) (Figs 1, 2b).

Interestingly, HV displayed the highest His-3-cit score, 
with a median of 2.5 compared with a median of 2 for 
IgA vasculitis and 1 for UV. Both HV and IgA vasculitis 
were found to have a significantly higher His-3-cit score 
than UV (p = 0.003 and p = 0.012, respectively); however, 
there was no statistically significant difference between 
scores for HV and IgA vasculitis (p = 1.000) (Figs 1, 2c).

Neutrophil extracellular traps are formed mainly around 
the inflamed vessels
In addition to the differences in His-3-cit scores among 
all vasculitis groups, there were also differences in 
the distribution pattern of this protein. In HV and IgA 
vasculitis the His-3-cit distribution was both superficial 
and deep dermal perivascular, whereas the distribu-
tion in UV was predominantly superficial perivascular 
(Fig. 1, Table SI1). This distribution follows that of the 

Table I. Baseline characteristics of patients with vasculitis

HV
n = 21

IgA vasculitis
n = 22

UV
n = 22

EED
n = 3

PAN
n = 4 p-value*

Age, years, mean ± SD 39.4 ± 22.4 27.9 ± 25.5 46.8 ± 16.1 23.3 ± 21.8 31 ± 9.0 IgA vs. UV 0.018, LCV vs. IgA 0.226, LCV vs. UV 0.506
Age, years, median 43 16 45 19 31.5
Sex, n (%)a

Male 13 (61.9) 12 (54.5) 2 (9.1) 1 (33.3) 1 (25) UV vs. LCV 0.000 and UV vs. IgA 0.000
Female 8 (38.1) 8 (36.4) 20 (90.9) 2 (66.7) 3 (75) UV vs. LCV 0.000 and UV vs. IgA 0.000

Duration, n (%)a

< 1 week 5 (26.3) 6 (27.3) 1 (4.5) 0 (0) 0 (0)
1–4 weeks 7 (36.8) 10 (45.5) 3 (13.6) 0 (0) 1 (25)
1–6 months 4 (21.1) 2 (9.1) 7 (31.8) 0 (0) 1 (25)
> 6 months 3 (15.8) 2 (9.1) 11 (50) 3 (100) 2 (50)

Direct immunofluorescence, n (%)
C3 5 (23.8) 7 (31.8) – – – 0.558
IgG 1 (4.8) 3 (13.6) – – – 0.317
IgM 4 (19) 5 (22.7) – – – 0.767
IgA 0 (0) 22 (100) – – – 0.000
Fibrinogen 6 (28.6) 2 (10.0) – – – 0.101
0 7 (33.3) 0 (0) – – – 0.001

Systemic involvement, n (%) 7 (33.3) 16 (80) – – – 0.003
Joint involvement 4 (19) 9 (45) – – – 0.074
Renal
Nephrotic range proteinuria 2 (9.5) 4 (20) – – – 0.343
Haematuria 3 (14.3) 2 (10.0) – – – 0.675
Gastrointestinal
Abdominal pain 3 (14.3) 8 (40) – – – 0.063
Haematochezia 2 (9.5) 4 (20) – – – 0.343

Aetiology, n (%)
Idiopathic 6 (28.6) 8 (40) – – – 0.440
Infection 6 (28.6) 7 (35) – – – 0.658
Drug 5 (23.8) 5 (20) – – – 0.768
Malignancy 1 (4.8) 0 (0) – – – 0.323
Autoimmune 3 (14.3) 1 (5) – – – 0.317

a2 missing (9.1).
*p-value for difference between groups by χ2 test for proportions, 1-way analysis of variance (ANOVA) for continuous variables and Kruskal–Wallis 1-way ANOVA for 
ordinal variables
SD: standard deviation; HV: hypersensitivity vasculitis; UV: urticarial vasculitis; EED: erythema elevatum diutinum; PAN: polyarteritis nodosa; LCV: leukocytoclastic vasculitis.

1https://doi.org/10.2340/00015555-3363

https://doi.org/10.2340/00015555-3363
https://doi.org/10.2340/00015555-3363
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vasculitic changes in the corresponding vasculitides. 
The distribution pattern of His-3-cit was co-localized 
to the elastase staining (Fig. 1, Table SI1). These results 
highlight the role of NETs in endothelial damage in IC-
mediated vasculitis. 

Reactive oxygen species are produced around the 
inflamed vessels in cutaneous vasculitides
Production of ROS is essential for activation of neutro-
phils and subsequent release of NETs and tissue damage 
(18). Using DHE staining, we investigated the presence 
of ROS in IC-mediated cutaneous SVV to correlate it 
with the extent of vasculitis and NETs formation. Both 
HV and IgA vasculitis had a median score of 2, higher 
than the UV median score of 1, although this difference 
was not statistically significant (p = 0.085) (Figs 1, 2d). 
The pattern of distribution of ROS was mainly perivas-
cular and mimicked that of His-3-cit and elastase (Fig. 
1, Table SI1). 

Formation of neutrophil extracellular traps is strongly 
correlated with vasculitis score and production of 
elastase and reactive oxygen species
The His-3-cit score was positively and strongly correla-
ted with vasculitis score (R = 0.618, p = 0.000), elastase 
score (R = 0.726, p = 0.000) and ROS score (R = 0.767, 
p = 0.000). The last 2 correlations remained strong even 
after adjusting for the vasculitis score (adjusted elastase 
score (R = 0.627, p = 0.000) and ROS score (R = 0.627, 
p = 0.000)).

Formation of neutrophil extracellular traps is highest 
early after the onset of vasculitis and decreased 
progressively thereafter
Formation of NETs was dependent on the biopsy timing; 
the earlier the biopsy was taken after onset of vasculitis, 
the more NETs were detected. Cases from vasculitides 
that had started less than one week before the biopsy 

Fig. 1. Histological characterization of cutaneous immune complex (IC)-mediated vasculitis, including hypersensitivity vasculitis (HV), 
IgA, urticarial vasculitis (UV), erythema elevatum diutinum (EED) and polyarteritis nodosa (PAN). (a) Haematoxylin and eosin staining; (b) 
immunostaining of elastase merged with Hoechst 33342; (c) immunostaining of His-3-cit merged with Hoechst 33342; (d) DHE staining. Scale bar: 25 µm.

https://doi.org/10.2340/00015555-3363
https://doi.org/10.2340/00015555-3363
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had a median His-3-cit score of 2.5, 
compared with 1 for cases biopsied > 6 
months after onset of rash (p = 0.037) 
(Fig. 3c). A similar trend was observed 
for the vasculitis, elastase, and ROS 
scores (Figs. 3a, b, d).

Formation of neutrophil extracellular 
traps is not correlated with systemic 
involvement or aetiology
For HV and IgA vasculitis specifically, 
there was no statistically significant 
difference in the vasculitis severity 
score nor in the formation of NETs 
between cases with and without syste-
mic involvement (median score 2 and 
2.5, respectively; p = 0.723). Similarly, 
there was no significant difference in 
the vasculitis severity score nor in the 
formation of NETs among the different 
aetiologies (p = 0.619).

Hypersensitivity vasculitis and IgA 
vasculitis produce significantly more 
neutrophil extracellular traps than 
urticarial vasculitis, independent of 
the vasculitis score and duration of 
vasculitis 
Results of the ordinal regression, 
whereby the His-3-cit score was regres-
sed against the acute cutaneous SVV, 
show that for HV compared with UV, 
the odds of having a higher level of 
His-3-cit score compared with a lower 
level is 8 (95% confidence interval 
(95% CI) 2.37–26.98, p = 0.001). For 
IgA vasculitis compared with UV, the 
odds of having a higher level of His-3-
cit score compared with a lower level 
is 6.30 (95% CI 1.97–20.23, p = 0.002).

We then adjusted for vasculitis score 
and duration of vasculitis. For HV 
compared with UV, the adjusted odds of 
having a higher level of His-3-cit score 
compared with a lower level becomes 
12.38 (95% CI 2.71–56.66, p = 0.001). 
For IgA vasculitis compared with UV, 
the adjusted odds of having a higher 
level of His-3-cit score compared with 
a lower level becomes 8.65 (95% CI 
1.90–39.37, p = 0.005). These results 
show that, in HV and IgA vasculitis, 
there is significantly more NETs forma-
tion compared with UV, independent of 
the vasculitis score and duration.

Fig. 2. Scatter dot plot – score distribution according to vasculitis type. Each vertical 
bar represents a single observation. The median is represented by the thick horizontal line. 
(a) Vasculitis score, (b) elastase score, (c) His-3-cit score, (d) reactive oxygen species (ROS) 
score. p-value for difference between groups obtained using Kruskal–Wallis 1-way analysis of 
variance (ANOVA) for ordinal variables with pairwise comparisons using the Dunn-Bonferroni 
for post hoc analysis. HV: hypersensitivity vasculitis; UV: urticarial vasculitis; EED: erythema 
elevatum diutinum; PAN: polyarteritis nodosa.

Fig. 3. Boxplots – score distribution according to duration since onset of vasculitis 
for hypersensitivity vasculitis (HV), IgA and urticarial vasculitis (UV), < 1 week 
(n = 12), 1–4 weeks (n = 20), 1–6 months (n = 12), > 6 months (n = 16). The median is 
represented by the thick line across the box. The top and bottom box lines show the first and 
third quartiles. The whiskers show the maximum and minimum values, with the exceptions of 
outliers, which are represented by circles. (a) Vasculitis score, (b) elastase score, (c) His-3-cit 
score, (d) reactive oxygen species (ROS) score. p-value for difference between groups obtained 
using Kruskal–Wallis 1-way analysis of variance (ANOVA) for ordinal variables with pairwise 
comparisons using the Dunn-Bonferroni for post hoc analysis.
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Erythema elevatum diutinum and polyarteritis nodosa
Among the three EED lesions, two had a His-3-cit score 
of 2 and one had a score of 1. Elastase and His-3-cit 
staining were found around deeper vessels, intertwined 
within the concentric storiform fibrosis and areas of fib-
rinoid necrosis (Fig. 1). This highlights the role of NETs 
in endothelial damage in a chronic form of IC-mediated 
cutaneous SVV.

No NETs were detected in the 4 examined lesions of 
PAN, even in lesions with a high vasculitis score. The 
elastase staining, when present, was found mainly within 
and around the inflamed medium-sized vessel (Fig. 1). 

DISCUSSION

These results demonstrate the presence of NETs in the 
various IC-mediated cutaneous SVV. NETs were found 
specifically around inflamed vessels at areas of high 
neutro philic infiltration. The density of NETs was stron-
gly correlated with the severity of vessel inflammation, 
the amount of ROS production. Neutrophil extracellular 
traps were found around inflamed vessels, and their 
formation was highest early after the onset of vasculitis. 
These results indicate a role of NETs in induc ing vascular 
damage in IC-mediated vasculitis. This is in line with 
various examples in the literature, whereby NETs were 
shown to induce vascular damage in different types of 
vasculitis. In ANCA vasculitis, NETs provide a scaffold 
for alternative complement pathway activation, which, 
in turn, contributes to endothelial damage (25). In SLE, 
matrix metalloproteinase-9 contained in NETs induce ac-
tivation of endothelial matrix metalloproteinase-2 con-
tributing to endothelium damage (33). Furthermore, in 
SLE a subset of neutrophils termed “low-density granu-
locytes” were shown to mediate extensive endothelial 
cell death through their enhanced capacity to form NETs 
(34). We have previously demonstrated that, in Behçet’s 
disease, NETs cause endothelial cell death through a 
preG0/G1 cell cycle arrest (18). Moreover, NETs play 
important roles in the formation of thrombosis, atheros-
clerosis, and other vascular complications (34, 35).

IC deposition plays a central role in the pathogenesis 
of HV (2), IgA vasculitis (6), UV (7) and EED (1, 10) 
through complement activation, neutrophilic infiltration, 
and the release of destructive enzymes leading to vessel 
damage. Immobilized ICs have been reported recently 
to induce the release of NETs from human neutrophils in 
vitro (36). IC deposition in vessel walls occurs early and 
precedes cellular infiltration and inflammation (2). This 
is corroborated by our findings showing that vasculitides 
biopsied earlier in time since the onset of vasculitis 
demonstrated stronger NETs formation. In addition, we 
have demonstrated the presence of ROS and its strong 
correlation with NETs production in those specific vas-
culitides. Formation of NETs requires the production of 

ROS by NADPH oxidase and myeloperoxidase (17). 
This process is mediated by FcgRIIIb in association 
with macro phage-1 Ag, and the intracellular signalling 
pathways involved in IC-induced NETosis is the tyrosine 
kinase Src/Syk pathway, which downstream regulates 
the PI3K/Akt, p38 MAPK, and ERK1/2 pathways (36). 
Moreover, IgA IC in plasma and synovial fluid of patients 
with RA has also been shown to activate neutrophils and 
induce NETs via FcaRI (26).

In our study, when looking at acute cutaneous SVV 
altogether, the amount of NETs production was strongly 
correlated with the severity of vessel inflammation. 
Nevertheless, for the same degree of inflammation there 
was no difference in the densities of NETs between HV 
and IgA vasculitis, which are histologically indistinguish-
able; whereas UV demonstrated less NETs. Interestingly, 
fibrinoid deposits, which represent direct signs of vessel 
damage, are always present in HV and IgA vasculitis, 
whereas most skin biopsies of UV demonstrate perivas-
cular nuclear debris without fibrin deposits (37). This 
suggests that, in IC-mediated cutaneous SVV, NETs are 
associated with more fibrinoid damage. Moreover, in 
all 3 cases of EED, NETs were located mainly around 
deeper vessels, intertwined within areas of fibrinoid 
necrosis. It is noteworthy that all of our cases of UV 
were normocomplementemic, which have less fibrinoid 
deposits than hypocomplementemic UV (38).

None of the 4 cases of cutaneous PAN demonstrated 
any formation of NETs despite the heavy neutrophilic 
infiltrate. To date, the pathogenesis of cutaneous PAN 
is unknown, and although IC have been described in 
vessel walls of cutaneous PAN, they have been found in 
the deep muscular medium-sized vessels in only 50% of 
cases (11). Furthermore, IC are known to be deposited 
in the vessels for only a short period of time, and our 4 
cases of cutaneous PAN might correspond to later stages 
where IC might have already been degraded (5, 39). 
Nevertheless, it is also possible that NETs are implicated 
only in specific inflammatory processes and in particular 
types of vasculitides, and that they may not be involved 
in the pathogenesis of PAN. 

In conclusion, the current study demonstrates, for 
the first time, the presence of NETs and ROS in the 
different IC-mediated cutaneous SVV. We were able to 
demonstrate that the relationship between IC and NETs, 
previously described in isolated neutrophils from healthy 
adult volunteers (36), holds true for the pathogenic 
neutrophils found in the skin biopsies of the different 
cutaneous IC-mediated vasculitides. As new thera peutics 
targeting the formation of NETs are emerging (40), 
the findings of the current study might be particularly 
helpful for the difficult-to-treat cutaneous SVV, such as 
chronic recurrent SVV, IgA vasculitis relapses and the 
notoriously chronic and disfiguring EED.
The authors have no conflicts of interest to declare.
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