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Abstract

Behcet’s syndrome (BS) is a systemic vasculitis with several clinical manifestations.
Neutrophil hyperactivation mediates vascular BS pathogenesis, via both a massive
reactive oxygen species (ROS) production and neutrophil extracellular traps (NETSs)
release. Here, we investigated neutrophil-mediated mechanisms of damage in non-
vascular BS manifestations and explored the in-vitro effects of colchicine in coun-
teracting these mechanisms. NETs and intracellular ROS production was assessed
in blood samples from 80 BS patients (46 with active non-vascular BS, 34 with inac-
tive disease) and 80 healthy controls. Moreover, isolated neutrophils were incubated
for 1 h with an oxidating agent [2,2’-azobis (2-amidinopropane) dihydrochloride;
250 nM] and the ability of pure colchicine pretreatment (100 ng/ml) to counter-
act oxidation-induced damage was assessed. Patients with active non-vascular BS
showed remarkably increased NET levels [21.2, interquartile range (IQR) = 18.3-
25.9 mU/ml] compared to patients with inactive disease (16.8, IQR = 13.3-20.2 mU/
ml) and to controls (7.1, IQR = 5.1-8.7 mU/ml, p < 0.001]. Also, intracellular ROS
tended to increase in active BS, although not significantly. In active non-vascular BS,
NETs correlated with neutrophil ROS production (p < 0.001) and were particularly
increased in patients with active mucosal (p < 0.001), articular (p = 0.004) and gas-
trointestinal symptoms (p = 0.006). In isolated neutrophils, colchicine significantly
reduced oxidation-induced NET production and cell apoptosis, although not via an
anti-oxidant activity. Neutrophil-mediated mechanisms might be directly involved
in non-vascular BS, and NETs, more than ROS, might drive the pathogenesis of mu-
cosal, articular and intestinal manifestations. Colchicine might be effective in coun-
teracting neutrophils-mediated damage in BS, although further studies are needed.
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INTRODUCTION

Behget’s syndrome (BS) is a chronic systemic vasculitis
typically involving the oral and genital mucosa and the
skin, but often also presenting ocular, articular, vascular,
neurological and gastrointestinal manifestations [1,2].
Although the etiopathogenesis of the disease is not fully
understood, BS has been traditionally considered a neu-
trophilic vasculitis [3-6].

Neutrophil hyperactivation, probably with a human
leukocyte antigen (HLA)-B51-related contribution [5], has
been shown to directly mediate BS pathogenesis. Indeed,
neutrophils are a major source of reactive oxygen species
(ROS), mainly produced by nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase; in turn, ROS can
induce endothelial dysfunction and the migration of in-
flammatory cells across the endothelial barrier, leading to
tissue injury [7-9].

In particular, neutrophil-mediated ROS production
has been described as a driver of BS vascular manifesta-
tions. Indeed, it has been recently shown that neutrophil-
derived ROS can markedly modify fibrinogen secondary
structure and hence the overall architecture of the fibrin
clot, with a consequent impairment in plasmin-induced fi-
brinolysis [6,10]. On this basis, BS is currently considered
as an unusual model of neutrophil-dependent thrombo-
inflammation, uniquely treated with immunosuppres-
sants rather than anti-coagulants [8].

Growing data suggest that, in inflammatory and
infectious conditions, neutrophils can contribute to
thrombo-inflammation not only via ROS, but also through
additional mechanisms, including the release of neutro-
phil extracellular traps (NETs) [11,12].

NETs are structures produced by neutrophil death in
response to infectious or inflammatory stimuli; they are
mainly composed of extruded cell-free DNA and histones,
microbicidal proteins and proteases, and are used to trap
and kill micro-organisms [13,14]. In particular, NETs are
mainly produced by a specific subset of proinflammatory
neutrophils, the low-density granulocytes (LDGs), which
are involved in the pathogenesis of cardiovascular mani-
festations associated with various autoimmune and auto-
inflammatory disorders [15-17]. ROS are directly involved
in the mechanisms of NET formation, including the in-
duction of morphological changes, increase in membrane
permeability, release of neutrophil elastase from granules
and induction of histones degradation and chromatin de-
condensation [18].

NETs are primarily internalized and degraded by
macrophages, leading to macrophage activation with

subsequent sustained release of proinflammatory cyto-
kines [19,20]. Moreover, similarly to ROS, also NETSs have
been shown to promote a procoagulant state in animal
models and in humans, and to contribute to some arterial
diseases such as stroke and myocardial infarctions [21].

On this basis, the role of NETs in BS has been mainly
investigated as being potentially involved in the patho-
genesis of vascular manifestations [19,21-23]. BS patients
have been shown to be more prone to NETosis compared
to healthy volunteers [12,21]. Le Joncour and colleagues
further showed that NET levels were higher in BS patients
with active disease or with vascular involvement com-
pared to patients with inactive disease and without vas-
cular symptoms, respectively [21]. Accordingly, Chen and
colleagues recently demonstrated that the levels of circu-
lating LDGs (the major NETSs sources) were significantly
higher in BS patients with active disease, and significantly
correlated with the presence of vascular manifestations
[17].

Considering that in BS a dense neutrophilic infiltration
can be found not only around the vasa vasorum of the
large vessel wall, but also at cutaneous [24], articular [25],
ocular [26], intestinal [27] and neurological levels [28], we
supposed that neutrophils and neutrophil-derived prod-
ucts might be also involved in the pathogenesis of non-
vascular BS involvement.

The aim of this study was to investigate the role of
neutrophil-mediated mechanisms of damage (NETs
and ROS) in non-vascular BS. Moreover, the study also
aimed to investigate, using an in-vitro approach, the role
of colchicine (a standard treatment for BS with a well-
established anti-neutrophilic activity) in counteracting
oxidation-induced NETs formation and cell apoptosis.

MATERIALS AND METHODS
Study design and population

A case—control study was performed on consecutive
adult BS patients referring to the Behcet Center of the
University Hospital of Careggi (Florence, Italy) and meet-
ing the International Criteria for Behcet Disease (ICBD)
[29]. As this study specifically focused upon non-vascular
BS manifestations, patients with active vascular manifes-
tations were excluded from the study. Conversely, the past
history of vascular BS manifestations did not represent an
exclusion criterion for this study.

BS patients were matched 1:1 for age and sex with
healthy control (HC) subjects, randomly recruited from
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the general population. Control subjects were excluded if
they had immune-mediated disorders, active infections,
history of cerebro- and/or cardiovascular diseases, athero-
thrombotic events or cancer.

All subjects provided written informed consent for
the inclusion in the study. The study was approved by the
University of Florence ethics committee and was con-
ducted in accordance with the ethical principles of the
Declaration of Helsinki.

Clinical data collection

Clinical data for BS patients were retrospectively collected
from medical charts. Patients were characterized in terms
of demographic features, disease duration, clinical history
(including disease manifestations in their whole medical
history and past pharmacological therapies), active dis-
ease manifestations and ongoing corticosteroid and im-
munomodulating/immunosuppressive treatments.

Disease activity at the time of inclusion in the study
was assessed by means of the Behget’s Disease Current
Activity Form (BDCAF) score [30]. Patients with a
BDCAF > 0 were defined as having active disease, whereas
patients with a BDCAF = 0 were classified as having in-
active disease.

Sample collection

Blood samples from BS patients and HC were collected
by venipunture of antecubital vein into vacutainers (BD
Vacutainer Systems, Plymouth, UK) containing ethyl-
enediamine tetraacetate 0.17 mol/l. Blood was used im-
mediately for neutrophil isolation and intracellular ROS
assessment.

Assessment of neutrophil-mediated
mechanisms of damage

Neutrophil-mediated mechanisms of damage were as-
sessed in purified neutrophils, isolated from patients’ and
controls’ blood samples. All experiments were performed
in triplicate.

Neutrophil isolation

Neutrophils were isolated as previously described by Oh
and colleagues [31]. Seven ml of whole blood was slowly
and carefully layered on the top of 7 ml lympholyte-poly
(Cedarlane, Burlington, Ontario, Canada). Samples were

centrifuged for 35 min without brakes at 500 g, 20°C. Blood
was separated into six distinct bands (plasma, monocytes,
isolation media, neutrophils, more isolation media and
red blood cells), and the layer of neutrophils and all the
isolation media below this layer were carefully transferred
into new Falcon tubes. Then, cells were washed once with
phosphate-buffered saline (PBS) (without Ca**/Mg*") and
centrifuged at 350 g for 10 min. After centrifugation, the
supernatant was discarded and 6 ml of BD Pharm Lyse
lysing solution (Becton Dickinson Biosciences, San Jose,
California, USA) was added, gently mixed and incubated at
20°C for 8 min. Cells were then washed with PBS (without
Ca®*/Mg*") and centrifuged at 250 g for 6 min. Finally, the
supernatant was discarded and the pellet was resuspended
in RPMI-1640 base cell culture medium with 2% bovine
serum albumin (BSA). The purity of the neutrophils was
controlled by flow cytometry by CD66b monoclonal an-
tibody (G10F5), allophycocyanin (APC) (Thermo Fisher
Scientific, Waltham, Massachusetts, USA) neutrophil-
specific marker and was found to exceed 95%. Data were
analyzed using BD FACSDiva software (Becton-Dickinson,
San Jose, California, USA). Moreover, neutrophil viability
was assessed by trypan blue dye exclusion and was found to
exceed 96% in neutrophils isolated from HC.

NETSs quantification

The ability of neutrophils to release NETs was assessed
by measuring the NET-associated elastase using NETosis
assay kit (Cayman Chemical, Ann Arbor, Michigan, USA),
according to the manufacturer’s protocol.

NETSs microscopy

Fresh neutrophils were washed with 0.5% Triton X-100
and 3% BSA in PBS and fixed for 15 min at room tempera-
ture (RT) with 4% paraformaldehyde (Merck Life Science
S.r.l,, Milano, Italy). After washing with PBS, cells were
seeded on NuncLab-Tek II CC2 Chamber Slide System
(Thermo Fisher Scientific) and loaded with propidium io-
dide in a solution of 3% BSA, 0.5% Triton X-100 in PBS for
5 min at RT, washing three times with PBS and analysed
using a confocal Leica TCS SP8 scanning microscope
(Mannheim, Germany) using a Leica Plan Apo 63X oil
immersion objective [32,33].

Intracellular ROS quantification

The methodology used in our laboratory for the assess-
ment of intracellular ROS production has been extensively
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described elsewhere [6,34]. Briefly, 100 ul of ethylen-
ediamine tetraacetic acid (EDTA)-anti-coagulated blood
samples were resuspended in 2 ml of BD fluorescence-
activated cell sorting (FACS) lysing solution (Becton
Dickinson Biosciences), gently mixed and incubated at RT
in the dark for 15 min. Cells were subsequently centrifuged
(700 g for 7 min at 20°C), the supernatant was removed
and cells were washed twice in PBS. Intracellular ROS
levels were assayed by incubating cells with H,DCF-DA
(2.5 pM) (Invitrogen, Carlsbad, California, USA) in RPMI
medium without serum and phenol red for 30 min at 37°C.
Cells were then washed and resuspended in PBS and im-
mediately analyzed by FACS cytometry (FACSCanto flow
cytometer, Becton Dickinson). Data were analyzed using
BD FACS Diva software (Becton Dickinson).

In-vitro effects of colchicine on oxidation-
induced NETs production, cell viability and
mitochondrial membrane potential

As a preliminary test aimed at evaluating the possible cy-
totoxicity of colchicine (standard treatment for BS), resa-
zurin cell viability assay was performed (CellTiter-Blue;
Promega Corporation, Madison, Wisconsin, USA) in the
presence of increasing concentrations of pure colchicine.
Neutrophils were exposed to pure colchicine for 1 h at
concentrations ranging between 1 ng/ml and 1 pg/ml.

Effects of colchicine on NETSs production

To assess colchicine capacity in counteracting NETs produc-
tion, neutrophils were plated in a black 96-multi-well plate
(8x10* cells/well) and then 2,2’-azobis (2-amidinopropane)
dihydrochloride (AAPH) (250 mM final concentration) was
added to induce oxidation. After 1 h of incubation at 37°C
cells were washed with PBS and then NETSs production was
assessed, as described above.

In the AAPH + colchicine group, cells were pretreated
with pure colchicine 1 ng/ml for 1 h before incubation
with AAPH (250 mM final concentration).

Cell viability assay

The effects of colchicine on cell viability was assessed by
a fluorometric resazurin reduction method (CellTiter-
Blue; Promega Corporation), as previously described [35].
Neutrophils were plated in a black 96-multi-well plate
(8 x 10* cells/well) and then AAPH (250 mM final con-
centration) was added. After 1 h of incubation at 37°C

cells were washed with PBS. Then 100 pl of preheated
resazurin diluted in RPMI was added to selected wells
and the microplate was further incubated for 1 h at 37°C.
Fluorescence was measured using a fluorometric micro-
plate reader (BioTek Synergy H1; BioTek Instruments
Inc., Winooski, Vermont, USA). In the AAPH + colchi-
cine group, cells were pretreated with pure colchicine
1 ng/ml for 1 h before incubation with AAPH (250 mM
final concentration).

Colchicine anti-oxidant activity assay

To assess the possible anti-oxidant activity of colchicine,
the oxygen radical absorbance capacity (ORAC) method,
based on inhibition of the peroxyl radical-induced oxi-
dation initiated by thermal decomposition of azo com-
pounds such as AAPH, was performed as previously
described [36]. Briefly, a fluorescein solution (6 nM)
prepared daily from a 4-pM stock in 75 mM sodium
phosphate buffer (pH 7.4), was used. Trolox (250 uM
final concentration) was used as a standard. Seventy ul
of each sample with 100 pu of fluorescein was preincu-
bated for 30 min at 37°C in each well before rapidly
adding AAPH solution (19 mM final concentration).
Fluorescence was measured with excitation at 485 nm
and emission at 537 nm in a fluorometric microplate
reader (BioTek Synergy H1; BioTek Instruments Inc.).
Results were expressed as Trolox equivalents (uM), and
then normalized for mg of colchicine.

Mitochondrial membrane potential

Tetramethylrhodamine methyl ester perchlorate (TMRM)
was used to assess the mitochondrial membrane poten-
tial [32]. Neutrophils were loaded for 20 min at 37°C with
100 nM TMRM (Life Technologies, Carlsbad, California,
USA) in RPMI and analyzed using a FACSCanto flow cy-
tometer (Becton Dickinson).

Statistical analysis

Categorial variables were reported as absolute numbers
and percentages, and were compared between groups
using the y” test. Continuous data were presented as me-
dian value and interquartile range (IQR) or as mean value
and standard deviation (SD), according to data distribu-
tion, and were compared using the parametric Student’s
t-test or analysis of variance (ANOVA) tests or the non-
parametric Mann-Whitney or Kruskal-Wallis tests, as



Clinical & Experimental
Immunology

The Journal of Transiational Immunology

. British Society for
immunolog¢p

414 |

BETTIOL ET AL.

appropriate. Normal data distribution was checked using
the Shapiro-Wilk test.

Spearman’s correlation coefficients (Rho) were calcu-
lated for the association between NETSs and intracellular
neutrophils ROS, separately for patients with active and
inactive BS.

Alltestswere two-tailed, and a p-value of < 0.05was con-
sidered statistically significant. Statistical analyses were
performed using the Stata software version 14 (StataCorp
LP, College Station, Texas, USA) and the GraphPad Prism
software version 6.01 (GraphPad Software, San Diego,
California, USA).

RESULTS
Clinical features of patients and HC

Eighty adult BS patients were included in this study, and
were age- and sex-matched to 80 HC. The demographic
and clinical features of BS patients and matched controls
are described in Table 1.

Both sexes were equally represented, with a median
age at inclusion in the study of 43.0 years (IQR = 36.0-
50.3) and a median disease duration of 2.7 years
(1.0-6.2).

Approximately half the patients presented HLA-B51
positivity. Almost all patients had history mucosal in-
volvement. Other common disease manifestations in-
cluded cutaneous, articular and ocular involvement,
and 32 patients had previous history of vascular BS
manifestations.

At the time of inclusion into the study, 34 patients
(42.5%) of BS patients had inactive disease, while 46
(57.5%) presented active non-vascular disease manifes-
tations; the median BDCAF in the whole cohort was 3
(0-5). Specifically, approximately one-third of patients
presented active mucosal involvement, 26.3% articular,
12.5% cutaneous and 12.5% intestinal. Active neurological
and ocular manifestations were present in nine and three
patients each.

Regarding pharmacological treatments, the majority of
patients (86.3%) were receiving active therapy at the time
of inclusion in the study, most being treated with tradi-
tional and/or biological disease-modifying anti-rheumatic
drugs (DMARDES).

Patients with active non-vascular BS and with inactive
disease were comparable in terms of demographic features
and previous disease manifestations, but significantly dif-
fered in terms of ongoing pharmacological treatments, a
higher proportion of patients with active disease being off
therapy at the time of inclusion in the study (21.7 versus
2.9%, p = 0.020).

Neutrophil-derived products in patients
with Behcet’s syndrome and in HC

Figure la,b reports the levels of NETs and neutrophils
ROS in the blood of BS patients with active non-vascular
manifestations and with inactive disease compared to HC.

NET release significantly differed among the three
groups (p < 0.001): specifically, the median levels of neu-
trophil elastase was 7.1 mU/ml (IQR = 5.1-8.7) in HC, 16.8
mU/ml (IQR = 13.3-20.2) in patients with inactive BS and
21.2 mU/ml (IQR = 18.3-25.9) in BS patients with active
non-vascular manifestations (p < 0.001 between BS pa-
tients with active versus inactive disease). Representative
confocal microscope images of NETs in blood samples
from active and inactive BS patients and from HC are re-
ported in Figure 1c.

Similarly to NETSs, neutrophil ROS levels also differed
in BS patients with active non-vascular manifestations,
with inactive disease and in HC (p < 0.001 among the
three groups). In particular, the median intracellular ROS
production was 1763 relative fluorescence units (RFU)
(IQR = 1563-1945) in HC, 3607 RFU (IQR = 3161-
4696) in BS patients with inactive disease and 4308 RFU
(IQR = 3256-5626) in those with active non-vascular
manifestations; however, the difference between patients
with active and inactive BS did not reach statistical signif-
icance (p = 0.144) (Figure 1b).

Individual levels of NETs and ROS are plotted in Figure 2,
stratified according to BS disease activity.

As clearly shown in the figure, patients with non-
vascular active BS clustered around the highest NETSs
values. In this subgroup of patients with active disease,
a statistically significant positive correlation emerged
between NET release and neutrophils ROS production
(Spearman’s rho = 0.563, p < 0.001). Conversely, in BS
patients with inactive disease and in HC, NET release did
not correlate with ROS production (for BS patients with
inactive disease: Spearman’s rho = —0.220, p = 2.11; for
controls: Spearman’s rho = —0.027, p = 0.816).

Variations in neutrophil-derived products
according to active clinical manifestations

Figure 3 and Supporting information, Table S1 report the
variations in NET release and neutrophil ROS production
according to the different type of active non-vascular BS
manifestations.

Significantly higher NET levels were found in the
plasma from patients with active mucosal lesions
[24.1 mU/ml in patients with (19.6-26.4) versus without
17.6 (14.7-20.6) mU/ml, respectively, p < 0.001], with ac-
tive articular manifestations [22.1 (19.1-26.4) versus 18.2
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TABLE 1 Demographic and clinical features of patients with Behcet’s syndrome

BS patients Active non-vascular BS Inactive BS
(n = 80) (n = 46) (n=34) p-value*

Female sex 41 (51.3%) 24 (52.2%) 17 (50.0%) 1.000
Age at onset (median, IQR), years 31.6 (22.6-41.6) 32.1(27.4-36.3) 26.7 (22.1-43.3) 0.705
Age at diagnosis (median, IQR), years 37.1(29.4-43.8) 36.7 (33.8-43.5) 39.3(27.0-43.8) 0.964
Age at inclusion in the study (median, 43.0 (36.0-50.3) 40.8 (36.2-50.3) 43.2(30.8-48.2) 0.617

IQR), years
Disease duration (median, IQR), years 2.7 (1.0-6.2) 2.4 (1.0-6.8) 2.7 (1.0-5.6) 0.782
HLA-B51 positivity 35/75 (46.7%) 21/43 (48.8%) 14/32 (43.8%) 0.815
Disease involvement (whole medical

history)
Mucosal 75 (93.8%) 33(97.1%) 42 (91.3%) 0.388
Cutaneous 53(66.3%) 34 (73.9%) 19 (55.9%) 0.102
Articular 52 (65.0%) 34 (73.9%) 18 (52.9%) 0.062
Ocular 40 (50.0%) 20 (43.5%) 20 (58.8%) 0.258
Intestinal 38 (47.5%) 21 (45.7%) 17 (50.0%) 0.821
Vascular 32 (40.0%) 17 (37.0%) 15 (44.1%) 0.645
Neurological 28 (35.0%) 18 (39.1%) 10(29.4%) 0.478
Active disease at time of inclusion in the

study
BDCAF (median, IQR) 3(0-5) 5(3-7) -
Mucosal 25(31.3%) 25 (54.4%) -
Articular 21 (26.3%) 21 (45.7%) -
Cutaneous 10 (12.5%) 10 (21.7%) -
Intestinal 10 (12.5%) 10 (21.7%) -
Neurological 9 (11.3%) 9(19.6%) -
Ocular 3(3.8%) 3(6.5%) -
Ongoing treatments at time of inclusion in

the study
None 11 (13.8%) 10 (21.7%) 1(2.9%) 0.020
Active therapy 69 (86.3%) 36 (78.3%) 33(97.1%)
Corticosteroids 43 (53.8%) 26 (56.5%) 17 (50.0%) 0.095
Only corticosteroids 4 (5.0%) 2 (4.4%) 2 (5.9%)
Colchicine 16 (20.0%) 9 (19.6%) 7(20.6%)
Only colchicine
(« corticosteroids) 10 (12.5%) 5(10.9%) 5(14.7%)
Traditional/biological DMARDs (+ 55(68.8%) 29 (63.0%) 26 (76.5%)

corticosteroids and colchicine)
Traditional DMARDs 24 (30.0%) 19 (41.3%) 5(14.7%) 0.013
Biological DMARDs 40 (50.0%) 18 (39.1%) 22 (64.7%) 0.041

BS = Behcet’s syndrome; BDCAF = Behget’s disease current activity form; DMARDs = disease-modifying anti-rheumatic drugs; HLA = human leukocyte

antigen; IQR = interquartile range.

*p-values from y? test or Mann-Whitney test for unpaired data.

(15.4-21.6) mU/ml, p = 0.004] and in those with intes-
tinal symptoms [26.2 (21.1-26.4) versus 18.6 (15.8-22.1)
mU/ml, p = 0.007]. Conversely, NET levels were compa-
rable in patients with or without cutaneous, neurological

or ocular involvement. Patients with active pharmacolog-
ical therapy at time of inclusion in the study tended to
present lower NET levels compared to patients off ther-
apy [18.7 (15.8-22.1) versus 22.5 (18.3-26.4) mU/ml],
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FIGURE 2 Correlation between neutrophil extracellular trap
(NET) levels and intracellular neutrophils reactive oxygen species
(ROS) production in BS patients with active non-vascular disease
manifestations with inactive disease and in healthy controls

although this difference did not reach statistical signifi-
cance (p = 0.059).

Differently from NETSs, neutrophils ROS production
did not significantly vary according to the type of active

non-vascular BS manifestation, nor according to the ongo-
ing pharmacological treatment.

Variations in intracellular
lymphocytes and monocytes ROS
production according to BS disease
activity and disease manifestation

Similarly to neutrophils ROS, lymphocytes and monocytes
ROS levels also tended to be higher in patients with active
non-vascular BS [for lymphocytes ROS = 707 (629-827)
RFU in HC; 1661 (1342-2080) RFU versus 1384 (1206—
1878) RFU in patients with active versus inactive disease,
p < 0.001 among the three groups, p = 0.057 for active ver-
sus inactive BS; for monocytes ROS = 1314 (1142-1425)
RFU versus 3322 (2488-4338) RFU versus 2998 (2440-
4142) RFU, p < 0.001 among the three groups, p = 0.540
for active versus inactive BS] (Supporting information,
Table S2).

Intracellular lymphocytes and monocytes ROS produc-
tion were not significantly influenced by other patients’
demographic or clinical features, nor by ongoing pharma-
cological treatment.
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FIGURE 3 Neutrophil extracellular trap (NET) levels (a-c) and neutrophils ROS production (d-f), stratified according to active BS

disease manifestations

In-vitro assessment of the potential
effect of colchicine in counteracting
neutrophil-mediated damage

Finally, we explored the potential capacity of colchi-
cine—a standard treatment for BS—in counteracting
neutrophil-mediated damage.

We first tested colchicine cytotoxicity by assessing
cell viability after incubation of neutrophils with pure
colchicine concentrations ranging from 0 to 1000 ng/ml
(Supporting information, Figure S1). Based on the results
of this analysis, 100 ng/ml concentration was used for
subsequent experiments.

NETosis was then induced in vitro via neutrophil in-
cubation with AAPH (250 mM) and the potential effect
of colchicine pretreatment in counteracting NETSs produc-
tion was tested. Representative confocal microscope im-
ages of NETs in untreated cells, incubated with AAPH or
pretreated with pure colchicine before AAPH incubation,
are reported in Figure 4a.

AAPH-incubated cells showed a dramatic increase in
NET production compared to untreated cells (28.6 + 3.9
mU/ml versus 6.8 + 3.9 mU/ml, respectively, p < 0.001).
Conversely, colchicine pretreated cells prior to AAPH
challenge showed a lower NET production (16.9 + 3.0
mU/ml) compared to cells treated with AAPH alone
(p < 0.001), although still higher compared to untreated
cells (p < 0.001) (Figure 4b).

Colchicine pretreatment also counteracted AAPH-
induced cell death (cell viability being of 55.5 + 9.0% ver-
sus 80.8 + 7.9% in AAPH + colchicine and AAPH alone
groups, respectively, p < 0.001), although cell viability was
still lower compared to that of control cells (p = 0.002)
(Figure 4c).

Accordingly, when we analyzed mitochondrial mem-
brane potential (Figure 4d), flow cytometry analysis re-
vealed a remarkable decrease in the proportion of cells
presenting mitochondrial polarization following AAPH
treatment (50.7 + 9.0% versus 100.1 + 2.6% in control
cells, p < 0.001); this proportion was instead signifi-
cantly higher in cells receiving colchicine pretreatment
(79.5 = 7.9%, p = 0.002), although still lower compared to
untreated cells (p < 0.001).

We finally investigated whether these colchicine effects
could be mediated by anti-oxidant activity.

However, the assay revealed that pure colchicine lacks
anti-oxidant activity, its anti-oxidant capacity being ap-
proximately 27 000-fold lower compared to Trolox.

DISCUSSION

BS offers a peculiar model to unveil the role of neutrophil-
mediated mechanisms in the pathophysiology of systemic
vasculitis. Neutrophils and neutrophil-derived products
(NETs and ROS) have been identified as key mediators
of the thrombo-inflammatory processes related to BS
[7,8,19,21-23]; conversely, little is known on their eti-
opathogenetic role in non-vascular BS manifestations,
including mucosal, cutaneous, articular, gastrointestinal,
neurological and ocular involvement.

In this study we deepened the association between
neutrophil-derived products (NETs and ROS) and non-
vascular BS involvement. Our results demonstrate
that BS patients with active non-vascular manifesta-
tions show increased NETs levels compared to healthy
subjects and to BS patients with inactive disease.
Intracellular ROS production (sustained by neutrophils,
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FIGURE 4 Representative confocal microscope images (a) of neutrophil extracellular traps (NETs) in neutrophils untreated, incubated
with 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH) (250 mM) for 1 h and pretreated with colchicine (100 ng/ml) for 1 h before
AAPH treatment. NET levels (b), cell viability (c) and mitochondrial polarization (d) in neutrophils untreated, incubated with AAPH or

pretreated with colchicine before AAPH incubation

as well as by lymphocytes and monocytes) appeared
slightly, but not significantly, increased in patients with
active non-vascular BS. Importantly, we found that in
patients with active non-vascular BS NET release sig-
nificantly correlated with intracellular neutrophil ROS,
while no association was found in patients with inac-
tive disease. Focusing upon the different non-vascular
BS manifestations, we found that NET levels were sig-
nificantly increased in cases of active mucosal, articular
or gastrointestinal involvement, while neutrophil ROS
were not.

The association between BS disease activity and
neutrophil-derived products is not surprising [12,21].
Neutrophil hyperactivation is known to promote ROS gen-
eration and to sustain BS disease activity [15], and protein
oxidation parameters have been proposed as markers of
disease progression and activity in BS [37,38].

Our findings suggest that NETSs, more than intracellu-
lar ROS, might represent a key mechanism of damage in
non-vascular BS manifestations.

A previous study by Le Joncour and colleagues [21]
on 73 BS patients showed that markers of NETs were
significantly increased in the serum of active BS pa-
tients compared with inactive patients, and highlighted
a clear association between NETs and vascular BS. NETs
are known to promote thrombogenesis [39], as they can
activate coagulation via both the intrinsic and extrinsic
pathway and can induce thrombin production in plasma,
probably via histone/polyphosphate triggering [6,39].
Accordingly, Chen and colleagues further showed that
LDGs—a proinflammatory neutrophil subset which rep-
resents a major source of NETs—significantly correlate
with BS disease activity and in particular with vascular
disease involvement [23].
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In our study, we also found that NETs are directly in-
volved in non-vascular BS manifestations, particularly
in mucosal, articular and gastrointestinal involvement.
Neutrophil infiltration has been consistently reported in
BS patients at sites of disease involvement, such as oral
and general ulcers [40], synovia [25], intestinal mucosa
and vessels [27]. Regarding NETSs, their association with
articular damage has been described in different systemic
autoimmune conditions, including rheumatoid arthritis
(RA) and systemic lupus erythematosus [41]. NETs and
NET-derived elastase have been shown to directly induce
cartilage damage and synovial inflammation in RA [42],
and the titer of antibodies against carbamylate/citrulli-
nated proteins extruded by synovial NETs has been found
to correlate with radiographic bone erosion in these sub-
jects [42,43].

At intestinal level, aberrant NET formation has been
shown to modulate intestinal barrier integrity and to drive
the progression of gut inflammation in ulcerative colitis,
inflammatory bowel disease and Crohn disease [44-46].
In a study on a mouse model of experimental colitis, NETs
resulted in impaired gut permeability, enabling the initia-
tion of luminal bacterial translocation and inflammation
[47]. BS patients are known to present an increased gastro-
intestinal permeability and gut microbiome dysbiosis [48],
irrespective of the presence of specific gastrointestinal BS
manifestations [49,50], and we could speculate that NETs
might be directly involved in these alterations.

Regarding oral mucosa, localized NETosis has been de-
scribed as a physiological mechanism of anti-microbial de-
fense. Mohanty and colleagues [51] found that saliva from
BS patients had a reduced ability to form NETs compared
to that from healthy individuals, because components of
saliva prevented mucins from inducing NETs. We might
suppose that a disequilibrium in the physiological mech-
anisms of NET formation might occur in these patients,
with site-specific ‘protective’ NETosis being impaired and
systemic NET-driven inflammatory mechanisms being in-
creased instead.

Notably, in our study, systemic NET levels were mea-
sured in the peripheral blood and no assessment of NET
release at local sites of disease was performed. Further
studies assessing NET levels on biopsies from active sites
of BS involvement might help to gain further knowl-
edge on the mechanisms sustaining this multi-faceted
syndrome.

Finally, this study provides novel in-vitro data on
the role of colchicine—a well-known anti-neutrophilic
activity standard treatment for BS [1,2]—in counter-
acting neutrophil-mediated mechanisms of damage.
Namely, our findings clearly show that colchicine, de-
spite the lack of an anti-oxidant power, exerts a protec-
tive effect on oxidation-induced NETs production and

oxidation-induced neutrophil apoptosis. Recently, Vaidya
and colleagues [52] showed that, in patients with acute
coronary syndrome, colchicine is capable of inhibiting
NETs production post-percutaneous coronary inter-
vention by stabilizing neutrophil cytoskeleton, thereby
inhibiting NET release. Whether the well-established
therapeutic action of colchicine in BS is mediated by its
anti-inflammatory activity and/or by its preventive role
on neutrophil-mediated mechanisms of damage deserves
further investigation.

The results from this study are strengthened by the fact
that neutrophil-mediated mechanisms of damage were as-
sessed in purified neutrophils, directly isolated from blood
of BS patients and controls. Moreover, importantly, NETs
production was confirmed by microscopic evaluation.

Taken together, our data support the hypothesis that
neutrophil-mediated mechanisms might be directly in-
volved in non-vascular BS, and that NETSs, more than an
impaired redox status, might play a central role in the
pathogenesis of mucosal, articular and intestinal BS man-
ifestations. Colchicine might be effective in counteract-
ing neutrophil-mediated damage in BS via the inhibition
of NETSs release, although further studies are needed to
strengthen these findings.
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