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Abstract: Behget’s syndrome (BS) is a rare systemic vasculitis characterized by different clinical
manifestations. As no specific laboratory tests exist, the diagnosis relies on clinical criteria, and the
differential diagnosis with other inflammatory diseases can be challenging. Indeed, in a relatively
small proportion of patients, BS symptoms include only mucocutaneous, articular, gastrointestinal,
and non-typical ocular manifestations, which are frequently found also in psoriatic arthritis (PsA).
We investigate the ability of serum interleukin (IL)-36c—a pro-inflammatory cytokine involved in
cutaneous and articular inflammatory diseases—to differentiate BS from PsA. A cross-sectional study
was performed on 90 patients with BS, 80 with PsA and 80 healthy controls. Significantly lower
IL-360¢ concentrations were found in patients with BS as compared to PsA, although in both groups
IL-36x was significantly increased compared to healthy controls. An empirical cut-off of 420.6 pg/mL
displayed a specificity of 0.93, with a sensitivity of 0.70 (AUC 0.82) in discriminating PsA from BS.
This cut-off displayed a good diagnostic performance also in BS patients lacking highly specific BS
manifestations. Our results indicate that IL-36cx might be involved in the pathogenesis of both BS
and PsA, and might be a candidate biomarker to support the differential diagnosis of BS.
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1. Introduction

Behget’s syndrome (BS) is a rare chronic systemic vasculitis hallmarked by oral and
genital ulcerations and ocular involvement. Among other disease manifestations, articular,
cutaneous, vascular, neurological, and gastrointestinal involvement is also frequent in
BS [1-3].

Differently from cases presenting with peculiar pathognomonic manifestations (such
as genital ulcers, posterior uveitis, or vascular events), differential diagnosis of BS patients
reporting mucocutaneous, articular, anterior ocular and/or gastrointestinal manifestations
in the absence of other major organ involvement can be challenging [4].

Articular involvement is reported in up to 80% of BS patients of both sexes [2,5-7] and
may resemble seronegative arthritis, particularly psoriatic arthritis (PsA), with which an
overlap has been described as both diseases can be ascribed to MHC-I-opathies [8-10].

The diagnostic process can be challenging in the case of patients with PsA sine psoriasis
(i.e., in the absence of psoriatic skin lesions), accounting up to 20% of the cases of PsA [11].
Moreover, extra-articular manifestations, including gastrointestinal, anterior ocular, car-
diovascular, and non-psoriatic cutaneous involvement, might be found in up to 35% of
patients with PsA and in up to 50% of BS patients, further complicating the differential
diagnosis [2,12-14]. Notably, common immunopathogenic pathways, including among
others key cytokines such as tumor necrosis factor (TNF) alpha, interleukin (IL-17), IL12
and IL.23, sustain articular and extra-articular manifestations in both diseases [1,6,15-17].
The relationship between BS and PsA is also supported by the recent evidence that BS
patients present a significantly increased risk of psoriasis, and still greater risk of PsA, being
twice more vulnerable to PsA as compared to non-BS subjects [13].

Differentiating BS from PsA, especially in low incidence areas for BS, can be relevant,
from a clinical point of view. However, to this date no specific instrumental or laboratory
biomarker is available to help the differential diagnosis between these two conditions,
which currently relies only on clinical assessment [18].

IL-36 (including the three agonists IL-36«, 3, v, and the inhibitor IL-36Ra) belongs to
the IL-1 family involved in innate immune responses [19]. The IL-36 axis has been associ-
ated with skin and joint-related inflammatory conditions, as it stimulates the production
of pro-inflammatory mediators by synovial fibroblasts [20,21]. Moreover, aberrant IL-1
signalling, and IL-1-related gene polymorphisms are implicated in the pathogenesis of BS,
and anti-IL-1 therapies have shown some efficacy in the treatment of refractory BS [22-26].
Accordingly, increased serum levels of IL-36, especially IL-36x [27,28], have been described
in psoriasis [29] as well as in PsA at synovial level [30], although no study investigated its
levels in BS.

Interestingly, IL-36 family members need to be processed to acquire their fully active
form [31,32]. Neutrophil proteases (particularly neutrophil elastase) have been identified
as the main regulators of this processing, and neutrophil extracellular traps (NETs) can act
as a platform for IL-36 activation [33]. Neutrophils are known to play a central role in BS
pathogenesis, also via NETs release [34], whereas NETosis has been more rarely reported
in PsA [35]. On these bases, in this study we assessed serum IL-36« levels in a cohort
of BS patients, PsA and healthy controls, and investigated the ability of serum IL-360c to
differentiate patients with BS from those with PsA.

2. Results
2.1. Patients Characteristics

A total cohort of 90 BS patients was included and was compared to 80 patients
diagnosed with PsA and 80 healthy controls (HCs). Demographic, clinical, and therapeutic
features of the cohorts are summarized in Table 1.

In the BS cohort, 57% (n = 51) of patients were men, with a median age at time of in-
clusion in the study of 45 (IQR 36-55) years. Regarding disease manifestations in the whole
medical history, 93% (n = 84) of patients had history of oral ulcers, with 38% also having
genital aphthosis (n = 34). Among other common manifestations, cutaneous involvement
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was reported in 81% (n = 73), articular manifestations in 52% (n = 47), gastrointestinal
symptoms in 38% (n = 34), uveitis in 34% (n = 31), vascular involvement in 19% (n = 17),
and neurological manifestations in 18% (n = 16). A total of 44% of patients (1 = 40) were
HLA-B51 positive. At time of inclusion in the study, half of the patients (n = 44) were
classified as having active disease (defined by a Behget’s Disease Current Activity Form
(BDCAF) > 1), the median BDCAF in the BS cohort being of 0 (0-3). Regarding ongoing
immunomodulating treatment, most patients were receiving conventional and/or biologic
(cs/b) disease-modifying antirheumatic drugs (DMARDs) (32% and 28%, n = 29 and 25,
respectively), whereas 40% (1 = 36) were on corticosteroid monotherapy or in combination
(>5 mg prednisone daily), or colchicine monotherapy.

Table 1. Demographic, clinical, and therapeutic characteristics of patients with Behget’s syndrome
(BS), of control patients with psoriatic arthritis (PsA) and of healthy controls.

BS PsA Healthy Controls
N (% Out of 90) N (% Out of 80) N (% Out of 80)
Sex—male 51 (56.7) 42 (52.5) 42 (52.5)
Age, years (median, IQR) 45 (36-55) 50 (38-66) 45 (38-52)
Disease manifestations
Oral aphthosis 84 (93.3) 2(2.5)
Genital aphthosis 34 (37.8) 0 (0)
Cutaneous 73 (81.1) -
Psoriasis - 72 (90.0)
Arthritis 47 (52.2) 80 (100.0%)
Gastrointestinal symptoms 34 (38.2) 9 (11.3%)
Uveitis 31 (34.4) 5 (6.3%)
Vascular 17 (18.9) 7 (8.8%) *
Neurological 16 (17.8) -
HLA-B51 positivity 40 (444) -
Active disease 44 (48.9) 37 (46.3)
BDCAF (median, IQR) 0(0-3) -
PASI (median, IQR) - 1.2 (0-2.1)
Ongoing immunomodulating
treatment
No treatment/only NSAIDs 0 10 (12.5)
Corticosteroids/colchicine 36 (40.0) 3(3.8)
csDMARDs 29 (32.2) 30 (38.5)
Methotrexate 0 28 (35.0)
Leflunomide 0 2 (3.5)
Biologic (£cs) DMARDs 25 (27.8) 37 (46.3)
TNFi 21 (23.3) 27 (33.8)
1L12/23i 0 3(3.8)
IL1i 4 (44)

BDCATF: Behget'’s Disease Current Activity Form; BS: Behget syndrome; csDMARD: conventional synthetic disease-
modifying antirheumatic drugs; HLA: human leukocyte antigen; IQR: interquartile range; IL12/23i: interleukin
12/23 inhibitors; NSAIDs: non-steroidal anti-inflammatory drugs; PASI: psoriasis area and severity index; PsA:
Psoriatic-Arthritis; TNFi: tumor necrosis factor inhibitors; IL1i: interleukin 1 inhibitors. Definitions for disease
manifestations are provided in the methods section. * Patients with PsA with a history of deep vein thrombosis.

Within the BS cohort, eight patients presented without major BS-specific organ mani-
festations. All of them fulfilled the ICBD criteria. Their clinical and therapeutic features are
summarised in Table A1.

In the PsA and HC cohorts, 53% (1 = 42 in each group) of patients were men, with a
median age at inclusion of 50 (38-66) years and 45 (38-52) years, respectively. In the PsA
group, all patients had a history of arthritis and 90% (n = 72) suffered from psoriatic skin
disease, meaning 10% of PsA participants had a PsA sine psoriasis. A history of uveitis
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was present in 6.3% (n = 5) of patients, and gastrointestinal symptoms were present in
11% (n =9). Deep vein thrombosis was reported in 7 (9%) of patients. At the time of
inclusion 54% (n = 43) of PsA patients had achieved MDA, the median PASI score being 1.2
(IQR: 0.0-2.1). The majority of PsA patients (46%, n = 37) were receiving treatment with
bDMARDs and 39% (n = 30) with csDMARDs, whereas 13% (1 = 10) were only receiving
symptomatic treatment with NSAIDs. Only three patients (4%) were receiving >5 mg of
prednisone daily. An overview of the clinical features of PsA controls is reported in Table 1.

2.2. IL-36« Levels in Patients with BS, PsA, and in HCs
The median level of IL-36«x was significantly higher among BS patients (201.7
(112.7-320.2) pg/mL) as compared to HCs (16.9 (13.7-22.2); p < 0.001). Conversely, BS

patients displayed significantly lower IL-36c levels as compared to the PsA group (544
(296-759); p < 0.001) (Figure 1).
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Figure 1. IL-36« levels in patients with Behget’s syndrome (BS), with psoriatic arthritis (PsA), and in
healthy controls (HCs).

We then investigated the ability of IL-36« to discriminate BS patients from PsA patients:
the ROC curve analysis revealed an Area Under the ROC Curve (AUC) of 0.842 (95% CI:
0.782-0.902), indicating that there is an 84% (95% CI: 78-90%) chance that the use of IL-360c
will be able to distinguish between BS and PsA patients. In particular, the empirical optimal
cut-off resulted to be of 420.6 pg/mL. This cut-off displayed a specificity of 0.93, with
a sensitivity of 0.70 (Figure 2), indicating that IL-36x levels above 420.6 pg/mL have
a 93% change to correctly identify patients with PsA, with a 70% change of correctly
discriminating people without PsA (i.e., with BS).

2.3. Variations in IL-36a Levels among BS Patients

Within the BS cohort, we further investigated differences in IL-36« levels according to
clinical and therapeutic features (Table 2). IL-36c levels were significantly higher in patients
with history of genital aphthosis (269.4 (173.2-384.5), p = 0.015) as compared to BS patients
without this manifestation or uveitis (243.4 (192.2-345.1), p = 0.029). Furthermore, a positive
correlation was found between IL-36«x levels and BDCAF at time of sample collection
(Spearman’s rho = 0.492; p < 0.001), although no significant difference emerged between
patients with active vs. inactive activity. Conversely, IL-36x levels did not significantly
vary according to the other BS disease manifestations in the whole medical history or
HLA-B51 positivity. Moreover, no significant difference in IL-36 levels emerged between
patients receiving corticosteroids/colchicine alone, csDMARDs or biologic DMARD:s. As
IL-36« levels were found to be remarkably increased in BS patients with history of genital



Int. . Mol. Sci. 2023, 24, 8817 50f12

or ocular involvement, subgroup analyses were conducted to assess whether IL-36x was
able to also discriminate patients with these manifestations from those diagnosed with
PsA. IL-36c displayed an AUC of 0.796 (95% CI: 0.715-0.876) in discriminating BS patients
with genital aphthosis from those with PsA, and an AUC of 0.798 (95% CI: 0.719-0.879) in
discriminating BS patients with uveitis from those with PsA.

100
80

601

Sensitivity%

40

20—

AUC: 0.842 (95% CI 0.782-0.902)

0 1 1 1 1 1
0 20 40 60 80 100

100% - Specificity%

Empirical optimal cutpoint: 420.59
Sensitivity at cutpoint: 0.70

Specificity at cutpoint: 0.93

Area under ROC curve at cutpoint:0.82

Figure 2. ROC curve for the sensitivity and specificity of IL-36« in discriminating patients with
Behget’s syndrome (BS) from patients with psoriatic arthritis (PsA).

Table 2. Variations in IL-36c levels within the BS cohort, according to manifestations in the whole medical
history, presence of HLA-B51, active disease at time of enrolment and pharmacological therapies.

With the Considered

Without the Considered

Feature Feature p-Value #
IL-36 (pg/mL) IL-36 (pg/mL)
Overall 201.7 (112.7-320.2)
Disease manifestations
Genital aphthosis 269.4 (173.2-384.5) 176.1 (109.2-266.3) 0.015*
Cutaneous 207.2 (132.9-323.4) 192.2 (94.9-271.2) 0.284
Arthritis 201.7 (120.2-320.2) 194.2 (104.8-344.2) 0.784
Intestinal symptoms 212.2 (104.8-360.4) 200.2 (118.2-316.5) 0.950
Uveitis 243.4 (192.2-345.1) 173.2 (94.9-312.3) 0.029 *
Vascular 269.4 (208.2-351.4) 192.2 (108.1-296.2) 0.072
Neurological 228.3 (171.1-375.2) 194.3 (108.1-318.3) 0.240
HLA-B51 229.7 (152.0-340.8) 193.2 (94.9-312.3) 0.237
Active disease 200.7 (106.5-379.9) 201.7 (133.0-296.2) 0.529
BDCAF Spearman’s rho: 0.492 <0.001 *

Ongoing immunomodulating treatment

Corticosteroids/colchicine
csDMARDs
Biologic (=cs) DMARDs

245.7 (160.5-348.3) 0.138

192.2 (120.2-252.2)

176.1 (82.9-294.4)

# p-value from Mann-Whitney or Krusal-Wallis test for unpaired data, comparing IL-36« levels in patients with vs

without a considered feature. * Statistically significant with p-value < 0.05. BDCAF: Behget’s Disease Current Activity
Form; csDMARD: conventional synthetic disease-modifying antirheumatic drugs; HLA: human leukocyte antigen.

In a second subgroup analysis, we focused on the eight patients with BS without major
organ involvement (i.e., without vascular, neurological, or posterior ocular manifestations),
as this can represents a challenging group from a diagnostic point of view.



Int. J. Mol. Sci. 2023, 24, 8817

6 of 12

Notably, all eight patients had IL-36c levels below the cut-off value 420.6 pg/mL, rang-
ing between 155.9 and 387.5 pg/mL. For this subgroup of patients, the AUC as compared
to the PsA cohort was of 0.827 (95% CI: 0.732-0.918).

3. Discussion

This study shows for the first time that serum IL-36« is increased in patients with PsA
as well as in BS, although to a lesser extent, and indicates that serum IL-36x could be a
candidate biomarker for the differential diagnosis between these two conditions.

Posing an accurate diagnosis of BS is crucial for establishing a proper treatment strat-
egy and predicting disease course and prognosis. As there are no pathognomonic laboratory
tests, the diagnosis relies on clinical criteria. This is particularly true for patients lacking
more BS-specific manifestation, such as genital ulcers, posterior uveitis, neurological, or
vascular involvement [4]. Indeed, in a relatively small proportion of patients, BS symp-
toms may only include mucosal, articular, gastrointestinal, cutaneous, and anterior ocular
manifestations, which are frequently found also in patients with PsA. Accordingly, patients
might meet both ICBD and CASPAR criteria for BS and PsA, which further complicate
accurate diagnosis.

On these bases, we assessed serum IL-36x as a potential laboratory biomarker for
differential diagnosis between BS and PsA.

IL-36«, as the other members of the IL-1 family, play a central role in innate immunity
as well as in the pathogenesis of immune-mediated disorders [19]. Polymorphisms in the
IL-1 gene cluster (namely IL-1A 2889C and IL-1B +5887T haplotype) are associated with an
increased susceptibility to vasculitis, including BS, and other cytokines belonging to the
IL-1 family (including IL-1 and IL-33) are known to be involved in the pathogenesis of
BS [36-38], whereas little is known about the role of IL-36 in this disease.

Conversely, increased levels of IL-36 have been consistently reported in the skin and
joint of patients with psoriasis [29] and PsA [30], where it mediates cutaneous and synovial
inflammation, and drugs targeting the IL-36 axis are under investigation for the treatment
of psoriasis [39,40].

The results from this study indicate that patients with BS present significantly lower
serum IL-36«x levels as compared to those with PsA, and that IL-36x can effectively differ-
entiate between the two conditions. Particularly, an empirical cut-off of 420.6 pg/mL is
associated with a very high specificity (0.93), paired by a good sensitivity (0.70).

On their turn, our findings indicate that BS patients displayed significantly higher
IL-36« levels as compared to HCs. Particularly, patients with mucocutaneous (ocular and
genital) aphthosis and patients with uveitis presented the highest IL-36c levels.

The biological interpretation of these findings is debatable. The IL-36 axis is known to
be involved in mucosal repair; indeed, recent studies showed that the IL-36 axis promotes
IL-23/1L-22-dependent mucosal healing, and mice lacking IL-36 present impaired recovery
from mucosal damage [34,41,42]. Thus, we can speculate that the higher levels of IL-36
found in patients with oral and genital aphthosis might be the result of a protective
“repairing” mechanism in response to the damaged barrier function to epithelial and
mucosal tissue, which is also a common feature to psoriasis.

Interestingly, in our BS cohort serum IL-360c levels were remarkably higher in the
subgroup of patients with mucocutaneous and ocular involvement, although beyond the
cut-off of 420 pg/mL. Accordingly, this cytokine still effectively discriminated patients with
BS with manifestations associated with the highest IL-36« levels (i.e., with mucocutaneous
and ocular involvement) from those diagnosed with a PsA, with a good AUC (around 0.80).
However, from a clinical point of view, using IL-36 as a diagnostic biomarker in BS patients
with mucocutaneous or ocular involvement is not necessary, as most mucocutaneous
manifestations (such as genital ulcers) or ocular ones (such as posterior uveitis) are almost
pathognomonic of BS [4].

Concomitantly, we found that also in patients with BS lacking major disease-specific
organ involvement, serum IL-36 levels were far beyond the cut-off of 420.6 pg/mL which



Int. J. Mol. Sci. 2023, 24, 8817

7 of 12

discriminates BS from PsA. From a clinical point-of-view, these findings indicate a potential
clinical applicability of IL-36, as a diagnostic biomarker to assist physicians in the diagnosis
of challenging cases.

Notably, the fact that IL-36c levels were not increased in patients with cutaneous or
articular BS manifestations might suggest that different pathogenetic mechanisms sustain
these manifestations in this condition.

Some limitations should be considered when interpreting these results. First, our study
includes relatively small cohorts and investigates one single isoform of IL-36. The choice
of focusing on the isoform of IL-36cx was driven by the fact that a body of the literature
reports on the increased levels of this isoform in PsA [43]. Moreover, IL-36« is known to
be highly abundant in epithelial cells, as well as monocytes, B cells, and T cells, and it
has an important role in skin barrier function and homeostasis [44,45]. As mucocutaneous
manifestations are frequent in BS and a disrupted skin-barrier function (e.g., of gut barrier)
has been suggested in this condition [46], we decided to focus the analysis on this isoform.
Regarding the cellular sources of this cytokine, IL-36« is known to be expressed by a variety
of cells, including keratinocytes, T and B lymphocytes, monocytes, dermal fibroblasts and
endothelial cells [44]. In PsA, CD138-positive plasma cells are known to be the main
cellular source of IL-36c [43]. As for BS, we might speculate that endothelial cells could be
a relevant source of IL-36¢, as endothelial activation and chronic endothelial damage are
known to be a major pathogenetic feature in BS [3,47]. However, this was not investigated
in the present work and should be explored in future studies. As such, the relationship
of BS and PsA with other IL36 family members remains to be determined. Second, no
validation analysis was conducted, and external validation of this biomarker is required.
Third, BS patients with clinical features resembling with PsA were around 10% of the total
cohort; thus, the performance of this possible biomarker in a group of patients with features
representing a real diagnostic challenge should be further investigated. Fourth, given
the cross-sectional study design, the influence of background therapies on IL-36 levels
could not be assessed. However, considering the higher proportion of patients treated with
biologics in the cohort with PsA as compared to that with BS, we could speculate that in
untreated patients the difference in IL-36 levels between the two diseases could be even
greater. Fifth, patients were not enrolled at time of diagnosis, which would be the optimal
timepoint to assess a diagnostic biomarker, and the impact of pharmacological therapies or
clinical manifestations developing during follow-up on IL-36 levels could not be excluded.
Finally, as IL-36 is not routinely assessed in clinical practice, the applicability of this test in
the routine diagnostic approach remains to be explored.

4. Materials and Methods
4.1. Study Design and Population

A cross-sectional study was performed in a cohort of adult BS, PsA patients and HCs
(Figure A1l). BS patients were followed at two referral centres for BS (Behget Center of the
Careggi University Hospital of Florence, and University Hospital of Siena, Italy) and met
the ICBD diagnostic criteria for BS [8].

BS patients were compared with a control group of patients diagnosed with PsA from
the University Hospital Erlangen (Erlangen, Germany) who met the CASPAR criteria for
PsA [14].

A HC group was recruited through an open campaign at the Careggi University Hospital
of Florence. Exclusion criteria for the HC group included any diagnosis of immune-mediated
inflammatory disease (e.g., rheumatoid arthritis, systemic lupus erythematosus, etc.), active
infections, history of cerebro- and/or cardiovascular diseases or cancer.

4.2. Data and Sample Collection

Demographic information including age and sex were collected from all study partici-
pants and their distribution was comparable within HCs and patients with BS and PsA. For
BS and PsA patients, clinical and therapeutic data were collected. The presence of recurrent
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oral and genital aphthosis, arthritis, inflammatory gastrointestinal symptoms (e.g., chronic
abdominal pain, bloody and/or mucous diarrhoea), uveitis, and vascular manifestations
defined as vasculitis and/or occurrence of venous or arterial thrombosis was reported.
Psoriatic skin disease presence and severity measured by the Psoriasis Area Severity Index
(PASI) was scored in PsA patients only, whereas for BS patients, we reported the presence
or absence of typical BS skin manifestation such as ulcers and erythema nodosum. The
presence of neurological manifestations defined as central nervous system inflammatory
lesions was also reported in BS patients.

For BS patients, disease activity at time of enrolment was assessed by means of the
BDCAF, and patients with a BDCAF > 1 were defined as having active disease. Conversely,
in PsA patients, the presence of active disease was defined using the minimal disease
activity (MDA) score. If MDA was not achieved, PsA was considered active.

Data about ongoing immunomodulatory therapies at the time of sampling were also
collected for all patients, including corticosteroids, colchicine, conventional csDMARDs
biologic DMARDs, and non-steroidal anti-inflammatory drugs (NSAIDs). All subjects
provided written informed consent for the inclusion in the study. The study was approved
by the Ethic Committee Area Vasta Centro—Careggi (Ref. CEAVC 12804; date of approval
13/11/2018). The patients/participants provided their written informed consent to par-
ticipate in this study and was conducted in accordance with the ethical principles of the
Declaration of Helsinki.

4.3. IL-36a Quantification

Blood samples from BS and PSA patients and HCs were collected by venipuncture
of antecubital vein, and placed into vacutainers (BD Vacutainer Systems, Plymouth, UK)
containing ethylenediaminetetraacetate 0.17 mol/L. Serum IL-36«x concentrations were
measured at the immunology laboratory of the Department of Experimental and Clin-
ical Medicine, University of Firenze (Firenze) using human IL-36x enzyme-linked im-
munosorbent assay (ELISA) kits (MyBioSource, San Diego, CA, USA) according to the
manufacturer’s recommendations. All experiments were performed in duplicate.

4.4. Statistical Analysis

Continuous variables were reported as median values and interquartile range (IQR)
and compared between BS and PsA patients and between BS patients and HCs using
the Mann—-Whiney test for the unpaired. Categorical variables were reported as absolute
numbers and percentages. Within the BS cohort, variations in IL-36« levels according to
clinical features (disease manifestations and disease activity) and to treatment, were also
assessed. Furthermore, correlation between IL-36 levels and BDCAF at time of sample
collection was assessed using the Spearman’s R test.

Logistic regression models were fitted, and Receiving Operating Characteristics (ROC)
were derived to assess the AUC of IL-36« in discriminating BS and PsA patients. Empirical
estimation of the optimal cut-point for IL36c as a possible diagnostic test was computed
using the Youden method. Statistical significance was considered for p-values < 0.05.

The sample size for the BS and PsA cohorts was defined based on the feasibility of patient
enrolment during the study period, also considering the rareness of BS. The post hoc power
calculation, which was performed considering a BS cohort of 90 patients and a PsA cohort of
80 patients, with an AUC of 0.842, revealed a power >99%, with an alpha-error of 5%.

In a subgroup analysis, the ability of IL36c to discriminate BS patients without major
disease-specific organ manifestations (i.e., presenting mucocutaneous, articular, anterior
non-granulomatous uveitis, or gastrointestinal involvement without vascular or neurologi-
cal disease manifestation) from PsA patients was assessed, as differential clinical diagnosis
in this setting can be challenging.
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5. Conclusions

Taken together, our results indicate for the first time that serum IL-36«x is remarkably
increased in patients with PsA as well as in BS, although to a lesser extent, and suggest that it
could be a candidate biomarker for the differential diagnosis between these two conditions.
Particularly, IL-36« levels exceeding the cut-off of 420 pg/mL seem highly specific for
PsA; thus, in patients with a clinical presentation resembling both BS and PsA, high IL-36
levels might be used to exclude a clinical suspicion of BS. In the absence of an established
biomarker for both BS and PsA, these results can represent the starting point for future
studies aimed at assessing the role of a combination of multiple biomarkers for better
understanding the pathophysiology of these inflammatory diseases, and for diagnostic
purposes as well.
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Appendix A
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Figure A1. Study design. BS: Behget’s syndrome; HCs: healthy controls; PsA: psoriatic arthritis.
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Table Al. Demographic, clinical and serologic features of the eight patients with BS without major
organ involvement (i.e., without vascular, neurological, posterior ocular).

ID, Sex Age Disease Manifestations HLAB51 Active Disease Ongoing Therapy

IL-36x Levels

(pg/mL)
LM 36 antgﬁ; Z‘gjﬁ;‘)‘g‘;ﬁ:&ﬁimal Positive Yes csDMARDs 2783
2,F 49 OA, cutaneous, articular, Positive No csDMARDs 2332
anterior uveitis
3,F 42 gas troigtle%s,tirl:;?,n;g:iii/ vaert}iailtllllaerr,gy test Positive No Corticosteroids 155.9
4M 56 OA, cutaneous, articular, Positive No bDMARDs 164.1
anterior uveitis
5,F 33 gas troigt/:e:.tci;l;,n;g;ii’jer?);lll\f;gy st Positive No Corticosteroids 360.4
6,M 64 ant§£} ;L“fjftlfso‘gsasi‘rr;‘;ﬁimal Positive Yes csDMARDs 3875
7,F 38 O}ﬁ;gﬁgi“;g?ﬁ;g;ﬁg?“ Negative Yes csDMARDs 186.7
8,F 59 OA, Zﬁiiii?f;:i?;ular’ Negative No Corticosteroids 203.2
OA: oral aphthosis; csDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; bDMARDs:
biologic disease-modifying anti-rheumatic drugs.

References

1. Bettiol, A.; Hatemi, G.; Vannozzi, L.; Barilaro, A.; Prisco, D.; Emmi, G. Treating the Different Phenotypes of Behcet’s Syndrome.
Front. Immunol. 2019, 10, 2830. [CrossRef] [PubMed]

2. Bettiol, A.; Prisco, D.; Emmi, G. Behcet: The syndrome. Rheumatology 2020, 59, iiil01-iiil07. [CrossRef]

3.  Bettiol, A.; Alibaz-Oner, E; Direskeneli, H.; Hatemi, G.; Saadoun, D.; Seyahi, E.; Prisco, D.; Emmi, G. Vascular Behcet syndrome:
From pathogenesis to treatment. Nat. Rev. Rheumatol. 2023, 19, 111-126. [CrossRef] [PubMed]

4.  Kiafar, M,; Faezi, 5.T.; Kasaeian, A.; Baghdadi, A.; Kakaei, S.; Mousavi, S.A.; Nejadhosseinian, M.; Shahram, F.; Ghodsi, S.Z.;
Shams, H.; et al. Diagnosis of Behcet’s disease: Clinical characteristics, diagnostic criteria, and differential diagnoses. BMC
Rheumatol. 2021, 5, 2. [CrossRef] [PubMed]

5. Tursen, U,; Gurler, A.; Boyvat, A. Evaluation of clinical findings according to sex in 2313 Turkish patients with Behcet’s disease.
Int. ]. Dermatol. 2003, 42, 346-351. [CrossRef] [PubMed]

6. Hatemi, G.; Christensen, R.; Bang, D.; Bodaghi, B.; Celik, A.F,; Fortune, F; Gaudric, J.; Gul, A.; Kotter, I.; Leccese, P.; et al.
2018 update of the EULAR recommendations for the management of Behcet’s syndrome. Ann. Rheum. Dis. 2018, 77, 808-818.
[CrossRef]

7. Seyahi, E. Phenotypes in Behcet’s syndrome. Intern. Emerg. Med. 2019, 14, 677-689. [CrossRef]

8.  International Team for the Revision of the International Criteria for Behcet’s, D. The International Criteria for Behcet’s Disease
(ICBD): A collaborative study of 27 countries on the sensitivity and specificity of the new criteria. J. Eur. Acad. Dermatol. Venereol.
2014, 28, 338-347. [CrossRef]

9.  DiScala, G.; Bettiol, A.; Cojan, R.D.; Finocchi, M; Silvestri, E.; Emmi, G. Efficacy of the anti-IL 17 secukinumab in refractory
Behcet’s syndrome: A preliminary study. J. Autoimmun. 2019, 97, 108-113. [CrossRef]

10. Fagni, E; Bettiol, A.; Talarico, R.; Lopalco, G.; Silvestri, E.; Urban, M.L.; Russo, P.AJ.; Di Scala, G.; Emmi, G.; Prisco, D. Long-term
effectiveness and safety of secukinumab for treatment of refractory mucosal and articular Behcet’s phenotype: A multicentre
study. Ann. Rheum. Dis. 2020, 79, 1098-1104. [CrossRef]

11.  Olivieri, I.; Padula, A.; D’Angelo, S.; Cutro, M.S. Psoriatic arthritis sine psoriasis. J. Rheumatol. Suppl. 2009, 83, 28-29. [CrossRef]
[PubMed]

12.  Peluso, R.; Iervolino, S.; Vitiello, M.; Bruner, V.; Lupoli, G.; Di Minno, M.N. Extra-articular manifestations in psoriatic arthritis
patients. Clin. Rheumatol. 2015, 34, 745-753. [CrossRef] [PubMed]

13.  Hahn, H.J.; Kwak, S.G.; Kim, D.K.; Kim, J.Y. Association of Behcet disease with psoriasis and psoriatic arthritis. Sci. Rep. 2021, 11,
2531. [CrossRef] [PubMed]

14. Taylor, W.; Gladman, D.; Helliwell, P.; Marchesoni, A.; Mease, P.; Mielants, H.; Group, C.S. Classification criteria for psoriatic
arthritis: Development of new criteria from a large international study. Arthritis Rheum. 2006, 54, 2665-2673. [CrossRef] [PubMed]

15. Novelli, L.; Lubrano, E.; Venerito, V.; Perrotta, EM.; Marando, E,; Curradi, G.; lannone, F. Extra-Articular Manifestations and
Comorbidities in Psoriatic Disease: A Journey Into the Immunologic Crosstalk. Front. Med. 2021, 8, 737079. [CrossRef] [PubMed]

16. van der Houwen, T.B.; van Hagen, PM.; van Laar, ].A.M. Immunopathogenesis of Behcet’s disease and treatment modalities.

Semin. Arthritis Rheum. 2022, 52, 151956. [CrossRef]


https://doi.org/10.3389/fimmu.2019.02830
https://www.ncbi.nlm.nih.gov/pubmed/31921115
https://doi.org/10.1093/rheumatology/kez626
https://doi.org/10.1038/s41584-022-00880-7
https://www.ncbi.nlm.nih.gov/pubmed/36544027
https://doi.org/10.1186/s41927-020-00172-1
https://www.ncbi.nlm.nih.gov/pubmed/33446282
https://doi.org/10.1046/j.1365-4362.2003.01741.x
https://www.ncbi.nlm.nih.gov/pubmed/12755969
https://doi.org/10.1136/annrheumdis-2018-213225
https://doi.org/10.1007/s11739-019-02046-y
https://doi.org/10.1111/jdv.12107
https://doi.org/10.1016/j.jaut.2018.09.002
https://doi.org/10.1136/annrheumdis-2020-217108
https://doi.org/10.3899/jrheum.090218
https://www.ncbi.nlm.nih.gov/pubmed/19661535
https://doi.org/10.1007/s10067-014-2652-9
https://www.ncbi.nlm.nih.gov/pubmed/24803233
https://doi.org/10.1038/s41598-021-81972-4
https://www.ncbi.nlm.nih.gov/pubmed/33510251
https://doi.org/10.1002/art.21972
https://www.ncbi.nlm.nih.gov/pubmed/16871531
https://doi.org/10.3389/fmed.2021.737079
https://www.ncbi.nlm.nih.gov/pubmed/34631754
https://doi.org/10.1016/j.semarthrit.2022.151956

Int. . Mol. Sci. 2023, 24, 8817 11 0f12

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Gossec, L.; Baraliakos, X.; Kerschbaumer, A.; de Wit, M.; McInnes, I.; Dougados, M.; Primdahl, J.; McGonagle, D.G.; Aletaha, D.;
Balanescu, A ; et al. EULAR recommendations for the management of psoriatic arthritis with pharmacological therapies: 2019
update. Ann. Rheum. Dis. 2020, 79, 700-712. [CrossRef]

Hu, CJ.; Pan, ].B,; Song, G.; Wen, X.T.; Wu, Z.Y.; Chen, S.; Mo, W.X,; Zhang, F.C; Qian, J.; Zhu, H.; et al. Identification of Novel
Biomarkers for Behcet Disease Diagnosis Using Human Proteome Microarray Approach. Mol. Cell. Proteom. 2017, 16, 147-156.
[CrossRef]

Cavalli, G.; Colafrancesco, S.; Emmi, G.; Imazio, M.; Lopalco, G.; Maggio, M.C.; Sota, J.; Dinarello, C.A. Interleukin lalpha: A
comprehensive review on the role of IL-1alpha in the pathogenesis and treatment of autoimmune and inflammatory diseases.
Autoimmun. Rev. 2021, 20, 102763. [CrossRef]

Magne, D.; Palmer, G.; Barton, J.L.; Mezin, E; Talabot-Ayer, D.; Bas, S.; Duffy, T.; Noger, M.; Guerne, P.A.; Nicklin, M.].; et al.
The new IL-1 family member IL-1F8 stimulates production of inflammatory mediators by synovial fibroblasts and articular
chondrocytes. Arthritis Res. Ther. 2006, 8, R80. [CrossRef]

Boutet, M.A.; Bart, G.; Penhoat, M.; Amiaud, ]J.; Brulin, B.; Charrier, C.; Morel, F.; Lecron, J.C.; Rolli-Derkinderen, M.;
Bourreille, A.; et al. Distinct expression of interleukin (IL)-36alpha, beta and gamma, their antagonist IL-36Ra and IL-38 in
psoriasis, rheumatoid arthritis and Crohn’s disease. Clin. Exp. Immunol. 2016, 184, 159-173. [CrossRef]

Zhou, Z.Y.; Chen, S.L.; Shen, N.; Lu, Y. Cytokines and Behcet’s disease. Autoimmun. Rev. 2012, 11, 699-704. [CrossRef]

Emmi, G.; Talarico, R.; Lopalco, G.; Cimaz, R.; Cantini, F; Viapiana, O.; Olivieri, I.; Goldoni, M.; Vitale, A.; Silvestri, E.; et al.
Efficacy and safety profile of anti-interleukin-1 treatment in Behcet’s disease: A multicenter retrospective study. Clin. Rheumatol.
2016, 35, 1281-1286. [CrossRef]

Fabiani, C.; Vitale, A.; Emmi, G.; Lopalco, G.; Vannozzi, L.; Guerriero, S.; Gentileschi, S.; Bacherini, D.; Franceschini, R,;
Frediani, B.; et al. Interleukin (IL)-1 inhibition with anakinra and canakinumab in Behcet’s disease-related uveitis: A multicenter
retrospective observational study. Clin. Rheumatol. 2017, 36, 191-197. [CrossRef]

Fabiani, C.; Vitale, A.; Rigante, D.; Emmi, G.; Lopalco, G.; Di Scala, G.; Sota, J.; Orlando, I.; Franceschini, R.; Frediani, B.; et al. The
Presence of Uveitis Is Associated with a Sustained Response to the Interleukin (IL)-1 Inhibitors Anakinra and Canakinumab in
Behcet’s Disease. Ocul. Immunol. Inflamm. 2020, 28, 298-304. [CrossRef]

Bettiol, A.; Silvestri, E.; Di Scala, G.; Amedei, A.; Becatti, M.; Fiorillo, C.; Lopalco, G.; Salvarani, C.; Cantarini, L.; Soriano, A.; et al.
The right place of interleukin-1 inhibitors in the treatment of Behcet’s syndrome: A systematic review. Rheumatol. Int. 2019, 39,
971-990. [CrossRef]

Milora, K.A.; Fu, H.; Dubaz, O.; Jensen, L.E. Unprocessed Interleukin-36alpha Regulates Psoriasis-Like Skin Inflammation in
Cooperation With Interleukin-1. J. Investig. Dermatol. 2015, 135, 2992-3000. [CrossRef]

Alvarez, P; Jensen, L.E. Imiquimod Treatment Causes Systemic Disease in Mice Resembling Generalized Pustular Psoriasis in an
IL-1 and IL-36 Dependent Manner. Mediators Inflamm. 2016, 2016, 6756138. [CrossRef]

Sehat, M.; Talaei, R.; Dadgostar, E.; Nikoueinejad, H.; Akbari, H. Evaluating Serum Levels of IL-33, IL-36, IL-37 and Gene
Expression of IL-37 in Patients with Psoriasis Vulgaris. Iran. J. Allergy Asthma Immunol. 2018, 17, 179-187.

Boutet, M.A.; Nerviani, A.; Lliso-Ribera, G.; Lucchesi, D.; Prediletto, E.; Ghirardi, G.M.; Goldmann, K.; Lewis, M.; Pitzalis, C.
Interleukin-36 family dysregulation drives joint inflammation and therapy response in psoriatic arthritis. Rheumatology 2020, 59,
828-838. [CrossRef]

Boutet, M.A.; Nerviani, A.; Pitzalis, C. IL-36, IL-37, and IL-38 Cytokines in Skin and Joint Inflammation: A Comprehensive
Review of Their Therapeutic Potential. Int. ]. Mol. Sci. 2019, 20, 1257. [CrossRef]

Towne, J.E.; Renshaw, B.R.; Douangpanya, J.; Lipsky, B.P; Shen, M.; Gabel, C.A.; Sims, J.E. Interleukin-36 (IL-36) ligands require
processing for full agonist (IL-36alpha, IL-36beta, and IL-36gamma) or antagonist (IL-36Ra) activity. J. Biol. Chem. 2011, 286,
42594-42602. [CrossRef]

Macleod, T.; Doble, R.; McGonagle, D.; Wasson, C.W.; Alase, A.; Stacey, M.; Wittmann, M. Neutrophil Elastase-mediated
proteolysis activates the anti-inflammatory cytokine IL-36 Receptor antagonist. Sci. Rep. 2016, 6, 24880. [CrossRef]

Bettiol, A.; Becatti, M.; Silvestri, E.; Argento, ER.; Fini, E.; Mannucci, A.; Galora, S.; Mattioli, I.; Urban, M.L.; Malandrino, D.; et al.
Neutrophil-mediated mechanisms of damage and in-vitro protective effect of colchicine in non-vascular Behcet’s syndrome. Clin.
Exp. Immunol. 2021, 206, 410-421. [CrossRef]

Li, B.; Li, G.; Yang, X.; Song, Z.; Wang, Y.; Zhang, Z. NETosis in Psoriatic Arthritis: Serum MPO-DNA Complex Level Correlates
With Its Disease Activity. Front. Immunol. 2022, 13, 911347. [CrossRef]

Becatti, M.; Emmi, G.; Silvestri, E.; Bruschi, G.; Ciucciarelli, L.; Squatrito, D.; Vaglio, A.; Taddei, N.; Abbate, R.; Emmi, L.; et al.
Neutrophil Activation Promotes Fibrinogen Oxidation and Thrombus Formation in Behcet Disease. Circulation 2016, 133, 302-311.
[CrossRef]

Becatti, M.; Emmi, G.; Bettiol, A.; Silvestri, E.; Di Scala, G.; Taddei, N.; Prisco, D.; Fiorillo, C. Behcet’s syndrome as a tool to dissect
the mechanisms of thrombo-inflammation: Clinical and pathogenetic aspects. Clin. Exp. Immunol. 2019, 195, 322-333. [CrossRef]
Emmi, G,; Silvestri, E.; Cameli, A.M.; Bacherini, D.; Vannozzi, L.; Squatrito, D.; Emmi, L. Anakinra for resistant Behcet uveitis:
Why not? Clin. Exp. Rheumatol. 2013, 31, 152-153.

Todorovic, V.; Su, Z.; Putman, C.B.; Kakavas, S.J.; Salte, KM.; McDonald, H.A.; Wetter, J.B.; Paulsboe, S.E.; Sun, Q.;
Gerstein, C.E.; et al. Small Molecule IL-36gamma Antagonist as a Novel Therapeutic Approach for Plaque Psoriasis. Sci. Rep.
2019, 9, 9089. [CrossRef]


https://doi.org/10.1136/annrheumdis-2020-217159
https://doi.org/10.1074/mcp.M116.061002
https://doi.org/10.1016/j.autrev.2021.102763
https://doi.org/10.1186/ar1946
https://doi.org/10.1111/cei.12761
https://doi.org/10.1016/j.autrev.2011.12.005
https://doi.org/10.1007/s10067-015-3004-0
https://doi.org/10.1007/s10067-016-3506-4
https://doi.org/10.1080/09273948.2018.1511810
https://doi.org/10.1007/s00296-019-04259-y
https://doi.org/10.1038/jid.2015.289
https://doi.org/10.1155/2016/6756138
https://doi.org/10.1093/rheumatology/kez358
https://doi.org/10.3390/ijms20061257
https://doi.org/10.1074/jbc.M111.267922
https://doi.org/10.1038/srep24880
https://doi.org/10.1111/cei.13664
https://doi.org/10.3389/fimmu.2022.911347
https://doi.org/10.1161/CIRCULATIONAHA.115.017738
https://doi.org/10.1111/cei.13243
https://doi.org/10.1038/s41598-019-45626-w

Int. . Mol. Sci. 2023, 24, 8817 12 0of 12

40.

41.

42.

43.

44.

45.

46.

47.

Wolf, J.; Ferris, L.K. Anti-IL-36R antibodies, potentially useful for the treatment of psoriasis: A patent evaluation of W02013074569.
Expert. Opin. Ther. Pat. 2014, 24, 477-479. [CrossRef]

Scheibe, K.; Backert, I.; Wirtz, S.; Hueber, A.; Schett, G.; Vieth, M.; Probst, H.C.; Bopp, T.; Neurath, M.E; Neufert, C. IL-36R
signalling activates intestinal epithelial cells and fibroblasts and promotes mucosal healing in vivo. Gut 2017, 66, 823-838.
[CrossRef]

Medina-Contreras, O.; Harusato, A.; Nishio, H.; Flannigan, K.L.; Ngo, V.; Leoni, G.; Neumann, P.A.; Geem, D.; Lili, L.N,;
Ramadas, R.A ; et al. Cutting Edge: IL-36 Receptor Promotes Resolution of Intestinal Damage. |. Immunol. 2016, 196, 34-38.
[CrossRef]

Frey, S.; Derer, A.; Messbacher, M.; Baeten, D.L.P,; Bugatti, S.; Montecucco, C.; Georg Schett, G.; Hueber, A.]J. The novel cytokine
interleukin-36« is expressed in psoriatic and rheumatoid arthritis synovium. Ann. Rheum. Dis. 2013, 72, 156974. [CrossRef]
Smith, D.E.; Renshaw, B.R.; Ketchem, R.R.; Kubin, M.; Garka, K.E.; Sims, J.E. Four new members expand the interleukin-1
superfamily. J. Biol. Chem. 2000, 275, 1169-1175. [CrossRef]

Queen, D.; Ediriweera, C.; Liu, L. Function and Regulation of IL-36 Signaling in Inflammatory Diseases and Cancer Development.
Front. Cell. Dev. Biol. 2019, 7, 317. [CrossRef]

Wang, Q.; Yi, S.; Su, G.; Du, Z.; Pa, S.; Huang, X.; Cao, Q.; Yuan, G.; Kijlstra, A.; Yang, P. Changes in the Gut Microbiome
Contribute to the Development of Behcet’s Disease via Adjuvant Effects. Front. Cell Dev. Biol. 2021, 9, 716760. [CrossRef]

Liu, Y;; Fan, Q.Y.;; Zhang, N.; Mi, L.Y,; Zhao, X.; Xu, K. Characterisation of circulating endothelial microparticles in Behget’s
disease: New markers of chronic endothelial damage? Clin. Exp. Rheumatol. 2023. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1517/13543776.2014.881473
https://doi.org/10.1136/gutjnl-2015-310374
https://doi.org/10.4049/jimmunol.1501312
https://doi.org/10.1136/annrheumdis-2012-202264
https://doi.org/10.1074/jbc.275.2.1169
https://doi.org/10.3389/fcell.2019.00317
https://doi.org/10.3389/fcell.2021.716760
https://doi.org/10.55563/clinexprheumatol/kceh9s

	Introduction 
	Results 
	Patients Characteristics 
	IL-36 Levels in Patients with BS, PsA, and in HCs 
	Variations in IL-36 Levels among BS Patients 

	Discussion 
	Materials and Methods 
	Study Design and Population 
	Data and Sample Collection 
	IL-36 Quantification 
	Statistical Analysis 

	Conclusions 
	Appendix A
	References

