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Summary

Behcet’s disease (BD) is a systemic inflammatory disease with a still unclear

pathogenesis. Although several inflammatory molecules have been studied,

current biomarkers are largely insensitive in BD and unable to predict

disease progression and response to treatment. Our primary aim was to

explore serum levels of soluble CD40 L (sCD40L), soluble intracellular

adhesion molecule (sICAM-1), monocyte chemoattractant protein-1 (MCP-

1), myeloperoxidase (MPO), leptin, resistin, osteoprotegerin (OPG), soluble

type 1 tumour necrosis factor receptor (sTNFR), interleukin (IL)26 and

serum amyloid A (SAA) serum concentration in a cohort of 27 BD patients.

The secondary aim was to evaluate potential correlations between the

putative circulating biomarkers, demographic profile of patients, the status

of disease activity, the specific organ involvement at the time of sample

collection and different therapeutic regimens. Serum concentrations of

sTNFR (P 5 0�008), leptin (P 5 0�0011), sCD40L (P < 0�0001) and IL-6

(P 5 0�0154) were significantly higher in BD patients than in HC, while no

difference was found in MCP-1, MPO and resistin serum levels. Moreover,

we observed significantly higher sTNFR serum concentrations in BD

patients presenting inactive disease than HC (P 5 0�0108). A correlation

between sTNFR and age was also found, with higher levels in patients over

40 years than HC (P 5 0�0329). Although further research is warranted to

elucidate the role of circulating biomarkers, some of that may contribute to

the understanding of the physiopathology processes underlying BD activity

and damage as well as to provide useful tools for prognostic purposes and a

personalized treatment approach.
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Introduction

Behçet’s disease (BD) is a systemic inflammatory disease,

characterized by recurrent orogenital ulcers, ocular inflam-

mation and skin manifestations; articular, vascular, gastroen-

teric and neurological involvement may also occur [1];

several data suggest that BD represents a chronic systemic

inflammatory syndrome at the crossroad between auto-

immune and autoinflammatory diseases [2,3]. It is well

known that there are differences in the disease course, sever-

ity and organ involvement between patients, depending on

the age at presentation and sex; thus, this crucial issue may

justify the growing research aimed at exploring specific puta-

tive biomarkers useful at monitoring disease activity and

response to therapy [4,5]. Although disease pathogenesis is

still unclear, both innate and adaptive immunity have been

shown to play a pivotal role [6,7]; specifically, the current

hypothesis for the pathogenesis of BD suggests that genetic

factors induce a general hyperactivity of the immune system,

and bacterial or viral infection stimulates the expression of

heat shock proteins and major histocompatibility complex

(MHC) class I chain-related molecules A. As a consequence,

this putative process could induce the over-expression of

endothelial adhesion molecules [intercellular adhesion

molecule-1 (ICAM-1 and vascular cell adhesion molecule-1

VCAM-1)], activation of coagulation and stimulation of T

cells by secreting interleukin (IL)-6, IL-8, and monocyte che-

moattractant protein-1 (MCP-1), among others, essentially

perpetuating cytokine production that leads eventually to

tissue damage and vasculitis [8]. Moreover, recently, the role

of serum amyloid A (SAA) levels as a potential marker of

disease activity in BD patients has been explored, and it has

been reported that the occurrence of oral aphthosis, neuro-

logical and ocular disease are associated significantly with

high serum levels of SAA [9]. Recent findings have expanded

our knowledge of how aspects of cellular metabolism can

modulate several immune responses, thereby controlling the

fine balance between inflammation and immune tolerance

[10]. The metabolic status of immune cells influences their

function during homeostasis and inflammation [11]. Altera-

tions of this delicate signalling network could lead to the

onset of chronic inflammation and the break of immune tol-

erance. In this context, experimental data have suggested

that the pathogenesis of several immune-mediated disorders

might involve factors, hormones and neural mediators at the

crossroad between metabolism and immunity [12].

Even though numerous data have suggested the involve-

ment of several molecules in the immune response process

of BD, so far it is still unclear whether specific molecules

may serve as markers of disease activity, severity and/or

long-term outcome. Therefore, the present study was

aimed at exploring serum levels of specific circulating bio-

markers of inflammation in a cohort of patients with BD

and studying theirs potential correlations with disease

activity and therapy.

Materials and methods

Patients and healthy controls

Fifty-seven serum samples were collected routinely from 27

BD patients (12 males, 15 females, mean age 45�7 6 13�5
years) who met the International Study Group (ISG) classi-

fication criteria for BD [13] and from 35 healthy volun-

teers; the samples were collected during routine follow-up

visits.

The primary aim of the study was to explore serum lev-

els of a core set of circulating biomarkers of inflammation

in a cohort of patients with BD; the secondary aims were

to: (1) study any potential correlation between the putative

circulating biomarkers and the demographic profile of

patients enrolled; and (2) evaluate any potential correlation

with the status of disease activity, with the specific organ

involvement at the time of sample collection and with dif-

ferent therapeutic regimens.

Patients were included into the active BD group if they

had at least two of the following BD-related clinical find-

ings: uveitis, oral and/or genital aphthosis, cutaneous dis-

ease, central nervous system and/or vascular and/or

gastrointestinal involvement. Disease activity was evaluated

in according to the Behçet’s Disease Current Activity Form

(BDCAF) [14]. We considered prednisone and methylpred-

nisolone at 0�1–0�5 mg/kg/day as low-corticosteroid dos-

ages. Higher dosages were regarded as high-corticosteroid

dosages. Table 1 summarizes the clinical and demographic

characteristics of BD patients and samples collected.

The end-points of the study were: (1) to determine

serum levels of soluble CD40 L (sCD40L), soluble ICAM-1

(sICAM-1), MCP-1, myeloperoxidase (MPO), leptin, resis-

tin, osteoprotegerin (OPG), soluble type 1 tumour necrosis

factor receptor (sTNFR), IL-6 and SAA serum

Table 1. Demographic and clinical data of Behçet’s disease (BD)

patients

BD patients

BD serum

samples

Males/females 12/15 27/30

Age (mean 6 s.d.), years 45�7 6 13�54 51�19 6 30�26

Disease onset

(mean 6 s.d.), years

32�55 6 14�35 34�15 6 13�48

Disease duration

(mean 6 s.d.), years

13�59 6 12�67 13�85 6 12�34

HLA-B51 positivity; n (%) 17 (62�96) 40 (70�17)

Clinical manifestations (%)

Oral/genital aphtosis 23 (85�18) 39 (68�42)

Skin manifestations 10 (37�03) 12 (21�05)

Uveitis 11 (40�74) 20 (35�08)

SNC involvement 18 (66�66) 26 (45�61)

Vascular involvement 2 (7�40) 4 (07�01)

Gastrointestinal manifestations 4 (14�81) 4 (07�01)

Musculoskeletal involvement 20 (74�07) 27 (47�36)
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concentration; and (2) to correlate sCD40L, sICAM-1,

MCP-1, MPO, leptin, resistin, OPG, sTNFR and IL-6, eri-

throcyte sedimentation rate (ESR), C-reactive protein

(CRP), SAA and homocysteine serum concentration with

the status of disease activity, specific organ involvement

and therapeutic agents [i.e. categories: no therapy, tradi-

tional disease-modifying anti-rheumatic drugs (DMARDs),

biological drugs].

Written informed consent was obtained from all patients

and healthy volunteers; moreover, the study protocol was

reviewed and approved by the local Ethical Committee.

Demographic and clinical information was obtained

through the consultation of the data set containing all the

information regarding epidemiological, clinical and thera-

peutic data of the cohort studied.

Laboratory analysis

The main biochemical parameters, inflammatory and anti-

inflammatory markers and adipokines were evaluated in

sera from Behçet and healthy control (HC) subjects. In par-

ticular, sCD40 L, sICAM-1, MCP-1, MPO, leptin, resistin,

OPG, sTNFR and IL-6 were analysed using the bead-based

analyte detection system Human Obesity 9plex kit (Bender

Med Systems Inc., Burlingame, CA, USA). Preparation of

the samples was performed according to the manufacturer’s

instructions. A 96-well plate format was used, including

two eight-point standard curves (inclusive blank). Concen-

trations of analytes were proportional to fluorescent inten-

sity measured on a BD fluorescence activated cell sorter

(FACS)Canto (BD Biosciences, San Jose, CA, USA). Data

were acquired using a BD FACSCanto (BD Biosciences)

and analysed using FlowCytomixPro 2�2 Software (Bender

Med Systems Inc.).

SAA serum concentration was determined with a

commercial solid-phase sandwich enzyme linked-

immunosorbent assay (ELISA) (human SAA; BioSource

Europe S.A., Nivelles, Belgium), according to the manufac-

turer’s protocol.

Statistical analysis

Statistical analyses were performed using GraphPad

Prism version 5 software. Results were expressed as

mean 6 standard deviation. Analysis of variance (ANOVA)

was used to analyse differences between groups. We used

ANOVA or the Kruskal–Wallis test to identify statistical dif-

ferences. For variables that reached global significance,

pairwise comparisons were performed by the Mann–

Whitney U-test. Significance was defined as P< 0�05.

Correlations were calculated using Spearman’s correlation

(two-tailed P-value), as well as Pearson’s correlation test

when required.

Results

Circulating immunometabolic biomarkers in BD
patients and relation to disease activity

Serum levels of sCD40L, sTNFR, MCP-1, MPO, IL-6, OPG,

resistin and leptin were analysed in 57 samples from 27 BD

patients and 36 HC. ESR, CRP, SAA and homocysteine

serum levels were evaluated only in BD patients. At the time

of sera collection, the median BDCAF was 2 (range 5 0–6).

Specifically, 21 of 57 (36�84%) serum samples were collected

from patients with active disease. Detectable levels of OPG

were found in a few samples, both in BD and in HC; for

this reason, this molecule was not included in the statistical

analysis. Correlations among patients were identified

between IL-6 and sICAM (r 5 0�873, P 5 0�001) and

between SAA with CRP serum levels (r 5 0�515, P< 0�0001)

based on the Spearman’s rho test (data not shown). Table 2

shows adipocytokine serum levels in HC and BD patients.

Patients were also divided into subgroups according to the

disease activity and treatment approaches.

With regard to disease activity, we found that ESR showed

a statistically significant difference between active and inac-

tive BD patients (P 5 0�0226) (Fig. 1). However, CRP and

SAA serum levels showed no significant difference (data not

shown). A statistical difference was identified in sTNFR lev-

els between total BD patients and HC (P 5 0�008) (Fig. 2)

as well as between inactive patients and HC (P 5 0�0108)

(Fig. 3), while no difference was highlighted between active

and inactive patients (P 5 0�5086) and between active

patients and HC (P 5 0�0723) (Fig. 3). A significant differ-

ence was identified in leptin serum levels between BD

patients and HC (P 5 0�0011) (Fig. 2); when patients were

subdivided into active and inactive disease, leptin serum lev-

els were significantly higher in both groups compared to HC

(P 5 0�0279 and P 5 0�0129, respectively) (Fig. 3). By con-

trast, no significant difference was found in serum leptin

level between active and inactive disease patients

(P 5 0�9863) (Fig. 3). Similarly, sCD40L levels were signifi-

cantly higher in BD patients than in HC both when patients

were studied as a whole (P 5 0�0145) (Fig. 2) and when they

were divided into active and inactive disease patients

(P < 0�0001 in both cases); conversely, no difference was

highlighted according to disease activity (P 5 0�9623) (Fig.

3). With regard to IL-6 serum concentration, BD patients

showed significantly higher levels than HC (P 5 0�0154)

(Fig. 2). Table 3 summarizes statistically significant differen-

ces of circulating biomarkers according to the presence/

absence of any clinical BD-related clinical manifestation.

Circulating immunometabolic biomarkers correlate
with demographic, genetic and body mass index
(BMI) profile in BD patients

Patients aged more than 40 years showed significantly

higher sTNFR serum levels than HC (P 5 0�0329), while

Behçet’s disease and circulating biomarkers
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no difference was found between patients aged up to 40

years and HC (P 5 0�1253). Moreover, leptin serum levels

were significantly higher in patients aged both more than

40 years and fewer than 40 years when compared to HC

(P 5 0�0165 and P 5 0�0101, respectively). Regarding dis-

ease duration, leptin serum levels were higher in patients

with more than 10 years of disease than in HC

(P 5 0�0007). Conversely, no difference was identified in

leptin serum levels between patients with fewer than 10

years of disease duration and HC (P 5 0�1664). Further-

more, homocysteine serum levels were higher in patients

with a more than 10-year disease duration than in patients

with a lower disease duration (P 5 0�0475).

Regarding gender distinction, leptin serum levels were

significantly higher in female BD patients than in male

patients (P 5 0�0114) and HC (P< 0�0001). Similarly, IL-6

serum levels were higher in female patients than in HC

(P 5 0�0173), but no statistical difference was found in IL-

6 serum levels between females and males (P 5 0�4156).

Conversely, sTNFR serum levels were higher in BD males

than in HC (P 5 0�0210), but no difference was found

between females and HC (P 5 0�1971) and between gen-

ders (P 5 0�999).

Patients with human leucocyte antigen (HLA)-B51 posi-

tivity showed higher IL-6 serum levels than HC

(P 5 0�0087), but no difference was identified in IL-6

serum levels between patients with and without the HLA-

B51 allele (P 5 0�3524). Patients HLA-B51-negative had

higher sTNFR and sICAM-1 serum levels than controls

(P 5 0�0034 and P 5 0�0037, respectively), while sICAM

levels were significantly higher in HLA-B51-negative

patients than in HLAB51-positive patients (P 5 0�0010).

Moreover, leptin was significantly higher in patients both

positive and negative for the HLA-B51 allele than in HC

(P 5 0�0183 and P 5 0�0303, respectively).

When patients were subdivided into three groups

according to body mass index (BMI 17–25; BMI 25–30;

BMI > 30), leptin was found to be significantly lower in

patients with BMI 17–25 than in patients with BMI > 30

(P< 0�0001). Similarly, sTNFR levels were significantly

lower in patients with BMI 17–25 than in patients with

Fig. 1. Erythrocyte sedimentation rate (ESR) values in Behçet’s

disease (BD) patients with active (n 5 29) and inactive (n 519)

disease. Comparison was performed by the Mann–Whitney U-test;

n 5 number of samples.

Fig. 2. Serum levels of

adipocytokines in Behçet’s

disease (BD) patients and

healthy controls (HC). Serum

levels of soluble type 1 tumour

necrosis factor receptor

(sTNFR), leptin, soluble

CD40L (sCD40L) and

interleukin (IL)-6 were

detected in BD patients

(n 5 57) and HC (n 5 33)

samples. Pairwise comparisons

were performed by the Mann–

Whitney U-test; n 5 number

of samples.
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BMI 25–30 (P 5 0�0182) and BMI > 30 (P< 0�0001). Con-

versely, MPO serum levels were significantly higher in

patients with BMI 17–25 and BMI 25–30 than in HC

(P 5 0�0197 and P 5 0�0007, respectively). Figure 4 shows

some of the above significant differences in healthy controls

(HC) and different BD subgroups according to demo-

graphic, genetic and weight distinctions.

Impact of therapy on BD patients’ immunometabolic
profile

We subdivided samples according to therapy administered

at the time of serum collection. More precisely, 18 samples

were collected from patients with no therapy: 12 and 41

from patients on low and high corticosteroids, respectively;

13 sera were collected when patients were on DMARDs and

24 when biological agents were administered (Table 4).

Patients treated with biological agents showed significantly

higher sTNFR and leptin serum levels when compared to

DMARD-treated patients (P 5 0�0246 and P 5 0�0023,

respectively) and HC (P 5 0�0014 and P 5 0�0002, respec-

tively). In addition, sCD40L levels showed to be increased

significantly in BD patients irrespective of the specific treat-

ment approach, when compared to HC. This difference

was also observed in patients treated with anti-IL-1 and

anti-TNF biological agents (data not shown). However, no

statistically significant difference was identified in sTNFR

(P 5 0�5191) and leptin (P 5 0�7617) serum levels between

patients administered with anti-IL-1 and anti-TNF agents

(data not shown). Compared to HC, patients treated with

Fig. 3. Adipocytokine serum levels according to disease activity. Serum levels of soluble type 1 tumour necrosis factor receptor (sTNFR), soluble

CD40L (sCD40L) and leptin in Behçet’s disease (BD) patients with active (n 5 29) or inactive disease (n 5 24) compared with healthy controls

(HC) (n 5 33). Comparisons of baseline data among the three groups were performed using the Kruskal–Wallis test for sTNFR and leptin

serum levels and using analysis of variance (ANOVA) for sCD40L circulating levels. Pairwise comparisons were performed by the Mann–Whitney

U-test in all cases; n 5 number of samples.

Table 3. Inflammatory biomarkers in Behçet’s disease (BD) patients with (1) or without (–) BD-related clinical variables and healthy controls

(HC).

Examined clinical variable

Patients (1) versus patients (–)

(P-value)

Patients (1) versus HC

(P-value)

Patients (–) versus HC

(P-value)

Skin SAA (0�0291) sTNFR (0�0158) Leptin (0�0011)

sTNFR (0�0429)

Mucosal PCR (0�0078)

sICAM-1 (0�0173)

sTNFR (0�0099)

Leptin (0�0003)

IL-6 (0�019)

Musculoskeletal – Resistin (0�0256) sTNFR (0�0023)

Leptin (0�0008)

MPO (0�0195)

CNS – Leptin (0�0052) sTNFR (0�0028)

Leptin (0�0045)

Uveitis ESR (0�0404) sTNFR (0�003) Leptin (0�0167)

Vascular – – sTNFR (0�0052)

Leptin (0�0007)

SAA Leptin (0�0063) sTNFR (0�0005)

Leptin (<0�0001)

–

CRP ESR (0�0114)

SAA (0�0097)

sTNFR (0�0036)

sTNFR (<0�0001)

Leptin (0�0258)

Leptin (0�0028)

ESR PCR (0�0338)

SAA (0�0343)

sTNFR (0�0001) Leptin (0�0015)
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both high- and low-dose corticosteroids showed signifi-

cantly higher sCD40L serum levels (P < 0�0001 in both

cases). In contrast, leptin serum levels resulted higher only

in patients treated with low-dose corticosteroids when

compared to HC (P 5 0�0012). No statistically significant

difference was observed in leptin levels between patients

administered with low and high corticosteroid dosages

(P 5 0�3108) and between high corticosteroid dosage-

treated patients and HC (P 5 0�1624). In addition, patients

treated with high-dose corticosteroids showed significantly

higher homocysteine serum levels compared to patients

treated with low-dose corticosteroids (P 5 0�0075). No sig-

nificant difference was found in the other inflammatory

biomarkers investigated between different treatment

Fig. 4. Serum levels of circulating adipocytokines according to age, disease duration, gender, genotype and body mass index (BMI) in Behçet’s

disease (BD) patients. Serum levels of soluble type 1 tumour necrosis factor receptor (sTNFR), leptin, soluble intracellular adhesion molecule 1

(sICAM-1), soluble CD40L (sCD40L) and myeloperoxidase (MPO) in BD patients in according to the age (a,b), disease duration (c), gender (d–

f), human leucocyte antigen (HLA)-B51 (g–i) and BMI (j–l) at the time of serum collection. Comparisons of data among the three groups were

performed by means of using analysis of variance (ANOVA) or Kruskal–Wallis test according to the type of distribution; pairwise comparisons were

performed by the Mann–Whitney U-test; n 5 number of samples.
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groups. Figure 5 shows significant difference in serum lev-

els of inflammatory biomarker according to several treat-

ment approaches.

Discussion

In the present study we evaluated the serum levels of a core

set of circulating biomarkers of inflammation in a cohort

of patients with BD. As reported previously, many differen-

ces have been detected between active and inactive BD

patients and HC; in particular, serum concentrations of

leptin sCD40L and sTNFR showed significant differences

among groups. Leptin is a peptide hormone involved in the

regulation of body weight as well as several endocrine and

immune functions [15–18]; because it has structural and

functional similarities with some elements of the cytokine

Table 4. Therapeutic approaches at the time of serum collection.

Treatment approaches (%)

Combined with

low-dose CTS (%)

Combined with

high-dose CTS (%)

DMARDs Cyclosporin: 6 (46�15) 2 (33�33) 4 (66.67)

Salazopyrin: 3 (23�07) 0 (0) 0 (0)

Azathioprine: 2 (15�38) 1 (50) 0 (0)

Methotrexate: 2 (15�38) 1 (50) 1 (50)

Biological agents Infliximab: 10 (41�66) 0 (0) 1 (10)

Etanercept: 5 (20�83) 1 (20) 1 (20)

Adalimumab: 1 (4�16) 1 (100) 0 (0)

Anakinra: 7 (29�16) 3 (42�85) 3 (42.85)

Canakinumab: 1 (4�16) 0 (0) 0 (0)

No therapy 1 (5�55) 0 (0)

CTS 5 corticosteroids; DMARDs 5 disease-modifying anti-rheumatic drugs.

Fig. 5. Immunometabolic profile of Behçet’s disease (BD) patients according to different drug treatments. Serum levels of soluble type 1 tumour

necrosis factor receptor (sTNFR), leptin and soluble CD40L (sCD40L) in BD patients in according to different treatment approaches. Histograms

(a–c) refer to patients treated with disease-modifying anti-rheumatic drugs (DMARDs) (n 5 15) or biological agents (n 5 24) compared with

healthy controls (HC) (n 5 18) and patients with no therapy (n 5 18); histograms (d,e) are related to BD patients administered with high

(n 5 41) and low corticosteroid (CTS) dosages (n 5 12). Comparisons of data among multiple groups were performed using analysis of

variance (ANOVA) or Kruskal–Wallis test according to the type of distribution; pairwise comparisons were performed using the Mann–Whitney

U-test; n 5 number of samples.
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family, leptin shares the same signal transduction pathway

with cytokines. Leptin regulates both innate and adaptive

immunity [18] and modulates several T cell subpopulation

functions through interaction with the mammalian target

of the rapamycin (mTOR) pathway [19–21]. Of note, lep-

tin inhibits regulatory T cell (Treg) proliferation [19] from

one side and enhances conventional T cells (Tconv) prolifer-

ation [20,22] on the other side. The enhanced proliferation

of CD41CD252 Tconv is associated with inflammatory

cytokine secretion, whereas leptin neutralization has the

opposite effect, suggesting that this adipokine plays a key

role in T cell homeostasis and function [18]. Moreover,

data from animal models have shown that the production

of leptin during infectious and inflammatory processes has

similar kinetics to that of cytokine induction [23]. Litera-

ture data suggest a correlation between leptin levels and

disease activity in BD [24,25], even though serum leptin

concentrations were not associated significantly with the

presence of eye disease in such studies [25,26]. Our results

are in agreement with previously published data that

reported increased levels of serum leptin in BD patients

when compared to HC; moreover, we detected a significant

correlation between leptin serum levels and the presence of

the HLAB51, while the association with a higher BMI is

not surprising. However, we did not observe a significant

increase in the concentrations of serum leptin in patients

with active disease; because serum leptin levels are associ-

ated closely with the amount of body fat and differ accord-

ing to sex, BMI and disease duration, we hypothesize that

the lack of association could be due most probably to the

relatively low number of samples, which were inadequate

to perform an appropriate stratification in the group of

active diseases. Based on these findings, we could attribute

a possible role for leptin in the pathogenesis of BD,

although future studies would be useful to clarify the influ-

ence of leptin in a certain type of organ involvement and,

as a consequence, to explore the potential value of leptin as

a predictive biomarker of disease activity.

So far, several studies have analysed the profile of cyto-

kine production in BD, even though the specific mecha-

nism for the potential differences in the preponderance of

the Th1 or Th2 population is unclear. IL-6 is an inflamma-

tory cytokine responsible of multiple effects including the

ability to stimulate the differentiation and the proliferation

of cytotoxic T cells, and the differentiation of B cells into

plasma cells. Several in-vivo and in-vitro data have shown a

significant increase of IL-6 in BD [5,27], and in some cases

a correlation was reported between serum levels of IL-6

and some of the main clinical features of BD [28]. Our

data have confirmed the results, suggesting a possible role

for IL-6 in the immune complex-mediated pathology;

however, the number of samples analysed did not allow us

to investigate correctly whether IL-6 levels change accord-

ing to organ involvement. Conversely, no differences were

detected in MCP-1, MPO and resistin serum levels between

BD patients and HC, but studies on larger cohorts and

samples are needed to explore those results more

effectively.

CD40L, expressed primarily on activated T cells and pla-

telets, is a transmembrane molecule playing an important

role in innate and adaptive immunity. The soluble forms of

CD40L retain their ability in the formation of trimers,

which deliver several biological signals by binding several

receptors, including CD40 on antigen-presenting cells [29].

sCD40L has been reported to be involved in several

immune-related and vascular pathologies, including BD

[30]. In particular, previous published data reported that

platelet-derived sCD40L levels were higher in BD patients

than HC [31]. Accordingly, the percentages of CD41 T cells

containing CD40L were higher in active BD compared to

healthy controls upon in-vitro stimulation [5]. In line with

these findings, we found that sCD40L was significantly

higher in both active and inactive BD patients compared

with HC, and none of the different treatment approaches

determined a significant decrease.

An interesting hypothesis can be postulated on sTNFR

serum levels and the pathogenesis of BD. TNF and the

sTNFR superfamily play very important roles in the patho-

genesis of several inflammatory diseases [32]. In particular,

it has been shown that mutations of TNFR1 are associated

with reduced Treg cell numbers and altered Treg cell sup-

pressive function, together with a hyperactivation of Tconv

cells in autoinflammatory disorders [32].

Biological activities of TNF are mediated by two distinct

receptors, p55 type 1 and p75 type 2 [33]. In the present

study we evaluated type 1 TNFR, composed of a trimeric

cytokine receptor that binds TNF; the receptor co-operates

with an adaptor protein, which is important in determin-

ing the outcome of the response (i.e. inflammation). TNFR

members are being used or evaluated as drug targets for

the treatment of immune or dysfunction or other diseases

[34,35]; previous studies have also investigated the produc-

tion of soluble sTNFR as a biological markers of disease

activity in BD, demonstrating that sTNFR2 plasma concen-

trations are linked closely with active BD, especially with

arthritis [36,37]. We found that BD patients presenting

inactive disease showed significantly higher sTNFR serum

concentrations than HC, while this was not the case for

active patients, leading us to suggest a possible role of

sTNFR in regulating BD activity. In line with this observa-

tion, sTNFR are reported to be able to affect TNF activity

augmenting some of its effects, thus confirming a protec-

tive role exerted by sTNFR during inflammation [38]. In

addition, we observed a correlation between sTNFR and

age; specifically, older patients (aged more than 40 years)

presented higher levels of sTNFR. This observation seems

to be in line with the general opinion that BD activity is

usually less aggressive over time. Also in line with previ-

ously reported data [39,40], sTNFR levels increased accord-

ing to BMI. Interestingly, we found that sTNFR was

Behçet’s disease and circulating biomarkers
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significantly higher in HLAB51-negative patients than in

HC. On the contrary, there was no difference between

HLAB51-positive patients and HC. Recently, a meta-

analysis showed that HLAB51 was associated with a moder-

ately higher prevalence of genital ulcers, ocular and skin

manifestations and a decreased prevalence of gastrointesti-

nal involvement [41]. The protean clinical spectrum in BD

patients could be linked to different imbalances in cytokine

networks, and sTNFR serum levels could represent an indi-

cator in this sense. Another important result was repre-

sented by the detection of higher levels of sTNFR in

patients who were receiving biologicals at time of serum

sampling, even though we cannot confirm any difference in

terms of the choice of biological agent. The last data have

important clinical implications, further allowing the identi-

fication of a novel biomarker of disease activity and

response to treatment. It is desirable that drug research

invests resources aimed at investigating more thoroughly a

more specific target of action in the function of a specific

organ involvement. Currently, we are conducting a valida-

tion study on a larger and multi-ethnic cohort in order to

confirm the results obtained. Although further research is

warranted to elucidate the exact role of sTNFR in BD, its

profiling may contribute to the understanding of the physi-

opathology processes underlying BD activity and damage

and to provide useful tools for biomarkers and personal-

ized therapeutic approaches.
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