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Original article

Regulatory T cell/Th17 balance in the pathogenesis
of paediatric Behçet disease

Anne Filleron1,2,*, Tu Anh Tran1,2,*, Audrey Hubert3,4, Alexia Letierce5,
Guillaume Churlaud3,4, Isabelle Koné-Paut6, David Saadoun7, Renaud Cezar8,
Pierre Corbeau8,9 and Michelle Rosenzwajg3,4

Abstract

Objectives. Behçet disease (BD) is a chronic systemic inflammatory disorder of unknown aetiology. The aim of

this study was to determine the orientation of T cell subpopulations in paediatric BD and more precisely to look for

a regulatory T lymphocyte (Treg)/Th17 imbalance.

Methods. T cell subpopulations were analysed by flow cytometry in the peripheral blood of paediatric patients

with acute BD (aBD; n¼24), remitting BD (rBD; n¼12) and in healthy controls (HCs; n¼ 24). Tregs

(CD4þCD25hiCD127�/loFoxp3þ), activated Tregs (GITR, LAP, CTLA-4 and HLA-DR expression), CD4þ and CD8þ T

cells producing IFN-c (Th1 and Tc1) or IL-17 (Th17 and Tc17) under polyclonal (OKT3/IL-2) or antigenic

(Streptococcus sanguis KTH-1 peptides and heat shock protein 60) stimulation were enumerated.

Results. Th17 (1.9- and 5.1-fold) and Tc17 (4.0- and 2.0-fold) frequency under mitogenic stimulation was signifi-

cantly increased in aBD and rBD patients as compared with HCs. Th17 frequency under antigenic stimulation was

also higher in patients than in HCs. The percentage and number of Tregs and activated Tregs in patients and in

HCs were similar. However, when Tregs were removed, antigen-driven differentiation into Th1 and Th17 was signifi-

cantly boosted in BD but not in HC CD4þ T cells.

Conclusion. There is a bias towards Th17 polarization in aBD and rBD in children. Although we did not observe an

increase in the number of Tregs in these patients, their Tregs limit CD4þ T cell differentiation into Th1 and Th17

cells. Thus, in paediatric BD, Tregs seem to incompletely counterbalance a Th17 orientation of the Th cell response.
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Introduction

Behçet disease (BD) is a chronic systemic inflammatory

disorder at the crossroads between autoimmune and

autoinflammatory syndromes [1]. It is characterized by re-

current attacks involving oral and genital ulcers and the

ocular, intestinal, vascular and/or nervous systems [2, 3].

The pathogenesis of BD is still poorly characterized.

Certain infectious (Streptococcus sanguis) and environ-

mental factors are reported to trigger symptomatology in

individuals with particular genetic variants [2]. Among

these variants, HLA-B51 is the genetic factor most

strongly associated with BD [4]. In addition, more recent-

ly, genome-wide association studies have identified a link

with the IL-23R and IL-12RB2 loci [5, 6].

Rheumatology key messages

. Paediatric BD is characterized by a normal Treg number and by Th17 polarization.

. Tregs were functional and strongly controlled specific Th17 responses, especially to streptococcal antigens.

. However, they were unable to counterbalance the Th17 response during BD flare.
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Many streptococcal peptides have been proposed to

play important roles as extrinsic factors in BD pathogen-

esis, such as those issued from Bes-1 gene-encoded

protein in S. sanguis, which are highly homologous with

the retinal protein Brn3b and human heat shock protein

60 (HSP-60) [7, 8]. Various authors have argued that BD

symptoms could be due to such cross-reactivities [9,

10]. Moreover, as memory T cells and polymorpho-

nuclear leucocytes are found within vasculitic lesions in

BD patients, those cells could also play a role in BD

pathophysiology [11]. A study performed in adult BD

patients found a marked increase in Th17 cells and a

decrease in the frequency of CD4þFoxp3þ Tregs in per-

ipheral blood that were both induced by IL-21 produc-

tion and correlated with BD activity [12]. However, this

study did not assess the effect of Tregs on Th17 or Th1

differentiation, especially in response to specific stimuli

such as S. sanguis peptides. Here we determine the na-

ture of T cell polarization in BD and test the hypothesis

of a Treg/Th17 imbalance in paediatric BD (PBD).

Methods

Patients

The study population consisted in 36 paediatric patients

�18 years of age fulfilling the international criteria for BD

[13]. Patients were from the CéréMAI Reference Center

for paediatric autoinflammatory and rheumatic diseases

in France. Patients with Behçet-like symptoms, especial-

ly with recurrent fever, high CRP, young age, gastro-

intestinal and CNS findings were checked for

autoinflammatory diseases and not enrolled in our study.

BD patients were enrolled prospectively after informed

consent from the legal guardian [14]. The patients were

divided into two groups: patients in acute BD (aBD) at-

tack (at least one symptom of BD at inclusion; n¼24)

and patients in BD remission (rBD) who presented no

symptom since at least 3 months after the last BD attack

(n¼12). Both populations were compared with 24

healthy controls (HCs).

Enumeration of Tregs and other blood cell lines

Foxp3 expression in CD25þCD127�/loCD4þ lymphocytes

was analysed by flow cytometry after cell-surface stain-

ing of Ficoll-isolated peripheral blood mononuclear cells

(PBMCs) with anti-CD3-ECD, anti-CD4-PCy7 (Beckman

Coulter, Villepinte, France), anti-CD25-PE (BD

Biosciences, Le Pont-De-Claix, France) and anti-CD127-

FITC (eBioscience, Paris, France) followed by cell per-

meabilization (Foxp3 Staining Buffer Set; eBioscience,

San Diego, CA, USA) and intracellular staining with anti-

Foxp3-APC (clone PCH 101; APC anti-human Foxp3

Staining Set; eBioscience). The following labelled anti-

bodies were used in five-colour combinations for flow

cytometric analysis of other blood cells: CD8-PCy7,

CD8-APC, CD16-FITC, CD19-ECD, CD27-PE, CD28-

FITC, CD45RO-FITC, CD45RA-APC, CD56-PE, HLA-DR-

PCy7 (Beckman Coulter), CD38-PCy7, CD56-FITC,

CD62L-FITC (BD Biosciences), CCR7-PE (R&D Systems,

Lille, France). Data were acquired using a Navios flow

cytometer and analysed with the Kaluza analysis soft-

ware (Beckman Coulter) [15, 16].

The blood Th1 and Th17 cell count was analysed as

follows: PBMCs were stimulated for 4 h with phorbol 12-

myristate 13-acetate (PMA) and ionomycin (Sigma-

Aldrich, St. Louis, MO, USA) in the presence of brefeldin

A (BD Pharmingen, San Diego, CA, USA), stained with

IFN-c-FITC (BD Biosciences), IL-17A-Alexa Fluor 647

(eBioscience) and IL-21-Alexa Fluor 647 (BioLegend,

Saint Quentin en Yvelines, France), and acquired as

described above.

Lymphocyte blood cells (CD3þ, CD4þ, CD8þ T lym-

phocytes, CD19þ B lymphocytes and CD3�CD56þ NK

cell) counts (cells/ll) were analysed from fresh blood

samples using CYTO-STAT tetraCHROME kits with

Flowcount fluorescent beads as an internal standard

and tetra CXP software with a FC500 cytometer,

according to the manufacturer’s instructions (Beckman

Coulter).

Assessment of Treg functionality

The responses of CD4þ and CD8þ T lymphocytes of BD

patients to polyclonal stimulation by OKT3/IL-2

[Orthoclone (Janssen-Cilag, Beerse, Belgium); Proleukin

(Novartis, Basel, Switzerland)] and specific antigen

stimulation were compared with those from HCs. The

antigens were from S. sanguis KTH-1 peptides: BES-

1229–243, BES-1373–385 or peptides homologous with the

retinal protein Brn3b and human HSP-60336–351 (pro-

duced by PolyPeptide Group, Strasbourg, France) [7].

PBMCs from BD patients and HCs were isolated with

Ficoll density gradient centrifugation and seeded at

8�105 cells/well in 48-well plates. Cells were stimulated

in vitro with BES-1, Brn3b and HSP60 peptides (20mg/

ml) in Roswell Park Memorial Institute culture medium

containing, 10% human AB serum, penicillin/strepto-

mycin and 2 mM L-glutamine. After 72 h, cells were col-

lected and restimulated for 4 h at 37�C in 5% carbon

dioxide with 50 ng/ml of PMA and 1 mM ionomycin

(Sigma-Aldrich) in the presence of a protein transport in-

hibitor (Golgi plug; BD Biosciences) containing brefeldin

A. After stimulation, culture supernatants were collected

and kept frozen at �80�C until cytokine determination

using ELISA and Luminex technology (Invitrogen, Cergy

Pontoise, France). Cells were harvested and stained

with the following antibodies: CD3-PE, CD3-PC7, CD4-

ECD, CD8-FITC and CD8-PC7 (Beckman Coulter). Cells

were then permeabilized with Cytofix/Cytoperm buffer

(BD Pharmingen), stained with IFN-c-FITC (BD

Pharmingen), IL-17A-Alexa Fluor 647 (eBiosciences), IL-

21-Alexa Fluor 647 (BioLegend) and Perforin-PE (BD

Pharmingen). Data were acquired using a Navios flow

cytometer and analysed with the Kaluza analysis soft-

ware (Beckman Coulter).

To assess the regulatory effect of Tregs on effector T

cells, Tregs were removed from PBMCs as follows:

freshly isolated PBMCs were stained with a biotin-

Tregs/Th17 balance in paediatric BD
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coupled anti-CD127 antibody (eBiosciences) and then

incubated with anti-biotin microbeads (Miltenyi Biotec,

Bergisch Gladbach, Germany). CD127þ cells were iso-

lated using magnetic separation with MS columns

(Miltenyi Biotec). Purified CD127þ cells (Treg-free

PBMCs) were cultured and stimulated as previously

described. We verified that the effect of this sorting was

specific: an isotype control instead of the anti-CD127

antibody had no effect on immune activation.

Statistical analysis

T lymphocytes and other cell lines were expressed as

absolute values and percentages. Tregs were expressed

as the percentage of CD4þ T cells. For functional tests,

results were expressed as the percentage of cells

secreting IL-17 and IFN-c. Data are presented as me-

dian [interquartile range (IQR)]. The normal distribution of

each set of variables was analysed by the D’Agostino

and Pearson omnibus normality test. According to their

non-parametric distribution, groups were compared

using the Kruskall–Wallis test. Non-parametric multicom-

parison tests (Kruskall–Wallis) were performed to com-

pare three or more groups and then a Mann–Whitney–

Wilcoxon test was performed to compare groups 2� 2.

The comparison tests of groups 2�2 were performed

only when the comparison of the three groups by

Kruskall–Wallis test was significant (P< 0.05). In this

case a penalization of the alpha risk by the method of

Benjamini and Hochberg was applied. When only two

groups were compared 1� 1, a Mann–Whitney–

Wilcoxon test were performed as appropriate. P-values

<0.05 were considered significant. Statistical analyses

were performed using GraphPad Prism version 5.0

(GraphPad Software, San Diego, CA, USA).

Ethical approval

The study was approved by the ethical committee of Ile

de France 3 (0811721).

Results

Studied population

In total, 24 aBD patients and 12 rBD patients were com-

pared with 24 HCs. All data are reported as median

(IQR). The three groups were comparable according to

sex and age (Supplementary Table S1A, available at

Rheumatology online). The characteristics of the

FIG. 1 Tregs characterization in BD patients and controls

Multicolour flow cytometry analysis of circulating Tregs in aBD patients (n¼24), rBD patients (n¼ 12) and HCs

(n¼24). Tregs were identified as CD25hiCD127�/loFoxp3þ cells among CD4þ T cells and are expressed as (A) a per-

centage of the total CD4þ T cells and (B) absolute number. (C–G) Expression of functional markers on Tregs and pro-

portions of naı̈ve Tregs. Data are shown as median (IQR). *P< 0.05, **P< 0.01. Data corresponding to Fig. 1 are in

Supplementary Table S2, available at Rheumatology online.
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patients’ symptoms and treatment at inclusion are sum-

marized in Supplementary Table S1B, available at

Rheumatology online. Ten aBD patients received no

treatment (42%), 11 (46%) were treated with colchicine

alone (n¼7) or associated with an immunosuppressive

agent (Azathioprine/corticosteroids). Five rBD patients

had no treatment at inclusion and the remaining patients

were on colchicine alone (n¼2) or associated with corti-

costeroids and Mycophenolate mofetil or Azathioprine.

Tregs in BD patients

There were no significant differences considering percen-

tages [5.2% (2.00) vs 4.4% (3.63) vs 5.5% (2.70)] and abso-

lute numbers [cells/mm3: 43.7 (16.49) vs 37.0 (40.50) vs

41.0 (35.70)] between aBD patients, rBD patients and HCs,

respectively (Fig. 1 and Supplementary Table S2, available

at Rheumatology online). The proportions of naı̈ve Tregs

(CD4þCD25hiCD45RAþ cells) as well as the expression of

functional markers on Tregs (glucocorticoid-induced TNF

FIG. 2 Increased Th17 effectors in BD patients upon polyclonal and specific stimulation

Upon polyclonal stimulation: frequencies of IL-17A, IL-21-producing and IFN-c (A–C) CD4þ and (D–F) CD8þ T cells

from six aBD patients (closed bar), three rBD patients (grey bar) and eight HCs (open bar). Upon specific stimulation:

frequencies of IL-17A, IL-21-producing and IFN-c-producing (G–I) CD4þ and (J–L) CD8þ T cells from nine BD patients

(closed bar) and nine HCs (open bar). Data are shown as median (IQR). Differences between groups were evaluated

with non-parametric Mann–Whitney U-test. *P< 0.05, **P< 0.01. Data corresponding to Fig. 2 are in Supplementary

Table S3A, available at Rheumatology online.

Tregs/Th17 balance in paediatric BD
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receptor (GITR), latency-associated peptide (LAP), CTLA-4

and Human Leukocyte Antigen DR isotype (HLA-DR)) were

similar in the three groups (Fig. 1 and Supplementary Table

S2, available at Rheumatology online).

Other blood cell subsets counts

Absolute counts of CD3þ, CD3þCD4þ and CD3þCD8þ T

cells as well as for their repartition in naı̈ve and memory

subsets and the expression of the activation markers

HLA-DR, CD25 and CD28 were also comparable in all

groups (Supplementary Table S2, available at

Rheumatology online). The rBD group also showed

fewer NK cells compared with other groups

(Supplementary Table S2, available at Rheumatology on-

line). The absolute number of B cells did not differ be-

tween groups. However, a decreased percentage of

naı̈ve and an increased percentage of switched memory

FIG. 3 Evaluation of Th effector response after Tregs depletion upon specific stimulation

Frequencies of IL-17A, IFN-c and IL-21-producing CD4þ T cells (closed bar) and Treg-depleted CD4þ T cells (open

bar) from (A, C and E) nine BD patients and (B, D and F) six HCs. Data are shown as median (IQR). Differences be-

tween groups were evaluated with a non-parametric Wilcoxon rank test. *P<0.05, **P< 0.01. Data corresponding to

Fig. 3 are in Supplementary Table S3B, available at Rheumatology online.
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B cells were observed in patients with aBD (P¼0.04

and P< 0.001, respectively) compared with HCs

(Supplementary Table S2, available at Rheumatology

online).

Assessment of lymphocyte responses to stimulation
and Treg functionality

The T lymphocyte responses of nine aBD and nine rBD

patients to polyclonal stimulation (anti-CD3/IL-2) were

compared with those of eight HCs. As shown in Fig. 2

and Supplementary Table S3A, available at

Rheumatology online, aBD and rBD patients showed,

compared with HCs, a significantly higher percentage of

Th17 [0.63% (0.310), 1.81% (1.300) and 0.35% (0.440),

respectively, Fig. 2A] and Tc17 cells [0.09% (0.060),

0.04% (0.030) and 0.03% (0.030), respectively, Fig. 2D],

as well as IL-21-secreting CD4þ [49.3% (42.90), 39.4%

(8.14) and 17.6% (17.20), respectively, Fig. 2B] and

CD8þ [73.4% (33.72), 74.7% (19.19) and 40.4% (15.76),

respectively, Fig. 2E] T cell response rate. No difference

was observed for Th1 and Tc1 response (Fig. 2C and F).

Specific stimulation with streptococcal antigen (S.

sanguis KTH-1: peptide BES-1229–243, BES-1373–385) and

homologous peptide of retinal antigen Brn-3b and HSP-

60336–351 of the same nine aBD patients and eight HC

PBMCs was then performed (Fig. 2 and Supplementary

Table S3A, available at Rheumatology online).

Compared with HCs, the responses in BD patients were

mainly Th17 and Tc17 (Fig. 2G and J) rather than Th1

and Tc1 (Fig. 2I and L). Increased percentages of IL-21-

secreting CD4þ and CD8þ T cells were observed in the

BD group upon HSP-60336–351 stimulation, but not with

the other antigens (Fig. 2H and K).

As blood samples are quantitatively limited in children,

the functionality of Tregs was studied via negative selec-

tion. Thus we compared the response to antigenic stim-

uli of PBMCs vs Treg-depleted PBMCs. In this assay,

the increase in the effector T cell response after remov-

ing Tregs reflects the inhibitory effect of Tregs on effect-

or cells. These tests were performed on samples of nine

aBD patients and six HCs (Fig. 3 and Supplementary

Table S3B, available at Rheumatology online). As most

of the rBD patients in our cohort were on immunosup-

pressive drugs or colchicine, we did not select them for

these experiments.

After removing Tregs (CD127�/lo), there was an in-

crease in IFN-cþCD4þ T cell response to BES-1229–243

and BES-1373–385 stimulation in BD patients (respective-

ly, 1.82- and 1.42-fold) (Fig. 3C) and an increase in IL-

17þCD4þ T cell response to all the peptides tested in

BD patients (respectively, 1.94- and 1.72-fold) (Fig. 3A)

but not in HCs (Fig. 3B and D). Neither BD patients nor

HCs showed any alteration in IL-21þCD4þ T cell re-

sponse upon stimulation (Fig. 3E and F).

In summary, Th1 responses to streptococcal antigens

were similar in BD patients and HCs. However, Th17

responses to polyclonal and specific stimulations were

significantly higher in aBD patients compared with con-

trols. When Tregs were removed from T cells, specific T

cell responses were markedly increased in BD patients

compared with controls.

Discussion

Th1, Th17 and Tregs seem to play key roles in adult BD

pathogenicity [11, 12]. To test whether this is also the

case in children, we analysed these CD4þ T cell subpo-

pulations during acute or remittent PBD. For this we

measured the frequency of circulating Tregs presenting

or not with cell surface activation markers. We also

monitored the induction of Th1 and Th17 cells under

in vitro polyclonal or antigenic stimulation in the pres-

ence or absence of Tregs.

We observed an increase in CD45RA� Tregs in rBD

patients as compared with controls and with aBD

patients. Regarding naı̈ve/resting CD45RAþ and mem-

ory/activated CD45RA� Tregs [17], we showed a higher

frequency of activated Tregs in rBD patients. It is tempt-

ing to speculate that this link might be causative, i.e. the

remission might be due to an overactivity of Tregs. In

contrast, we did not observe any overexpression of

three other cell surface markers previously linked to

Treg activity: (GITR, LAP and HLA-DR). GITR-expressing

Tregs have been shown to be fully active and expanded

in SLE patients, particularly in those with inactive dis-

ease [18]. Likewise, HLA-DR [19] and LAP [20] were

shown to be cell surface markers of Treg functionality.

Yet we did not observe neither GITR, LAP or HLA-DR

overexpression on Tregs from PBD patients. It would be

interesting to test whether other cell surface markers of

Treg activity, such as the recently described sialyl Lewis

x [21], are also overexpressed during BD remission.

A second finding of our work is the Th17 polarization

in active BD that is seen under polyclonal as well as

streptococcal in vitro stimulation. This observation sup-

ports the involvement of Th17 cells in BD. Several

authors have reported the high proportion of peripheral

T cells able to produce IL-17 under mitogenic or anti-

genic stimulation in adults with active BD [22–24].

Moreover, genome-wide association studies have estab-

lished associations with a variant located in close prox-

imity to the gene encoding the receptor for IL-23, a

major inducer of Th17 differentiation [5, 6, 25]. This vari-

ant resulted in higher IL-23 receptor expression and,

under in vitro activation via CD3 and CD28, in higher IL-

17 production [26]. Moreover, sera from BD patients

were shown to orientate normal primary CD4þ T cells

towards Th17 differentiation [12] and to induce Foxp3

degradation [27], potentially participating in the Th17/

Treg imbalance.

In our study, the elevated presence of a Th17 subpo-

pulation in active BD is further emphasized when Tregs

are removed from the culture in the presence of a bac-

terial antigen. This observation is another argument for

an inhibitory effect of Tregs, an effect that could be in-

sufficient during flares but efficient during remissions. Of

note, the negative selection of Tregs also uncovers a

Th1 polarization. These findings concur with previous

Tregs/Th17 balance in paediatric BD
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reports showing the concomitant involvement of Th1

cells in BD [28, 29].

Our observations that S. sanguis peptides induce Th1

and Th17 responses in BD children are a further argu-

ment for a role of streptococcal antigens in this disease.

Previously, indirect evidence, such as the presence of

streptococcal species, of antibodies specific for the

BES-1 protein of S. sanguis or of hypersensitivity to

streptococcal skin tests [30], was already suggestive of

such a role. Our data now provide more direct proof.

Altogether, our data support a model whereby a Th1/

Th17 polarization, possibly driven by bacterial compo-

nents in individuals with a favourable genetic back-

ground, such as the rs17375018 variant in the IL-23R

gene [31], fuels paediatric BD recurrences until the in-

hibitory effect of Tregs leads to remission. Given the

role of IL-21 in Th17 differentiation and in Treg suppres-

sion, this gives further credit to IL-21 blockade as a

strategic approach. Our findings need to be confirmed

in an independent study.
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profile in Behçet’s disease patients. Relationship with
disease activity. Scand J Rheumatol 2002;31:205–10.

30 Lehner T. The role of heat shock protein, microbial and

autoimmune agents in the aetiology of Behçet’s disease.
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