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RESUME 

Effet in vitro d'un anticorps bispécifique ciblant les cellules 

dendritiques sur l'inflammation dans la polyarthrite rhumatoïde. 

INTRODUCTION : Les traitements utilisés actuellement dans la polyarthrite rhumatoïde 

(PR) agissent en aval du processus physiopathologique en bloquant l’inflammation. Un 

nouvel anticorps bispécifique a été développé appelé Bispecific Immunomodulator of C-type 

Lectine Receptor (BIC) visant les cellules dentritiques (CDs). Notre objectif était de 

caractériser les sous-populations de CDs présentes dans le liquide synovial (LS) de patients 

atteints de PR en comparaison aux patients atteints de goutte et d’arthrose afin d’étudier 

l’effet des BIC sur le liquide synovial. 

METHODE : Nous avons mené une étude prospective et observationnelle dans le service de 

rhumatologie du centre hospitalier universitaire de Tours. Nous avons inclus des patients 

atteints de PR, d’arthrose primitive ou de goutte se présentant avec une arthrite justifiant une 

ponction du LS. Les données démographiques, anamnestiques et clinico-biologiques ont été 

recueillies à l’inclusion. Les échantillons ont été purifiés et dilués en fonction de la viscosité 

du LS. Les populations cellulaires ont été caractérisées par cytométrie en flux dans chacun des 

trois groupes. Les cytokines IL-10, IL-6, INF-et TNF- ont été mesurées par méthode 

ELISA. Les échantillons ont été ensuite mis en culture avec les BICs et l’IL-10 a été mesuré 

dans le surnageant. 

RESULTATS : Nous avons analysé le LS de 9, 8 et 7 patients atteints respectivement de PR, 

goutte et arthrose. Nous avons observé que les CDs étaient présentes dans le LS des patients 

atteints de PR où les CDs conventionnels (cDC1c et cDC141) étaient majoritaires. La 

proportion de CDs plasmacytoïdes était plus élevée dans le LS des patients PR en 

comparaison aux patients atteints de goutte et d’arthrose. Nous avons mis en évidence que les 

cellules activées par les BICs secrétaient de l’IL-10 chez tous les patients testés. 

CONCLUSION : Le LS des patients atteints de PR contient des CDs. Selon notre étude, les 

CDs issus du LS des patients PR produisent de l’IL-10 en présence du BIC menant à un état 

de tolérance immune. Ainsi, les anticorps bispécifiques ciblant les CDs pourraient représenter 

une stratégie intéressante pour de nouvelles thérapeutiques dans la PR. 

Mots clés : polyarthrite rhumatoïde – liquide synovial – cellules dendritiques – sous-

populations de CD – anticorps bispécifiques – interleukine 10   
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ABSTRACT 

Effect of a new antibody format towards dendritic cells on 

inflammation in rheumatoid arthritis. 

INTRODUCTION: Treatments used in rheumatoid arthritis (RA) block inflammation 

nonspecifically. A new bispecific antibody was developed called Bispecific 

Immunomodulator of C-type Lectine Receptor (BIC) that targets dendritic cells (DCs). Our 

aim is to characterize DC subsets found in the synovial fluid (SF) of RA patients compared to 

patients with gout and osteoarthritis (OA) and to study the effects of BIC on the SF.  

METHOD: We conducted a prospective and observational study in the rheumatology 

department of the university hospital of Tours. We included patients with RA, primitive OA 

or gout disease whom presented with arthritis and underwent aspiration of SF. Demographic, 

clinical and biological data at inclusion were collected. Samples were purified and diluted 

because of the SF viscosity. Cell populations were characterized using flow cytometry in the 

three groups. IL-10, IL-6, INF-and TNF- cytokines in the SF were measured performing 

an ELISA. Cells purified from SF were then put in culture with BICs for 48h. 

RESULTS: We analyzed the SF from 9, 8 and 7 patients diagnosed with RA, OA and gout 

respectively. Our results showed that DCs were more represented in RA SF where 

conventional DCs (cDC1c and cDC141) constituted the majority of DCs. The proportion of 

plasmacytoid DCs was higher in the SF from RA patients compared gout and OA SF. We 

found that cells activated by BICs secreted a significant higher amount of IL-10 in all patients 

tested. 

CONCLUSION: SF from patients with RA contains DCs. According to our study, DCs from 

RA SF can produce Il-10 in the presence of BIC leading to immune tolerance. Thus, 

bispecific antibodies that are directed against DCs could represent a potential target of interest 

for new therapeutics in RA. 

 

Keywords: rheumatoid arthritis – synovial fluid – dendritic cells – DC subsets – 

bispecific antibodies – interleukin 10 
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Résumé du travail de thèse 

Polyarthrite rhumatoïde  

Généralités 

La polyarthrite rhumatoïde (PR) est une pathologie auto-immune entrainant une inflammation 

du tissu synovial articulaire. Cette synovite est à l’origine d’une douleur et d’un gonflement 

articulaire pouvant causer des érosions et résulter en une destruction articulaire(1). Il s’agit du 

rhumatisme inflammatoire chronique le plus fréquent pouvant survenir à tout âge mais plus 

fréquemment entre 40 et 60 ans. La prévalence générale de la PR varie entre 0,3 et 0,8% de la 

population adulte avec une prévalence en France estimée à 0,31%(2). Des critères permettant 

de diagnostiquer les patients atteints de PR ont été élaborés en 2010 par l’ACR et l’EULAR et 

comprennent des critères cliniques, biologiques et immunologiques(3).  

Physiopathologie  

Les connaissances concernant la physiopathologie de la PR ont évolué ces dernières années 

mais certains aspects et notamment ceux en lien avec le déclenchement de cette pathologie 

restent inconnus. Certains facteurs génétiques, environnementaux (tabac, infection) et 

hormonaux pourraient déclencher la phase d’inflammation(4–6). Lors de cette phase, 

l’antigène reconnu par l’organisme va être présenté aux lymphocytes T par les cellules 

dendritiques (CD) qui sont des cellules présentatrices de l’antigène (CPA) puissantes(7). Les 

lymphocytes T activés vont migrer vers la synoviale où elles produiront des cytokines activant 

les cellules résidentes telles que les lymphocytes B, les cellules endothéliales et les 

synoviocytes qui constituent les principales constituants de la couche bordante de la 

membrane synoviale et qui sont composés des macrophages et fibroblastes(8). Le recrutement 

des cellules circulantes dans la synoviale va entrainer la libération de nombreux médiateurs de 

l’inflammation responsable de la synovite. Les cytokines TNF-, IL-6 et IL-1 sont de 

puissants inducteurs des voies de signalisation impliquées dans la synthèse d’agents pro-

inflammatoires menant à terme à une destruction articulaire par activation des ostéoclastes(9).  

Thérapeutiques et limites  

La prise en charge thérapeutique de la PR a grandement évolué ces dernières années avec 

l’apparition des biomédicaments. Il existe des recommandations nationales et internationales 

qui visent à codifier la stratégie thérapeutique(10). Celle-ci vise à obtenir un contrôle précoce 
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de l’inflammation permettant la rémission de la maladie qui est le meilleur moyen de lutter 

contre les complications principales de la PR telles que les lésions structurales à l’origine d’un 

handicap fonctionnel et les complications systémiques notamment cardiovasculaires liées à 

l’inflammation chronique.  

Les moyens thérapeutiques comportent les traitements médicamenteux, la rééducation, 

l’éducation thérapeutique et la chirurgie. Le traitement médical associe d’une part les 

thérapeutiques à visée symptomatique pour traiter les poussées de PR (antalgiques, anti-

inflammatoires non stéroïdiens, corticothérapie, infiltrations locales) et d’autre part les 

traitements de fond ayant pour but de freiner l’évolution de la maladie afin d’obtenir un état 

de rémission. Ces traitements peuvent être associés afin de contrôler le plus rapidement 

l’inflammation(11). Les traitements de fonds incluent les csDMARD (conventional synthetic 

Disease Modifying Anti-Rheumatic Drugs : méthotrexate, leflunomide, salazopyrine) et  les 

biologiques bDMARD (biological DMARD). Parmi ces derniers, les anti-TNFα ont été les 

premiers biologiques développés et utilisés dans la PR(12). Les autres biothérapies utilisées 

dans la PR comprennent : un antagoniste du récepteur de l’IL-1 (Anakinra), un inhibiteur des 

voies de costimulation CD80/CD86-CD28 entre les cellules présentatrices de l’antigène et les 

lymphocytes T (Abatacept), un anticorps monoclonal inhibant spécifiquement le récepteur 

CD20 des lymphocytes B (Rituximab) et les anticorps monoclonaux anti IL-6 récepteur 

(Tocilizumab et Sarilumab).  

Cependant, ces traitements permettent d’obtenir un état de rémission en inhibant une cible 

unique et doivent donc être poursuivis sur le long terme à intervalles réguliers en fonction de 

leurs demi-vies. L’arrêt brutal d’une biothérapie entraine souvent une rechute clinique et une 

progression structurale de la PR(10,13). Il n’existe à ce jour pas de traitement ciblant les CD 

qui apparaissent comme une cible de choix dans la PR étant donné leur rôle important dans 

les mécanismes immunopathologiques. En effet, ils sont capables d’induire une tolérance 

immune, correspondant à l’absence de réponse effectrice (humorale ou cellulaire). Il a été 

montré qu’ils sont présents dans le liquide synovial des patients atteints de PR de façon plus 

importante que dans le sang et agissent en tant que CPA dans le liquide synovial en activant 

les lymphocytes T(7,14). Ainsi, une stratégie de modulation des fonctions tolérogènes des DC 

(TolDC) pourrait induire un état de tolérance immune notamment par la coopération de 

récepteurs reconnaissant les pathogènes (PRR : pathogen recognition receptor) entrainant une 

augmentation de la production l’IL-10, une cytokine avec fort potentiel anti-inflammatoire, et 
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ainsi bloquer les mécanismes inflammatoires à l’origine de la synovite et donc des lésions 

structurales.  

Projet BIC-RA  

Les anticorps bispécifiques sont développés dans les domaines de l’oncologie principalement 

et des pathologies inflammatoires mais sont peu utilisés. Ils sont dirigés simultanément contre 

plusieurs cibles impliquées dans les phénomènes physiopathologiques et permettraient ainsi 

d’obtenir des thérapeutiques plus efficaces(15). Les Dr F. Velge-Roussel et N. Aubrey ont 

développé, dans le cadre du projet TolDC, des anticorps bispécifiques appelés BIC (Bispecific 

Immunomodulator of C-type Lectine Receptor) qui ont pour objectif de ponter des récepteurs 

présents sur la surface des CD pour induire des CD tolérogènes. Les BICs sont construits avec 

2 scFv en tandem. Ils ciblent deux PRR : le Toll-like receptor 2 (TLR2) et une lectine type 

telles que CD209 ou DC-SIGN. Les premiers résultats ont montré que la liaison des BICs sur 

ses cibles sur les cellules issues de sang périphérique induit des modifications des DC qui ont 

un profil tolérogène et favorisent la production d’IL-10. Ces résultats sont en cours de 

publication.  

Le projet BIC-RA a été initié par le Dr. Guillaume Le Mélédo, ancien interne de rhumatologie 

à Tours, dans le cadre lors de son année de Master 2
ème

 année en 2017-2018 afin d’étudier les 

effets in vitro de ces nouveaux anticorps bispécifiques ciblant les cellules dendritiques 

recrutées au cours de la PR. Les objectifs étaient, après purification du liquide synovial des 

patients atteint de PR de caractériser le profil des populations cellulaires, notamment les 

cellules dendritiques, présentes dans ce liquide. Des patients atteints de goutte et d’arthrose 

ont été inclus afin de pouvoir comparer les liquides synoviaux des patients atteints de PR avec 

ceux d’une autre pathologie inflammatoire et d’une pathologie mécanique respectivement. 

Les cellules issues du liquide synovial étaient ensuite mises en culture avec un BIC et leurs 

effets étaient comparés en mesurant la synthèse notamment d’IL-10. Il avait pu inclure 14 

patients mais 11 ont pu être analysés après exclusion de 3 patients. Il y avait 3, 5 et 3 patients 

atteints respectivement de PR, de goutte et d’arthrose. Les premiers résultats ont confirmé que 

les BICs induisent en présence de cellules issues du liquide synovial une sécrétion d’IL-10. 

Les inclusions ont donc été poursuivies afin d’obtenir des résultats pour un plus grand nombre 

de patients.  
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J’ai donc pris la suite du projet BIC-RA dans le cadre de ma thèse de médecine en janvier 

2020. Mon objectif était d’inclure 15 patients par pathologie soit un objectif de 45 patients au 

total afin d’obtenir des résultats plus puissants. Malheureusement, nous avons pris du retard 

avec les inclusions en raison de la crise sanitaire liée au Sars-Cov-2 principalement. Nous 

avons finalement pu obtenir des résultats sur un plus grand nombre de patients puisque 32 

patients ont été inclus au total. Les objectifs étaient les mêmes que ceux de Guillaume Le 

Mélédo. Enfin, dans notre étude nous avons étudié l’effet d’un seul BIC (BIC03) qui cible 

TLR2 et CD209, également connu sous le nom de DC-SIGN (Dendritic Cell-Specific 

Intercellular adhesion molecule-3-Grabbing Non-integrin).   
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Effect of a new antibody format towards dendritic cells on 

inflammation in rheumatoid arthritis. 

ABSTRACT 

Introduction: Treatments used in rheumatoid arthritis (RA) block inflammation 

nonspecifically. A new bispecific antibody was developed called Bispecific 

Immunomodulator of C-type Lectine Receptor (BIC) that targets dendritic cells (DCs). Our 

aim is to characterize DC subsets found in the synovial fluid (SF) of RA patients compared to 

patients with gout and osteoarthritis (OA) and to study the effects of BIC on the SF.  

Method: We conducted a prospective and observational study in the rheumatology 

department of the university hospital of Tours. We included patients with RA, primitive OA 

or gout disease whom presented with arthritis and underwent aspiration of SF. Demographic, 

clinical and biological data at inclusion were collected. Samples were purified and diluted 

because of the SF viscosity. Cell populations were characterized using flow cytometry in the 

three groups. IL-10, IL-6, INF-and TNF- cytokines in the SF were measured performing 

an ELISA. Cells purified from SF were then put in culture with BICs for 48h. 

Results: We analyzed the SF from 9, 8 and 7 patients diagnosed with RA, OA and gout 

respectively. Our results showed that DCs were more represented in RA SF where 

conventional DCs (cDC1c and cDC141) constituted the majority of DCs. The proportion of 

plasmacytoid DCs was higher in the SF from RA patients compared gout and OA SF. We 

found that cells activated by BICs secreted a significant higher amount of IL-10 in all patients 

tested. 

Conclusion: SF from patients with RA contains DCs. According to our study, DCs from RA 

SF can produce Il-10 in the presence of BIC leading to immune tolerance. Thus, bispecific 

antibodies that are directed against DCs could represent a potential target of interest for new 

therapeutics in RA. 

 

Keywords: rheumatoid arthritis – synovial fluid – dendritic cells – DC subsets – 

bispecific antibodies – interleukin 10 
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Introduction  

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by joint pain and 

swelling along with bone erosion and destruction caused by synovial tissue inflammation(1). 

The exact cause of this disease remains unknown but, according to the literature, autoimmune 

diseases such as RA appear to be mainly induced by a break in self-tolerance. Both the 

adaptive immune system, with CD4
+
 T cells producing T-helper type (Th)-1 and Th17 

cytokines as well as B cells, and the innate immune system, with macrophages and dendritic 

cells (DCs), all contribute to the RA immunopathology(14).  

B and T lymphocytes are the mediators of immunity, but their function is under the control of 

several DC subsets. DCs are antigen-presenting cells (APC) that migrate to lymphoid organs 

and activate lymphocytes(16). They are divided in four major DC subsets including: 

conventional DCs (cDCs), plasmacytoid DCs (pDCs), inflammatory DCs (MoDCs) and 

Langerhans cells that have distinct phenotypic and functional characteristics(17).  

In RA, DCs are increased in the synovial fluid (SF) as compared with the circulation(18,19). 

RA synovium contains many cell types including T lymphocytes, macrophage-like 

synoviocytes, fibroblastic synoviocytes, B lymphocytes, plasma cells, mast cells, osteoclasts 

and dendritic cells. Interactions among this cell population offer targets for new therapeutic 

interventions(17). 

Gout is a common arthritis caused by deposition of monosodium urate crystals within joints 

after chronic hyperuricemia(20). It results from an interaction between urate crystals and 

synoviocytes that leads to an autoimmune response implicating the innate system. More 

precisely, the Toll like receptors (TLRs) 2 and 4 and CD14 participate to the production of 

cytokines in response to the crystals(21).  

 

Osteoarthritis (OA) is a common degenerative joint disease, affecting millions of people, that 

causes a deterioration of the joint cartilage. The exact etiology is still unknown. Bone 

formation but also erosions, alteration of subchondral bone and inflammation of the synovium 

can be observed(22). The immune reaction resulting in synovitis implies different cell types 

such as macrophages, B cells, T cells infiltrates in the synovium, with lower levels compared 

to the ones observed in RA, but also DCs and natural killer (NK) cells. The innate immune 

system seems to contribute to this reaction as high levels of CD14 have been found in the SF 

at both early and late stages of OA(23).  
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The treatments used in RA have the ability to control symptoms and signs of the disease, thus 

retarding  the effects of rheumatoid inflammation on articular cartilage and bone, but a certain 

proportion fails to respond adequately(24,25). Current disease-modifying anti-rheumatic 

drugs and biologic inhibitors of TNF-α, IL-6, T cells and B cells block inflammation 

nonspecifically. No therapeutic has yet achieved antigen specificity for controlling symptoms 

in RA(26). A major challenge in therapeutics is to develop strategies that re-establish immune 

tolerance to lead to long-term disease suppression. In this context, DCs appear as major 

targets of interest to reach a state of self tolerance defined as the absence of an immune 

response to antigens that are normal constituents of the organism and have the ability to elicit 

an immune response.  

Bispecific antibodies combine two antibody specificities that are able to target different 

antigens or epitopes(15,27). A new bispecific antibody was developed called Bispecific 

Immunomodulator of C-type Lectine Receptor (BIC) that activates DCs by bridging their 

surface receptors(28).  

The aim of our study was to characterize DC subsets found in the synovial fluid of RA 

patients compared to patients with gout and osteoarthritis. Secondary outcomes were to study 

the effects of BIC on the synovial fluid by measuring the production of anti-inflammatory 

cytokines. 

Methods 

Study design 

This was a prospective and observational study that was carried in the university hospital of 

Tours in the rheumatology department between December 2017 and February 2021.  

Population 

Eighteen year-old or older patients with known or newly diagnosed RA, primitive OA or gout 

disease whom presented with mono, oligo or polyarthritis and underwent aspiration of 

synovial fluid were included. Patients with microcrystalline arthritis other than gout, 

spondyloarthritis, septic arthritis or receiving therapeutic antibodies were excluded. Patient’s 

consent forms were collected before each inclusion after they were given loyal and complete 

information. Diagnosis of RA was established using the ACR/EULAR criteria 2010(3). Gout 

disease was diagnosed in the presence of multiple criteria such as tophus, monosodium urate 
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crystals found in the SF and hyperuricaemia(20). We chose to include patients with primitive 

OA because it’s a non-inflammatory disease. Thus we could compare them to inflammatory 

SF found in patients with RA. Diagnosis of primitive OA was based on the association of 

clinical and radiographic outcomes(29).  

Sample preparation and purification  

Aspiration of SF was performed in each patient after strict aseptic techniques. Samples were 

stored at 4°C until they were analyzed at the laboratory. One milliliter of each SF sample was 

stored at -20°C and corresponded to “population 0”. Because of the viscosity of SF, the rest of 

the sample must be diluted. SF dilutions were performed in RPMI 1640 (Dominique Dutsher, 

Brumath, France) and centrifuged at 700g for 10 minutes. Trypan blue was then used to count 

the cells. Cells that were going to be marked and put in culture were diluted using RPMI and 

centrifuged at 460g for 5 minutes. The following stage was to use these cells corresponding to 

“population 1” contained in the now purified SF for marking and culture.  

Flow cytometry analysis 

Flow cytometry is a cell-biology technique that rapidly analyzes cells contained in a 

heterogenous fluid as they flow past single or multiple lasers while suspended in a buffered 

salt-based solution. It utilizes light scatter and fluorescence emission. Each cell passes 

through a channel and is analyzed for visible light scatter that is measured in two directions: 

the forward direction (Forward Scatter or FSC) that indicates the size of the cell and at 90° 

(Side Scatter or SSC) that indicates the granularity of the cell(30). Fluorescent light is emitted 

by fluorescent molecules that may come from naturally fluorescing materials in the cell or 

from fluorescent dyes or tagged antibodies.  

In our study, cells (1.10
5
/100 µL) were stained for 30 min at 4°C with the following anti-

human antibodies at the appropriate concentration or with the relevant isotypes: CD45-PerCP, 

CD14-PE, CD3PE, C19FITC, CD56-FITC, CD66b-PE (Miltenyi). For the DC subset 

identification, the following panel was used: HLA-DR-FITC, CD123-PE, CD303-PEVio700, 

CD11c-PE, CD1c- CD141-XX. All cells were labeled by TLR2-APC and CD209-PE-Vio700. 

The cells were then washed once using cold Phosphate Buffered Saline (GG) and viable cells 

were then analyzed on a Cytoflex S (Beckman Coulter). Results were expressed as the % of 

the total population. 

Cell cultures  
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Cell populations, obtained from the SF, were cultured in complete culture medium at 37°C for 

48 hours. Each culture well contained 10
6
 cells in presence of the different tested molecules 

and one cell well was used as the control sample. After 48 hours, samples were centrifuged at 

300g. Culture supernatants were then stored at 20°C.  

We tested one molecule: BIC 03 (30, 60nM or 120 nM) that targets TLR2 and CD209 also 

known as DC-SIGN (Dendritic Cell-Specific Intercellular adhesion molecule-3-Grabbing 

Non-integrin) and its related controls. BICs were produced by Dr. Nicolas Aubrey and his 

team. They are bispecific antibodies created using a single chain variable fragment (scFv) in 

tandem structure (Figure 1). Antigen-binding fragment (Fab) is composed of one constant and 

one variable domain of each of the heavy and the light chain. ScFv is the fusion of the 

variable regions of the heavy (VH) and light chains (VL) that connect via a short linker 

peptide.  

 

Figure 1 : Structure of BIC in tandem with two scFv (VH-VL) connected with a linker peptide. 

Cytokine dosages  

Cytokines in synovial fluid were assessed by ELISA kits (Invitrogen kits, Carlsbad, CA, 

USA). Measurements of IL-6, IL-12, IFN-γ and TNF-α levels were performed on samples of 

synovial fluid initially stored at -20°C and on cells supernatants. IL-10 levels were also 

measured when SF cells were put in culture with BIC03 for 48h. 

Results 

Baseline characteristics  
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We enrolled 32 patients. 8 patients were excluded: septic arthritis was suspected in 1 patient, 

2 patients had chondrocalcinosis, 1 patient did not meet the ACR/EULAR criteria for RA 

diagnosis, 1 patient had inflammatory OA and complete analyses could not be performed in 3 

patients. Flow chart is presented in Figure 2.  

 

 

Figure 2: Flow chart of the study. 

 

In total, 9, 8 and 7 patients diagnosed with RA, OA and gout respectively were analyzed. The 

median age of the patients was 46 in the RA group, 79 in the gout group and 69 in the OA 

group. 75%, 0% and 62% of the RA, gout and OA patients respectively were female. Detailed 

demographic characteristics and laboratory tests at inclusion are shown in Table 1. 

 

Table 1: Baseline Characteristics of the Patients. 

Characteristics RA (n=9) OA (n=8) Gout (n=7) 

Age, years  46 (20-81)  69 (44-89) 79 (49-89) 

BMI, kg/m²  26.6 (20-35) 27.3 (22-28) 31.2 (24-33)  

Female sex, n (%)  6 (75)  5 (63)  0  

32 patients included 

Rheumatoid arthritis  

n = 9 

Osteoarthritis 

n=8 

Gout 

n=7 

8 patients excluded 

- 1 patient with septic arthritis 

- 2 patients with chondrocalcinosis 

- 1 patient without rheumatoid arthritis 

- 1 patient with inflammatory osteoarthritis 

- 3 patients with incomplete analyses  
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Laboratory tests        

    WBC, ×10
6
/ml  10.5 (6-18)  5.5 (4-9) 7.7 (7-11)  

    Lymphocytes, ×10
6
/ml 1.9 (1-3)   1.4 (1-2) 1.4 (0.3-2)  

    CRP, mg/l   28.4 (1-192) 7.5 (5-105)  150 (59-524)  

    Uric acid, µmol/l  207 (161-246)  365 (224-400) 523 (172-872)  

    RF positivity, n (%) 3 (33) 1 (13) 2 (29)  

    ACPA positivity, n (%) 1 (11) 0 0  

Values are presented as median (min-max) or n (%). 

RA: rheumatoid arthritis, OA: osteoarthritis, BMI: body mass index; WBC : white blood 

cells; CRP: C-reactive protein; RF: rheumatoid factor 

 

Cell numeration, volume, number of cells/ml of SF samples  

The volumes of synovial fluids obtained were heterogenous depending on the severity of joint 

swelling. Volumes of SF were higher in patients with RA and gout whom usually have more 

important joint swelling compared to patients with OA. SF from patients with gout was richer 

in cells than patients with RA. The cellularity of the SF from patients with OA was very poor. 

The number of cells/ml from the samples obtained from RA patient was in-between the other 

two pathologies (Figure 2).  

Population analyses 

We analyzed cell populations in the SF using flow cytometry. Figure 4 shows three examples 

characteristic of each disease group. We identified 3 main populations that differed with their 

size (FCS) and granularity (SSC). Population 1, defined by a small size and a low granularity, 

was predominant in patients with OA (Figure 4C). Population 2, characterized by a large size 

and an average granularity, was predominant in the SF of patients with RA (Figure 4A) and 

was also present in lower proportions in patients with gout and OA. Population 3 referred to 

cells of average size and high granularity, which was absent in OA SF (Figure 4C) and 

present in both RA and gout SF (Figure 4A and 4B respectively).  
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Figure 3: Representation of the volume and cellularity of synovial fluid according to the pathology. Volumes in 

milliliters (A) Total number of cells (B) Cell number per milliliter (C) 

 

Cells from the SF were labeled with the appropriate anti-human antibodies to identify the 

following populations: CD4 and CD8 T lymphocytes (CD3
+
), B lymphocytes (CD19

+
), NK 

cells (CD56
+
), monocytes (CD14

+
) and neutrophils (CD66b

+
). Analyses were performed on 

the gated CD45
+
 populations. The percentages of these populations according to the different 

pathologies are shown in Figure 5. 

Concerning lymphocytes, the CD3
+
 population was present in the 3 pathologies but was more 

abundant in the SF from patients with RA and OA. These cells had a similar size-granularity 

pattern as population 1 (Figure 4). Both CD19
+
 and CD56

+
 cells were practically non-existent 

in the 3 different pathologies except for one OA patient whom presented a positive percentage 

of CD56
+
 cells (Figure 5C).  

Regarding CD14
+
 cells, they were mostly found in the SF from patients with RA and gout 

(Figure 5A and 5B). This cell population was less abundant in SF from OA patients compared 

to the other groups (Figure 5C). CD14
+
 cells were comparable to the size-granularity pattern 

of population 2 (Figure 4).  

Finally, SF from patients with RA and gout contained a high proportion of CD66b
+
 cells that 

identifies neutrophils (Figure 5A and 5B). They were present in a smaller proportion in OA 

SF. CD66b
+
 cells were similar to population 3 in terms of size-granularity pattern (Figure 4).  
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Figure 4: Size (FCS-A) and granularity (SSC-A) patterns of SF from 3 patients representing the 3 pathologies 

using flow cytometry. Patient with RA (A) Patient with gout (B) Patient with OA (C)  

 

Figure 5: Analyses of cell populations CD3
+
, CD19

+
, CD14

+
, CD56

+
 and CD66b

+
 contained in the SF using 

flow cytometry. Results are expressed as percentage of marked cells in the RA (A), gout (B) and OA (C) SF.  
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Identification of DC subsets  

Similarly, DCs contained in the SF were identified by an HLA-DR
+
 CD123

+
 CD303

+
 labeling 

for plasmacytoid DCs (pDCs), an HLA-DR
+
 CD11C

+
 and CD1c

+
 or CD141

+
 labeling for the 

conventional DCs subsets i.e cDC1c and cDC141 respectively. The results obtained are 

shown in Figure 6. The size-granularity patterns of these labeled cells were comparable to 

population 2 as previously described (Figure 4).  

Regarding plasmacytoid DCs, their proportion was slightly higher in the SF from RA patients 

compared to gout SF (Figure 6A). The percentage of pDCs was lower in OA SF compared to 

the other groups.  

In regards to the cDCs, their proportions were similar in gout and OA groups for both cDC1c 

and cDC141 (Figure 6B and 6C). Their proportions were higher in RA SF than in the two 

other groups (Figure 6A). 

cDC1c and cDC141 accounted for the majority of these.  

  

Figure 6: Identification of DC subsets contained in the SF using flow cytometry: HLADR
+ 

CD123
+ 

CD303
+
 

(plasmacytoïd DCs), HLADR
+ 

CD11c
+ 

CD1c
+
 (conventional DC1c) and HLADR

+ 
CD11c

+
CD141

+
 (conventional 

DC141). Results are expressed as percentage of labeled cells in the RA (A), gout (B) and OA (C) SF.   

 

Analyses of cellular receptors of interest in the SF  

To determine the expression of TLR2 and CD 209
 
molecules, which are the target receptors of 

interest in our study, we analyzed the percentage of their double expression by DCs in the SF 

in the HLA-DR
+
 population as previously done (Figure 7).  
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Figure 7: Analyses of the expression of cellular receptors of interest in the SF using flow cytometry. Results are 

indicated as percentages of the double expression of TLR2/CD209
 
by pDCs, cDC1c and cCD141 in RA (A), 

gout (B) and OA (C) SF.   

 

For RA SF, cDCs appeared to express both receptors more than pDCs. In particular, cDC141 

had the highest percentage of double positive cells (Figure 7A). On the contrary, in the SF 

from patients with gout, we observed a higher percentage of double expression of both 

receptors for pDCs as compared with the other groups (Figure 7B).  For patients with OA, 

cDC1c displayed the highest percentage of double positive DCs (Figure 7C).   

Measurements of cytokine levels in the SF 

In attempt to characterize more specifically the 3 different groups, we measured the cytokines 

into the SF. Analyses could not be performed for all patients because the amount of SF was 

not sufficient for all of them. The concentrations of INF-γ, IL-12, IL-6 and TNF-α are 

presented in Figure 8.  INF-γ, IL-12, IL-6 were found in all groups of SF (Figure 8A, 8B and 

8C). INF-γ and IL-6 dosages concentrations were higher in RA and gout than in OA SF. IL-

12 concentrations were increased in patients with OA compared to the others groups. On the 

opposite, TNF-α was absent in patients with gout and RA but was found in low concentrations 

in SF from patients with OA (Figure 8D).  
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Figure 8: Cytokine concentrations in the SF of patients with Gout, RA and OA. Results are expressed for each 

cytokine as follows: INF-γ levels in pg/ml (A), IL-12 in pg/ml (B), IL-6 in ng/ml (C) and TNF-α in pg/ml (D).  

 

IL-10 production in the presence of BIC03  

To determine the cellular effects of BIC03, we measured the IL-10 concentrations in SF 

supernatants. We compared the production of IL-10 when SF cells were cultured in complete 

medium and with BIC03 (Figure 9). This was performed for 5 patients including 3 patients 

with RA and 2 patients with gout. We found that IL-10 concentrations were much higher in 

the presence of BIC03 for all patients.  
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Figure 9: Effects of BIC03 on SF cells. Comparison of IL-10 concentrations (pg/ml) when SF supernatants were 

cultured with complete medium and with BIC03. For the 3 patients with RA, the concentrations of IL-10 in the 

presence of BIC03 were 130, 280 and 400 pg/ml. For the 2 patients with gout, the concentrations of IL-10 in 

presence of BIC03 were 140 and 300 pg/ml.  

 

Discussion  

Over the past years, progress has been made in the understanding of DCs in inflammatory 

diseases such as RA or gout. While DC subsets have been identified, their functional 

characterization has been limited by technical reasons making their isolation difficult(31). In 

humans, DC research focused on peripheral blood-derived DC(32). In the current study, our 

aim was to characterize the DC subsets present in the SF from patient with RA, an 

inflammatory disease characterized by a predominant adaptive immune response. We found 

that it contained more conventional DCs than plasmacytoid DCs. In comparison, SF from 

patients with gout, a predominantly innate mediated disease, presented fewer DCs. In the 

control group of OA, cDCs were predominant but less abundant than in the other groups.  

We observed three cellular patterns according to the proportion of CD3
+
, CD14

+
 and CD66

+
 

cells. For patients with gout, CD66
+
 cells were predominant suggesting an accumulation of 

neutrophils as described in the literature(33). Moreover, CD14
+
 cells were identified in lower 

quantity and CD3
+
 were present at a very low percentage indicating the major role of innate 

immunity in this group. For patients with OA, the 3 cell populations were comparable at 

lower levels, implying the intervention of both innate and adaptive immunity in this group in 

agreement with the literature(34). For patients with RA, CD66
+
 were the most abundant cells 
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followed by CD14
+
 and CD3

+
 cells. These results are in favor of both innate and adaptive 

immunity involvement in RA.  

We identified different DC subsets using flow cytometry with the appropriate markers as 

reported in the literature. Hence, pDCs were identified by CD123
+
/CD303

+
 and cDCs by 

CD11c
+
/ CD1c

+
 and CD11c

+
/CD141

+
 labeling in the HLA-DR gate(35,36).  

Our results showed that the proportions of DC1 and DC2 were quite similar in RA SF. 

Conventional DCs include two major subsets defined as conventional DC1 and DC2 that both 

have high major histocompatibility class (MHC) II expression. DC1 are characterized by 

moderate expression of CD11c and high expression of CD141, while DC2 highly express 

CD11c and CD1c(5). Both DCs are known for their major role in antigen cross-presentation. 

It has been shown that DC1 induced a higher Th1 response compared with DC2(3). DC2 have 

been identified as the most potent IL-12 producing APC. They can secrete both IL-12 and IL-

10 in  response to TLR3 or TLR8 stimulation(37,38).  

Plasmacytoid DCs are known for their ability to produce large amounts of type I interferons 

(IFN) in response to a viral infection(39). When activated, they acquire an APC function 

capable of CD4
+
 and CD8

+
 T cells activation(32,40). We found that pDCs were present in the 

SF in higher proportions of patients with RA and gout compared with OA. These results are 

consistent with the literature. Lande R et al., observed a recruitment of pDCs in the SF of 

patients with RA and psoriatic arthritis when compared to patients with OA suggesting 

preferential accumulation of pDCs in inflamed joints. When analyzing the phenotype of pDCs 

contained in the SF, they found that they were similar to immature pDCs in peripheral blood 

i.e without expression of costimulatory molecules(41). This indicates that pDCs found in RA 

SF might fail to induce an immune response.  

Our findings suggesting that cDC subsets are predominant in comparison with pDC subsets in 

RA SF are in accordance with other studies. Cavanagh et al., compared RA SF with RA and 

healthy control peripheral blood for the proportion of CD123
+
 and CD11c

+ 
DCs. They 

demonstrated that pDCs were not present in healthy control synovial tissue but SF from RA 

patients were infiltrated by pDCs, and CD11
+
 DCs were more abundant than CD123

+
 DCs in 

RA SF(42). In a study comparing SF from patients with Juvenile idiopathic arthritis (JIA) and 

septic arthritis (SA), an accumulation of CD141
+
 cDCs and CD123

+
 pDCs was highlighted in 

the SF from JIA patients compared to SA patients(43). JIA and RA patients were quite similar 
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as they are both chronic inflammatory rheumatic diseases, and we know that JIA patients can 

develop RA in adulthood.  

Finally, we aimed at identifying DC subsets in RA SF that express both receptors to be 

targeted by BIC03. We found that cDCs had the highest percentage of concomitant TLR2
+
 

and CD209
+
 receptors. This finding is promising since cDCs where more abundant than pDCs 

in RA SF. According to the literature, pDCs do not express TLR2. Moreover, high levels of 

TLR2 expression by cDC2 have been reported whereas cDC1 seem to express lower 

levels(44). Lamendour et al., described that both cDC1 and cDC2 express CD209 but not 

pDCs(28).  

In the presence of BIC03, we noticed a production of IL-10 in SF supernatants from patients 

with RA and gout. IL-10 is a tolerogenic cytokine blocking the production of pro-

inflammatory cytokines. Hence, BIC03 appeared as able to induce a large amount of IL10 

secretion by SF cells, which might be due to its action on DCs. 

Our study has several limitations. First, we did not reach the number of patients needed per 

group which lower the strength of the results. Secondly, because of BIC03 availability issues 

during the study period, we could tests its effect in all SF. Thus, the results of 5 patients on 

IL-10 production presented herein may somehow limit the robustness of our conclusions.  

Conclusion 

SF from patients with RA contains DCs. Conventional DCs are more abundant than pDCs and 

express both TLR2 and CD209 receptors at a high rate. According to our study, cells from RA 

SF can produce Il-10 in the presence of BIC which could lead to immune tolerance. Thus, 

bispecific antibodies that are directed against TLR2 and CD209 expressed by DCs could 

represent a potential target for new therapeutics in RA. Furthermore studies with a larger 

number of patients are needed to confirm our findings.   
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Effet in vitro d'un anticorps bispécifique ciblant les cellules dendritiques sur 

l'inflammation dans la polyarthrite rhumatoïde. 

Introduction : Les traitements utilisés actuellement dans la polyarthrite rhumatoïde (PR) 

agissent en aval du processus physiopathologique en bloquant l’inflammation. Un nouvel 

anticorps bispécifique a été développé appelé Bispecific Immunomodulator of C-type Lectine 

Receptor (BIC) visant les cellules dentritiques (CDs). Notre objectif était de caractériser les 

sous-populations de CDs présentes dans le liquide synovial (LS) de patients atteints de PR en 

comparaison aux patients atteints de goutte et d’arthrose afin d’étudier l’effet des BIC sur le 

liquide synovial. 

Méthode : Nous avons mené une étude prospective et observationnelle dans le service de 

rhumatologie du centre hospitalier universitaire de Tours. Nous avons inclus des patients 

atteints de PR, d’arthrose primitive ou de goutte se présentant avec une arthrite justifiant une 

ponction du LS. Les données démographiques, anamnestiques et clinico-biologiques ont été 

recueillies à l’inclusion. Les échantillons ont été purifiés et dilués en fonction de la viscosité 

du LS. Les populations cellulaires ont été caractérisées par cytométrie en flux dans chacun des 

trois groupes. Les cytokines IL-10, IL-6, INF-et TNF- ont été mesurées par méthode 

ELISA. Les échantillons ont été ensuite mis en culture avec les BICs et l’IL-10 a été mesuré 

dans le surnageant. 

Résultats : Nous avons analysé le LS de 9, 8 et 7 patients atteints respectivement de PR, 

goutte et arthrose. Nous avons observé que les CDs étaient présentes dans le LS des patients 

atteints de PR où les CDs conventionnels (cDC1c et cDC141) étaient majoritaires. La 

proportion de CDs plasmacytoïdes était plus élevée dans le LS des patients PR en 

comparaison aux patients atteints de goutte et d’arthrose. Nous avons mis en évidence que les 

cellules activées par les BICs secrétaient de l’IL-10 chez tous les patients testés. 

Conclusion : Le LS des patients atteints de PR contient des CDs. Selon notre étude, les CDs 

issus du LS des patients PR produisent de l’IL-10 en présence du BIC menant à un état de 

tolérance immune. Ainsi, les anticorps bispécifiques ciblant les CDs pourraient représenter 

une stratégie intéressante pour de nouvelles thérapeutiques dans la PR. 

Mots clés : polyarthrite rhumatoïde – liquide synovial – cellules dendritiques – sous-

populations de CD – anticorps bispécifiques – interleukine 10 
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