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Understanding the interleukin (IL)-1 family of cytokines

The aim of our current work is focused on better understanding the role of the interleukin (IL)-1 family of cytokines that
comprises IL-1, IL-18, IL-33, 1I-36, IL-37, and IL-38. We are using experimental models of arthritis and other experimental
models of inflammatory diseases. In particular, we have generated several lines of transgenic mice to explore the role of
interleukin-1 cytokines in vivo (see reference 2). More recently we have been working on the role of IL-36 and IL-38 on
inflammatory responses (see references 3, 6, 7, 9, 10)

We are also working on IL-18 in inflammatory rheumatic diseases using both human samples from patients with
inflammatory diseases (see references 5 and 8) and in experimental models in the mouse. The results led to an ongoing
clinical trial using an IL-18 antagonist in adult onset-Still’s disease, an inflammatory rheumatic condition. The results of
this clinical trial will be published in February 2018 (figure below). We showed that among patients with refractory adult
onset-Still’s disease, 50% displayed a clinical and biological response to the administration of the recombinant IL-18
antagonist (tadekinig alfa). Twenty three patients were divided in two groups, ten and thirteen patients received 80 mg
and 160 mg tadekinig alfa three times per week for 12 weeks. After 3 weeks 50% of the patients from each group achieved
pre-defined response criteria. At 12 week the response was maintained with a good safety profile.

The results of a multicenter clinical trial led by our research group. Published by C. Gabay et al. Ann Rheum Dis 2018

Week 3 Week 3 Week 12 Week 12 Week 12

(80 mg) (160 mg) (80 mq) (160 mg) (160 mg)*

(n=10) (n=12) (n=4) (n=12) (n=18)
CRP reduction 250% 4 (40%) 5 (41.7%) 1 (25%) 6 (50%) 7 (38.9%)
CRP reduction 270% 2 (20%) 2 (16.7%) 1 (25%) 6 (50%) 7 (36.8%)
CRP normalisation (<5 mg/L) 2 (20%) 3 (25%) 1 (25%) 4 (33.3%) 4 (22.2%)
Ferritin normalization (€150 mg/L) 2 (20%) 6 (50%) 2 (50%) 6 (50%) 8 (38.9%)
SJC44T o 220%’r 5 (83.3%) 5 (55.6%) 2 (100%0) 8 (88.9%) 10 (76.9%)
T3c44" reduction 220%° 7 (87.5%) 4 (44.4%) 2 (100%) 5 (50%) 8 (50%)
Both joint counts reduction 220% 5 (83.3%) 3 (37.5%) 2 (100%) 5 (62.5%) 7 (58.3%)
Responders at week 3 (1 or 3 + no 5 (50%) 6 (50%) N/A N/A N/A
fever)
Re;p;(;nders at week 12 (2 or 3 or 4 N/A N/A 2 (50%) 7 (58.3%) 8 (44.4%)
an
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We have also examined the role of signalling pathways involved in the modulation of inflammatory responses in
macrophages and other myeloid cells (see reference 1and 11). Our group is involved in various collaborations with
laboratories in France, Spain, and USA.

Publications

1. Salt-inducible kinases (SIK) inhibition reduces RANKL-induced osteoclastogenesis. Lombardi M.S,, Gilliéron C.,
Berkelaar M., Gabay C.: PLoS One 2017; 12: e0185426

2. Deficiency in IL-1 receptor type 2 aggravated K/BxN serum transfer-induced arthritis in mice, but has no impact in
systemic inflammatory responses. Martin P., Palmer G., Rodriguez E., Seemayer C.A., Palomo J., Talabot-Ayer D.,
Gabay C.: J Immunol 2017; 198: 2916-2926 [IF 4.99]

3. 1L-38 overexpression induces anti-inflammatory effects in mice arthritis models and in human macrophages in vitro.
Boutet M.A,, Najm A,, Bart G., Brion R., Touchais S., Trichet V., Layrolle P., Gabay C., Palmer G., Blanchard F., Le Goff B.:
Ann Rheum Dis 2017; 76: 1304-1312 [IF 12.3]

4. Granzame A contributes to inflammatory arthritis through stimulation of osteoclastogenesis. Santiago L., Menaa C,,
arias M., Martin P., Jaime-Sanchez P., Metkar S., Comas L., Erill N., Gonzalez-Rumayor V., Esser E., Galvez E.M,, Raja S.,
Simon M.M,, Sprague S.M., Gabay C., Martinez-Lostao L., Pardo J., Froelich C.J.: Arthritis Rheumatol 2017; 69: 320-334
[IF 8.96]

5. Life-threatening NLRC4-associated hyperinflammation successfully treated with Interleukin-18 inhibition. Canna S.,
Girard C., Malle L., de Jesus A., Romberg N., Kelsen J., Surrey L.F., Russo P., sleight A., Schiffrin E., Gabay C., Goldbach-
Mansky R., Behrens E.M.: J Clin Immunol Allergy 2017; 139: 1698-1701 [IF 12.48]

6. IL-36-induced toxicity in neonatal mice involves TNF-a production by myeloid cells. Palomo J., Mastelic-Gavillet B.,
Woldt E., Troccaz S., Rodriguez E., Palmer G., Siegrist C.-A., Gabay C.: J Immunol 2016; 197: 2239-49 [IF 4.99]

7. IL-1R1-MyD88 axis elicits papain-induced lung inflammation. Agoro R., Piotet-Morin J., Palomo J., Michaudel C,,
Vigne S., Maillet I., Chenuet P., Guillou N., Bérichel J.L., Kisielow M., Flodby U.P., Bert M.L., Quesniaux V., Muller M.,
Padova F.D., Ryffel B., Gabay C., Couturier-Maillard A.: Eur J Immunol 2016; 46: 2531-2541 [IF 4.18]

8. Elevated serum levels of free interleukin-18 in adult onset Still’s disease. Girard C., Rech J., Brown M,, Allali D., Roux-
Lombard P., Spertini F., Schiffrin E., Schett G., Manger B., Bas S., Del Val G., Gabay C.: Rheumatology 2016; 55: 2237-
2247 [IF 4.52]

9. Interkeukin-36 potently stimulates human M2 macrophages, Langerhans cells and keratinocytes to produce pro-
inflammatory cytokines. Dietrich D., Martin P., Flacher V., Sun Y., Jarossay D., Brembilla N., Arnett H.A., Palmer G.,
Towne J., Gabay C.: Cytokine 2016; 84: 88-98 [IF 2.94]

10. Distinct expression of IL-36¢, B, v, their antagonist IL-36Ra and IL-38 in psoriasis, rheumatoid arthritis, and Crohn’s
disease. Boutet M.A,, Bart G., Penthoat M., Amiaud J., Brulin B., Charrier C., Morel F., Lecron J.C., Rolli-Derkinderen M,,
Bourreille A., Vigne S., Gabay C., Palmer G., Le Goff B., Blanchard F.: Clin Exp Immunol 2016; 184: 159-73 [IF 3.15]

11. SIK inhibition in human myeloid cells modulates TLR and IL-1R signaling and induces an anti-inflammatory
phenotype. Lombardi M.S,, Gilliéron C., Dietrich D., Gabay C.: J Leukoc Biol 2016; 99: 711-21 [IF 4.16]
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Autophagy in the deregulation of the immune response in autoimmune and

inflammatory disorders

Macroautophagy is a major catabolic pathway in the cells, which constantly delivers cytoplasmic constituents and
organelles to the lysosomal compartment for degradation. The pathway is an important contributor of cellular
homeostasis, and therefore is active and up-regulated in various conditions of cellular stress and inflammation. In this
context macrautophagy has been implicated in shaping the innate and adaptive immune responses by acting at
multiple and diverse levels such as cytokine secretion, and antigen presentation. Therefore, it is not surprising that
macroautophagy has recently been linked to the initiation and onset of autoimmune diseases. Interestingly in
rheumatoid arthritis (RA) the SNP rs548234, located 133kb from the ATG5 region was shown to be associated to the
risk of developing RA.

The focus of our laboratory is the contribution of autophagy to the pathogenesis of rheumatoid arthritis and
ankylosing spondylitis.

In order to address the contribution of macroautophagy to the adaptive immune response during arthritis, we used
two mice models of arthritis, the collagen induced arthritis model (CIA), and the antigen induced arthritis (AIA) model
in mice deficient for autophagy in their dendritic cells or in their macrophages. In the AIA model, we found that mice
lacking autophagy in their dendritic cells (DC/ATG5-/-) showed enhanced cartilage destruction and bone erosion
compare to their littermate controls. In the CIA model, clinical scores were more severe in (DC/ATG5-/-) mice.
Interestingly, the Th17 response in DC/ATG5-/- mice was significantly increased in both models of arthritis. We have
shown that the mechanism behind this phenotype is related to the instability of regulatory T cells (Tregs) in context of
inflammation, in DC/ATG5-/- mice. This work identifies autophagy as a negative regulator of the immune response in
an arthritis mouse model. We are now investigating the precise mechanism of how autophagy in antigen presenting
cells impact the function and stability of the regulatory T cell compartment upon inflammation.

During the course of RA, our data indicate that autophagy is up regulated in synovial biopsies of patients, in different
cellular subsets. We have therefore analysed the role of autophagy in the degradation of different auto-antigens
relevant to RA. We found that autophagy regulates the degradation of both the vimentin and the alpha-enolase in
different cell types including dendritic cells, and synovial fibroblasts. We are now investigating the contribution of the
pathway to antigen presentation and citrullination of selected DR4 epitopes from these autoantigens.

Finally we have defined a new role for macroautophagy in controlling both the internalization and degradation of MHC
class I molecules, in mouse antigen presenting cells. The precise molecular mechanism involves the adaptor-associated
kinase 1 (AAK1), which binds LC3 and MHC class 1 molecules and targets them to autophagosomes. We have translated
this finding in human cells. We have shown an involvement of autophagy in human HLA class 1 surface expression and
degradation. Interestingly, the allele HLA-B*27:05, associated with ankylosing spondylitis (AS), seems not to be
affected by gain and loss of functions experiments. We are currently adressing the molecular mechanism behind this
phenotype, in order to understand why B27 escape autophagic degradation.

We hope to unravel with our projects some new aspects of macroautophagy regulation of the adaptive immune
response during autoimmune and inflammatory disorders. Using both mouse models and human samples and cells,
our projects are addressing how autophagy can play a role in different inflammatory context and autoimmune set up,
with a focus on rheumatoid arthritis and ankylosing spondylitis.



.m
Institute for Arthritis Research

Institut fur Rheumaforschung
Institut pour la recherche en rhumatologie

Publications

The autophagy machinery restrains iNKT cell activation through CD1D internalization Keller CW, Loi M, Ewert S, Quast
I, Theiler R, Gannagé M, Miinz C, De Libero G, Freigang S, Linemann JD (Autophagy. 2017 Mar 15:1-12) Impact Factor:
11. 019

ATGs help MHC class Il, but inhibit MHC class |, antigen presentation Monica Loi, Monique Gannagé and Christian Miinz
(Autophagy, 2016 July 20:) Impact Factor: 11. 019

Macroautophagy proteins control MHC class | levels on dendritic cells and shape anti-viral CD8+ T cell responses Loi
M, Lippmann A, Steinbach K, Barreira da Silva R, Nowag H, Albrecht R, Garcia-Sastre A , Merkler D, Miinz C* and
Gannagé M* (co-last authors) Cell Report. 2016 May 3;15(5):1076-87. Impact Factor: 8.28

The tumor antigen NY-ESO-1 mediates direct recognition of melanoma cells by CD4+ T cells after intercellular antigen
transfer Fonteneau J, Brilot F, Munz C, Gannagé M J Immunol. 2016 Jan 1;196(1):64-71. Impact Factor: 5.18

Macroautophagy in endogenous processing of self- and pathogen-derived antigens for MHC class Il presentation
Duares F, Niven J, Hugues S*and Gannagé M* Front Immunol. 2015 Sep 22;6:459. Impact Factor: 6.429

Guidelines for the Use and Interpretation of Assays for Monitoring Autophagy Klionsky D, Abdelmohsen K, Abe A.
Gannagé M. Zong, Antonio Zorzano, and Zughaier S. Autophagy. 2016 Jan 2;12(1):1-222. Impact Factor: 11.019
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Immune response in human inflammatory pathologies

In the last years, a growing amount of evidence supports the involvement of viral infections in the pathology of
rheumatoid arthritis (RA). Toll-like receptors (TLRs) expressed by macrophages or RA synovial fibroblasts could play a
major role in initiating a potent, type 1 interferon driven, pro-inflammatory response. Indeed, several viruses, including
alphaviruses, HCV, HIV and parvovirus B19 have been found in the synovial tissue and have been implicated in the
development of RA. TLRs play a fundamental role in the initiation and self-perpetuation of RA, inducing the production
of pro-inflammatory cytokines, which lead to the recruitment of inflammatory cells and consequent tissue damage,
resulting in cell death and release of more TLR ligands, creating a vicious cycle.

To guide treatment strategies, to better predict, avoid, and manage the complications of such hyper-inflammatory
processes, we reported macrophage survival assays using different TLRs and set-up drug screens using high content
microscopy. This in turn could have an impact on potential synergistic therapeutic effects for inflammatory diseases with,
or without, a viral component.

In paralell, we focused on the importance of TLR3 and searched for signaling pathways implicated in the survival of
macrophages and we reported the essential role of IFN-B in driving the production of IL-6 and TNF-a. We furthermore
examined the relevance of IL-17 in the inflammatory response and in the spreading of inflammation to secondary sites
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in immuno-compromised situations. We additionally demonstrated that inflammation can be reactivated by subsequent
infection and determined the importance of TLR3, IFN-B and its activation in the poor responsiveness to specific drugs.
In clinically related investigations, we demonstrated that co-infection could be predictive of clinical complications such
as first-line treatment failure, increased and reactivated inflammation, and symptomatic relapses, which are relevant in
RA.

Publications

Leishmania-RNA virus presence in L. guyanensis parasites increases the risk of first-line treatment failure and
symptomatic relapse. E. Bourreau, M. Ginouves, G. Prévot, M.-A. Hartley, J-P. Gangneux, F. Robert-Gangneux, J.
Dufour, D. Sainte Marie, A. Bertolotti, F. Pratlong, R. Martin, F. Schitz, P. Couppié, N. Fasel and C. Ronet. J. Infectious
Diseases DOI: 10.1093/infdis/jiv355 (2016)

Unveiling the Role of The Integrated Endoplasmic Reticulum Stress Response in Leishmania infection. K.L. Dias-
Teixeira, R.M. Pereira, J.S. Silva, N. Fasel N, B.H. Aktas and U.G. Lopes. Front. Immunol. doi: 10.3389/fimmu.2016.00283
(2016)

Leishmania RNA virus dependent metastatic leishmaniasis is mediated by IL-17A in the absence of IFN-a. M.-A.
Hartley, E. Bourreau, M. Rossi, P. Castiglioni, R. O. Eren, F. Prevel, P. Couppié, S. M. Hickerson, P. Launois, S. M.
Beverley, C. Ronet and N. Fasel. PLoS Pathog 12(9): e1005852. doi:10.1371/journal.ppat.1005852 (2016)

Antiviral response promotes Leishmania parasite persistence by increasing macrophage survival. R. O. Eren, M.
Reverte, M. Rossi, M.-A. Hartley, P. Castiglioni, F. Prevel, R. Martin, C. Desponds, L.-F. Lye, S. K. Drexler, W. Reith, S.M.
Beverley, C. Ronet and N. Fasel. Cell Host and Microbes (20(3) pp. 318-328)(2016)

Tilting the balance between RNA interference and replication eradicates Leishmania RNA virus Tand mitigates the
inflammatory response. E. A. Brettmann, J.S. Shaik, H. Zangger, L.F. Lye, F.M. Kuhlmann, N.S. Akopyants, D.M.
Oschwald, K.L. Owens, S.M. Hickerson, C. Ronet, N. Fasel and S.M. Beverley, Proc. Natl. Acad. Sci 113(43) pp. 11998-
12005 (2016)

Anti-viral Screening ldentifies Adenosine Analogs Targeting the Endogenous dsRNA Leishmania RNA Virus 1 (LRV1) F.
M. Kuhlmann, J. Robinson, G. Bleumling, C. Ronet, N. Fasel, and S. M. Beverley. Pathogenicity Factor PNAS. Jan 17 .
(PMID: 28096399) (2017)

Exacerbated Leishmaniasis Caused by a Viral Endosymbiont can be Prevented by Immunization with Its Viral Capsid.
Castiglioni P, Hartley MA, Rossi M, Prevel F, Desponds C, Utzschneider DT, Eren RO, Zangger H, Brunner L, Collin N,
Zehn D, Kuhlmann FM, Beverley SM, Fasel N, Ronet C. PLOS Neglected Tropical Diseases Jan 18 : 11 (1)(2017)

Type | interferons induced by endogenous or exogenous viral infections promote metastasis and relapse of
leishmaniasis M. Rossi, P. Castiglioni, M.-A. Hartley, R. O. Eren, F. Prével, C. Desponds, D. T. Utzschneider, D. Zehn, M. G.
Cusi, F. M. Kuhlmann, S. M. Beverley, C. Ronet, N. Fasel. Proc. Natl. Acad. Sci 114: 4987-4992, doi:
10.1073/pnas.1621447114 (2017)

Macrophage survival assay using high content microscopy. R.O. Eren R.O. and Fasel N. BioProtocols (in press) (2017)

Repurposing drugs for the treatment of metastatic leishmaniasis using a semi-automated image-based high-
throughput drug screening approach. R.O. Eren R.O., Kopelyanskiy D., D. Moreau and N. Fasel. Frontiers in Bioscience
(in press) (2017)

Systems Approach Reveals Nuclear Factor Erythroid 2-Related Factor 2/Protein Kinase R Crosstalk in Human
Cutaneous Leishmaniasis. A.C. Vivarini et al. Frontiers in Immunology (in press) (2017)

Emerging Role for the PERK/elF2o/ATF4 K.L. Dias-Teixeiraa, T.C. Calegari-Silva, J.M. Medina, A.C. Vivarini, A.
Cavalcanti, N. Teteo, A. K. M. Santana, F. Real, C. M. Gomes, N. Fasel, J.S. Silva, B.H. Aktas, and U. G. Lopes. in Human
Cutaneous Leishmaniasis. Scientific Reports, (in press) (2017)
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Epigenetic changes in Rheumatoid Arthritis (RA)

Synovial fibroblasts are the major stromal cells in the joint synovium and play a crucial part in inflammation and joint
destruction in RA. With funding from the iAR we were able to create a comprehensive epigenetic profile of human
synovial fibroblasts isolated from different joints, disease conditions and under basal or stimulatory (TNF) conditions.
We can use this information to decipher how these cells are activated in RA, how they contribute to disease and how
they can be therapeutically targeted. This work was presented at the EULAR 2017 congress, June 2017, Madrid, Spain, as
oral presentation and at the Annual iAR (IRR-IRF) Meeting, December 2017, Lausanne, Switzerland. We have further
shown that the epigenetic configuration at gene promoters of synovial fibroblasts and macrophages regulates cell type-
specific LPS-induced responses. This primes synovial fibroblasts to sustain their inflammatory response in chronic
arthritis and enhances their inflammatory and destructive response during repeated activation of Toll-like receptor 4.

Epigenetic changes are long-lasting changes in gene expression and can be transmitted from parents to offspring. We
analyse epigenetic changes in sperm of patients with rheumatic diseases and in the blood of pregnant patients with
rheumatoid arthritis and systemic lupus erythematodes to clarify the influence of transgenerational epigenetic
inheritance in the development of rheumatic diseases.

Apoptosis resistance contributes to the massive accumulation of synoviocytes in the affected joints of patients with RA.
Of particular interest, the Fas receptor (FasR) - Fas ligand (FasL) apoptotic pathway appears altered in RA synovial
fibroblasts (RASF) resulting in increased amounts of soluble FasR (sFasR) which prevents FasL-induced cell death. Our
data revealed a mechanism, which may underlie apoptosis-resistance in RASF. We could show that in a pro-inflammatory
cytokine milieu upregulated FAS-AS1 lowers the responsiveness of cells to death signals. Thus, targeting INCRNA FAS-
AS1 might prevent apoptosis resistance and synovial hyperplasia in RA.

Publications

Association between circulating miRNAs and spinal involvement in patients with axial spondyloarthritis. Prajzlerova K,
Grobelna K, Husdkova M, Forejtova S, Jungel A, Gay S, Vencovsky J, Pavelka K, Senolt L, Filkovd M. PLoS One. 2017 Sep
22:12(9):e0185323. doi: 10.1371/journal.pone.0185323. eCollection 2017.

Interleukin-36 receptor mediates the crosstalk between plasma cells and synovial fibroblasts. Schmitt V, Hahn M,
Kastele V, Wagner O, Wiend| M, Derer A, Taddeo A, Hahne S, Radbruch A, Jack HM, Schuh W, Mielenz D, Gay S, Schett
G, Hueber AJ, Frey S. Eur J Immunol. 2017 Dec;47(12):2101-2112. doi: 10.1002/eji.201646788. Epub 2017 Sep 22.

The epigenetic architecture at gene promoters determines cell type-specific LPS tolerance. Klein K, Frank-Bertoncelj M,
Karouzakis E, Gay RE, Kolling C, Ciurea A, Bostanci N, Belibasakis GN, Lin LL, Distler O, Gay S, Ospelt C. J Autoimmun.
2017 Sep;83:122-133. doi: 10.1016/j.jaut.2017.07.001. Epub 2017 Jul 9.
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Tie2 as a novel key factor of microangiopathy in systemic sclerosis. Moritz F, Schniering J, Distler JHW, Gay RE, Gay S,
Distler O, Maurer B. Arthritis Res Ther. 2017 May 25;19(1):105. doi: 10.1186/513075-017-1304-2.

Genomic responses of mouse synovial fibroblasts during tumor necrosis factor-driven arthritogenesis greatly mimic
those in human rheumatoid arthritis. Ntougkos E, Chouvardas P, Roumelioti F, Ospelt C, Frank-Bertoncelj M, Filer A,
Buckley CD, Gay S, Nikolaou C, Kollias G. Arthritis Rheumatol. 2017 Aug;69(8):1588-1600. doi: 10.1002/art.40128. Epub
2017 Jul 5.

Epigenetics of the immune system and alterations in inflammation and autoimmunity. Tost J, Gay S, Firestein G.
Epigenomics. 2017 Apr;9(4):371-373. doi: 10.2217/epi-2017-0026.

Epigenetically-driven anatomical diversity of synovial fibroblasts guides joint-specific fibroblast functions. Frank-
Bertoncelj M, Trenkmann M, Klein K, Karouzakis E, Rehrauer H, Bratus A, Kolling C, Armaka M, Filer A, Michel BA, Gay
RE, Buckley CD, Kollias G, Gay S, Ospelt C. Nat Commun. 2017 Mar 23;8:14852. doi: 10.1038/ncomms14852.

Epigenetics in the pathogenesis of RA. Ospelt C, Gay S, Klein K. Semin Immunopathol. 2017 Jun;39(4):409-419. doi:
10.1007/s00281-017-0621-5. Epub 2017 Mar 21.

Interplay between genetic and epigenetic mechanisms in rheumatoid arthritis. Frank-Bertoncelj M, Klein K, Gay S.
Epigenomics. 2017 Apr;9(4):493-504. doi: 10.2217/epi-2016-0142. Epub 2017 Mar 21.

Synovial fibroblasts selectively suppress Th1 cell responses through IDO1-mediated tryptophan catabolism. Tykocinski
LO, Lauffer AM, Bohnen A, Kaul NC, Krienke S, Tretter T, Adam I, Mohapatra SR, Saikali P, L6hning M, Neidhart M, Gay S,
Oezen |, Platten M, Opitz CA, Lorenz HM. J Immunol. 2017 Apr 15;198(8):3109-3117. doi: 10.4049/jimmunol.1600600.
Epub 2017 Mar 6.

Carbamylation of vimentin is inducible by smoking and represents an independent autoantigen in rheumatoid arthritis.
Ospelt C, Bang H, Feist E, Camici G, Keller S, Detert J, Kramer A, Gay S, Ghannam K, Burmester GR. Ann Rheum Dis.
2017 Jul;76(7):1176-1183. doi: 10.1136/annrheumdis-2016-210059. Epub 2017 Feb 9.

Rheumatoid arthritis: TAK-ing the road to suppress inflammation in synovial fibroblasts. Frank-Bertoncelj M, Gay S. Nat
Rev Rheumatol. 2017 Mar;13(3):133-134. doi: 10.1038/nrrheum.2016.220. Epub 2017 Jan 12.

Synovial fibroblasts in 2017. Ospelt C. RMD Open. 2017 Oct 15;3(2):e000471. doi: 10.1136/rmdopen-2017-000471.
eCollection 2017.

Why location matters - site-specific factors in rheumatic diseases. Ospelt C, Frank-Bertoncelj M. Nat Rev Rheumatol.
2017 Jul;13(7):433-442. doi: 10.1038/nrrheum.2017.96. Epub 2017 Jun 15.



.m
Institute for Arthritis Research

Institut fur Rheumaforschung
Institut pour la recherche en rhumatologie

IMPRESSUM

Text: Cem Gabay, Monique Gannagé, Nicolas Fasel, Caroline Ospelt,
Photo credits: Judith Safford, Drazen Lovric (p. 9),

CONTACTS

SCIENTIFIC COORDINATION COMMUNICATIONS & FUNDRAISING
Prof. Cem Gabay Dr. Judith Safford
Hopitaux Universitaire de Genéve Institute for Arthritis Research
Head, Division of Rheumatology Chemin des Boveresses 155
Avenue Beau-Séjour 26 Case postale 51
1211 Geneva 14 1066 Epalinges
+4122 372 35 00 +4176 67510 66
cem.gabay@hcuge.ch judith.safford@irr-research.org
www.irr-research.org www.irr-research.org

9



