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Programme overview 

8.30 – 9.15  Registration and welcome coffee  

9.15 – 9.30  Welcome address – Renato Monteiro 

Session 1 

Chair: Laurence Ringenbach, Hans Yssel 

Keynote lecture  

9.30 – 10.15  
Christophe Blanchetot (Argen-X, The Nederlands) 

Phage display technology for the generation of nanobodies 

Selected communications  

10.15  Margarida Gomes (Institut Pasteur, Paris) 

High throughput selection of llama nanobodies against sGP protein of Ebola Virus using 

droplet-based microfluidics 

10.35  Klervi Desrumeaux (Sanofi, Antony) 

Which antibody source leads to success? A comparison study between immune, synthetic, 

and naive libraries for phage display antibody discovery 

11.00 – 11.30  Coffee break – B2B meetings – Poster session – Exhibition hall  

Selected communications  

11.30  Clément Nizak (ESPCI CNRS, Paris) 

Parameters and determinants of responses to selection in antibody libraries 

11.50  Jean-Christophe Rain (Hybrigenics services, Evry Génopôle) 

In vitro selection, validation & optimization of synthetic single-domain antibodies for Tau 

Flash poster presentations  

12.10 Alexia Tavares Kanyavuz (INSERM U1138, Paris) 

Heme as a modulator of the therapeutic efficacy of anti-cancer antibodies 

12.13 Gabriel Aymé (Institut Pasteur, Paris) 

Establishing An Automated Pipeline For Nanobodies Screening And Expression 

12.16 Astrid Musnier (MAbSilico, Nouzilly) 

In silico characterization of antibodies: A case study on an anti-CXCR4 nanobody 

12.19 Melissa Sedkaoui (University of Technology of Compiègne) 

scFv selection against endothelin receptors B by phage-display on whole cells 

12.22 Coline Sivelle (CEA Saclay, Gif-sur-Yvette) 

Dealing with immunogenicity: design of adalimumab mutants with reduced 

immunogenicity potential and increased activity 

12.25 Thomas Secher (Université de Tours, Tours) 

Immunogenicity of aerosolized monoclonal antibodies 

12.30 – 14.00  Lunch – B2B meetings – Poster session – Exhibition hall 
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Session 2 

Chair: Valérie Gouilleux-Gruart, Claudine Vermot-Desroches 

Keynote lecture  

14.00 – 14.45  
Sally Ward (University of Southampton, United Kingdom) 

Antibody engineering and functional targeting of the FcRn  

Selected communications  

14.45 Laurent Gauthier (Innate Pharma, Marseille) 

Multifunctional natural killer cell engagers targeting NKp46 trigger protective tumor 

immunity 

15.05  Angelina Mimoun (Centre de recherche des Cordeliers, Paris) 

Towards the transplacental delivery of maternal FVIII to FVIII-deficient progeny for 

induction of active immune tolerance to therapeutic FVIII 

Flash poster presentations 

15.25 Myriam Nabhan (Inserm UMR-996, Châtenay-Malabry) 

FcγRIIa-Syk axis controls human dendritic cells activation by infliximab aggregates and T 

cell response 

15.28 Laurent Reber (ATIP Avenir team "Asthma, Allergy & Immunotherapy" CPTP, Toulouse 

The anti-IgE antibody Omalizumab can induce adverse reactions through engagement of 

Fc gamma receptors 

15.31 Maxime Moulard (BioCytex, Marseille) 

Validation of a newly quantitative flow cytometry density assay to assess CD38 density in 

whole blood and bone marrow samples from  multiple myeloma patients 

15.34 Bernard Maillere (CEA, Gif sur Yvette) 

Impact of pegylation and aggregation on T cell recognition of therapeutic antibodies 

15.37 Coraline Borowczyk (CRMSB UMR5536, Bordeaux) 

Autofluorescent intracellular NADH and FAD may be used to detect atheromatous plaque 

15.40 Bénédicte Gagny (PROMEGA FRANCE, Charbonnières-Les-Bains) 

Novel reporter-based bioassays for evaluating FcγR-dependent functions of therapeutic 

antibodies 

15.45 – 16.15  Coffee break – B2B meetings – Poster session – Exhibition hall 

Selected communications  

16.15 Meriem Bahri (CRCINA Inserm U1232, Nantes) 

Rethinking anti-GD2 immunotherapeutic approaches to high-risk neuroblastoma 

16.35 Philippe Mondon (LFB Biotechnologies, Courtaboeuf) 

Dual targeting of FcRn and FcgRs via an innovative monomeric Fc fragment allows a 

superior inhibition of IgG dependent autoimmune pathologies 

16.55 Yanis Ramdani (Groupe innovation et Ciblage Cellulaire, Tours) 

Role of the neonatal Fc receptor in the pathophysiology of lupus 

17.15 – 17.30  Concluding remarks – Hervé Watier  

 



2nd Journées du Club Anticorps – Tuesday, Octobre 8th 2019 

5 
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Selected for oral communication 

First session 

Margarida Gomes (Institut Pasteur, Paris)  

High throughput selection of llama nanobodies against sGP protein of Ebola Virus using droplet-based 
microfluidics 
Margarida D. Gomes1*, Angga Perima2*, Maria C. Marinozzi1, Guillaume Mottet2, Federico Carrión3, Otto Pritsch3, Pierre 
Bruhns2 & Pierre Lafaye1 
1 Antibodies engineering platform, Institut Pasteur, Paris, France 
2 Antibodies in Therapy and Pathology, UMR INSERM 1222, Institut Pasteur, Paris, France 
3 Immunology Department, Institut Pasteur de Montevideo, Uruguay 
*Authors contributed equally to this work 

The variable domains of single chain IgG (scIgG; 90 kDa) of Camelidae are called VHH or nanobodies (15 kDa). They are 
highly stable and can be easily produced in the cytosol of bacteria, which make these antibody fragments very 
attractive to develop biotechnological and diagnostic tools. The classical identification and production of antigen-
specific VHH starts with animal immunization, VHH library generation, screening by rounds of phage display and 
selection against the antigen. This approach is laborious and time-consuming (4-6 months) and only a few antigen-
specific VHH candidates can be isolated. High-throughput techniques such as droplet-based microfluidics can be 
employed to screen a large collection of antibodies against a specific antigen quickly and efficiently. These systems use 
monodispersed aqueous droplets in a continuous oil phase as independent bio-compatible micro-reactors. As a proof 
of concept, we developed a pipeline to screen and sort antibody secreting-cells (ASC) producing scIgG specific for the 
sGP protein from Ebola virus. Screening is based on a double fluorescent sandwich ELISA assay in 40-50pL droplets 
containing one cell per droplet. In this assay we create a physical surface with magnetic beads (a beadline) 
functionalized with a scIgG capture antibody, an anti-llama IgG labeled with red fluorescence and the sGP protein 
labeled with green fluorescence. If the cell in the droplet produces scIgG, it will be absorbed by the beadline and the 
red fluorescence will relocalize onto this beadline. If this scIgG is specific for the target antigen, the green fluorescence 
will also relocalize onto the beadline. Flowing these drops through a sorting chip scanned by a laser, droplets containing 
relocalized red and green signals are sorted.  Antigen-specific VHH can be isolated from a wide population of droplets 
with this pipeline and their DNA sequences can be obtained by next generation sequencing. 
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Klervi Desrumeaux (Sanofi, Antony) 

Which antibody source leads to success? A comparison study between immune, synthetic, and naive libraries 
for phage display antibody discovery 
Klervi Desrumeaux, Melody Shahsavarian, Marie Gagnaire, Rival Pierrick, Pierre-Francois Berne, Qing Zhou-Liu, Nicolas 
Mouz, Emmanuelle Vigne 
Sanofi, Biologics Research, France 

Phage display has been recognized as a transformative technology with significant impact in medical science through 
the 2018 Nobel Prize for Chemistry. Antibody phage display has become an indispensable tool for the discovery and 
optimization of monoclonal antibodies, suitable for demanding applications such as new pharmaceutical drug 
development. The way the initial diversity is generated can highly impact the quality, affinity, sequences and function 
of antibodies generated and hence the effectiveness of this methodology.  
In this study, we compare the performance of three human antibody libraries on four distinct targets: i) a combinatorial 
naïve library generated from human healthy donors with a diversity of 109; ii) a human fully synthetic library, with a 
diversity of 1010; and iii) combinatorial immune libraries, generated from humanized transgenic mice immunized with 
the corresponding targets with a diversity of 108. After quality control of immune libraries by NGS confirming the 
correct representation of all mice repertoires, phage display selections were performed and analyzed by NGS for 
complete understanding of repertoire evolution during the enrichment process. Several hundred antigen-specific 
antibodies were isolated and fully characterized in terms of sequence, affinity, epitope diversity and functionality.  
Our results show that all libraries yielded antigen-specific antibodies with varying attributes and diversity and 
demonstrate the complementarity between library sources. 
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Clément Nizak (ESPCI CNRS, Paris) 

Parameters and determinants of responses to selection in antibody libraries 
Steven Schulz *, Sébastien Boyer **, Matteo Smerlak ***, Simona Cocco ****, Rémi Monasson ****, Clément Nizak 
*****, and Olivier Rivoire * 
* Center for Interdisciplinary Research in Biology (CIRB), Collège de France, CNRS UMR 7241, INSERM U1050, PSL 
University, Paris, France 
** Département de biochimie, Faculté de Médecine, Université de Montréal, Montréal, Canada 
*** Max Planck Institute for Mathematics in the Sciences, Leipzig, Germany 
**** Laboratory of Physics of Ecole Normale Supérieure, UMR 8023, CNRS & PSL University, Paris, France 
***** Chimie Biologie Innovation, ESPCI Paris, CNRS, PSL University, Paris, France 

Antibody repertoires contain binders to nearly any target antigen. The sequences of these antibodies differ mostly at 
few sites located on the surface of a scaffold that itself consists of much less varied amino acids. What is the impact 
of this scaffold on the response to selection of a repertoire? To gauge this impact, we carried out quantitative phage 
display experiments with three antibody libraries based on distinct scaffolds harboring the same diversity at 
randomized sites, which we selected for binding to four arbitrary targets. We first show that the response to selection 
of an antibody library is captured by a simple and measurable parameter with direct physical and information-
theoretic interpretations. Second, we identify a major determinant of this parameter which is encoded in the scaffold, 
its degree of evolutionary maturation. Antibodies undergo an accelerated evolutionary process, called affinity 
maturation, to improve their affinity to a given target antigen as part of the adaptive immune response. We find that 
libraries of antibodies built around such maturated scaffolds have a lower response to selection to other arbitrary 
targets than libraries built around naïve scaffolds of germline origin. Our results are a first step towards quantifying 
and controlling the evolutionary potential of biomolecules. 
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Jean-Christophe RAIN (Hybrigenics services, EVRY Génopôle) 

In vitro selection, validation & optimization of synthetic single-domain antibodies for Tau 
Jean-Christophe Rain, Hybrigenics Services, Evry, France 
Elian Dupré, UMR8576 CNRS-Lille University, Lille, France 
Clement Danis, UMR8576 CNRS-Lille University, Lille, France 
Alexis Arrial, Hybrigenics Services, Evry, France 
Morvane Colin, Univ. Lille, Inserm, CHU-Lille, UMRS1172, Lille, France 
Luc Buée, Univ. Lille, Inserm, CHU-Lille, UMRS1172, Lille, France 
Isabelle Landrieu, UMR8576 CNRS-Lille University, Lille, France 

We have developed a new platform for VHH screening and have designed for this purpose a fully synthetic humanized 
naïve Llama VHH library containing 3x10exp9 antibodies, based on a unique scaffold with random complementary 
determining regions (CDRs) (1). We use a combination of phage display and subsequent yeast two-hybrid (Y2H) or 
yeast display screening to identify nanobodies® against native antigens and intrabodies that express from the cells and 
active in the cytoplasm.  
From this library, we have successfully selected VHH against a variety of antigens including large proteins, haptens and 
receptors directly selected from cell surface expression. The affinity of our VHH is similar to the affinity of antibodies 
selected after animal immunization. 
Here, we will show the selection and characterization of VHH intrabodies against Tau and phospho-Tau. Several VHH 
sharing the same CDR3 recognition loop and binding to the same epitope in the C-terminus of Tau were selected. We 
further optimized the binding affinity of one of the Tau-specific VHH using a combination of limited random 
mutagenesis and Y2H screening. 
Among the anti-Tau VHH, some are also active as inhibitor of TAU aggregation in vitro. This VHH switch to intrabody 
is also active against this phenotype in a cellular reporter system. 
Those results illustrate the interest of this synthetic biology approach apply to VHH selection.  
 
(1) Moutel S. et al. Elife 2016, 19 : 5 
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Second session 

Laurent Gauthier (Innate Pharma, Marseille) 

Multifunctional natural killer cell engagers targeting NKp46 trigger protective tumor immunity 
Laurent Gauthier1, Ariane Morel1, Nadia Anceriz1, Benjamin Rossi1, Audrey Blanchard-Alvarez1, Gwendoline Grondin1, 
Sylvia Trichard1, Cédric Cesari1, Melody Sapet1, Frédéric Bosco1, Hélène Rispaud-Blanc1, Franceline Guillot1, Stéphanie 
Cornen1, Alain Roussel2, Béatrice Amigues2, Guillaume Habif1, Flavien Caraguel1, Sandrine Arrufat1, Romain Remark1, 
François Romagné3, Yannis Morel1, Emilie Narni-Mancinelli4, Eric Vivier1,4,5. 
1 Innate Pharma, Marseille, France  
2 Aix Marseille Université, CNRS, Architecture et Fonction des Macromolécule Biologiques, Marseille, France 
3 MI-mAbs, Aix Marseille Université, 117 Avenue de Luminy, 13009 Marseille, France 
4 Aix Marseille Université, INSERM, CNRS, Centre d’Immunologie de Marseille-Luminy, Marseille, France 
5 Service d’Immunologie, Marseille Immunopole, Hôpital de la Timone, Assistance Publique-Hôpitaux de Marseille, 
Marseille, France 

Over the last decade, various new therapies have been developed to promote anti-tumor immunity. Despite 
interesting clinical results in hematological malignancies, the development of bispecific killer cell engager antibody 
formats directed against tumor cells and stimulating anti-tumor T-cell immunity has proved challenging, mostly due 
to toxicity problems. Interest has recently focused on the use of NK cells for therapeutic interventions, as these cells 
have anti-tumor properties. NK cells express several activating receptors that can be targeted to induce NK cell-
mediated anti-tumor immunity, such as CD16, NKG2D, and the natural cytotoxicity receptors NKp30, NKp44 and 
NKp46. The full activation of NK cells has been shown to require the co-engagement of different cell surface receptors. 
We report here the design, production and characterization of a new generation of trifunctional NK cell engagers 
(NKCEs) consisting of mAb fragments targeting the activating NK cell receptor NKp46 together with a Tumor Antigen 
(TA) and an Fc fragment, to promote antibody-dependent cell-mediated cytotoxicity (ADCC) via the activating receptor 
CD16 expressed on NK cells. The approach used was based on innovative IgG-Fc multispecific antibody formats and 
first-in-class agonist anti-NKp46 mAbs activating NK cells only when cross-linked by tumor cells, with no off-target 
effects. Trifunctional NKCEs were more potent in vitro than clinical therapeutic antibodies targeting the same tumor 
antigen. They had similar in vivo pharmacokinetics to full IgG antibodies, no off-target effects and efficiently controlled 
tumor growth in mouse models of solid and invasive tumors. Trifunctional NKCEs targeting CD19, CD20 or EGFR as 
tumor antigens triggered tumor killing by human primary NK cells in vitro. In vivo, they induced NK cell accumulation 
in tumors and promoted tumor clearance in preclinical mouse models of solid and invasive cancers. The trifunctional 
NKCEs reported here should favor NK cell targeting to the tumor microenvironment, in which NKp46 expression levels 
remain high in many tumor conditions, by contrast to CD16, NKG2D, NKp30 and NKp44. The co-targeting of NKp46 
and CD16 led to full NK cell activation. Together with the stronger anti-tumor activity of these molecules in preclinical 
models than of gold standard mAbs, such rituximab, obinituzumab and cetuximab, these results support the clinical 
development of NKCEs for cancer immunotherapy. 
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Angelina Mimoun (Centre de recherche des Cordeliers INSERM, Paris) 

Towards the transplacental delivery of maternal FVIII to FVIII-deficient progeny for induction of active 
immune tolerance to therapeutic FVIII 
Angelina Mimoun, Victoria Daventure, Sandrine Delignat, Melissa Bou Jaoudeh, Olivier Christophe, Peter Lenting, Cécile 
Denis, Sébastien Lacroix-Desmazes. 
Centre de Recherche des Cordeliers, INSERM, Sorbonne Université, USPC, Université Paris Descartes, Université Paris 
Diderot, F-75006 Paris, France 
INSERM, Unité Mixte de Recherche Scientifique 1176, Université Paris-Sud, Université Paris-Saclay, Le Kremlin-Bicêtre, 
France 

Objectives. The major complication of factor VIII (FVIII)-based therapy in hemophilia A patients is the development of 
inhibitory anti-FVIII antibodies. Using FVIII-deficient mice, we showed that the transplacental delivery of Fcγ1-fused 
A2 and C2 domains of FVIII during gestation induces immune tolerance to therapeutic FVIII in the progeny. Offspring 
from A2-Fc/C2-Fc-treated mothers developed regulatory T cells and were partially protected, albeit not completely, 
from FVIII inhibitors development. We hypothesize that transplacental delivery of whole FVIII should induce complete 
FVIII tolerance. To test this, we developed tools to capture and transplacentally deliver maternal FVIII to the fetus.  
Methods. We designed Fc-fused molecules cross-linking FVIII and the neonatal Fc receptor (FcRn): monovalent FabFcs 
derived from the anti-C2 BO2C11 and anti-A2 BOIIB2 human IgG4k, and a D’D3-Fc derived from human von Willebrand 
factor (VWF). The molecules were produced in CHO cells. They were validated for FVIII binding and competition with 
VWF for FVIII binding by ELISA, and for FcRn binding by surface plasmon resonance (SPR). We confirmed their 
transcytosis and the transfer of the C2 domain of the FVIII through mouse SC4235 syncytiotrophoblast cells and their 
transplacental transfer in foetus blood.  
Results. Protein sizes were confirmed by SDS-PAGE. BO2C11 FabFc, BOIIB2 FabFc and D’D3-Fc bound to FVIII with 
affinities of 0.4, 0.3 and 4.8 nM, respectively. Both BO2C11 FabFc and D’D3-Fc, but not the BOIIB2 FabFc, blocked the 
binding of FVIII to VWF. BO2C11 FabFc, BOIIB2 FabFc and D’D3-Fc bound to FcRn with affinities of 9.2, 6.0 and 0.6 nM, 
respectively. The molecules were transported in a FcRn-dependent manner through the SC4235 cells or the placenta, 
and BO2C11 FabFc carried the C2 domain of FVIII through the cell monolayer or toward the foetus blood.  
Conclusions. We have generated 3 recombinant proteins (exfiltrins) able to bind FVIII and demonstrating FcRn-
dependent transcytosis. Our future work will validate the delivery of human FVIII through the SC4235 cell monolayer 
by the exfiltrins and will investigate whether VWF interferes with exfiltrin-mediated FVIII transcytosis. The latter will 
be confirmed in mice. Finally, the effect of transplacental transfer of mother FVIII during gestation on tolerance 
induction to therapeutic FVIII will be investigated in the offspring.  
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Meriem Bahri (CRCINA Inserm U1232, Nantes) 

Rethinking anti-GD2 immunotherapeutic approaches to high-risk neuroblastoma. 
M. Bahri 1, S. Vermeulen 1, N. Galopin 1, V. Gauttier 2, E. Thébaud 3, S. Fougeray 1, and S. Birklé 1 
1: CRCINA, INSERM, Angers University, Nantes University, Nantes, France. 
2: OSE Immunotherapeutics, Nantes, France. 
3: CHU of Nantes, Nantes, France. 

Objective: Neuroblastoma (NB) is the most common extracranial tumor of childhood. Dinutuximab, a therapeutic 
antibody against ganglioside GD2, was approved for treatment of high-risk neuroblastoma patients. NK cells are 
indicated as the main effector cells for dinutuximab-mediated antibody dependent cellular cytotoxicity (ADCC). Next 
to ADCC, complement dependent cytotoxicity (CDC) is another effector mechanism of dinutuximab. Unfortunately, 
complement activation is also an important cause of neuropathic pain, related to the expression of GD2 on peripheral 
nerves. In addition to this severe toxicity, a third of patient experiences treatment failure. Additional strategies are 
thus needed to improve outcomes for this malignancy. We have found recently that mAb 8B6 specific for O-acetyl GD2 
(OAcGD2) show a strong anti-tumor effect via ADCC and CDC. In addition, mAb 8B6 does not cross-reacts with 
peripheral nerves. Importantly, macrophages are often found in high numbers within neuroblastoma tumors, contrary 
to NK cells. In fact, the contribution of macrophages has been marginalized in the past: their complex relationship with 
tumor cells underscores the potential that they act as immune effector cells. Nonetheless, macrophages may perform 
antibody-dependent phagocytosis (ADP) of tumor cells. On these grounds, we hypothesized that macrophages play a 
significant role in the efficacy of anti-OAcGD2 monoclonal antibodies. 
Methods: We first evaluated 8B6 ADP endowment and further correlated this faculty to innate immune checkpoint 
expression in vitro. We went on studying the efficacy of 8B6 mAb in vivo, alone or in combination with proof of concept 
innate immune checkpoint inhibitors (ICI). We collected tumor samples from these mice to further characterize the 
immune infiltrate using flow cytometry and gene expression profiling (nCounter analysis). 
Results: We observed that neuroblastoma cells express the ""don't eat me"" CD47 immune checkpoint inhibitor that 
limits macrophages responses to mAb 8B6. Yet, we were able to redirect macrophages to kill mAb 8B6 bearing 
neuroblastoma targets using ICI reagents. 
Conclusion: Collectively, these data highlight that macrophages are important mediators of the efficacy of anti-
OAcGD2 mAb combined with ICI therapy. Thus, targeting macrophages represents an attractive option to achieve 
durable responses in a greater number of patients with NB.  
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Philippe Mondon (LFB Biotechnologies, Courtaboeuf) 

Dual targeting of FcRn and FcgRs via monomeric Fc fragments allows a superior inhibition of IgG dependent 
autoimmune pathologies 
Céline MONNET, 1 Emilie JACQUE, 1 Christophe de ROMEUF, 1 Alexandre FONTAYNE, 1 Toufik ABACHE, 1, Nathalie 
FOURNIER, 1 Gilles DUPONT, 1 Delphine DERACHE, 1 Anais ENGRAND, 1 Aurélie DEHENNE, 1 Aurélie TERRIER, 1 Alexander 
SEIFERT, 1 Cécile BEGHIN, 1 Alain LONGUE, 1 Nick MASIELLO, 1 Laetitia DANINO, 1 Michel NOGRE, 1 Anais RAIA, 1 Frederic 
DHAINAUT, 1 Dieudonnée TOGBE,2 Bernhard RYFFEL, 2 Carmen REITINGER, 3 Falk NIMMERJHAN, 3 Wil STEVENS, 1 Sami 
CHTOUROU,1 Philippe MONDON1* 
1 LFB Biotechnologies, France 
2Artimmune, Orléans 
3University of Erlangen-Nürnberg, Germany 
*Corresponding author 

The highly pathogenic immune complexes of auto-antibodies are the key elements in several auto-immune diseases. 
New promising molecules with a direct targeted approach related to the neonatal Fc receptor (FcRn) and /or FcgRs 
are emerging. Mutated Fc and anti-FcRn mab in clinical development targeting with high binding the FcRn seem 
promising to reduce IgG levels and were successful in phase II studies of ITP and Myasthenia Gravis. However, the anti-
FcRn molecules are targeting only one mechanism that is limited to diseases, in which auto-antibody plasma levels 
have a clear role in the pathogenesis. In contrast, multimeric Fc engineered molecules allowing a high binding to FcRn 
and FcgRs through a higher avidity were very efficient in preclinical models. However, the possible drawback of FcgR 
crosslinking needs to be first validated in phase I studies. We have previously identified the key combinations of 
mutations that allow modulating the binding to the different Fc receptors using several cycles of random 
mutagenesis/phage display selections. Based on these information, an engineering rational approach among several 
candidates has allowed selecting LFBD192, a Fc with a combination of 6 mutations that was improved for FcRn and 
FcgRs. For the first time, a molecule was engineered in order to have a significant binding optimization to the main 
FcgRs as well as FcRn. The high potency of LFBD192 vs IVIg to block FcRn and immune complex cell activation through 
FcgRs without triggering immune reaction has been characterized in several in vitro tests and validated in mouse auto-
immune disease animal models. 
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Yanis Ramdani (Groupe innovation et Ciblage Cellulaire, Tours) 

Role of the neonatal Fc receptor in the pathophysiology of lupus  
Ramdani Y1,3, Bergua C1, Barbet C2, Maillot F3, Diot E3, Gouilleux-Gruart V1. 
1. Groupement Innovation et Ciblage Cellulaire EA 7501, Tours University.  
2. Nephrology unit, University Hospital of Tours.  
3. Internal Medicine unit, University Hospital of Tours.  

The neonatal Fc receptor (FcRn) is an intracellular protein with a ubiquitous expression. Its major functions encompass 
the transcytosis and recycling of its two ligands, albumin and IgG but it is also involved in immune responses. FcRn 
participates in antitumoral immunity, through its involvement in the CD8+ T cell antitumoral immune response, and a 
correlation exists between its expression level, the tumor size and patient prognosis. Data available on its implication 
in autoimmunity are less definite but studies suggest that it is involved in the pathophysiology of antibody-mediated 
auto-immune diseases. Among them, systemic lupus erythematosus (SLE) has a wide range of clinical and immune 
abnormalities that has led us to hypothesize that modification of FcRn expression in innate and adaptive circulating 
immune cells could be involved in SLE patients.  
The FcRn expression was measured by flow cytometry in hematopoietic cells of SLE patients with active or inactive 
disease and compared to a healthy control group. The study included 28 patients, 12 among them having an active 
disease, and 27 controls.  
FcRn expression in B cells, natural killer cells, CD8+ and CD4+ T cells were statistically lower (p < 0.005) in the active or 
inactive disease SLE groups compared to the control group. In B cells only, the expression of FcRn was statistically 
lower in the active disease group versus the inactive disease group. In the opposite, we found that FcRn expression 
was statistically higher in the inactive disease SLE group versus control group in monocytes overexpressing CD16. 
The upregulation of FcRn only found in monocyte overexpressing CD16 may reinforce the hypothesis of their role 
together with FcRn in the management of IgG autoantibodies or immune complexes in the physiopathology of SLE 
when circulating and when differentiating in macrophages into the tissues.  
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Selected for flash poster presentation 

Alexia Tavares Kanyavuz (INSERM U1138, Paris) 

Heme as a modulator of the therapeutic efficacy of anti-cancer antibodies 
Alexia Kanyavuz 1,2,3, Annaelle Marey-Jarossay 1,2,3, Jordan Dimitrov 1,2,3 
1 Sorbonne Universités, UPMC Univ Paris 06, UMR_S 1138, Centre de Recherche des Cordeliers, Paris, France; 
2 INSERM, UMR_S 1138, Centre de Recherche des Cordeliers, Paris, France;  
3 Université Paris Descartes, Sorbonne Paris Cité, UMR_S 1138, Centre de Recherche des Cordeliers, Paris, France 

Objective: Polyreactive antibodies are able to bind multiple structurally unrelated antigens with similar values of 
binding affinity. Some monoclonal therapeutic antibodies such as Rituximab and Trastuzumab can acquire 
polyreactivity post-translationally by interaction with heme. Rituximab (anti-CD20) is used for the treatment of B-cell 
malignancies and Trastuzumab (anti-HER2) for the treatment of certain forms of breast cancer. The cell damage that 
accompanies cancer therapy or certain pathological conditions can result in the release of heme and could lead to 
uncover the cryptic polyreactivity of these therapeutic antibodies in vivo. The main goal of this study is to characterize 
the effect of heme on therapeutic efficacy of these two anti-cancer antibodies.  
Methods: To analyze the induced polyreactivity of these two antibodies, we performed in vitro studies using ELISA, 
flow cytometry, Protein Array, surface plasmon resonance and size-exclusion chromatography techniques. The 
cytotoxic effect of Rituximab and Trastuzumab after heme-exposure was assessed by cytotoxicity assays on human B-
cell lymphoma and breast cancer cell lines respectively. Then, we studied the impact of heme binding on the 
therapeutic activity of Rituximab using an in vivo lymphoma model. 
Results: The induction of polyreactivity by heme improves therapeutic efficacy of Rituximab in vitro through induced-
cell death and in vivo with a major improvement in mice survival. Interestingly, we also observe that heme exposure 
induces oligomerization of Trastuzumab and that only the oligomeric forms demonstrate a significant improved killing, 
on the HER2 high expressing cells, in the presence of complement in vitro.  
Conclusions: We documented an important role of the induced polyreactivity for the therapeutic potential of anti-
cancer antibodies. This phenomenon may occur in patients treated with Rituximab or Trastuzumab and could 
potentially have therapeutic repercussions. Furthermore, the heme-binding sites on the variable regions of 
Trastuzumab and Rituximab have been predicted. Currently, the aim is to identify the residues responsible for the 
oligomerization of Trastuzumab and to transfer this property to Rituximab. After heme exposure, Rituximab may form 
oligomers, which would enhance its cellular cytotoxicity mediated by complement.  
The use of heme-exposed antibodies could represent a new axis for the improvement of the therapeutic efficacy of 
Rituximab and Trastuzumab.  
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Gabriel Aymé (Institut Pasteur, Paris) 

Establishing An Automated Pipeline For Nanobodies Screening And Expression 
Gabriel AYMÉ: Antibody Engineering Platform (PFIA), Center for Technological Resources and Research (C2RT), Institut 
Pasteur, Paris – France. 
Sébastien BRIER: Biological NMR Technological Platform, C2RT, Institut Pasteur, Paris – France. 
Élodie POTHIN: Antibody Engineering Platform (PFIA), Center for Technological Resources and Research (C2RT), Institut 
Pasteur, Paris – France. 
Jacques BELLALOU: Plateforme de Protéines Recombinantes, C2RT, Institut Pasteur, Paris, France. 
Alexandre CHENAL: Biochemistry of Macromolecular Interactions Unit  Chemistry and Structural Biology 
Department,Institut Pasteur, Paris, France. 
Fabrice AGOU: Chemogenomic and Biological Screening Platform (PF-CCB), C2RT, Institut Pasteur, Paris, France. 
Pierre LAFAYE: Antibody Engineering Platform (PFIA), Center for Technological Resources and Research (C2RT), Institut 
Pasteur, Paris – France 

Phage-display technology is a well-established, high-throughput method and widely used for selecting specific 
Nanobodies against desired antigens. Following phages selection against a given antigen, a manual screening via 
colony-ELISA is performed to detect antigen-specific Nanobodies. The positive Nanobodies are then often produced 
in procaryote strains in separated batches and purified individually for further characterization. These conventional 
procedures are labor-intensive and time-consuming. Furthermore, the number of tested colonies as well as the 
number of expressed Nanobodies are limited (screening up to 200 clones/day).  
Here we describe a new high-throughput approach to screen positive clones isolated during the different Phage-
display screening rounds. This approach is based on the association of a robotic selection of the clones (Hamilton) with 
the Octet HTX analysis of selected clones (Fortebio). The positive Nanobodies could then be expressed and purified in 
a well-established automated procedure (Tecan automate, 72 different Nanobodies/day). The automated screening 
via the Octet HTX has already been applied to previously selected Nanobodies against the CyaA protein, a virulent 
factor produced by Bordetella pertussis, the causative agent of whooping cough. All the tested Nanobodies gave a 
positive binding with the antigen (CyaA) in Octet analysis either as free VHH proteins (periplasmic extracts) or phage 
surface-displayed proteins. Nanobody affinities, through determination of the kinetic parameters kon and koff, have 
been measured by Octet HTX and have been shown to be in the nanomolar range. In the meantime, the epitopes of 
these Nanobodies have been identified by Hydrogen/Deuterium Exchange Mass Spectrometry (HDX-MS) showing that 
they bind to different epitopes on the surface of CyaA. 
The whole procedure is time-saving, and we think that this automated process could i) considerably increase the 
number of specific Nanobodies to a given antigen and ii) provide robust control data such as affinity measurement 
and epitope mapping for each Nanobody.  
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Astrid Musnier (MAbSilico, Nouzilly) 

In silico characterization of antibodies: A case study on an anti-CXCR4 nanobody 
A. Musnier(1), T. Bourquard(1), V. Puard(1), A. Vallet(2), G. Bruneau(2), M.A. Ayoub(2), P. Crépieux(2), E. Reiter(2) & A. 
Poupon(1,2) 
(1) MAbSilico, Plateforme Zénoé, Centre de recherche Val de Loire, 37380 Nouzilly, France 
(2) Unité PRC, INRA-CNRS-IFCE-Université François Rabelais de Tours, Centre de recherche INRA Val de Loire, 37380 
Nouzilly, France  

MAbSilico is a software editor aiming at accelerating the development of therapeutic antibodies (Ab). Our tools 
validated in peer-review journals and protected by patents cover several key steps of early-stages of Ab development; 
MAbTope(1) for epitope determination, MAbCross(2) to identify secondary targets for a query Ab and forecast its 
cross-reactions, and MAbSubstitute(2) to increase the Ab diversity for an epitope. Here we present the 3 methods 
applied to an anti-CXCR4 VHH, 238D2, described to be an antagonist of CXCR4 activation and HIV entry in the 
lymphocytes(3). 
MAbSubstitute was first used to identify new anti-CXCR4 VH. MAbSubstitute is based on an original similarity 
measurement between the CDR (complementary determining regions) comparing both their sequences and structural 
features(2). It compares the query Ab (238D2) to all the Ab in our proprietary database. Among the Ab predicted, we 
selected 5 VH domains from Ab initially directed against the H1N1 Influenza virus hemagglutinin, PTHrP (parathyroid 
hormone related protein), MadCAM-1 (mucosal addressin cell adhesion molecule 1), the Notch1 receptor and the 
coagulation factor VIII. Importantly, their CDR3 which is known to be the most implicated in the binding, did not exhibit 
more than 25% sequence homology. All of them were shown to bind the CXCR4 in cytometry. 
MAbTope, our in silico epitope-mapping method(1), was then applied. MAbTope is a docking-based method which 
hence needs structures. CXCR4 structure is solved, but not 238D2's one  which we modelized. MAbTope generates 
5.10^8 docking poses and selects the 30 best among them. The core epitopic residues predicted in the 30 poses were 
similar to the residues determined by mutagenesis in the original paper(4). 
Finally, MAbCross was used to identify 238D2 off-targets. MAbCross is also based on our CDRs similarity 
measurement(2) and postulates that if 2 Ab have similar CDRs/paratopes, they should share their epitopes. We worked 
from the same list of similar Ab and hemagglutinin was selected because it is evolutionary distant from the CXCR4. 
The affinity of 238D2 for H1N1 was evaluated as similar as the one of the initial anti-H1N1 VH for its own target. 
We are now developing new methods to predict the affinity, the productivity and the immunogenicity. 
 
(1) J Immunol PMID: 30322966 
(2) Patent FR3058812 
(3) PNAS, PMID: 21059953 
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Melissa Sedkaoui (University of Technology of Compiègne) 

scFv selection against endothelin receptors B by phage-display on whole cells 
Melissa Sedkaoui (1), Didier Boquet (2), Amaury Herbet (2), Séverine Padiolleau-Lefèvre (1), Karsten Haupt (1), 
Bérangère Bihan-Avalle (1) 
(1) UMR CNRS 7025 Génie Enzymatique et Cellulaire, Université de Technologie de Compiègne 
Centre de Recherche Royallieu, Compiègne, France 
(2) Laboratoire d’Etude du Métabolisme des Médicaments, CEA Saclay, France 

Single-chain variable fragments (scFv) are nowadays widely described as potent tools for efficient targeting because 
they offer a number of advantages compared to the whole antibody molecule [1]. Moreover, their display on a phage 
surface increases their stability, facilitates their production and allows the selection of specific scFv molecules toward 
a given antigen by a biopanning procedure. 
This project aims to select specific phage-scFv against human endothelin receptors B (hETBR). Mainly known as 
regulators of blood pressure, endothelin receptors [2] are also known to play a role in all stages of carcinogenesis [3] 
through their involvement in several signaling pathways. 
A phage-scFv library created from murine models of different immunological status and genetic background  was used 
for the selection procedure [4]. The functionality of the library has already been shown [5].  
Since targeting G protein-coupled receptors (GPCR) is particularly challenging due to the complexity of their structure 
and their purification, we used an approach involving the use of whole cells [6] over-expressing human ETBR (CHO-
ETBR cells; CHO: Chinese Hamster Ovary). Two fractions of phage-scFv were isolated; one that only binds the target 
and one that is internalized following the Ab-Ag interaction. 
Five rounds of biopanning allowed to enrich the library of specific phage-scFv. A negative selection using CHO-WT cells 
(CHO cells not expressing hETBR) allowed to remove phage-scFv having an affinity for common cell surface antigens. 
Afterwards, a polyclonal phage-ELISA confirmed the specificity of selected scFv. 
Several monoclonal phage-scFv from the two fractions were isolated. The recognition of the target will be confirmed 
by flow cytometry and the effect on cells will be studied. 
 
References: 
[1] Z. A. Ahmad, S. K. Yeap, A. M. Ali, W. Y. Ho, N. B. M. Alitheen, et M. Hamid, « scFv Antibody: Principles and 

Clinical Application », Clin. Dev. Immunol., vol. 2012, p. 1‑15, 2012. 

[2] A. P. Davenport et al., « Endothelin », Pharmacol. Rev., vol. 68, no 2, p. 357‑418, mars 2016. 
[3] L. Rosanò, F. Spinella, et A. Bagnato, « Endothelin 1 in cancer: biological implications and therapeutic 

opportunities », Nat. Rev. Cancer, vol. 13, no 9, p. 637‑651, sept. 2013. 
[4] M. A. Shahsavarian et al., « Exploitation of rolling circle amplification for the construction of large phage-

display antibody libraries », J. Immunol. Methods, vol. 407, p. 26‑34, mai 2014. 
[5] M. A. Shahsavarian et al., « Multitarget selection of catalytic antibodies with β-lactamase activity using phage 

display », FEBS J., vol. 284, no 4, p. 634‑653, févr. 2017. 
[6] J. Fitting et al., « Phage display-based generation of novel internalizing antibody fragments for immunotoxin-

based treatment of acute myeloid leukemia », mAbs, vol. 7, no 2, p. 390‑402, mars 2015. 

  



2nd Journées du Club Anticorps – Tuesday, Octobre 8th 2019 

23 

Coline Sivelle (CEA Saclay, Gif-sur-Yvette) 

Dealing with immunogenicity: design of adalimumab mutants with reduced immunogenicity potential and 
increased activity 
Coline Sivelle 1, Raphael Sierocki 1, Youen Lesparre 2, Aurore Lomet 2, Bernard Maillère 1 et Hervé Nozach 1 
1CEA-Saclay, University of Paris-Saclay, Institute Frederic Joliot, SIMOPRO, 91191 Gif sur Yvette, France 
2CEA-Saclay/DRT/LIST, DM2I /LADIS 

Efficacy of anti-TNFα is well known to be potentially affected by their immunogenicity as the produced anti-drug 
antibodies (ADA) could neutralize their activity and elicit adverse effects. Adalimumab (Humira®), which is the most 
used anti-TNFα, is reported to be immunogenic for up to 54% of patients. Unfortunately, T-cell epitopes that account 
for its immunogenicity are mostly carried by regions implied in the interaction with TNFα. Thus, T-cell epitope removal 
can be very deleterious for the functionality of the biologic. To undertake this issue, we propose to use Yeast Surface 
Display (YSD) to monitor the affinity of the biologic during the mutagenesis. Our strategy, based on T-cell epitope 
removal, first merged deep mutational scanning and in silico HLA II binding prediction to identify substitutions 
deleterious for HLA II/T-cell epitopes interaction while neutral for the function of the biologic. Secondly, these 
substitutions were combined to obtain libraries pre-enriched with functional sequences. Mutants with reduced 
immunogenic potential were then identified from these libraries by screening. From these libraries we identified 
several mutants of adalimumab with reduced immunogenicity potential according to HLA II binding prediction. Three 
mutants were further characterized and show an increased affinity for TNFα associated with an improvement of 
activity of two fold comparing to adalimumab. These promising mutants of adalimumab could be less subject to ADA 
production when administered to patients, in order to validate this hypothesis T-cell assays will be performed. 
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Thomas Secher (Université de Tours, Tours) 

Immunogenicity of aerosolized monoclonal antibodies 
Thomas SECHER (1,2), Elsa BODIER-MONTAGUTELLI (1,2,3), Christelle PARENT (1,2), Laura BOUVART (1,2), Christophe 
PAGET (1,2), Renaud RESPAUD (1,2,3), Nathalie HEUZE-VOURC’H (1,2) 
1_Université de Tours, UMR 1100, 37032 Tours, France 
2_INSERM, Centre d’Etude des Pathologies Respiratoires, UMR 1100, 37032 Tours, France 
3_CHRU de Tours, Service de Pharmacie, 37032 Tours, France 

Aerosolization is a promising mode of administration for therapeutic proteins in order to treat respiratory diseases. 
However, aerosolization is associated with physical stresses, potently leading to protein aggregation. Previous studies 
have shown that protein aggregates may enhance adverse immunogenicity, leading to patient immunization and 
production of anti-drug antibodies (ADAs). This assumption has never been investigated in the context of nebulization. 
Our study aimed at assessing the immunogenicity of aerosolized monoclonal antibodies (Abs), by combining ex vivo 
and in vivo models. 
4 Abs (murine, chimeric and humanized) were formulated in PBS and aerosolized with a mesh nebulizer. Aggregation 
was characterized, following nebulization, by measuring sub-visible particles by flow cell microscopy. Abs (before and 
after nebulization) were then incubated with human DCs from healthy donors. Cell stimulation was assessed after 18h, 
measuring secreted cytokines by ELISA and the expression of co-activation markers by flow cytometry. Besides, in vivo 
experiments were carried out in mice with a murine Ab, administered (nebulized or not) by intratracheal instillation. 
Lungs were harvested 24h after administration to characterize immune cell populations. Additionally, ADA production 
was determined in serum four weeks after administration.  
Ex vivo, the Abs displayed different aggregation profiles after nebulization, with significant increase of sub-visible 
particles for two of them as compared to native Ab. Interestingly, DC treated with these two nebulized Ab displayed 
an induction of IL-6 and IL-8 secretion, as well as enhanced expression of co-stimulatory factors (CD83, CD86 and 
CD80). Removal of sub-visible aggregates, by filtration (0.45 µm filters) suppressed DC activation. In vivo, a unique 
administration of aerosolized Ab was surprisingly associated with a significant decrease in lung immune cells, without 
lineage selectivity, suggesting global immune cell cytotoxicity. Delivery of aerosolization-dependent aggregated Ab for 
four weeks resulted in ADA induction in both the serum and lungs.  
Our results suggest that sub-visible aggregates generated during aerosolization induced immune cell activation, as 
observed on human DCs. In vivo, a high amounts aggregated-Ab following aerosolization resulted in immuno-
cytotoxicity in mice, with a decrease in lung immune cell counts and ADA induction. Thus, controlling Ab aggregation 
during aerosolization would be crucial to avoid adverse immunogenicity or toxicity in patients.  
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Myriam Nabhan (Inserm UMR-996, Châtenay-Malabry) 

FcγRIIa-Syk axis controls human dendritic cells activation by infliximab aggregates and T cell response 
Myriam Nabhan1, François-Xavier Legrand2, Minh Thang Le2, Baptiste Robin2, Rami Bechara1, Nicolas Huang2, Claire 
Smadja2, Marc Pallardy1 and Isabelle Turbica1 
1 Inflammation Chimiokines et Immunopathologie, INSERM, Fac. de pharmacie - Univ.Paris-Sud, Université Paris-
Saclay, Châtenay-Malabry, France. 
2 CNRS UMR 8612, Fac. de pharmacie - Univ.Paris-Sud, Université Paris-Saclay, 92290, Châtenay-Malabry, France.  

Objective: The development of anti-drug antibodies (ADA) in response to biological products (BP) is a major drawback 
in the treatment of patients. Among other factors, BP aggregation has been suggested to promote immunogenicity. 
Indeed, aggregates could act as danger signals recognized by dendritic cells (DC) and thus facilitating the establishment 
of an anti-BP CD4 T-cell dependent adaptive immune response and ADA production. To date, little is known on the 
mechanism supporting the effect of therapeutic antibody aggregates on dendritic cells and consequently on the T-cell 
response. The aim of our work was to understand how antibody aggregates participate in DC activation and T-cell 
response. Infliximab (IFX), a therapeutic anti-TNF-α chimeric antibody often found to be immunogenic when 
administered to patients, was used as a model to generate aggregates and study their effect of the immune response. 
Methods: IFX aggregates were generated under heat stress. Human monocyte-derived DC (moDC), pretreated or not 
FcγRIIa blocking antibody or Syk inhibitor, were then treated with native or aggregated IFX to study their maturation. 
Finally, T-cell proliferation and cytokine production were studied by co-culturing CD4+ T cells with moDC treated with 
native or aggregated IFX. 
Results: Our results showed that IFX aggregates were able to induce moDC maturation in a concentration-dependent 
manner. Aggregates-treated moDC enhanced allogeneic T-cell proliferation and IL-5, IL-9 and IL-13 production 
compared to native antibody-treated moDC. We then investigated the implication of FcγRIIa and spleen tyrosine 
kinase Syk in the activation of moDC and showed, by blocking FcγRIIa or inhibiting Syk, that they were both implicated 
in moDC maturation induced by IFX aggregates. Finally, we assessed the involvement of the FcγRIIa-Syk axis in the 
regulation of the T-cell response by co-culturing CD4+ T cells with aggregates-stimulated moDC pretreated with Syk 
inhibitor and we found that inhibition of Syk lead to an inhibition of T-cell proliferation and cytokine production in 
response to IFX aggregates.  
Conclusion: Taken together our results bring new insight on how therapeutic antibody aggregates could induce 
dendritic cell and T cell activation via the FcγRIIa-Syk signaling pathway and play a role in BP immunogenicity. 
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Laurent Reber (ATIP Avenir team "Asthma, Allergy & Immunotherapy" CPTP, Toulouse 

The anti-IgE antibody Omalizumab can induce adverse reactions through engagement of Fc gamma 
receptors 
Bianca Balbino(1,2), Pauline Herviou(1), Ophélie Godon(1), Julien Stackowicz(1,2), Odile Richard-Le Goff(1), Bruno 
Iannascoli(1), Delphine Sterlin(1,3), Sébastien Brûlé(4), Kari C. Nadeau(5,6), Lynn E. Macdonald(7), Andrew J. 
Murphy(7), Pierre Bruhns(1,*) and Laurent L. Reber(1,8,*) 
(1) Unit of Antibodies in Therapy and Pathology, Institut Pasteur, UMR1222 INSERM, F-75015 Paris, France.  
(2) Sorbonne Université, Paris, France.  
(3) Assistance Publique–Hôpitaux de Paris (AP-HP), La Pitié-Salpêtrière, Département d’Immunologie, France, Paris.  
(4) Plateforme de biophysique moléculaire, Institut Pasteur, UMR 3528 CNRS, Paris 75015, France.  
(5) Sean N. Parker Center for Allergy and Asthma Research, Stanford University, Stanford, California, USA.  
(6) Division of Pulmonary and Critical Care, Department of Medicine, Stanford University, California, USA.  
(7) Regeneron Pharmaceuticals Inc., Tarrytown, NY 10591, USA.  
(8) Center for Physiopathology of Toulouse-Purpan (CPTP), UMR 1043, University of Toulouse, INSERM, CNRS, Toulouse, 
France.  
(*) These authors contributed equally to this work.  

Omalizumab is an anti-IgE monoclonal antibody (mAb) approved for the treatment of severe asthma and chronic 
spontaneous urticaria (CSU). Use of Omalizumab is associated with reported side effects, ranging from local skin 
inflammation at the injection site to systemic anaphylaxis. To date, the mechanisms through which Omalizumab 
induces adverse reactions are still unknown. We demonstrated that immune complexes formed between Omalizumab 
and IgE can induce both skin inflammation and anaphylaxis through engagement of IgG receptors (FcgammaRs) in 
FcgammaR-humanized mice. We further developed an Fc-engineered mutant version of Omalizumab, and 
demonstrated that this mAb is equally potent as Omalizumab at blocking IgE-mediated allergic reactions, but does not 
induce FcgammaR-dependent adverse reactions. 
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Maxime Moulard (BioCytex, Marseille) 

Validation of a newly quantitative flow cytometry density assay to assess CD38 density in whole blood and 
bone marrow samples from  multiple myeloma patients 
W Passe-coutrin (1); M Moulard (2); MH Pascual (1) 
(1) Sanofi-Aventis Recherche et Developpement, Biomarkers and Clinical Bioanalyses, Paris, France 
(2) Biomarkers Department, BioCytex, Marseille, France 

Several type of flow cytometry (FC) based assays dedicated to assess the CD38 receptor absolute density and 
occupancy (CD38 RO/RD) were developed and validated for PD monitoring in international clinical trials. 
The CD38 RO/RD assays were recently upgraded from indirect to direct staining. While the use of indirect CD38 RO/RD 
assays was challenging on clinical sites, the newly designed direct CD38 RO/RD assays were more appropriate for 
routine processing. The assays were used in clinical studies involving more than 20 clinical sites worldwide. The 
samples were processed by well-trained local operators; the FC acquisition and data analysis were performed at 
BioCytex. 
The new CD38 RO/RD assays uses PE-conjugated human or murine IgG to monitor the CD38 RO by human IgG including 
Isatuximab and CD38 RD on plasma cells and normal immune cells in fresh bone marrow (BM) aspirates and whole 
blood (WB) samples collected from Multiple Myeloma (MM) patients. 
The CD38 RD kit includes standardized calibration phycoerythrin-coated beads (PE-calibration beads; BioCytex) and 
fully characterized PE-conjugated anti-CD38 antibodies, including PE-Isatuximab. The real time stability of the kit was 
routinely monitored up to 30 months. 
The CD38 RD assay was validated on cell lines, WB samples from healthy volunteers (HV) and BM aspirates from MM 
patients. The assay performances including stability of sample before processing and the stability of immunostained 
samples after cell fixation is discussed. 
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Bernard Maillere (CEA, Gif sur Yvette) 

Impact of pegylation and aggregation on T cell recognition of therapeutic antibodies 
Bernard Maillere, Marie de Bourayne, Sylvain Meunier, Evelyne Correia, Hervé Nozach 
CEA-Saclay, University of Paris-Saclay, Institute Frederic Joliot, SIMOPRO, 91191 Gif sur Yvette, France 

Objective: With the perspective of the prediction of immunogenicity of multiple therapeutic antibodies, aggregated 
and pegylated molecules, we evaluated the number of circulating CD4 T cells specific for them in healthy donors.  
Methods: T cell lines were generated from CD4 T-cells collected from healthy donors by several weekly rounds of 
specific stimulation with the Mabs. The frequency of Mab-specific T cells was calculated based on the number of 
specific T cell lines identified by Elispot. 
Results: We first evaluated the T cell response in healthy donors to certolizumab pegol, abatacept, golimumab, 
secukinumab, ixekizumab and ustekinumab. Important variations of cell frequencies were observed across the 
different Mabs in line with their clinical immunogenicity. We also compared the T cell response to certolizumab pegol 
(Cz) to its non pegylated form (Cznp). Many more T cell lines were generated with Cznp in comparison to Cz, while 
more T cell epitopes specific for Cznp were found than for Cz. We showed that pegylation reduced the uptake of the 
Cz by dendritic cells and therefore the T cell epitope presentation to T cells. Pegylation however did not alter the 
sensitivity to proteolytic degradation by cathepsins. Finally, we compared the presentation of heat stressed infliximab 
and adalimumab to T cells. Application of heat stress to infliximab led to the formation of many visible and subvisible 
particles, while the same treatment applied to adalimumab showed a slight increase of subvisible particles, only. Many 
more T cells reacted with the aggregated infliximab by many more T cell epitopes as compared to the native Mab. In 
contrast, we did not observe any difference in cell frequency and the number of T cell epitopes between aggregated 
and native adalimumab. 
Conclusion: our data extend our previous observations about the concordance between T cell assays and clinical 
immunogenicity to other therapeutic antibodies. These results contribute to explain how pegylation could dampen 
immunogenicity of antibodies by reducing T cell activation and demonstrate that the different levels of aggregation 
differentially affect T cell recognition. 
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Coraline Borowczyk (CRMSB UMR5536, Bordeaux) 

Autofluorescent intracellular NADH and FAD may be used to detect atheromatous plaque 
Coraline Borowczyk1*, Jeanny Laroche-Traineau1*, Julien Brevier2, Sébastien Marais3, Edouard Gerbaud4, Gisèle 
Clofent-Sanchez1 and Florence Ottones1. 
1 CRMSB CNRS UMR5536, INSB, Bordeaux, France ; 2 UMR 7252, XLIM, Limoges, France ; 3 Bordeaux Imaging Center, 
Bordeaux, France ; 4 Centre de Recherche Cardio Thoracique, INSERM, Bordeaux, France. 
*Both authors contributed equally to this work. 

Background and aims. Inflammatory macrophages (MPs) participate to the progression and rupture of atheromatous 
plaques. Recent studies proved that inflammatory cells produce their energy through glycolysis while 
immunoregulatory cells use fatty acids -oxidation, Krebs cycle and mitochondrial respiratory chain, leading to a 
differential ratio of autofluorescent NADH/FAD cofactors. In this study we addressed, for the first time, the specific 
optical properties of experimental foamy MPs in correlation with their phenotype regarding markers described as 
specific for inflammatory or immunoregulatory MP models. Methods. Different models of foamy MPs were developed 
and characterized by Flow cytometry regarding their cell surface expression of markers described as specific for the 
two models commonly used to mimic inflammatory and immunoregulatory MPs, namely M1 and M2 models. These 
markers were also analyzed on patient plaques ex vivo by Immunohistochemistry (IHC). In parallel, cells induced with 
the same conditions were imaged for AF NADH and FAD by 2-photon microscopy (2PM). Results. If foamy MPs 
expressed M1 and M2 markers, expression level was lower than in M1 and M2 models respectively, except for CD163 
equally expressed by foamy and M2 MPs. Moreover these foamy MPs present optical properties distinct from M1 and 
M2 models, but closer to M2 cells. Conclusion. Foamy MPs present an intermediate phenotype with distinct optical 
properties that may be useful in the diagnosis without exogenous labelling of vulnerable atheromatous plaque using 
2-Photon autofluorescence (2-PAF) imaging. 
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Bénédicte Gagny (PROMEGA FRANCE, Charbonnières-Les-Bains) 

Novel reporter-based bioassays for evaluating FcγR-dependent functions of therapeutic antibodies 
Jamison Grailer, Denise Garvin, Jun Wang, Michael Beck, Pete Stecha, Jim Hartnett, Frank Fan, Mei Cong, and Zhi-jie 
Jey Cheng, Promega Corp. 

Monoclonal antibodies (mAbs) as therapeutic modalities have had promising effectiveness for a wide variety of clinical 
applications including cancer immunotherapy. They are primarily designed to deliver therapy through variable 
domains to address target specificity, and, for many, antibody constant regions (Fc) also play crucial roles mediated 
through interaction with Fcγ receptors (FcγRs). mAb Fc domains can be engineered to enhance or diminish their 
activities. Sensitive and precise analysis is critical for understanding functional alterations due to Fc engineering. Here, 
we report on the development of a platform of cell-based reporter bioassays with engineered cell lines expressing 
various Fcγ receptors for quantitative measurement of antibody Fc functions. This includes bioassays for measuring 
antibody Fc effector functions (ADCC, ADCP, CDC) and for determining the Fc crosslinking-dependency of agonistic 
activities for immunomodulatory antibodies. These reporter gene bioassays are homogenous, easy to use, sensitive 
and robust. They are optimized and pre-qualified to show the specificity, accuracy, precision, linearity and robustness 
required for both screening workflows and quality control lot release environments. Together, they represent a 
comprehensive suite of tools to use for antibody drug development in immunotherapy programs. 
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Displayed posters 

Véronique Demattei (Université de Tours, Tours)  

Sophie FOUGERAY (CRCINA - INSERM U1232, Nantes 

It takes 3 to tango: anti-O-acetyl-GD2 ganglioside plus anti-PD1 monoclonal antibody regimen increases NK 
cell antibody-dependent mediated neuroblastoma cell cytotoxicity. 
M. Bahri*, S. Vermeulen*, N. Galopin*, E. Thébaud**, S. Fougeray*, and S. Birklé* 
* CRCINA, INSERM, Angers University, Nantes University, Nantes, France 
** CHU of Nantes, Nantes, France 

Objective: The prognosis of high-risk neuroblastoma (NB) remains poor, although immunotherapy with dinutuximab, 
an anti-GD2 therapeutic antibody (mAb) provides some benefit. NK cells are considered as the main effector cells for 
dinutuximab-mediated antibody dependent cellular cytotoxicity (ADCC). Next to ADCC, complement dependent 
cytotoxicity (CDC) is another effector mechanism of dinutuximab. Unfortunately, complement activation is also an 
important cause of neuropathic pain, related to the expression of GD2 on peripheral nerves. We have found recently 
that mAb 8B6 specific for O-acetyl GD2 (OAcGD2) show a strong anti-tumor effect via ADCC and CDC. In addition, mAb 
8B6 does not cross-reacts with peripheral nerves. However, NK cell-mediated killing is associated with an INFγ storm 
that induces de novo Programmed Death Ligand 1 (PD-L1) expression in NB cells and thus mediates a negative 
feedback through PD1 expressed on tumor infiltrated NK cells. On this ground, we hypothesized that blocking the PD-
1/PD-L1 signaling would increase the efficacy of anti-OAcGD2 immunotherapy.  
Methods: We first correlated 8B6’s ADCC activity to PD1 and PD-L1 expression level using human NB cell lines and 
human NK cells in vitro. We went on studying the efficacy of 8B6 mAb in vivo, alone or in combination with anti-PD1 
mAb using the NXS2 syngeneic model. In addition, we collected tumor sample from NXS2 tumor-bearing mice to 
characterize the immune infiltrate upon immunotherapy using flow cytometry and gene expression profiling. 
Results: We observed that the increase of PD-1 expression on human NK cells induced by IL-18 limits the cytotoxicity 
of 8B6 on two NB cell lines surexpressing PD-L1. The combined use of anti-PD1 and anti-OAcGD2 mAb mediated a very 
potent anti-NB effect in mice. 
Conclusion: These findings provide a biological rationale for considering blocking the PD-1/PD-L1 axis in combined 
immunotherapies of high-risk NB patients aimed at achieving long-lasting remission in patients. 

Magdiel Pérez Cruz (UMR 7355 INEM, Orléans) 

Acute respiratory distress is periostin dependent on IL-17 in ILC3 
Magdiel Pérez-Cruz1, Claire Mackowiak1, Isabelle Maillet1, Isabelle Couilin1, Valérie Quesniaux1, Parmjit Jat4 Catherine 
Uttenhove3, Jacques van Snick3, Dieudonnée Togbe2 and Bernhard Ryffel1 
1UMR 7355 CNRS-Université d’Orléans INEM, Orléans, France and Institute of Molecular Medicine, IDM; University of 
Cape Town, 
2Artimmune SAS, 13 Avenue Buffon, 45100-Orléans, France. 
3Ludwig Cancer Research, Bruxelles. 
4London, Parmjit Jat. 

Acute respiratory distress syndrome (ARDS) is a major respiratory emergency and endotoxin exposure models ARDS 
in mice. Periostin (PO) is expressed upon lung inflammation, but its role in ARDS is unknown. Here we show that PO is 
upregulated in the lung epithelium upon endotracheal instillation of LPS in C57BL/6 mice. Blockade of PO by 
neutralizing antibodies reduces neutrophil recruitment in BALF and lung and attenuates respiratory barrier injury with 
protein leak, disruption of tight junction and airway hyperreactivity. LPS activates innate lymphoid cells 3 (ILC3) 
expressing RORgc and IL-17A, which are inhibited by PO antibody blockade. Mechanistically, PO enhances the 
recruitment of RORgc+IL-17A+ innate lymphoid cells (ILC) 3 and enhances respiratory inflammation. In summary, PO 
antibody blockade via inhibition of RORgt+IL-17A ILC3 attenuates ARDS in mice. 

Anne Tommaso (BioMAP, UMR 1282, Tours) 

Antibody fragment engineering and their applications in congenital toxoplasmosis 
Anne Di Tommaso(1), Coraline Borowczyk(1), Zineb Lakhrif(1), Pierre Hammeni(1,2), Françoise Debierre-Grockiego(1), 
Nicolas Aubrey(1), Pierre-Jean Pisella(2), Matthieu Juste(1) and Isabelle Dimier-Poisson(1). 
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1-ISP, INRA, Université de Tours, UMR 1282, 37380, Nouzilly, France 
2- Service d’ophtalmologie, CHU de Tours, France 

Objective: Toxoplasmosis, due to the protozoan parasite Toxoplasma gondii, has a strong economic and health impact 
in both Human and Veterinary Health's. Maternal-fetal transmission of the parasite during acute phase of primo 
infection has potentially dramatic consequences for the child (hydrocephalus, chorioretinitis, mental retardation). 
Treatment of congenital toxoplasmosis is based on spiramycin or the association of pyrimethamine and sulfadiazine. 
These molecules are not specific to the parasite and potentially severe side effects due to their toxicity. Therapeutic 
advances should be done to develop new treatments with higher specificity leading to better efficiency associated to 
lower toxicity. 
Methods: Our project is based on the development of parasite specific antibody able to target and neutralize 
Toxoplasma infection. We engineered and developed recombinant antibody fragments (scFv and scFv-Fc) directed 
against SAG1 the major surface protein of the parasite. After validation of the inhibition of T. gondii proliferation in 
vitro, the biological activity of these antibody fragments against toxoplasmosis infection was assessed in a congenital 
toxoplasmosis mouse model. Animals were treated with systemic administration of antibody and prevention of 
maternal-fetal transmission used as the parameter of efficiency.    
Results: In vitro neutralization invasion assays showed that scFv and scFv-Fc fragments strongly inhibited Toxoplasma 
tachyzoite invasion of HFF cells highlighting the rule of SAG1 as a specific parasite attachment ligand. In vivo 
experiments showed how antibody fragments are able to neutralize T. gondii dissemination and thus protect neonates 
against congenital toxoplasmosis. Antibody therapy induced significant and robust protection of neonates in terms of 
placental infection, neonatal survival and growth of pups. We also demonstrated that efficiency of the treatment 
depends of the quantity, the frequency and the format of the antibody. 
Conclusion: This study demonstrates the ability of our antibody fragments to protect against congenital toxoplasmosis 
in mice. These very encouraging results suggest that our therapeutic strategy could also be applied in the treatment 
of others forms of toxoplasmosis as chorioretinitis and neurotoxoplasmosis. 

Laurence RINGENBACH (DIACLONE, Besançon) 

Mouse phage display platform, an alternative approach to mAb development 
Jéremy BALLAND*, Aurélie BADILLO', Philippe DULIEU'* Laurence RINGENBACH*, Pierre-Emmanuel BAURAND* 
*Diaclone SAS, 6 Rue Dr Jean-François-Xavier Girod, BP 1985, F-25020 Besancon Cedex, France 
'RD-Biotech, 3 rue H. Baigue, 25000 Besançon 

Diaclone, with over 30 years of experience and expertise in immunology products, offers a vast catalogue of mAbs and 
ELISA kits for use in research and diagnostic applications. A large number of Diaclone’s products are cytokine related 
and specifically Interleukins (IL).  
The development of the anti-IL-8 antibody was initiated in 1991, according to Köhler and Milstein’s technique (Nature-
1975, 256, p495-7); six fusions were carried out giving only one specific anti-IL-8 mAb, the clone B-K8, which is still 
used in Diaclone’s IL-8 ELISA kit paired with a rabbit polyclonal. The aim of this project was to replace the polyclonal.  
At the beginning of 2019, a new project of anti-IL-8 mAb development was initiated with a new IL-8 mouse 
immunization. One part of the cells from the immunized animals was unsuccessfully fused using the classical mAb 
method and the second was processed by the Diaclone Phage Display Platform. The phage display method (Smith, 
Science-1985, vol. 228, n°4705, p1315-17) is an alternative way of developing mAbs using molecular biology. The 
platform is capable of obtaining a strong Fab library of IgG sequences from spleen cells coming from immunized mice.  
The library obtained was screened in biopanning steps with IL-8 to select very specific clones. One hundred selected 
Fabs were tested in ELISA to keep the best candidates. Ten of them were selected and evaluated in pairs with B-K8. 
Finally, we obtained four good substitutes to the polyclonal anti-IL-8. These four Fabs were sequenced and 
reformatted by molecular biology in full IgG to be further validated in the IL-8 Elisa kit. As a result of this project, phage 
display technology has demonstrated its interest, notably in allowing mAb development which was particularly difficult 
to obtain with a classical fusion. 

Steven Schulz (CNRS UMR7241, CIRB, College de France, PSL University, Paris, France) 

Parameters and determinants of responses to selection in antibody libraries 
Steven Schulz (Center for Interdisciplinary Research in Biology (CIRB), College de France, CNRS UMR7241, INSERM 
U1050, PSL Research University, Paris, France), Sebastien Boyer (Departement de biochimie, Faculte de Medecine, 
Universite de Montreal, Montreal, Canada), Matteo Smerlak (Max Planck Institute for Mathematics in the Sciences, 
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Leipzig, Germany), Simona Cocco (Laboratory of Physics of Ecole Normale Superieure, UMR 8023, CNRS & PSL Research 
University, Paris, France), Remi Monasson (Laboratory of Physics of Ecole Normale Superieure, UMR 8023, CNRS & PSL 
Research University, Paris, France), Clement Nizak (Chimie Biologie Innovation, ESPCI Paris, CNRS, PSL University, Paris, 
France), Olivier Rivoire (Center for Interdisciplinary Research in Biology (CIRB), College de France, CNRS UMR7241, 
INSERM U1050, PSL Research University, Paris, France) 

Antibody repertoires contain binders to nearly any target antigen. The sequences of these antibodies differ mostly at 
few sites located on the surface of a scaffold that itself consists of much less varied amino acids. What is the impact 
of this scaffold on the response to selection of a repertoire? To gauge this impact, we carried out quantitative phage 
display experiments with three antibody libraries based on distinct scaffolds harboring the same diversity at 
randomized sites, which we selected for binding to four arbitrary targets. We first show that the response to selection 
of an antibody library is captured by a simple and measurable parameter with direct physical and information-
theoretic interpretations. Second, we identify a major determinant of this parameter which is encoded in the scaffold, 
its degree of evolutionary maturation. Antibodies undergo an accelerated evolutionary process, called affinity 
maturation, to improve their affinity to a given target antigen as part of the adaptive immune response. We find that 
libraries of antibodies built around such maturated scaffolds have a lower response to selection to other arbitrary 
targets than libraries built around na ı̈ve scaffolds of germline origin. Our results are a first step towards quantifying 
and controlling the evolutionary potential of biomolecules. 

Raphael Sierocki (CEA, Gif-sur-Yvette) 

Antibody Epitope mapping using Deep Mutational Scanning associated with Yeast Surface Display : 
Application to an anti-bacterial antibody neutralizing both Shigella and Salmonella 
Raphael SIEROCKI1, Coline SIVELLE1, Stéphanie SIMON1, Bernard MAILLERE1 & Hervé NOZACH1 
1 CEA-Saclay, University of Paris-Saclay, Institute Frederic Joliot, SIMOPRO, 91191 Gif sur Yvette, France 

Maeva Chauvin (IRCM Montpellier) 

Paradoxical effect of anti-Müllerian Hormone in Ovarian carcinomas 
Maëva Chauvin; Véronique Garambois; Pierre-Emmanuel Colombo; Myriam Chentouf; Laurent Gros; David-Paul de 
Brauwere; Pierre Martineau; Isabelle Navarro-Teulon; Thierry Chardès; André Pèlegrin 

In ovarian carcinoma, anti-Müllerian hormone (AMH) type II receptor (AMHRII) and the AMH/AMHRII signaling 
pathway are potential therapeutic targets. Conversely, the role of the three AMH type I receptors (AMHRI; ALK2, ALK3 
and ALK6) in this cancer needs to be clarified. Using four ovarian cancer cell lines and ovarian cancer cells isolated 
from patients’ tumor ascites, we found that ALK2 and ALK3 are the two main AMHRIs involved in AMH signaling at low 
and high AMH concentrations, respectively. Moreover, whereas high AMH concentrations were, as expected, 
associated with apoptosis and decreased clonogenic survival through preferential Alk3 usage, low AMH concentrations 
improved cancer cell viability and survival via the Alk2 receptor. We showed that the anti-tumoral effects described 
for high doses of AMH are dependent on the recruitment of Alk3. Surprisingly, we also observed that low doses of 
AMH have pro-tumoral effects by increasing the viability of cancer cells, and these effects are dependent on Alk2. We 
showed that AMH siRNA inhibited AMH pro-survival effect. Finally, we developed and characterized an anti-AMH 
antibody, B10, and demonstrated, for the first time, that it can inhibit the proliferative effects of AMH in vitro and 
slow tumor growth in a preclinical mouse model of ovarian cancer. These last results open the way to an innovative 
therapeutic approach to suppress AMH proliferative effect, instead of administering high doses of AMH to induce 
cancer cell apoptosis. 
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Thank you for joining the Antibody Club meeting!  

We look forward to welcoming you again.  
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