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ABSTRACT 
Antibody-based Cancer Immunotherapy includes monoclonals against Tumor Associated Antigens (TAAs), to inhibit their oncogenic function, or against Immune Checkpoints (ICs), to modulate specific T cell responses against cancer.
We recently generated a large repertoire of fully human antibodies specific for 10 different ICs through a novel selection strategy of phage libraries on human activated lymphocytes, and subsequent screening by next generation sequencing. Human IgGs from four collections (i.e. PD-1, PD-L1, CTLA-4 and LAG-3), were characterized and found to specifically bind to their targets with high affinity, to efficiently activate T cell proliferation and cytokines secretion.
[bookmark: _Hlk144657995]Many advances in anti-tumor therapies have been obtained with antagonistic antibodies targeting the programmed cell death protein 1 (PD-1) or its ligand (PD-L1), however many cancer patients still develop resistance to monotherapies often associated with upregulation of other immune checkpoints. We thus tested combinatorial treatments of novel immunomodulatory antibodies, generated in our laboratory, and found that some of them showed additive effects. Thus, we constructed for the first time novel antibody derivatives: bi-specific tribodies, containing a Fab from one anti-IC mAb, targeting PD-1 or PD-L1, and two scFvs from another mAb targeting LAG-3 IC. The bi-specific molecules retained binding affinity and antagonistic effects of the parental mAbs, and showed an increased ability to induce lymphocyte activation compared to the combinatorial treatments of the parental mAbs. We also compared the effects of combinations of the clinically validated anti-LAG3 mAb (Relatlimab) with anti-PD-1 (Pembrolizumab) or anti-PD-L1 (Atezolizumab) mAbs with those of novel bispecific tribodies (TR), called TR0304 and TR0506. In particular, TR0304 made up of a Fab derived from an anti-PD-L1 mAb and two scFvs derived from an anti-LAG3 mAb was tested in comparison with Relatlimab plus Atezolizumab, and TR0506, made up of a Fab derived from the same anti-LAG3 mAb and two scFvs derived from an anti-PD-1 mAb, was tested in comparison with Relatlimab and Pembrolizumab. We found that they showed an increased ability to induce lymphocyte activation and stronger in vitro cytotoxicity against tumor cells compared to combinatorial treatments of clinically validated mAbs. 
As a further progress, we generated also four novel tri-specific tribodies made up of a Fab targeting 5T4, a tumor associated antigen expressed on several types of tumors, a scFv targeting CD3 receptor on T cells, and an additional scFv specific for an immune checkpoint, such as PD-1, PD-L1 or LAG-3. We found that all the tribodies efficiently activated T cells against tumor cells in vitro and in vivo and showed a stronger tumor cytotoxicity and lymphocyte activation compared to the mAbs in clinical use even when combined with the parental tribody. In particular, 53L10 tribody, targeting PD-L1, displayed the best binding properties and stronger anti-tumor activity than Atezolizumab or its combination with parental TR both in vitro and in vivo in mouse models, where it induced a complete tumor regression. 
Considering that the tribodies have also other advantages with respect to combinatorial treatments such as reduced production costs and need of lower doses we think that these novel immunomodulatory TRs could be used for therapeutic applications, particularly in monotherapy-resistant cancer patients.
In parallel, in order to develop novel human antibodies targeting novel emerging ICs, we are currently characterizing the best scFv binders, previously selected by phage display, and  specific for the other ICs, such as OX-40, TIGIT, 4-1BB or ICOS.
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