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    Abstract
The advancement of new immunotherapies for the treatment of cancers, infections, immune- mediated inflammatory diseases, and autoimmune diseases necessitates the co-development of appropriate probes to detect and monitor the distribution and infiltration of distinct immune cell populations. Considering the key role of CD4+ T cells in regulating immunological processes, we have developed a set of novel single-domain antibodies (nanobodies, Nbs) that specifically recognize the human CD4 co-receptor in its native state on various CD4+ cells. Following detailed characterization of binding properties, epitope mapping, and site-directed functionalization, we selected biologically inert Nbs that do not affect T cell proliferation or cytokine expression in vitro. We used fluorescently labeled Nbs to track the presence and location of CD4+ cells in a xenograft model, demonstrating a high signal-to-background ratio by in vivo optical imaging. In summary, this study reports for the first time the generation and application of human CD4-specific Nbs for the detection and in vivo imaging of CD4+ cells in a preclinical animal model. We anticipate that the Nbs presented in this study will be versatile probes, e.g. in immunoPET imaging for patient stratification and for monitoring individual immune responses during personalized immunotherapy.
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