Design and evaluation of chimeric antigen receptor with the novel signal regulatory protein alpha spacer for the treatment of breast cancer
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CAR T cells have shown remarkable therapeutic outcomes with durable clinical responses in hematological malignancies. However, the application of CAR T cell therapy to solid tumors remains challenging due to the need for enhancing CAR T cell trafficking, penetration of and persistence in the immunosuppressive tumor microenvironment. Tonic signaling of CAR molecules has been shown to affect CAR T cells exhaustion and persistence. 
Here in we designed novel CAR construct using the SIRPα based spacer and trastuzumab in the scFv antigen binding domain targeting human epidermal growth factor receptor 2 (HER2 FiCAR). Moreover, we evaluated the hypothesis of swapping the scFv variable fragment heavy and light chain domains (HER2 FiCAR (swap)) and its effects on the CAR T cell characteristics and functionality. 
Human primary T cells transduced with HER2 FiCAR showed decreased cumulative fold expansion compared to mock transduced T cells. HER2 FiCAR induced tonic signaling of Jurkat reporter T cells as evidenced by high NFAT and NFKB-driven GFP and CFP expression at high CAR expression levels. These effects were not observed with HER2 FiCAR (swap). 
Swapping the scFv variable fragment heavy and light chain domains retained a favorable central memory and stem cell like memory T cell phenotype. In vivo, both constructs eradicated HER2‑positive tumors, but HER2 FiCAR demonstrated superior persistence and durable tumor control without relapse, while HER2 FiCAR‑swap showed partial relapse in a subset of mice. Importantly, both constructs prevented metastatic spread to liver and lungs, in contrast to control groups where metastases were detected. Domain swapping thus represents a promising design strategy to optimize CAR constructs for improved and long‑term efficacy against solid tumors.
