Supplementary Figure Legends
[bookmark: _Hlk212645173]Supplementary Figure 1 | Expression of CD86 protein and anti-CD86 CAR. (a) Representative optical field section of lymph node derived from healthy donor and DLBCL patient (GCB-DLBCL) lymph node. Slides were stained (DAB staining) to show upregulated CD86-expression in tumor tissue (20x and 60x magnification was used). (b) CD86 cell surface expression (blue) of CD19+ B cell lymphoma lines SU-DHL-10 (DLBCL) and MEC-1 (B-CLL) was analyzed via flow cytometry (BD FACSCanto™ II). Matching isotype control antibodies served as control (red). (c) Schematic depiction of retroviral CAR expression cassettes of 2nd-gen CD86 targeting CAR and its expression on healthy human T cells. CD86 targeting CAR was detected via CD152/CTLA-4 antibody. T cells were detected via CD3 antibody. Gating strategy is depicted above FACS plots.

[bookmark: _Hlk228953774]Supplementary Figure 2 | Functional characterization of CD19/CD86 CAR variants. (a) Schematic depiction, gating strategy and cell surface expression on T cells of CAR expression cassettes of 19-z/CTLA4-BB and 19-BB/CTLA4-BB dual-chain CARs. Anti-CD86 CARs were detected via CD152/CTLA-4 antibody and anti-CD19 CARs via anti-G4S linker antibody. T cells were detected via CD3 antibody. (b) Functional comparison of dual-chain CAR-T cell variants on day 6 after start of transduction: CLL-like MEC-1 cells and DLBCL SU-DHL-10 cells were stained with CellTrace™ Violet dye and co-cultivated for 24h with dual-chain CAR-T cells in different E:T ratios (triplicates of n=2 donors). Cytotoxicity and cytokine secretion into co-culture supernatants were analyzed according to methods chapter. T cells w/o CAR served as control. CAR rates [%]: 19-z/CTLA4-BB (33/31), 19-BB/CTLA4-z (25/20). (c) Culture medium without additional stimulation was analyzed for interferon-γ secretion at different time-points after retroviral transduction via sandwich ELISA and compared between (CAR) T cells (triplicates of n=3 donors). (d) PBMC were retrovirally transduced in presence or absence of anti-CTLA-4 antibody Ipilimumab (20µg mL-1). CARs were detected as stated above. Blocking of CTLA-4 CAR detection was confirmed where Ipiliumumab was present. (e) MFI of CD86 expression was analyzed after co-culturing freshly transduced (CAR) T cells with fluorochrome-labeled autologous T cells, re-activated to increase CD86-expression (“victim cells”). After 24h hours, analysis of CD86-expression was done via FACS. MFI of T cells w/o CAR was set as baseline, MFI of “victim cells” alone served as control, bar plots represent mean relative to baseline. Triplicates of three donors are shown, error bars are SEM. (f) Jurkat reporter cell line JE 6.1 TPR5 were retrovirally transduced to express depicted CARs and cultivated for 24h hours on plates, coated with either PBS (no stim), anti-CD152/CTLA4 antibody Ipilimumab (1µg mL-1), recombinant human CD19-Fc fusion protein (5µg mL-1) or hCD19-Fc plus Ipilimumab. Expression of NFAT-eGFP and NF-kB-CFP were analyzed by FACS (triplicates). Significance levels derived from unpaired t-tests. All FACS analyses were performed on Beckman Coulter CytoFLEX S flow cytometer. 

Supplementary Figure 3 | In vivo xenograft mouse models. (a) Xenograft mouse model to evaluate in vivo efficacy of 19-z/CTLA4-BB CAR T cells in comparison to w/o CAR and 19-BBz treated mice. Immunodeficient animals were grafted with 5e5 CD19+ fLuc expressing Raji lymphoma cells via tail vein. After confirmation of engraftment, three groups were intravenously injected with 8.5e6 (CAR) T cells: w/o CAR (n=6), 19-BBz and 19-z/CTLA4-BB (each n=10). Kaplan-Meier plot of overall survival percentage is shown. Statistical significance of the study outcome was confirmed by Log-rank (Mantel-Cox) test. (b) In vitro tested luciferase activity of 1e6 fLuc+ Raji cells compared to wildtype Raji cells, analyzed via IVIS 200 (Xenogen/Perkin-Elmer/Revvity) and Aura Imaging software. (c) Tumor luminescence of long-term in vivo xenograft mouse model comparison between 19-BB/CTLA4-z and 19-z/CTLA4-BB dual-chain CAR T cells as mean (starting n=7) of each group and individual data of each mouse. (d) Complete bio-luminescence images from the in vivo efficacy comparison of 19-z/CTLA4-BB and 19-BB/CTLA4-z dual-chain CAR-T cells (IVIS 200, Xenogen/Perkin-Elmer/Revvity, Aura Imaging software). (e) Antigen surface expression of Raji fLuc cells (clone F4) used for in vivo xenograft studies: cells were stained with either fluorochrome-conjugated isotype control antibody or CD19 / CD86 antibodies and analyzed via FACS (Beckman Coulter CytoFLEX S). Mean fluorescent intensity for CD86 was determined.

Supplementary Figure 4 | Extended data on mouse xenograft persistence study. 
(a) Analysis of CD86 expression density on persistent hCD3+ cells in peripheral blood of treated xenograft mice was performed by FACS in parallel. (b) Endpoint analysis at day 51 of finished xenograft persistence study: mice were sacrificed and spleen, bone marrow and (if present) tumor tissue were analyzed for hCD19+ and hCD3+ cells via FACS. In addition, percentages of CAR expression and CD86 expression on hCD3+ cells were also determined. Analyses were performed on Beckman Coulter CytoFLEX S. Bars represent means of grouped mice; errors are SEM. Significance levels derived from unpaired t-tests.

Supplementary Figure 5 | CD86 targeting CAR-T cells kill autologous CD14+CD86+ monocytes. (a) Purity and CD86 expression of positively MACS-separated CD14+ cells from healthy donor PBMC were evaluated by flow cytometry after binding of APC-conjugated CD14 antibody (sorting antibody) and PerCP/Cy5.5-conjugated CD86 antibody or its matching isotype control. (b) Quantification of APC-labeled CD14+ cells after co-cultivation with autologous CAR-T cells and with or without Ipilimumab (5µg mL-1) was analyzed by FACS. Percent cytotoxicity under absence of Ipilimumab is depicted relative to lysis under presence of Ipilimumab (baseline), comparing dual-chain and CTLA4 2nd-gen CAR-T cells among each other. (c) Healthy donor CD14+ monocytes were isolated from PBMC according to methods chapter. Interferon-gamma ELISA from supernatants of the CD14+/CAR-T cell co-cultivation (24h) was performed. Secreted cytokine concentrations of each CAR-T group were compared between absence and presence of Ipilimumab. For all experiments, triplicates of two donors are shown, error bars are SEM. Significance levels derived from unpaired t-tests. All FACS analyses except (a) were performed on Beckman Coulter CytoFLEX S flow cytometer. 
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