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Six-assay Toolbox Enables High-throughput Screening and Identification of Optimized CAR

Introduction Development and Therapeutic Efficacy of mMRNA-encoded CAR Delivered via tLNP

Targeted lipid nanoparticles (tLNPs) delivering chimeric antigen receptor (CAR)-encoded mRNA directly to T
cells enable in situ generation of CAR-T effectors, offering a promising alternative to ex vivo CAR-T
manufacturing. Here, we present a systematic evaluation of CAR mRNA formats and tLNP designs and
demonstrate their functional performance in vitro and in vivo. After confirming the target antigen (CD19), we
screened the single-chain variable fragments (scFvs) using a phage-display platform and designed the CAR
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expression studies. Conjugation of anti-CD3 and anti-CD8 antibodies to the LNP surface produced CD3/CD8-
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Library panning

tLNPs that selectively target T cells. Given the established pathogenic role of B cells in systemic lupus CAR/TCR-T cell Tumor , - _ _ _

. . . . . . IL-2 Figure 5. CD3-Targeted LNPs Enable Efficient CAR mRNA Delivery and Generation of Potent CD19 CAR T Cells. a, Preparation of
erythematosus (SLE)—including autoantibody production, immune-complex deposition, and downstream CAR-T/TCR-T activation Sy Tumorcellkiling | o 354 renorter tumor antibody-targeted LNPs using a post-modification method. b, Greater than 95% conjugation efficiency of CD3 antibody to LNPs. ¢, Delivery of
tissue inflammation—we evaluated the efficacy of CD19 CAR/tLN Ps in a pristane-induced SLE model in CD34+ Phenotype G;anzy;neBo | cell lines CAr?brIleNA tf Cl)?ﬁ 'I'tcellstw: C.D.?:c-targe.te(: IL.NPi achleveltli CAR expression rates of 70-85%. d, CD19 CAR T cells generated with targeted LNPs

. . . ) . . O - . LDH release exhibited potent in vitro cytotoxicity against Raji tumor cells.
HSC-engrafted mice. Collectively, these results support a workflow that integrates CAR mRNA engineering, tLNP (0025, CD6 4180 PO, e/ b RN " Cell death / « 7+ years experience a
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selection, and preclinical evaluation for the development of in vivo CAR-T therapeutics. - — P _ Grouping & Dosing
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Rational Desigh and Sequence Optimization of CAR Enabled by Phage Display and mRNA Platforms Week 0 Week 7 Week 11
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| Figure 3. Six in vitro assay toolbox enabling systematic biological processes evaluation for CAR in WuXi Biology, WuXi AppTec. WuXi has established ) .
o . : approximately 40 tumor single or dual- reporter cell lines to facilitate CAR T screening and functional assessment in last decades. 50~ 1000007 81077 ] B Vehicle
a b Single-point Phage ELISA screening to identify C Titration phage ELISA to confirm and evaluate
positive phage clones the binding ability at phage level : 40~ 80000 6104 B CDS8tLNP
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anchal-ifieotm e After selection of the optimized CAR construct, CD19 CAR mRNA was produced by in vitro transcription
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boost target protein expression
in specific cells/tissues.

robust killing of CD19-positive target cells.

e The pristane-induced lupus model is a well-established murine model of systemic lupus erythematosus
(SLE) that reproduces key features of the human disease, including autoantibody production and
dysregulated immune responses. Treatment with targeted LNPs produced potent therapeutic effects in
this model, including reduced autoantibody levels and decreased pathogenic immune cell populations.

Figure 4. Circular mRNA sustains CD19 CAR expression and E:T-dependent cytotoxicity compared with rapidly decaying linear mRNA. a, Linear and
circular mRNAs encoding a CD19 CAR were successfully prepared with high quality and integrity. b, CAR expression from linear mRNA declined rapidly
after electroporation, whereas circular mRNA maintained a high CAR positivity rate during the first 3 days post-electroporation. c,d Both linear and
circular CD19-CAR mRNAs mediated killing of CD19-positive target cells via incucyte. e, Circular CD19-CAR mRNAs triggers sever inflammation cytokine
TNF-a and IFN-y release than linear mRNA.

Figure 2. After confirming the CAR construct, optimize the 5 cap, UTRs, coding sequence, and poly(A) tail of the CAR mRNA to ensure efficient CAR expression in
transfected T cells.
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