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INTRODUCTION ALPL is Widely Expressed and Enriched in Brain Endothelial Cells in Mouse and Human ALPL Impacts VCAP-102 Transduction in vivo

Novel engineered blood-brain barrier (BBB)-crossing AAV capsids have demonstrated significant improvements in CNS tropism and thus increased therapeutic Mouse — Whole Brain Human Brain — Non-Neuronal Human Brain — Neuronal Tissue Expression - Whole Brain Spinal Cord cortex Thalamus

efficiency. However, the unpredictability of cross-species activity by engineered capsids has hampered progress to the clinic. Therefore, the identification of the AC) UMAP (3] and ESNE (5] plots P 100 - o .:\"“gg 150
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critical residues. Here we report the identification of a highly conserved brain vascular receptor, ALPL (Alkaline Phosphatase), specifically bound by the cross- a,,. s’ - Lﬁ?::;//knuz‘ﬁlcz(:ier;P?;g'rzsgfr(gz/z)'za)m; :%;E; — ;S% ] E% 075

species VCAP-101/102 engineered capsid class. This capsid family was previously reported to exhibit a 50-fold increase in BBB penetrance in both macaques and , d 0-‘19 : high-reysorl)ution tran.scriptomic and spatial %-5 g 2 40+ == % = ]

mouse. Ectopic overexpression of the human ALPL isoform in cultured cells led to a significant increase in capsid binding and transduction while no difference A " . atlas of cell types in the whole mouse ;—E - Eg ;_i% "

was observed with the parental capsid, AAV9. Importantly, ALPL isoforms from macaque, mouse, and pig also facilitated transduction by VCAP-102, highlighting - . "/ |4 Er:m' P?ﬂarlyo'E?i?i/csiilj::&gﬁ:{?i2:,: ) mE ]

the cross-species functionality of this capsid class. Neutralization of capsid-receptor interaction with anti-ALPL antibodies or small molecule inhibitors completely AL;: Exrt"essmn ALPL Expression ALPL Expression . Py ( - I A (2023) Transcriptomic diversity of cell ooy : 0.00 A
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vivo. Previous studies have demonstrated that expression of ALPL significantly increases with age in both humans and rodents, and we observed a corresponding ‘: Q ' \] j \ ‘ ?Q:Oiz‘azflasbgr )Huma” Protein  Atlas 1507 1 T A 100 Sarae a Ao Sarane ’, Capsid Footprint B4z

2-fold increase of CNS transduction in aged mice relative to their young counterparts. Conversely, mice pre-treated with a small molecule inhibitor of ALPL ‘ IayDe‘T'eﬁ' e ’ | i } P o8 125 .:‘;:("f 10 . - b 4
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capsids with a different receptor usage was unaffected by the inhibitor, ruling out the possibility of non-specific effects on viral transduction. Employing in silico Astrocyte pper
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structural modeling, we have further characterized the molecular mechanism governing the interaction between the capsid and ALPL. In summary, our discovery : ) . L . . /
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of a conserved cross-species receptor facilitating BBB passage by a novel engineered AAV capsid class represents a significant step forward in the development of “
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targeted CNS therapeutics. Understanding the molecular mechanisms underpinning this interaction provides a foundation for the rational design of next- < » X < 3 A}
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permissive GFP(+) cells. (C) Detection of ALPL by immunohistochemistry (IHC) in brain sections from human, African green monkey and mouse. (D) Structure of ALPL dimer generated with PyMol ( PBD: 7YIV).
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