AAV-Nanobody manufacturing including a
re\ﬂ/rt)/ chromatography purification step with protein A.

Janina Haar™, Lena Beideck', Silke Schrodel?, Kimchi Stral3er?, Anna M. Mann3, Saruul Jargalsaikhan?,
Friedrich Koch-Nolte3, Yvonne Berghoefer-Hochheimer?, Michelle Fraser*

Revvity Gene Delivery, Heidelberg, Baden-Wuerttemberg, Germany, ?Revvity Gene Delivery, Graefelfing, Bavaria, Germany
3University Medical Center Hamburg-Eppendorf (UKE), Hamburg, Germany, “Revvity, Waltham, MA, USA, *Presenting author

Abstract

AAV vectors are utilized for a broad range of disease treatments in gene therapy. After an initial surge of therapeutic development based on natural AAV serotypes, the scientific community has been exploring
options to further improve AAV-based vectors and possibilities to redirect capsids to specific cells and tissues of interest. The AAV capsid consists of three viral proteins, VP1, VP2 and VP3, which tolerate the
insertion of small peptides or larger protein fragments into the surface-exposed variable loop regions. This feature can be exploited to rationally design AAVs with re-targeting properties. One approach is the use
of single variable domains from camelid heavy chain antibodies (VHH or nanobodies) expressed as fusion proteins with viral capsid components and thus being incorporated into the assembled particles.

Most attempts at generating nanobody-decorated AAVs aim at incorporation within VP1 [1,2] or, less frequently, VP2 [3,4] proteins. We have generated a set of AAV-Nanobody (AAV-NDb) delivery vectors with a
novel proprietary design based on an insertion site in the viral protein VP3 [patent pending, 5]. Concurrently, we have established a new manufacturing protocol for the production and purification of AAV-VP3-Nb
vectors. Our process requires co-transfection of four plasmids in a suspension cell line, resulting in assembled capsids which maintain their VP1, VP2 and VP3 composition while displaying 4-8 VP3-nanobody
units on the capsid surface. DSP includes an affinity chromatography step with Protein A columns, an iodixanol gradient for the enrichment of full particles and buffer exchange for final sample formulation.

Our industry-grade protocol for AAV-VP3-Nb production is scalable and universally applicable, irrespective of the capsid serotype incorporating the nanobody and the specificity of the nanobody to its target, due
to the interaction of protein A with a protein A-binding motif in the nanobody scaffold. The yields are comparable to the purification of AAV-Nb capsids via AAV-specific affinity chromatography. Endotoxin levels of
final batches are consistently below the 1.00 EU/mL threshold, enabling the use of produced AAV-Nbs for in vivo animal studies. Quality control of AAV-NDb lots by PAGE showed high purity across all productions
and confirmed the incorporation of VP3-Nb protein units within the capsids, as also supported by mass spectrometry analysis. We further confirmed the biological functionality of AAV-Nbs in a HEK293 cell-based
assay and showed that re-targeting occurs via the incorporated nanobody moiety. The established protocol generates robust results with consistent titers across different batches and reproducible yields between
1E+12 and 2E+12 viral genome (vg) units purified from 120 mL suspension cell volume. We have monitored all manufacturing steps with in-process controls (IPCs) and identified focus areas for further
improvement, e.g., tailoring the transfection parameters to the AAV-NDb technology or further optimizing elution buffer settings.
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additional evaluation of optimal conditions explored by DoE (data not shown).
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