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Chapter 1: General introduction

The basics of genetics paved the way for gene therapy, aiming to treat genetic disorders by supplying intact genes.
Viruses emerged as effective delivery vehicles, utilizing their ability to inject nucleic acids into cells. Various viral
vectors with unique traits are employed in gene therapy. Adeno-associated virus (AAV), a well-studied viral
vector, offers promising potential for gene therapy. With various serotypes and a single-stranded DNA genome,
recombinant forms (rAAV) have high transduction efficiency, low immunogenicity, and toxicity. rAAV-based
therapies are undergoing extensive clinical trials for diverse diseases. Despite its advantages, manufacturing
rAAV faces challenges, such as non-specific adsorption onto surfaces like stainless steel, glass, and plastics,
resulting in significant vector particle loss that ranges sometimes from 75% to 90%. Surfactants are commonly
used to mitigate this issue but are prone to degradation and lose effectiveness upon dilution. Thus, this study
explores preventing rAAV vector loss due to adsorption by evaluating the potential of a polyionic hydrophilic
complex (PHC) polymer coating on tools used in rAAV analysis (e.g., pipette tips, cryotube vials, and gPCR
plates). This coating, composed of biocompatible polymers containing phosphate and amine groups, exhibits
zwitterionic properties.

Chapter 2: Investigating the applicability of the PHC coating in minimizing the non-specific adsorption of rAAV
In this chapter, tools utilized for storing rAAV and quantifying vector genome (VG), such as cryotube vials,
pipetting tips, and qPCR plates, all made of polypropylene, were treated with the PHC coating. Non-coated tools
served as controls. Both coated and non-coated tools were employed in storing and preparing samples primarily
containing rAAV1, along with rAAV2 and rAAVS8. Results of qPCR analyses showed that the PHC coating had an
efficient recovery of vector particles from tools with this coating, with up to 95% of vector particle loss being
prevented, leading to a higher transduction efficiency in vitro. Additionally, results showed that neither the
serotype nor the poloxamer 188 surfactant at different concentrations significantly affected the adsorption
reduction capability of the PHC coating. Furthermore, findings from the investigation into surface characteristics
suggest that the PHC coating film displayed hydrophilic properties in both water and aqueous solutions.
Additionally, the zeta potential of the coated substrate surface changed to nearly zero following coating.

Chapter 3: Exploring the mechanism of action of PHC coating in conjunction with the fundamental mechanism of
rAAV adsorption

By surface charge manipulation of rAAV particles via pH adjustments and by using rAAV1 and rAAV9, both PHC
coating mechanism of action and basic AAV adsorption mechanism were investigated respectively. Results
showed that at pH 5.6 or 7.4, coated tools resulted in notably higher VG concentrations, indicating the impact of
electrostatic charge repulsion between charged AAV1 particles and the zwitterionic PHC polymer coating. On the
other hand, by subjecting rAAV9 to both polypropylene (hydrophobic/negatively charged) and glass
(hydrophilic/negatively charged) results showed that each of hydrophobic interaction and electrostatic interaction
plays a role in AAV non-specific adsorption however, electrostatic interaction predominates in case of charged
particles.

Chapter 4: Conclusion

This study demonstrates that a PHC polymer coating effectively reduces non-specific adsorption of rAAV vectors
by utilizing its hydrophilic and zwitterionic properties. It highlights the dominance of electrostatic interactions in

rAAV adsorption when particles carry a charge. The coating offers a potential substitute for surfactants,




displaying consistent effectiveness and overcoming the issue of dilution commonly associated with surfactants. It
holds promise for widespread use in rAAV storage, shipment, and quantification, but further research is needed

before clinical application.
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