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INTRODUCTION

Osteoarticular pathologies, particularly osteoarthritis (OA), represent a significant global health and
economic burden. "1 OA is characterized by a multifactorial etiology that disrupts cartilage homeostasis,
leading to progressive tissue degradation. ¥ These conditions are notoriously difficult to treat due to the
avascular nature and limited regenerative capacity of cartilage, as well as the rapid synovial clearance of
intra-articular therapies. (3]

The synergy between materials science and gene therapy holds great potential for regenerative medicine,
the clinical translation of gene therapy is often hindered by poor cellular delivery and low tissue retention.
Nanoparticles such as lipid nanoparticles and silica nanoparticles can address these delivery barriers. 4]
However, to overcome inherent tissue constraints and current system limitations, an injectable and
retentive delivery platform, as a hydrogel, is required. ®l This work describes the development of a
bioadhesive, dopamine-functionalized oxidized hyaluronic acid/fibrin (DOPA-OHA/Fibrin) hydrogel. This
composite system is designed to act as a reservoir for the high-efficiency intra-articular delivery of

nanoparticles, facilitating localized and sustained gene transfer to chondrocytes.
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This work focuses on the development of a bioadhesive dopamine-functionalized oxidized hyaluronic acid/fibrin hydrogel designed to enable
high-efficiency intra-articular delivery of lipid nanoparticles. The aim of the work is to enhance gene transfer to chondrocytes.
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Optimization of the synthesis of LNPs with a hydrodynamic diameter of less than 50 nm.
Since the size limits for penetration into deep layers of osteoarthritic cartilage have been
established below this range.
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Synthesis of the LNP-loaded DOPA-OHA/Fibrin hydrogel using LNPs formulated with fluorescently-labeled lipids. This
S approach allowed for the spatiotemporal monitoring of the nanoparticles, confirming their high retention and

stability within the dual-polymer network.
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