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Non-invasive delivery remains one of the major barriers to the clinical translation of antisense
oligonucleotides (ASOs) for central nervous system (CNS) disorders, including Angelman syndrome
(AS), a severe neurodevelopmental disease caused by loss of UBE3A expression. Although ASOs have
shown strong therapeutic potential in preclinical and clinical studies, their widespread application
is limited by the inability to efficiently cross the blood—brain barrier (BBB), which often requires
invasive administration methods such as intrathecal injection. Intranasal administration represents
a promising non-invasive route for direct nose-to-brain delivery, bypassing the BBB through
olfactory and trigeminal pathways. However, the success of this approach strongly depends on the
development of nanocarriers that are efficient, biocompatible, biodegradable, and scalable for
future clinical translation.

Here, we engineered and evaluated poly(lactic-co-glycolic acid) (PLGA) -based nanocarrier systems:
glucosamine-functionalized PLGA nanoparticles (NPs), and stabilized reversed PLGA micelles
(SRMs). Nanocarriers were successfully formulated and characterized in terms of physicochemical
and biological properties relevant for intranasal delivery. The systems exhibited particle sizes below
or close to 200 nm, suitable surface charge and efficient ASO encapsulation capacity achieving a
loading of approximately 4 ug ASO/mg nanocarriers, while preserving ASO integrity without
detectable degradation. PLGA formulations demonstrated high biocompatibility in both human
nasal epithelial and neuronal cell models, PLGA NPs and SRMs, at the highest dose (i.e. 2.5 mg/ml)
showed significant cellular uptake in both target cells, with SRMs showing higher internalization
efficiency compared to NPs. In vitro mucoadhesion studies, performed using a mucin-coated quartz
crystal microbalance with dissipation monitoring (QCM-D) sensor, demonstrated effective
nanocarriers—mucin interactions, and highlighted the mucoadhesive potential of both formulations.
Preliminary in vivo studies confirmed the tolerability of acute intranasal administration of NPs and
SRMs, further supporting the development of this strategy for CNS delivery. We finally performed
preliminary experiments on neuronal cells with PLGA-NPs and SRMs charged with the specific ASO
for AS?, to test the effective cargo delivery and activity in vitro.

Overall, our findings identify PLGA-based systems as promising platforms for future in vivo
biodistribution and therapeutic efficacy studies, and support their application as intranasal ASO
delivery systems aimed at treating Angelman syndrome and other CNS disorders.
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