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Polypeptide encapsulation and in vivo transportation analysis of hyaluronic acid nanogel and its vaccine
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Objective

Hyaluronic acid (HA) nanogels were investigated as a safer delivery platform, for example, for pediatric vaccination. Using
a COVID-19 subunit protein as a model antigen, we evaluated antigen encapsulation with HA nanogels, formulation
optimization, and mechanistic characterization to demonstrate the potential advantages of HA nanogels as an infectious-
disease vaccine delivery platform and to support ambient-temperature distribution without reliance on a cold-chain logistics.
Key Work and Results

Formulation and encapsulation: Mixing aqueous HA nanogels with S1 protein enabled spontaneous complexation upon
incubation; GPC-SEC showed decreased free S1 and increased HA nanogel signal. Protein encapsulation was faster at 37°C
(TSA (Thermal Shift Assay) indicated a Tm of ~50°C). CpG1826 could be co-formulated but remained largely uncomplexed,
consistent with phosphate—carboxylate repulsion.

Lyophilization and stability: An isotonic formulation (5 mM phosphate with sucrose) was lyophilized and reconstituted,
with particle size maintained (~50 nm). After ~1 month, particle size was stable at —20°C and 25°C and showed partial
aggregation at 40°C; nevertheless, lyophilized powders stored at 25-40°C retained strong immunogenicity.

Safety and innate activation: A repeat-dose (three-dose) subcutaneous toxicology study showed no severe systemic toxicity
or body-temperature changes; local findings were consistent with a foreign-body response. Cytokine levels showed no
significant increases, and TLR2/3/4/5/7/8/9 receptor assays were negative, indicating that HA nanogels do not act as a TLR-
driven adjuvant.

Immunogenicity and protection: Prime—boost with an adjuvant maintained high antibody titers for approximately 12—-18
months. In contrast, an adjuvant-free HA nanogel/S1 booster increased antibody titers to levels comparable to or exceeding
those achieved after the second adjuvanted dose. Post-booster titers were approximately 10-fold higher than those with protein
alone, suggesting that enhanced memory B-cell formation is a key feature of this technology. Antigen-specific CD8 responses
were detected after two adjuvant-free doses and persisted at 7 months; in a challenge study, protection was comparable to an
mRNA vaccine, whereas protein alone was inconsistent.

Delivery mechanism and biodistribution: Fluorescence imaging and flow cytometry indicated prolonged retention at the
injection site and draining lymph nodes, as well as enhanced uptake by key antigen-presenting cells when the antigen co-
localized with HA nanogels. In 89Zr-PET studies, lymph-node delivery increased from ~0.1% (antigen alone) to ~1% with
HA nanogels, and retention was prolonged. HA nanogels showed minimal renal and preferential hepatic accumulation;
competition with excess HA or an anti-CD44 antibody in in vitro studies altered uptake, supporting a CD44-mediated
contribution to uptake.

Exploratory seed studies: A heteronucleic acid (nucleic acid with ASO) was evaluated for complexation under SEC-resolved
conditions; clear complexation was not observed, but post-storage samples suggested potential physicochemical tunability for
future study.

Significance and Current Recommended Composition

Overall, HA nanogels activated and sustained both humoral and cellular immunity. Mechanistic work suggests contributions
from lymph-node antigen delivery and prolonged residence time, delivery to B cells within lymph nodes, improved
subcutaneous antigen retention, CD44-mediated cellular uptake. The optimal vaccine composition, considering antibody
responses, cellular immunity, and safety, is considered to involve a specific grade, a relatively low HA nanogel concentration,
and no adjuvant. Notably, enhancing immune responses without an adjuvant may enable safer vaccines. The platform is
expected to be applicable to vaccines using polypeptide antigens, supporting real-world deployment of HA nanogel-based

infectious-disease vaccines.



