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Introduction

Boron neutron capture therapy (BNCT) is a binary radiotherapy exploiting the nuclear fission of '°B upon thermal neutron irradiation to generate high-LET a-particles and 7Li
nuclei with a subcellular path length (5-9 pm), enabling selective destruction of boron-loaded tumour cells with minimal impact on neighboring healthy cell populations.

Here we introduce innovative Boron-Gold Nanoarchitectures (BAuNAs), 115 nm biodegradable hybrid nanocarriers encapsulating two different sub-10 nm nanomaterials:
ultrasmall °B-enriched hexagonal boron nitride nanoparticles (h"°BN-PG) and ultrasmall gold nanoparticles (USNPs), designed to overcome the main limitations of current boron
delivery agents, namely insufficient tumour boron accumulation, rapid systemic clearance and poor tumour-to-normal tissue selectivity. The biodegradable silica shell ensures
controlled degradation of the nanostructure over time, promoting the release of the therapeutic payload. The nanoplatform was evaluated on SCC25 human oral squamous cell
carcinoma models, a clinically relevant HPV-negative HNSCC model, representing one of the primary targets of BNCT.

BAuNAs are synthesised by combining h-1°BN-PG, a gold
precursor and poly(sodium 4-styrene sulfonate) (PSS) in
aqueous solution, where the rapid addition of sodium

borohydride drives the formation of USNPs tightly associated

with the boron nanomaterial, yielding a negatively charged H,0
colloidal complex stabilised by PSS. hBN-PG
The subsequent addition of poly(L-lysine) (PLL) induces the PSS

electrostatic assembly of the negatively charged complex into HAuCl,

spherical polymeric templates, forming the nanocarrier core.
Finally, a 25 nm silica shell is grown around the polymeric core
via a modified Stober process, encapsulating the therapeutic
payload and determining the final nanoarchitecture morphology.

In Vitro Results

The cytotoxicity of BAUNAs was assessed in vitro on 16HBE014 healthy bronchial
epithelial cells and SCC25 tumour cells at increasing gold (boron) concentrations.
Intracellular °B uptake was quantified by ICP-MS measurement and normalised to
cellular protein content.
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BAuNAs demonstrated negligible toxicity on both cell lines, and revealed a 16-fold
higher boron internalization into tumour cells compared to free h-1°BN-PG alone;
moreover, it matched the tumour-to-normal (T/N) boron uptake ratio of 3.

In vivo-like results
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BAuNAs are validated on an alternative in ovo Head and Neck tumor model (CAM),
showing a 3-fold higher intratumoral °B accumulation compared to h-"°BN-PG
alone. The amount of 1°B, delivered by BAuNAs, is one order of magnitude higher
than the value necessary for effective BNCT. These significant results (n=11)
supports, in a more ethical way, the translational potential of BAUNAs.
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BAUNASs Characterization

Diameter (nm) 11581 + 14.65

shell thickness (nm) 24.33 £ 272
Z-Average (nm) 239.43 + 9.15

PDI 007 + 001
Tpotential (mV) 59.56 + 3.93
(78] (ug/mi) 2420 + 2.33

[Au] (ug/mi) 10675 + 11.82

Transmission Electron Microscopy (TEM, scale bar 50 nm), Scanning Electron Microscopy (SEM, scale bar
200 nm), and Energy-Dispersive X-ray Spectroscopy (EDX, scale bar 100 nm) images of BAuNAs. Table
summarizing shell size and diameter measurements (n=70, n=350), Dynamic Light Scattering (DLS), zeta-
potential measurements and ICP-MS quantification of a indipendet synthesis batch (n=9).

Conclusions & Perspective

BAuNAs demonstrated negligible cytotoxicity and a remarkable increase in intracellular 1°B accumulation
in tumour cells, meeting the threshold clinically required for effective and safe BNCT. The presence of gold
nanoparticles further opens the door to potential combined therapeutic or theranostic applications.
However, further biodistribution and efficacy in vivo studies are needed to fully validate the
nanoarchitectures and support its translation toward clinical application. These results position BAUNAs
as a promising multifunctional nanocarrier for selective boron delivery in BNCT of head and neck cancer.
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