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1. Introduction

Extracellular vesicles (EVs) have emerged as critical mediators of intercellular
communication in cancer, carrying proteins, nucleic acids, and lipids that influence
tumour progression and therapeutic response. Traditional two-dimensional (2D)
cultures fail to capture the spatial and biochemical complexity of tumours, whereas
three-dimensional (3D) spheroid models more accurately reproduce in vivo conditions,
including gradients of oxygen, nutrients, and extracellular matrix interactions.

Fluorescence-based tracking provides a powerful approach to study EV uptake,
distribution, and penetration in these 3D systems. Such visualisations are essential for
developing strategies to engineer EVs as targeted drug delivery vehicles. Importantly,
integrating fluorescence analysis with positron emission tomography (PET)-compatible
probes can bridge preclinical discoveries with clinical imaging, enabling real-time

monitoring of EV behaviour in vivo.

This study applies fluorescence-guided imaging to examine the dynamics of EV
interaction with breast cancer spheroids, aiming to generate insights that inform the

development of PET-compatible theranostic platforms.

2. Methodology

Fig. 1: Representative images of MDA-MB-231 GFP (A) and Control cells (B) and spheroids (C, D and
E). GFP-expressing spheroids form more loosely associated, cluster-like structures (C). The GFP
fluorescence signal highlights the distribution of GFP-positive cells (D) within the spheroid architecture,
while Control spheroids (E) display a compact, well-organized morphology. Scale: 500 pm
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Hm e Foundation for PET-compatible theranostics

This study demonstrates that fluorescence-based imaging in 3D spheroid 1. Hanieh Karimi, Pawet Moskal, Ewa t. Stepien, 3D melanoma spheroid model for the development of

models enables precise visualization of EV uptake and distribution, 2.
capturing the complex tumor microenvironment more effectively than 2D
systems. The results highlight distinct EV secretion and uptake dynamics 3.

in GFP-expressing versus control spheroids, underscoring the influence of
tumor heterogeneity. Importantly, these findings establish a foundation
for integrating fluorescence guided assays with PET-compatible probes,
paving the way for translational theranostic platforms. Such dual
modality approaches hold significant promise for advancing EV-based

drug delivery, enabling real-time, non-invasive monitoring from bench to
bedside.
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