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The development of efficient drug delivery systems is important in modern medicine to improve therapeutic
efficacy while minimizing side effects. Among various nanocarriers, mesoporous silica nanoparticles (MSNs)
have emerged as versatile platforms due to their high surface area, tunable pore size, and capacity for surface
modification. Surface functionalization of MSNs with targeting ligands, such as folic acid, enhances their
specificity by exploiting receptor-mediated endocytosis –particularly in cancer cells that overexpress folate
receptors.
Targeted delivery becomes especially valuable in the administration of potent chemotherapeutics like Irinote-
can (Iri), a topoisomerase I inhibitor widely used in colorectal cancer treatment. However, its systemic toxicity
poses significant challenges. By encapsulating Iri within MSNs and decorating them with folate, it is possible
to achieve selective cytotoxicity toward tumor cells while sparing healthy tissue.
This in vitro study aims to assess both the cytotoxic potential and intracellularmapping of folate-functionalized,
Iri-loaded MSNs. By combining advanced imaging techniques, including hyperspectral and fluorescence-
based enhanced dark fieldmicroscopy, with quantitative image analysis, this research investigates hownanopar-
ticle surface chemistry influences cellular uptake and subcellular localization in cancerous versus non-cancerous
cells.
Caco-2 (human colon adenocarcinoma) and NIH3T3 (mouse fibroblast) cells were used as cancerous and
non-cancerous models, respectively. After 24 hours of seeding, the cells were incubated with the folate-
functionalized, Iri-loaded MSNs for 24 or 48 hours continuously (24h+, 48h+). A separate experimental cate-
gory was assigned to a discontinuous incubation with the nanoparticles, after the first 24h of incubation the
culture medium containing MSNs being replaced with physiological culture medium (24h+/-). Cell viability
was measured at mitochondrial level using the colorimetric MTS assay (formazan based).
Microscopy analyses were conducted using enhanced dark field microscopy (eDFM) from Cytoviva®, oper-
ating in hyperspectral imaging (HSI) and fluorescence imaging modes. Fluorescence imaging included cy-
toskeletal staining with AlexaFluor488 Phalloidin and nuclear staining with DAPI, enabling 3D reconstruc-
tion of cellular structures. For hyperspectral analysis, non-stained Caco-2 cells were examined and spectral
profiles at pixel level were generated. Image processing was done using Cytoviva® software and custom
MATLAB routines leading to 3D cell reconstructions and quantifications of MSN localization in nuclear and
cytoplasmic regions.
Folate-functionalizedMSNs demonstrated significantly enhanced cytotoxicity compared to non-functionalized
controls, with greater effects observed in Caco-2 cells than in NIH3T3 cells. This outcome aligns with the
known overexpression of folate receptors in cancer cells. Hyperspectral and fluorescence microscopy re-
vealed that folate conjugation facilitated greater MSN uptake and preferential localization near the nucleus.
The custom image analysis pipeline enabled detailed 3D visualization and quantification of MSNs within cel-
lular compartments.
This study demonstrates that folate-functionalized, non-fluorescent MSNs significantly enhance the delivery
and cytotoxicity of Irinotecan, particularly in human colon adenocarcinoma cells. The application of advanced
microscopy techniques, combined with a novel processing approach for Z-stack images, enabled quantitative
evaluation of nanoparticle uptake and intracellular distribution. These findings highlight the potential of
folate-targeted MSNs for efficient and selective cancer therapy.
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