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Hafnium based metal–organic framework entrapping squaraines for efficient NIR-responsive photodynamic therapy against pancreatic cells
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Polymethine dyes (cyanines and squaraines) have emerged as promising candidates [1] as photosensitizer (PS) for photodynamic therapy (PDT), thanks to the possibility to easily tune their structure to have absorption maxima in the near infrared region (650-900 nm), allowing deeper tissue penetration. In addition, their ability to quickly generate ROS at low concentrations is advantageous for reducing potential side effects [2,3]. However, they suffer of low solubility and stability in biological media and nanotechnology has emerged as a promising avenue to address these limitations. Among the different nanosystems, Metal−organic frameworks (MOFs) have metal ions with organic linker molecules that form complex 3D porous structures able to host high amounts of PS [4]. Despite conventional MOFs' limitation to micropores, the development of hierarchically porous MOF (HP-MOFs) has expanded their applicability.
In this work, two asymmetrical squaraines (SQs) bearing bromine and carboxylic moieties, differing in the functionalization on the central core, have been synthesized. After the photochemical characterization, SQs were incorporated by impregnation into different hafnium-based MOFs, designed according to computational analysis of the SQ dimension. SQ-MOFs have been characterized using UV-Vis and Fluorescence spectroscopy, XRD, TGA, N2 physisorption, and FE-SEM. SQs demonstrated UV-Vis absorption and emission maxima at around 695 nm and 715 nm, matching the therapeutic window. The SQ-MOF systems exhibit similar characteristics to free SQs, suggesting preservation of PS properties. Notably, the incorporation into MOF enhances dye solubility and stability while maintaining ROS generation capability without altering MOF structure. The in vitro biological assessments were examined to evaluate their cyto- and phototoxicity against PANC-1 (pancreatic ductal adenocarcinoma cancer cell line). To run a low number of in vitro experiments as well as to observe which variables mainly affect the SQ-MOF activity, a statistical multivariate design (Design of Experiments) has been applied by selecting light irradiation time, power and dye concentration as variables, and absorbance, proportional to the cell viability after the irradiation, as response. 
This research demonstrates the feasibility of integrating SQ dyes into MOFs, offering a potential solution to their practical limitations and advancing PDT as a therapeutic modality.
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