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Polymeric nanoparticles for therapeutic siRNA delivery: Analysis of tissue-penetration and biological 
activities in tumor tissue slice cultures and in vivo xenograft models
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The efficient delivery of small RNA molecules like siRNA's or miRNA's still represents a major hurdle in their therapeutic application 
forgene knockdown or miRNA replacement. Polymeric nanoparticles e.g. based on low molecular weight polyethyleneimines 

(PEIs) have been successfully explored, and chemical modifications further increase efficacy and improve biocompatibility. Among 
those, promising strategies include the modification of PEI with amino acids like tyrosine, yielding low molecular weight Tyr-PEIs 
(PxY with x=2kDa, 5kDa, 10kDa), or the combination of PEI-based polyplexes with liposomes, resulting in lipopolyplexes. Both 
systems demonstrate improved in vitro properties and excellent applicability in vivo, as shown in mouse tumor xenograft models. 

The therapeutic success of nanoparticles depends, among others, on their ability to penetrate a tissue for actually reaching the target 
cells, and their efficient cellular uptake in the context of intact tissue and stroma. Thus, beyond rather artificial tissue culture or rather 
tedious in vivo models, efficient ex vivo systems closely mimicking in vivo tissue properties are needed. 

We have established tumor tissue slice cultures for the analysis of tissue-penetrating properties and biological activities of 
nanoparticles. As a model system, we employed slice cultures from different tumor xenograft tissues for analyzing modified or 
non-modified PEI/siRNA complexes and their lipopolyplex derivatives. Excellent tissue preservation was observed for >14 days, 
thus allowing for prolonged experimentation and analysis. Fluorescence microscopy of cryo-sectioned tissue slices shows different 
degrees of nanoparticle tissue penetration, dependent on their surface charge. More importantly, the determination of siRNA-
mediated knockdown efficacies of endogenous target (onco-)genes reveals the possibility to accurately assess biological nanoparticle 
activities in situ, i.e. in living cells in their original environment.Thus, we introduce tumor (xenograft) tissue slices for the facile ex 
vivo assessment of important biological nanoparticle properties in a relevant setting.
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