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ABSTRACT  

Formulated forms of cancer therapeutics enhance the efficacy of treatment by more precise 

targeting, increased bioavailability of drugs, and an aptitude of some delivery systems to 

overcome multiple drug resistance of tumors. Drug carriers acquire importance for anti-cancer 

interventions via targeting tumor-associated macrophages with active molecules capable to 

either eliminate them or change their polarity. Although several packaged drug forms have 

reached the market, there is still a high demand for novel carrier systems to hurdle limitations 

of existing drugs on active molecules, toxicity, bioeffect, and stability. Here, we report a facile 

assembly and delivery methodology for biodegradable polymeric multilayer capsules (PMC) 

with the purpose of further use in injectable drug formulations for lung cancer therapy via direct 

erosion of tumors and suppression of the tumor-promoting function of macrophages in the 

tumor microenvironment. We demonstrate delivery of low-molecular-weight drug molecules to 

lung cancer cells and macrophages and provide details on in vivo distribution, cellular uptake, 

and disintegration of the developed PMC. Poly-Larginine and dextran sulfate alternately 

adsorb on a ∼500 nm CaCO3 sacrificial template followed by removal of the inorganic core to 

obtain hollow capsules for consequent loading with drug molecules, gemcitabine or clodronate. 

The capsules further compacted upon loading down to ∼250 nm in diameter via heat treatment. 

A comparative study of the capsule internalization rate in vitro and in vivo reveals the benefits 
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of a diminished carrier size. We show that macrophages and epithelial cells of the lungs and 

liver internalize capsules with efficacy higher than 75%. Using an in vivo mouse model of lung 

cancer, we also confirm that tumor lungs better retain smaller capsules than the healthy lung 

tissue. The pronounced cytotoxic effect of the encapsulated gemcitabine on lung cancer cells 

and the ability of the encapsulated clodronate to block the tumor-promoting function of 

macrophages prove the efficacy of the developed capsule loading method in vitro. Our study 

taken as a whole demonstrates the great potential of the developed PMC for in vivo treatment 

of cancer via transporting active molecules, including those that are water-soluble with low 

molecular weight, to both cancer cells and macrophages through the bloodstream. 
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FIGURE LEGEND  

Delivery of large (∼2 μm) and compacted (∼250 nm) PMC to the mouse lungs and liver. 

Bioluminograph ex vivo images of lungs and liver of mice sacrificed 1 or 3 days after 

intravenous injection of TRITC-labeled capsules and respective tissue diagrams depicting the 

fluorescence intensity of the label plotted as the mean and standard deviation. The data plots 

were derived from the arbitrary unit color scales shown next to the respective sets of images. 

(A) Lungs and (B) liver of healthy C57/B6 mice. (C) Lungs of healthy C57/B6 mice and K-

rasG12D mice bearing lung cancer. 


