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Introduction 

A deeper understanding of the molecular biology of cancer is crucial to develop innovative therapeutic approaches.
The functional significance of lost microRNAs has been reported in several human malignancies. However, lack of
an effective tumor-specific delivery system remains an unmet clinical challenge for successful translation of
therapeutic microRNAs. In this work, we present a novel nanocarrier completely inspired by natural exosomes and
evaluate its potential for transporting oncosuppressor microRNA145 (miR145) to cancer cells.

Exosomes are extracellular membrane nanovesicles that given their role in cell-to-cell communication, have
increasingly gained much attention as the “ideal drug delivery vehicle”1. However, cells release relatively low
amounts of exosome, purification and manipulation are cumbersome and they are not fully characterized2. In order
to avoid the mentioned drawbacks and making use of nanotechnology, we have developed a nanoplatform that
simulate natural exosomes in structure and functionality, and show its potential for the targeted delivery of
oncosuppressor miRNAs in cancer.

Objective

Our aim is to develop, characterize, and evaluate the potential of a novel nanoplatform, completely inspired by
natural exosomes, as a promising therapeutic strategy for the targeted delivery of oncosuppressor microRNAs to
cancer cells.

Methods

Exosomes were isolated from tumor cells by serial differential ultracentrifugation3 and characterized by
Transmission Electron Microscope (TEM), Dynamic Light Scattering (DLS), Western blot (WB) and proteomic
analysis. Bio-inspired nanocarriers were formed using the same lipidic compounds present in exosomes and in
similar proportions4 by injection of ethanol in water. The incorporation of each component to the system was
confirmed by Nuclear Magnetic Resonance (NMR)5. Nanocarriers were then loaded with miR145 and coated with
the extracellular fraction of an exosomal transmembrane protein. Characterization was carried out with respect to
size (DLS), superficial charge (Laser Doppler Anemometry, LDA) and morphology (TEM). Furthermore, their
colloidal stability was assessed during storage and upon incubation with physiological media. Their cytotoxicity was
also evaluated (MTT assay), as well as their internalization ability in cancer cell lines (Confocal Laser-Scanning
Microscope, CLSM). The effective delivery of microRNAs associated to our nanocarriers was evaluated after
transfection of lung cancer cells, using flow cytometry (FACS), confocal microscopy, and RT-PCR. The therapeutic
potential of the proposed nanocarriers for gene therapy was evaluated by clonogenic assay.

Results

We have successfully achieved the preparation of novel nanocarriers completely inspired by exosomes, having a
similar composition, mean size, superficial properties, and morphology than natural exosomes derived from cancer
cells (Table 1, Figure 1). These nanocarriers have the potential for translation to preclinical or clinical settings,
since they are prepared by a very simple and scalable methodology, having a higher yield of production than
exosomes, and a well-defined composition, being, therefore, safer than natural exosomes.

Our nanocarriers show a good colloidal stability during storage (evaluation time 4 months), as well as upon



incubation in different media (plasma, culture media, saline solutions, etc.). They do not present intrinsic toxicity
and are efficiently internalized by cancer cells. Indeed, they show a more efficient intracellular delivery of the
associated drugs, with respect to exosomes isolated from cancer cell lines. Further functionalization of the
developed nanocarriers with proteins previously identified in tumoral exosomes, and related to their organotropic
properties, lead to an increase in the interaction of the nanocarriers with the targeted cancer cells, and to improved
transfection efficiencies with oncosuppressor microRNA mimics. Furthermore, our miRNA-loaded nanocarriers
significantly inhibited the clonogenicity of the transfected cells (p < 0,01) (Fig. 2). Taking together, these results
indicate that our system can be efficiently functionalized with bioactive targeting molecules and transport
oligonucleotides to tumoral cells, as a novel strategy in gene therapy in cancer.

Conclusions

In this study, we have successfully developed nanocarriers that are completely inspired in tumor-derived exosomes
but overcoming some of their drawbacks that can hamper a successful translation. Our nanocarriers have
adequate physicochemical properties and have demonstrated to be effective in transporting miRNA to tumoral
cells, showing a great potential in nanomedicine applied to cancer.
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