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Purpose: Exosomes are small 30-100 nm vesicles secreted by 
various cell types. They are released by most cell types, indicating 
their important role in physiological and pathological processes, 
including signaling pathways, cell-to-cell communication, tumor 
progression, and molecule transferring. As natural nanovesicles, 
exosomes can be a good candidate for drug delivery due to low 
immunogenicity and ability to enter tissues and even cross the blood-
brain barrier. In an effort to improve the efficiency of exosomes for 
targeted drug delivery with minimal effect on normal cells, we 
expressed ligands against HER2+ cells. Methods: To purify exosomes, 
transduced mesenchymal stromal cells were cultured to reach 80% 
confluency. Next, the cells were cultured in serum-free media for 48 
hours and the supernatant was harvested to purify exosomes. These 
exosomes were then labeled with PKH67 and added to BT-474, SKBR3 
(HER2+), and MDA-MB231 (HER2-), cell lines and their binding to HER2+ 
was evaluated by flow cytometry. Exosomes were loaded with doxorubicin 
and quantified using intrinsic fluorescence of doxorubicin at 594 nm. 
Results: Targeted exosomes were preferably uptaken by HER2+ cells. 
Therefore, untargeted exosomes showed lower binding to HER2+ cells 
compared to their targeted counterparts. MTT assay was performed to 
analyze cytotoxic effect of exo-DOX (exosome encapsulated with 
doxorubicin). Efficiency of exo-DOX and free DOX (doxorubicin) 
delivery with different concentrations, to the BT-474 cell line, was 
compared, and no significant difference was observed. Conclusion: Our 
results imply that targeted exosomes are preferentially uptaken by 
HER2+ cells relative to HER2- cells and have the potential to be used 
as an efficient drug delivery system.
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Exosomes derived from mesenchymal stem cells (MSCs) have been 
evaluated for their potential to be used as drug delivery vehicles. 
Synthetically personalized exosome mimetics (EMs) could be the 
alternative vesicles for drug delivery. In this study, we aimed to 
isolate EMs from human MSCs. Cells were mixed with paclitaxel (PTX) 
and PTX-loaded EMs (PTX-MSC-EMs) were isolated and evaluated for their 
anticancer effects against breast cancer. EMs were isolated from human 
bone marrow-derived MSCs. MSCs (4 x 10(6) cells/mL) were mixed with or 
without PTX at different concentrations in phosphate-buffered saline 
(PBS) and serially extruded through 10-, 5-, and 1-mum polycarbonate 
membrane filters using a mini-extruder. MSCs were centrifuged to 
remove debris and the supernatant was filtered through a 0.22-mum 
filter, followed by ultracentrifugation to isolate EMs and drug-loaded 
EMs. EMs without encapsulated drug (MSC-EMs) and those with 
encapsulated PTX (PTX-MSC-EMs) were characterized by western blotting, 
nanoparticle tracking analysis (NTA), and transmission electron 
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microscopy (TEM). The anticancer effects of MSC-EMs and PTX-MSC-EMs 
were assessed with breast cancer (MDA-MB-231) cells both in vitro and 
in vivo using optical imaging. EMs were isolated by the extrusion 
method and ultracentrifugation. The isolated vesicles were positive 
for membrane markers (ALIX and CD63) and negative for golgi (GM130) 
and endoplasmic (calnexin) marker proteins. NTA revealed the size of 
MSC-EM to be around 149 nm, while TEM confirmed its morphology. PTX-
MSC-EMs significantly (p < 0.05) decreased the viability of MDA-MB-231 
cells in vitro at increasing concentrations of EM. The in vivo tumor 
growth was significantly inhibited by PTX-MSC-EMs as compared to 
control and/or MSC-EMs. Thus, MSC-EMs were successfully isolated using 
simple procedures and drug-loaded MSC-EMs were shown to be 
therapeutically efficient for the treatment of breast cancer both in 
vitro and in vivo. MSC-EMs may be used as drug delivery vehicles for 
breast cancers.
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Targeted delivery of clustered regularly interspaced short 
palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) system 
to the receptor cells is essential for in vivo gene editing. Exosomes 
are intensively studied as a promising targeted drug delivery carrier 
recently, while limited by their low efficiency in encapsulating of 
large nucleic acids. Here, a kind of hybrid exosomes with liposomes is 
developed via simple incubation. Different from the original exosomes, 
the resultant hybrid nanoparticles efficiently encapsulate large 
plasmids, including the CRISPR-Cas9 expression vectors, similarly as 
the liposomes. Moreover, the resultant hybrid nanoparticles can be 
endocytosed by and express the encapsulated genes in the mesenchymal 
stem cells (MSCs), which cannot be transfected by the liposome alone. 
Taken together, the exosome-liposome hybrid nanoparticles can deliver 
CRISPR-Cas9 system in MSCs and thus be promising in in vivo gene 
manipulation.


