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Abstract

Disclosure Conclusions

CaCl2 heatshock: A rapid, adjustable and feasible method for loading 
nucleic acid cargos in 293F exosomes 

Introduction: Exosomes have been considered as drug carrier 
particles to use in vaccination and therapeutic approaches. 
Here we assessed CaCl2 heatshock method for loading 
various lengths of nucleic acids from siRNA and ASO to mRNA 
in exosomes. ASO and siRNA emerged as a powerful tool for 
targeting mutant genes in various disorders including cancers 
and Duchenne Muscular Dystrophy. Developing mRNA delivery 
have enhanced in therapy and vaccine applications. Several 
mechanical and chemical approaches have been applied to 
load nucleic acids in exosomes. Using CaCl2 could increase 
the intact loading of nucleic acids in exosomes and 
consequently their therapeutic efficiency.

Methods: Exosomes isolated from HEK293 cells were mixed 
with siRNA/ASO/or mRNA and CaCl2 in ice follow heatshock at 
42°C. The unloaded nucleic acids and CaCl2 were cleaned 
up by enzymatic digestion and filtration column. HEK293 cells 
were treated with siRNA loaded exosomes for 48h. The 
expression of the target gene in cells treated with loaded 
siRNAs was measured using qPCR. Exosomes loaded with 
Cy5 labeled ASO were labeled with anti-DC9-APC antibodies 
to detect in flowcytometry compared to the unlabeled naked 
exosomes. Total RNA of exosomes loaded with mRNA were 
extracted to assay fragment sizes in bioanalyzer.

The current study demonstrated that CaCl2 heatshock method is a straightforward approach for loading exosomes with various nucleic acids. The successful 
intact loading of mRNA introduced CaCl2 heatshock as a promising approach for encapsulating mRNA into exosomes for future therapeutic goals.
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mRNA loading. HEK293F derived exosomes 
loaded with mRNA were treated with RNAse to 
remove unloaded mRNA. A. Total RNA were 
isolated from mRNA loaded and control 
exosomes and analyzed by Bioanalyzer. An 
intact full-length mRNA was detected, 
confirming loading. B. Loaded exosomes added 
to the HEK293F cells media. Cell were 
harvested after 24h  to assay mRNA expression 
by qPCR. As shown, elevated expression was 
detected, confirming functional delivery of 
mRNA by exosomes.

siRNA loading. HEK293F derived exosomes 
were loaded with Luc-siRNA and  were treated 
with RNAse to remove unloaded molecules. A. 
Flowcytometry assay showed a clear population 
positive to both CD9 (APC, exosome marker) 
and siRNA (PE), confirming loading of the 
exosome with siRNA. B. siRNA loaded 
exosomes were added to the HEK293F-Luc 
cells media. After 48h fLuc-mRNA expression 
was measured using qPCR. Significant 
reduction of fLuc expression was observed 
confirming the functional delivery of the siRNA 
by exosomes.

ASO Loading. A. HEK293F derived exosomes 
were loaded with Cy5-labled ASO. 
Flowcytometry assay showed Cy-5 
fluorescence associated with the exosome 
population, supporting loading of the ASO into 
the exosomes. B. ASO loaded exosomes were 
added to the culture media. Uptake was 
observed as shown by the intracellular 
localization of the cy5 signal. This is 
comparable to the oligofectamine-ASO 
(positive control. Unloaded exosomes and ASO 
were used as negative control
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Results: Exosomes loaded with dye 
labeled ASO showed a clear shift in 
FITC and PE axis of loaded 
exosomes samples compared to the 
negative controls. Shifting in different 
concentrations of loaded ASO run 
into flowcytometry confirmed the 
exosome loading. Analysis of 
HEK293 cells uptake siRNA loaded 
exosomes showed increase the 
silence of target gene up to more 
than 80% in 48h. The 
electropherogram showed the 
presence of the full-length size of 
mRNA in loaded exosomes compared 
to the naked exosomes samples.
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