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Exosomes, the smallest (30–150 nm in diameter) subset of 
extracellular vesicles (EVs) are derived from the endocytic 
compartment of the parent cell and function as an inter-
cellular communication system (1). The system operates 
in unicellular as well as multicellular organisms (2) and 
involves the transfer of signals and/or genetic messages 
from the parent to recipient cells (3). The mechanisms 
responsible for the message delivery to recipient cells 
have been intensively investigated and found to vary from 
the receptor/ligand-type uptake to macropinocytosis, 
endocytosis, or phagocytosis (4). The nature of recipient 
cells seems to determine the mechanism of exosome 
uptake. Tumor cells, including pancreatic adenocarcinomas, 
readily uptake exosomes engaging one or more of these 
mechanisms. Exosomes carry a rich cargo of integrins and 
opsonins that facilitate their uptake (5). In vivo, the time 
exosomes spend in the circulation is another factor that 
regulates their uptake. The removal of exosomes from the 
circulation by cells of the reticuloendothelial system (RES) 
is likely to be rapid, potentially interfering with the targeted 
delivery of the exosome cargo to recipient cells. 

Exosomes are considered to be promising delivery 
vehicles for therapeutic agents such as, e.g., RNA 
interference (RNAi) (6). It appears that exosomes, like 
liposomes, can be readily loaded with RNAi. Because 
exosomes carry proteins enhancing their uptake, it was 
assumed that they would efficiently deliver RNAi to targeted 
recipient cells. However, enhanced exosome phagocytosis 
by monocytes/macrophages represents a potential hurdle 

of rapid exosome clearance from the circulation that might 
interfere with the intended RNAi delivery to target cells. 
In a recent paper published in Nature (7), Kamerkar and 
his group report that exosomes derived from fibroblast-
like mesenchymal cells carry CD47, an immunoglobulin-
like domain-containing molecule that serves as a “don’t 
eat me” signal. The binding of CD47 located on the 
exosome surface to its receptor, signal regulatory protein 
alpha (SIRPα), on phagocytic cells inhibits phagocytic 
functions (8). CD47 is broadly expressed on various types 
of tumor cells and normal tissue cells, and the antibody-
mediated blockade of its tumor-protective functions 
has been used as therapy in patients with cancer (9).  
Similar to protecting tumor cells from phagocytosis, CD47 
on exosomes contributes to suppression of their clearance 
and increases the efficiency of targeted content delivery. In 
a series of elegant experiments, the authors of the Nature 
paper successfully electroporated CD47high exosomes with 
Alexa Fluor 647 (AF647)-labeled short interfering RNA 
(siRNA), creating “iExosomes”. These exosomes delivered 
intraperitoneally (IP) to CD57BL/6 or nude mice showed 
better retention in the circulation and better accumulation 
in the liver, lung and pancreas than liposomes. Importantly, 
CD47 knockout (KO) exosomes showed significantly less 
retention, suggesting that CD47 presence on exosomes 
limits their clearance by circulating SIRPα+CD11+ 
monocytes. In the presence of blocking anti-CD47 antibody, 
disrupting the CD47-SIRPα signaling in monocytes, a 
significant increase of AF647+CD11b+ monocytes (i.e., 
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monocytes internalizing labeled exosomes) in the circulation 
was observed. When CD47high iExosomes were injected into 
mice, a decrease in circulating AF647+CD11b+ monocytes 
was evident, suggesting that exosome escape from clearance 
by monocytes was partly mediated by the CD45/SIRPα 
signal. 

The objective of the above-described iExosome delivery 
studies was to pave the way for implementation of RNAi-
based therapy targeting oncogenic KRAS in pancreatic 
ductal adenocarcinoma (PDAC). Earlier studies suggested 
that oncogenic RAS upregulated macropinocytosis in 
pancreatic cancer cells facilitating exosome uptake. The 
investigators electroporated exosomes with siRNA or short 
hairpin RNA (shRNA) targeting KRASG12D and showed 
that these iExosomes were internalized by human PANC-
1 cells and significantly decreased KRASG12D mRNA levels 
and RAS activity in these cells. This effect was specific, as 
cells containing wild-type KRAS were not altered. In the 
next series of experiments, mice with luciferase expressing 
orthotopic PANC-1 tumors were treated with repeated IP 
injections of iExosomes or iLiposomes (108 every other day).  
Tumors treated with iExosomes were significantly reduced 
in size relative to controls, and overall survival of mice was 
significantly improved. iLiposomes were less effective. 
The anti-tumor efficiency of iExosomes was significantly 
inhibited by blocking the CD47-SIRPα “don’t eat me” 
signal. Further, CD47 KO iExosomes did not robustly 
suppress tumor growth or prolong survival. The in vivo 
experiments in several different mouse models of pancreatic 
cancer confirmed the remarkable therapeutic efficacy of 
iExosomes that far surpassed that of liposomes. In additional 
in vivo experiments, the authors of the Nature paper also 
showed that iExosomes generated from mouse or human 
sources delivered to animals bearing advanced pancreatic 
tumors reduced tumor burden, decreased pancreatic 
desmoplasia, suppressed proliferation and enhanced 
apoptosis of cancer cells, reduced ERK phosphorylation, 
AKT phosphorylation and RAS levels as well as oncogenic 
KRASG12D expression with increased animal survival. 

The reported significant advantages of therapy with 
engineered iExosomes targeting oncogenic KRAS in 
advanced PDAC in mice are especially impressive in light of 
the evidence that the RAS pathway is poorly druggable (10). 
What accounts for this impressive therapeutic potential of 
iExosomes that extended to advanced metastatic disease in 
this study? And why is iExosome therapeutically superior 
to iLiposome? The authors suggest that a longer retention 

of iExosomes in the circulation due to the CD47 content, 
the RAS-mediated enhanced micropinocytosis in tumor 
cells, and the presence in the iExosome cargo of proteins 
facilitating uptake by recipient tumor cells might have 
accounted for the observed improved therapeutic efficacy 
of iExosomes vs. iLiposomes. To test the first possibility, 
the authors could have further evaluated the role of CD47 
in this process by decorating liposomes with CD47 and 
following their delivery and therapeutic effects. However, 
the clue to superior therapeutic effects of iExosomes 
may be more complex. While CD47 is the best known 
“don’t eat me” protein, there are bound to be others on 
the surface of various cells and carried by exosomes. The 
likely presence in the circulation of monocyte-derived 
SIRPα+ exosomes could antagonize the “don’t eat me” 
exosome-to-monocyte signaling (11). Further, there are 
numerous known “pro-eat me” molecules, including 
calreticulin or phosphatidyl serine or other pro-apoptotic 
proteins on tumor cells (12) and on exosomes these cells 
produce. Hence, the balance of exosomal “pro-eat me” vs. 
“don’t eat me” exosome components will surely impact on 
iExosomes retention in the circulation vs. their uptake by 
recipient cell. The exosome content of adhesion molecules 
is rich and varied as is the membrane content of specific 
ligands and receptors they carry, potentially resulting in 
differences in the exosome uptake by recipient cells (13). 
The simultaneous delivery by exosomes of many cognate 
receptor/ligands to recipient cell surface and the resulting 
signaling represents a powerful and rapid message delivery 
system that may outperform the other uptake mechanisms. 
Hence, iExosomes naturally endowed with the roster 
of specific signaling proteins are likely to deliver more 
effective messages than synthetic liposomes. Finally, an 
exosome carries numerous biologically active molecules in 
its cargo that upon uptake by a recipient cell are necessary 
to facilitate message translation, which liposomes may or 
may not be able to do. Also, it is important to remember 
that cells of the RES may be able to discriminate between 
biologically-active exosomes and decorated liposomes, 
differentially regulating their retention in the circulation. 
This regulation could be altered in advanced neoplasia, 
where the RES is stressed and the clearance mechanisms are 
partially overextended. 

The Nature study convincingly shows that therapy of 
PDAC with engineered iExosomes targeting oncogenic 
KRAS was effective in reducing tumor growth and was 
superior to therapy with similarly administered liposomes. 
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It emphasizes the promising potential of iExosomes in 
cancer therapy. It comes short, however, of adequately 
explaining the reasons for the observed therapeutic efficacy 
of iExosomes. This, of course, is the key question that needs 
to be addressed prior to further translation of iExosome-
based cancer therapy to the clinical setting. 

Acknowledgments

Funding: This study was supported in part by NIH 
grants (No. RO-1 CA168628 and R21 CA205644) to TL 
Whiteside. 

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by the Section Editor Liping Li (Eunice 
Kennedy Shriver National Institute of Child Health 
and Human Development, National Institute of Health, 
Bethesda, MD, USA).

Conflicts of Interest: The author has completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2017.10.32). The author has no conflicts 
of interest to declare.

Ethical Statement: The author is accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article 
with the strict proviso that no changes or edits are made 
and the original work is properly cited (including links 
to both the formal publication through the relevant 
DOI and the license). See: https://creativecommons.org/
licenses/by-nc-nd/4.0/.

References

1.	 Lo Cicero A, Stahl PD, Raposo G. Extracellular vesicles 
shuffling intercellular messages: for good or for bad. Curr 
Opin Cell Biol 2015;35:69-77.

2.	 Berleman J, Auer M. The role of bacterial outer membrane 
vesicles for intra- and interspecies delivery. Environ 
Microbiol 2013;15:347-54.

3.	 Abels ER, Breakefield XO. Introduction to Extracellular 
Vesicles: Biogenesis, RNA Cargo Selection, Content, 
Release, and Uptake. Cell Mol Neurobiol 2016;36:301-12.

4.	 Mulcahy LA, Pink RC, Carter DR. Routes and 
mechanisms of extracellular vesicle uptake. J Extracell 
Vesicles 2014;3.

5.	 Atay S, Godwin AK. Tumor-derived exosomes: A message 
delivery system for tumor progression. Commun Integr 
Biol 2014;7:e28231.

6.	 Vader P, Mol EA, Pasterkamp G, et al. Extracellular 
vesicles for drug delivery. Adv Drug Deliv Rev 
2016;106:148-56.

7.	 Kamerkar S, LeBleu VS, Sugimoto H, et al. Exosomes 
facilitate therapeutic targeting of oncogenic KRAS in 
pancreatic cancer. Nature 2017;546:498-503.

8.	 Willingham SB, Volkmer JP, Gentles AJ, et al. The CD47-
signal regulatory protein alpha (SIRPa) interaction is a 
therapeutic target for human solid tumors. Proc Natl Acad 
Sci U S A 2012;109:6662-7.

9.	 Weiskopf K. Cancer immunotherapy targeting the CD47/
SIRPalpha axis. Eur J Cancer 2017;76:100-9.

10.	 Gysin S, Salt M, Young A, et al. Therapeutic strategies for 
targeting ras proteins. Genes Cancer 2011;2:359-72.

11.	 Koh E, Lee EJ, Nam GH, et al. Exosome-SIRPalpha, 
a CD47 blockade increases cancer cell phagocytosis. 
Biomaterials 2017;121:121-9.

12.	 Penberthy KK, Ravichandran KS. Apoptotic cell 
recognition receptors and scavenger receptors. Immunol 
Rev 2016;269:44-59.

13.	 Singh A, Fedele C, Lu H, et al. Exosome-mediated 
Transfer of alphavbeta3 Integrin from Tumorigenic to 
Nontumorigenic Cells Promotes a Migratory Phenotype. 
Mol Cancer Res 2016;14:1136-46.

Cite this article as: Whiteside TL. Therapeutic targeting of 
oncogenic KRAS in pancreatic cancer by engineered exosomes. 
Transl Cancer Res 2017;6(Suppl 9):S1406-S1408. doi: 10.21037/
tcr.2017.10.32

http://dx.doi.org/10.21037/tcr.2017.10.32
http://dx.doi.org/10.21037/tcr.2017.10.32
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

