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Exosomes are nanosized vesicles 
originating from endosomal com-

partments and secreted by most living 
cells. In the past decade, exosomes have 
emerged as potent tools for cancer immu-
notherapy due to their important roles in 
modulation of immune responses, and 
promising results have been achieved 
in exosome-based immunotherapy. The 
recent rapid progress of nanotechnology, 
especially on tailored design of nanocar-
riers for drug delivery based on both pas-
sive and active targeting strategies, sheds 
light on re-engineering native membrane 
vesicles for enhanced immune regula-
tion and therapy. Applications of nano-
technology toolkits might provide new 
opportunity not only for value-added 
therapeutic or diagnostic strategies based 
on exosomes in cancer immunotherapy, 
but also new insights for biogenesis 
and biological relevance of membrane 
vesicles. This commentary focuses on 
the recent development and limitations 
of using exosomes in cancer immuno-
therapy and our perspectives on how 
nanomaterials with potential immune 
regulatory effects could be introduced 
into exosome-based immunotherapy.

Exosomes in Cancer  
Immunotherapy

Exosomes are nanometer-sized (50–
100  nm) membrane vesicles actively 
secreted into the extracellular environ-
ment by a wide variety of cells.1 These 
vesicles are manufactured in late endo-
somes, carrying a large array of proteins 
from their originating cells.1 Exosomes 
were first described as vesicles secreted 
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by reticulocytes to eliminate obsolete 
molecules during erythroid cell matura-
tion.2 Further studies on exosomes suggest 
that exosomes could carry both antigenic 
materials and peptide-MHC complexes, 
thereby attracting great interests in their 
possible roles in triggering immune 
responses.3-5 Over the past decade, intense 
research efforts have been performed to use 
and improve exosomes as effective immu-
nological tools for cancer immunotherapy.

Early studies showed that dendritic 
cell (DC) derived-exosomes (Dex) could 
induce activation of antigen-specific T 
cells in vitro in the presence of DCs.6 Dex 
bearing tumor antigens or acid-eluted 
tumor peptides elicited strong antitu-
mor immune responses toward tumor 
cells.7 Furthermore, it has been reported 
that Dex can directly trigger natural 
killer (NK) cells activation in mice and 
cancer patients.8 These studies showed 
that exosomes may hold great potential 
as therapeutic tumor vaccines for can-
cer immunotherapy. However, in the 
first clinical trail Dex vaccination did 
not induce expected antitumor immune 
responses in neither advanced melanoma 
nor lung cancer patients, and vaccine-
specific T-cell responses could only be 
detected in a few patients.9,10

The second generation of exosome 
vaccines focuses on the modulation of 
exosome immunogenicity. These exo-
somes were isolated from cells that express 
immunostimulatory cytokines or sur-
face receptors.11 Yang et al. demonstrated 
that exosomes isolated from tumor cells 
transfected with interferon-2 gene induce 
increased antitumor effects in vivo com-
pared with normal exosomes.12 The 
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Applications of Nanotechnology 
in Exosome Research

Synthetic carriers such as polymer and 
lipid nanoparticles often struggle to 
meet clinical expectations. For example, 
commonly used nanoparticles, such as 
liposomes, polymeric nanoparticles or 
inorganic nanoparticles might adsorb 
serum proteins to induce antibody-depen-
dent cell-mediated cytotoxicity, or active 
complement or coagulation factors leading 
to phagocytosis by mononuclear phago-
cyte system.16 Exosome, as a sophisticated 
and highly regulated biological nanosized 
vesicle system is therefore worth re-engi-
neering to optimize its therapeutic poten-
tials. The availability of nanotechnology 
toolkits, in conjunction with a better 
understanding of exosome biology, enables 
such efforts more fruitful. As nanosized 
membrane vesicles, exosomes are similar 
with liposomes on both the composition 
and the structure; therefore they can be 
re-engineered to deliver exogenous cargos 
for specific cell types or tissues in vivo.1,16 
As natural membrane vesicles in human 
body, if exosomes were isolated from 
patients themselves, they are less likely to 
be attacked by the innate immune cells, 
antibodies, complement or coagulation 
factors in the circulation of the patients. 
Compared with engineered nanoparticles, 
exosomes hold various desirable features, 
especially on biocompatibility, safety and 
effectiveness to deliver multiple functional 
entities when used in vivo.

of generating a cross-reactive immune 
response. This study provides a simple 
method to generate antigens-bearing 
DC-mv vaccines against different tumor 
types. The method of loading different 
tumor antigens onto DC-mv is highly effi-
cient. No transfection or chemical modifi-
cation is needed to deliver tumor antigens 
into DCs. Therefore, one can easily engi-
neer DC-mv bearing multiple tumor anti-
gens needed for therapeutic indications 
with this technique.

Modulation of immunogenicity of 
exosomes has become a novel method 
for highly effective exosome vaccine 
development in cancer immunotherapy. 
Although some promising results have 
been achieved, there still exist a num-
ber of limiting factors of exosome vac-
cine for further clinical applications. 
First, in most studies, exosomes only 
exhibited prophylactic immunity.15 In 
most cases, exosomes are hard to induce 
strong enough antitumor effects for can-
cer treatment.9 Therefore, to generate 
enough amounts of exosomes to prime 
enough immune response remains a bar-
rier to overcome. Second, due to lack of 
appropriate real-time monitoring meth-
ods, it is still largely unknown about exo-
some metabolism/degradation, immune 
recognition mechanism and signaling 
transduction process in vivo. Therefore, 
new and innovative technologies are 
needed to accelerate the basic and applied 
research on exosomes and other mem-
brane vesicles.

transfected-cell derived-exosomes confer a 
greater immunogenicity and elicit a greater 
immune response. Furthermore, a study by 
Xie et al. indicated that membrane-bound 
HSP70-engineered cell-derived exosomes 
stimulated more efficient cytotoxic T lym-
phocytes (CTL)- and NK-mediated anti-
tumor immunity.13 It has also been shown 
that the immunogenicity of Dex may be 
further potentiated by adding exogenous 
CpG adjuvant.14 These studies provide 
new methods to enhance the immuno-
genicity of exosomes, thereby potentially 
making them as more effective cancer 
vaccines.

Recently, our group has generated an 
effective dual exosome vaccine against 
two types of tumors.15 We found that 
the development of melanoma (B16) and 
Lewis lung carcinoma (LLC) in mice can 
be effectively prevented by vaccination 
with our exosome-like membrane vesicles. 
Using the intrinsic function of DCs in 
process and presentation of antigens, we 
generated DC-derived membrane vesicles 
(DC-mv) bearing tumor antigens from 
B16 and LLC cells. After DC-mv vacci-
nation in mice, these vesicles prevented 
both tumors growth in mice (Fig. 1). Our 
results also showed that the approach of 
loading antigens from two different types 
of tumors overcomes ineffective immu-
nogenicity to both tumors in vitro and in 
vivo. These results support the hypoth-
esis that xenogeneic antigens are more 
immunogenic owing to minor differences 
in the protein sequences that are capable 

Figure 1. Efficacy of DC-mv for tumor rejection in vivo. Mice were vaccinated twice a week intervals with either saline (control), DC-mv from immature 
DCs (DC-mvblank), DC-mv carrying antigens from B16 cells (DC-mvB16) or DC-mv carrying antigens from B16 and LLC cells (DC-mvB16/LLC). Mice were then 
injected with B16 (A) or LLC (B) tumor cells 7 d after the last vaccination. DC-mvB16/LLC vaccine showed highly inhibition effect on tumor growth for both 
B16 and LLC cell-challenged mice. Adapted from Tian et al.15
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few years in the field of exosome-based 
cancer immunotherapy and the examples 
mentioned here illustrate the possibility of 
using nanotechnology to meet the chal-
lenges in this field. Further development 
of exosome biology, if properly integrated 
with well established nanotechnology, 
would provide extraordinary opportuni-
ties to overcome the current obstacles for 
further development of exosome-based 
cancer immunotherapy.
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drug delivery via both passive and active 
targeting modes.17 Ideal drug delivery sys-
tem should be able to reach the desired 
regions and selectively recognize target 
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philic copolymer nanocarrier system with 
desirable biocompatibility and controlled 
drug release profile to markedly inhibit 
tumor cell proliferation18 and achieved 
active in vitro targeting via RGD pep-
tide.19 Exosomes have been investigated 
as drug carriers recently. Alvarez-Erviti et 
al. used electroporation method to load 
siRNA into exosomes.20 When the exo-
some-siRNA complex was injected into 
mice, a significant inhibition of target 
gene expression was achieved compared 
with the naked siRNA. In another study, 
exosomes have been used as a vehicle to 
deliver an anti-inflammation hydrophobic 
drug: curcumin.21 Curcumin was nonspe-
cifically bound to the lipid bilayer regions 
of exosomes. The results showed that cur-
cumin delivered by exosomes is more sta-
ble and highly concentrated in the blood 
than free curcumin. Taken together, these 
studies show that using the same con-
cept of nanoparticle drug delivery would 
enable exosomes as natural drug nanocar-
riers. Exosomes can carry not only nucleic 
acid but also other small molecular drugs, 
such as adjuvants, aptamers and viral vec-
tors, along with their own active compo-
nents, making them as perfect candidates 
of enhanced or multifunctional vaccines.

For synthetic nanocarriers, various 
active targeting molecules have been dem-
onstrated to be effective in various systems. 
As natural membrane vesicles, exosomes 
may be functionalized via harnessing vari-
ous cellular synthetic pathways. Alvarez-
Erviti et al. have reported a method to 
facilitate Dex specifically target to mouse 
brain.20 They used Lamp2b protein, which 
is normally expressed by DCs, tagged with 
a sequence from rabies viral glycopro-
tein that binds to a receptor expressed in 
brain tissue. When injected intravenously 
into mice, the modified exosomes trans-
fer across the blood-brain barrier and are 
taken up by brain cells. Based on the rapid 
progress on both active targeting enabled 
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