Chinese Chemical Letters 34 (2023) 107508

Contents lists available at ScienceDirect

Chinese Chemical Letters

CCL. "G

aRE

journal homepage: www.elsevier.com/locate/cclet

Exosome-based drug delivery systems in cancer therapy ®)

Tianqi Wang, Yanan Fu, Shengjie Sun, Chenyi Huang, Yunfei Yi, Junqing Wang*,

Yang Deng*, Meiying Wu*

Check for
updates

School of Pharmaceutical Sciences (Shenzhen), Shenzhen Campus of Sun Yat-sen University, Shenzhen 518107, China

ARTICLE INFO ABSTRACT

Article history:

Received 20 January 2022
Revised 6 May 2022
Accepted 10 May 2022
Available online 14 May 2022

Keywords:
Exosome

Drug delivery
Cancer therapy
Immunotherapy
Macrophages
Tumor cells

Exosome, which is a kind of extracellular vesicles with size around 40-160 nm, plays an important role
in cell-to-cell communication in multiple diseases. Especially in tumor microenvironment, exosomes are
the important pathway to transit proteins, nucleic acids and small molecules between different kinds of
cells. Based on these characteristics, exosomes are served as both therapeutic agents and drug delivery
systems in cancer therapy. In this review, the applications of exosomes as drug delivery systems in cancer
therapy were summarized and classified according to the cell source of the exosomes, including normal
cells, immune cells and tumor cells. Different modifications of exosomes and drug loading methods were
presented. Finally, some challenges that hindered the clinical translation of exosomes were also discussed.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

1. Introduction

Exosome, a subset of extracellular vesicles (EVs), is generated
from endosome pathway with size from 40-160 nm. Differences
in physiological microenvironment lead to heterogeneity of exo-
somes in source, size, contents, and functions [1,2]. Normally, exo-
somes contain proteins, nucleic acids (mRNA and DNA), and some
metabolites [3-5]. Membrane proteins expressed on the exosomes
result in different effects on their recipient cells and could also
be used for the isolation and purification of different kinds of ex-
osomes. The commonly used isolation methods include ultracen-
trifugation, density gradient, precipitation kits, ExoChip, immuno-
precipitation, ExoSearch chip and acoustic nanofilter (Table 1) [6-
9]. These methods are single or multiple used for different cell
sources depending on the application of the exosomes [10,11].

Because exosome is a main vehicle for the crosstalk of cells
in microenvironments, exosome has been explored for treatment
of immune-related diseases, different kinds of cancer, cardiovas-
cular and other diseases in decades of years [12-16]. Especially
in cancer, 108 exosome-based treatments have moved to clini-
cal trials, indicating that exosome provides new opportunities for
cancer treatments [17-19]. For example, Codiak Biosciences pre-
sented two clinical trials on exosomes loaded with STING ago-
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nist (NCT04592484) and IL-12 (NCT05156229) for immune activa-
tion in cancer. MD Anderson Cancer Center also developed Mes-
enchymal Stromal Cells-derived Exosomes with KRAS-G12D siRNA
(NCT03608631) for the treatment of cancer cells with KRASG12D
mutations. Some studies have proved that exosome is a good ther-
apeutic agent and delivery system due to its natural advantages,
such as accumulation in acidic tumor microenvironment, specific
to cancer types, immune effects, and high stability [1,20-22]. As
a drug delivery system in cancer treatments, exosome possesses
more attractive features such as nanosize, biocompatibility, tumor
targeting ability and easy modification [23,24]. In addition, ex-
osome could be rapidly transported from the periphery to the
lymph nodes (LNs) through lymphatics, which could be served as a
drug delivery system for cancer immunotherapy for enhanced im-
mune stimulation [25,26].

In this review, we will focus on the function of exosomes as
drug delivery systems and introduce the application of exosomes
derived from different sources for loading small molecular drugs,
proteins and nucleic acids in cancer treatment (Fig. 1).

2. Normal cell-derived exosomes

Normal cells are more stable and have no inflammatory re-
sponse [27]. Normal cell-derived exosomes could avoid the clear-
ance in blood circulation and the recognition by reticuloendothe-
lial system (RES). Normal cells have the advantage of stable trans-
fection, indicating that normal cells are good candidates for exo-
some production and modification. The normally used normal cells
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Table 1

Approaches for isolation of exosomes.

Approaches

Advantages

Disadvantages

Ultracentrifugation

Density gradient

Precipitation Kits

ExoChip

Large volume
Low cost
Low contamination

High purity
Effective in separating subset
of exosomes

Both small and large volume
Easy to use

High efficiency

Short time

Low recovery
Low purity
Long time
Little technical
expertise
Small volume
Low recovery

Long time

Low recovery
Long time

High contaminants
Small volume

High efficiency

Regardless of the cell source
High purity

High recovery

Short time

Isolation of specific
exosomes

High purity

High recovery

Low contamination

ExoSearch chip Small volume

Immunoprecipitation Long time
Small volume

High-cost antibodies

Acoustic nanofilter High purity Small volume
High recovery
Short time In development stages
Easy to use

include mesenchymal stem cells (MSCs) and human embryonic
kidney cells.

2.1. MSC-derived exosomes

MSCs have been used as therapeutic tools in cancer treat-
ment due to their distinctive characteristics including multilineage
differentiation, immunosuppression and homing to tumor tissue
[28]. Exosome release and paracrine effector are the main path-
ways for MSCs to perform their biological functions [29]. MSC-
derived exosomes (MSC-Exo) were demonstrated to be similar to
MSCs on therapeutic effects and could penetrate the tumor tissue,
which were conducive to the delivery of therapeutic agents [30].
By single-cell analysis, the distribution of MSC-Exo showed organ-
dependent uptake in different cell types and MSC-Exo were more
preferred to be uptake by cancer cells in tumor tissue [31]. More-
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Fig. 1. Scheme of exosomes derived from different sources as drug delivery systems
for loading small molecules, nucleic acids and proteins in cancer therapy. MSCs,
mesenchymal stem cells; DCs, dendritic cells; NKs, natural killer cells; PANC, pan-
creatic cell.

over, MSCs were easy to be engineered to construct stable expres-
sion cell lines, implying that MSC-Exo were the promising tools to
design desirable specific cell-targeting delivery systems [32]. Re-
cently, the large-scale generation of functional mRNA encapsulat-
ing exosomes via cellular nanoporation demonstrated that MSC-
Exo exhibited hyperproductivity and hypoimmunogenicity, indicat-
ing that MSC was an ideal cell line to generate exosomes for gene
delivery [33].

Bone marrow-derived MSCs (BM-MSCs) were used in pancreatic
cancer therapy based on the osculating relationship between bone
marrow and pancreatic cancer [34,35]. Exosomes derived from BM-
MSCs showed the tumor homing function in (pancreatic ductal
adenocarcinoma) PDAC mouse models [36]. Zhou et al. developed
a dual delivery system by electroporation loading galectin-9 siRNA
and surface modification of oxaliplatin on BM-MSC-derived exo-
somes [37]. BM-MSC-derived exosomes significantly improved tu-
mor targeting efficacy and elicited antitumor immune responses
by M2-type TAM polarization, cytotoxic T lymphocytes recruitment
and Tregs downregulation (Fig. 2). In recent years, MSCs derived
from other organs such as adipose tissue or stem-like cells such
as pediatric diffuse intrinsic pontine glioma cells were also em-
ployed as the sources of exosome generation, and theses exosomes
were also investigated as vectors for drug delivery in cancer ther-
apy [38,39].
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Fig. 2. Schematic of OXA and galectin-9 siRNA co-loaded delivery system for pancreatic cancer treatment through enhancing immune response and reprogramming tumor

microenvironment. Copied with permission [37]. Copyright 2021, Elsevier.
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2.2. HEK293 cell-derived exosomes

HEK293 cell is a kind of human embryonic kidney cell line,
which is regarded as a safe source for exosome isolation due to
the low cancer-related and immunogenically induced mechanisms
[40-42]. Based on these characteristics, HEK293 cells were used for
producing adenovirus, implying the large-scale production of ex-
osomes for translation [43]. As delivery vehicles, HEK293-derived
exosomes had the advantage of easy modification by transfec-
tion and other methods for different therapeutic strategies. For
example, HEK293 cells were transfected by decoy-binding do-
main of TNF receptor to display human TNF receptor-1 (hTNFR1)
on the surface of exosomes [44,45]. The engineered exosomes
were exploited to co-deliver 5-FU and miR-21 inhibitor oligonu-
cleotide for treatment of Her2 positive cancer and 5-FU resis-
tant colorectal cancer [46]. HEK293 cells transfected by signal reg-
ulatory protein o« (SIRPa)-plasmid were used to produce SIRPo
contained membrane-scaffold-based exosomes for protein deliv-
ery [47]. Comparing with protein-scaffold based ferritin nanocages,
exosomes exhibited superior antitumor effect due to the unique
characteristics, such as providing ideal membrane scaffolds to sup-
port the activity and distribution of membrane proteins, which
could enhance the phagocytic function of bone marrow derived
macrophages (BMDMs) toward cancer cells. Recently, a new tech-
nology called EXPLOR, which exploited the natural exosome bio-
genesis process and reversible protein-protein interactions con-
trolled by optogenetics, was presented for loading soluble proteins
into exosomes [48]. This technology was applied to generate srixB-
loaded HEK293T-derived exosomes for sepsis therapy [49]. With
the knowledge of protein interactions, EXPLOR will be applied for
delivery of proteins in cancer therapy in the future.

3. Immune cell-derived exosomes

Immune cell-derived exosomes preserve part of same functions
as their parental cells, such as immune stimulation and inhibi-
tion [50]. The potential of immune cell-derived exosomes in can-
cer therapy depends on the safety and functions of their parental
cells in immune responses. Immune cells, including macrophages,
dendritic cells (DCs) and natural killer (NK) cells, can be served as
the excellent sources for exosome isolation due to their unique fea-
tures, such as targeting ability and immune activation, which make
these exosomes attractive carriers for drug delivery in cancer treat-
ment.

3.1. Macrophage-derived exosomes

Macrophages are heterogeneous cells which could be polar-
ized into different phenotypes in tumor microenvironment dur-
ing different tumor progression [51]. Macrophages that are acti-
vated by lipopolysaccharide (LPS) are tumor suppressive M1-type
with tumor inhibiting, tumor vascular normalizing and stromal
destruction properties [52]. In tumor tissue, tumor associated-
macrophages (TAMs), which exhibit tumor promoting behavior and
release some anti-inflammatory cytokines, are similar to M2-type
macrophages [53]. Interestingly, M1-type macrophages could se-
cret some molecules to repolarize M2-type macrophages to M1-
type [54]. The heterogeneous properties of macrophages lead to
different functions of macrophage-derived exosomes. Leaf Huang'’s
group investigated the effect of macrophage phenotypes on the
function of exosomes for delivery of lipid calcium phosphate (LCP)
nanoparticle-encapsulated Trp2 vaccine (Vac) [55]. The antitumor
experiment showed that Vac-M1-Exo exhibited superior antitumor
efficiency comparing with Vac-M2-Exo and Vac in vitro and in vivo.
Moreover, no significant difference between Vac-M2-Exo and Vac
on antitumor efficiency was found. Similar result was verified in
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another research on investigating the effect of macrophage pheno-
types on the function of exosomes for paclitaxel (PTX) loading in
cancer therapy [56]. M1-type macrophage-derived exosomes were
also able to re-educate TAMs and inhibit tumor growth by repro-
gramming TAMs into M1-like macrophages and increasing antitu-
mor immunity [57]. These works provided evidences for choosing
proper phenotypes when employing macrophages as the exosome
donors.

Macrophage-derived exosomes can be isolated from both
monocytic cell lines (Raw 264.7 cells, THP-1 cells and J774A.1 cells)
and primary cells including monocyte cells. These exosomes could
be used as drug delivery systems directly for loading different
kinds of therapeutic agents such as small molecule drugs, nucleic
acids, and proteins [23,58-60]. Comparing with free drugs, exo-
somes could significantly improve the tumor accumulation abil-
ity and cellular uptake efficiency, as well as reverse P-gp mediated
drug resistance. However, there are still some deficiencies with the
native exosomes. In recent years, more and more exosome modifi-
cation methods have been developed to construct functional exo-
somes for cancer therapy, which could avoid the insufficient effects
of native exosomes and improve delivery efficiency. These modifi-
cation methods include biological approach, chemical method, and
nanotechnology, etc. [61,62].

To improve the targeting ability to specific cells and avoid
the recognition by mononuclear phagocyte system (MPS),
macrophage-derived exosomes are modified with targeting ligand
or polyethylene glycol (PEG) corona with lipid-based conjugates.
1,2-Distearoyl-sn-glycero-3-phosphoethanolamine-poly(ethylene
glycol) (DSPE-PEG), which is the normally used lipid for liposome
preparation and modification, can be also generalized to exosome
modification. Kim et al incorporated aminoethylanisamide-
poly(ethylene glycol)-DSPE (AA-PEG-DSPE) moiety into PTX-loaded
exosomes for targeting lung cancer cells [63]. Since macrophages
are derived from monocytes, the modification of macrophages-
derived exosomes could be initiated from the monocytes. Gong et
al. isolated disintegrin and metalloproteinase 15 (A15) expressed
exosomes (Al15-exo) from continuous protein kinase C activated
monocyte-derived macrophages [61]. The A15 was modified as a
targeting ligand for specific targeting delivery of doxorubicin (Dox)
and cholesterol-modified miRNA 159 (Cho-miR159) to integrin
oy fB3-overexpressing tumor cells through RGD-manner. A15-Exo
derived from monocyte-derived macrophages was a 2.97-fold
higher production yield than that derived from the same number
of monocytes, which indicated that macrophages were superb
source for exosome production.

The chemical modification such as click chemistry was also ap-
plied to synthesize modified exosomes as nano-bioconjugates for
efficient delivery and therapeutic. For example, Nie et al. intro-
duced azide groups to the choline phospholipids on cell mem-
brane to develop aCD47 and aSIRP« modified exosomes with pH-
responsive behavior [62]. In tumor microenvironment, the benzoic-
imine bonds were cleaved to release two antibodies to improve
the phagocytosis of macrophages and polarize M2-type TAM to
M1-type for cancer treatment (Fig. 3). In vivo tumor targeting ex-
periment showed that modified M1-Exo exhibited 2.96-fold higher
intensity relative to non-modified M1-Exo. Meanwhile, the polar-
ization ability of M1-Exo was not compromised after modification.
The click chemistry used in this research could also be generalized
to other types of exosomes to improve the targeting ability with
minor side effects or modify targeting ligand on the exosome di-
rectly. A neuropilin-1 targeted peptide (RGERPPR, RGE) was conju-
gated to obtain glioma-targeting exosomes for superparamagnetic
iron oxide nanoparticles (SPION) and curcumin (Cur) co-delivery
[64]. With this engineered exosomes, the diagnostic and therapeu-
tic effects on glioma were significantly improved, while reducing
the side effects.
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Fig. 3. Schematic of Mn?*-induced M1 macrophage polarization and the synergistic anticancer effect of M1-Exo engineered with aCD47 and aSIRP«. Copied with permission

[62]. Copyright 2020, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.

Nanotechnology was introduced into exosome modification to
take full advantage of both exosomes and nanoparticles. Utilizing
exosomes as biological membranes to coat the polymeric nanopar-
ticles could improve the biocompatibility and cellular uptake ef-
ficiency. Furthermore, the specific cell targeting ligand could be
modified on the exosomes to realize specific cell targeting with
lower side effect [65]. Rayamajhi et al. developed a hybridized ex-
osome (HE) by extrusion of synthetic liposome and small extracel-
lular vesicles (sEV) and loaded DOX in HE for cancer therapy [66].
HE combined the endogenous and flexible properties of both SEV
and liposomes, such as sEV marker proteins, thus endowing it with
a higher order of colloidal stability, drug loading, and pH-sensitive
sustained drug release.

3.2. Other immune cells

Other immune cells such as DCs, NK cells are also served as
the source of exosomes owing to their immune functions in cancer
therapy.

DCs, known as the professional antigen-presenting cells (APCs),
are involved in the regulation of innate and adaptive immune re-
sponses and are associated with cancer progression [67]. The ex-
pression of multiple tumor necrosis factor (TNF) superfamily lig-
ands on DCs induced tumor cell apoptosis and activated the an-
titumor effect of NK cells [68-70]. These surface proteins could
be also expressed on DC-derived exosomes (DC-Exo), which indi-
cated that DC-Exo could evoke essential immune functions sim-
ilar to DCs [71]. Besides TNF, other signature proteins including
major histocompatibility complex class I (MHC-I), class Il (MHC-II)
and co-stimulatory molecules could be also expressed on DC-Exo,
which preserved most of the functions of their parental cells and

was proved to be an effective vaccine in some tumor models [72-
76]. Furthermore, DC-Exo was more stable with long self-survival
time comparing with DC cells. Thus, immature DC-derived exo-
somes were regarded as a proper vehicle for therapeutic agents.
Non-modified DC-derived exosomes preserved similar antitumor
efficiency to chemotherapeutic drugs such as fluorouracil (FU). Af-
ter loading with FU, FU-DC-Exo was more effective in inhibiting
tumor cell proliferation comparing with DC-Exo and FU [77]. To
further improve the targeting ability of DC-Exo, lysosome asso-
ciated membrane glycoprotein 2b (Lamp2b), a well-characterized
exosomal membrane protein, was used as a skeleton for confu-
sion of different targeting ligand including the central nervous
system-specific rabies viral glycoprotein (RVG) peptide, muscle-
specific peptide, and tumor targeting peptide iRGD (CRGDKGPDC)
[78-80]. These modified immature DC-Exo could effectively deliver
siRNA, Dox and recombinant methioninase to target cancer cells
with no overt side effects comparing with non-modified groups.
Even though, whether the nucleic acids and proteins in DC-derived
exosomes will influence the recipient cells is still unknown and
needs to be characterized in the future to enhance the application
of these kinds of exosomes.

NK cells, which express some Kkiller proteins (factor related
apoptosis ligand (FASL) and perforin), show cytotoxicity in diverse
cancer types. Increasing studies have been explored on activated
NK cells as a new strategy for antitumor immunity [81]. Mean-
while, NK cell-derived exosomes (NK-Exo) were also demonstrated
to be effective antitumor agents in glioblastoma and melanoma
[82,83]. The antitumor effect of NK-Exo was attributed to both
the tumor-specific accumulation effect and the killer protein ex-
pressed in exosomes [84,85]. NK-Exo also seemed to be a good
candidate for drug or gene delivery in cancer therapy due to these
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Table 2

Cancer cell-derived exosomes-based delivery systems in cancer therapy.
Cell lines Agents Surface protein Tumor model in vivo Ref.
MDA-MB-231 miRNA-126 ITGB4, CD47, CD9, CD63 Lung metastasis in nude mice (A549) [100]
MDA-MB-231/HT29 Aspirin N/A HT29 tumor-bearing NOD/SCID mice [91]
4T1 CBSA/siS100A4 TSG101, CD9 Postoperative lung metastasis mouse model (4T1) [96]
4T1/Her2 CpG ODN and p(I:C) CD81, CD9, TSG101, Her2 4T1-luc tumor mice model [105]
PANC-02 CCL22 siRNA HSP70, TSG101, Alix, CD63, MART-1 Orthotopic PANC-02 pancreatic tumor model [104]
PANC-1 siPAK4 CD81, CD63, CDY9, CD47 PANC-1 bearing mice [97]
MIA-PaCa-2 Chlorin e6 CD9, CD63, CD81 B16F10 cell engrafted mouse tumor model [92]
A549 PLGA NPs CD9, CD63, CD47 A549 bearing mice/MDA-MB-231 bearing mice [98]
B16BL6 N/A HSP70, CD81, GALA N/A [93]
B16F10/H22/Bel7402 DOX@PSiNPs CD63 B16-F10 lung metastasis cancer [99]

model/subcutaneous H22 tumor-bearing mice/
orthotopic 4T1 breast cancer mode

CBSA, cationic bovine serum albumin; GALA, pH sensitive fusogenic peptide; PSiNPs, porous silicon nanoparticles; NP, nanoparticles.

advantages [86-88]. NK-Exo carrying miR-186 could concurrently
deliver miR-186 to NK and to cancer cells, retained their killing
ability in an immunosuppressive microenvironment and inhib-
ited the growth of neuroblastoma cancer cells [87]. Furthermore,
miRNA-loaded dendrimers could also be encapsulated in NK-Exo
to form a camouflage biomimetic core-shell structure to avoid the
contamination of immunogenic substances [88]. Although NK-Exo
presents a specific tumor targeting effect, the mechanism is still
not clear and needs to be explored in the future.

4. Tumor cell-derived exosomes

Tumor cells are the most abundant cells in tumor microenvi-
ronment and the crosstalk between cancer cells and other types of
cells relies on the components of exosomes, including gene, pro-
tein, and cytokines, etc. [16,89,90]. Tumor cell-derived exosomes
are also the widely used vesicles for small molecular drug, gene
and protein delivery in cancer therapy [91-94]. The delivery sys-
tems based on tumor cell-derived exosomes are listed in Table 2.

The application of tumor cell-derived exosomes was signifi-
cantly influenced by cell-type tropism. For example, autologous
murine colorectal cancer cells C26 derived exosomes were more
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efficiently taken up by C26 cells comparing with allogeneic murine
melanoma cells B16BL6 derived exosomes. Even modified by PEG
on these two kinds of exosomes, C26-Exo exhibited higher C26-
tumor tissue accumulation and tumor-associated immune cell up-
take efficiency than B16BL6 derived exosomes [95]. The influ-
ence of cell-type tropism on exosomes was utilized in different
cancer types, such as pancreatic cancer, lung cancer, breast can-
cer and melanoma [96-99]. Actually, this interesting property of
tumor cell-derived exosomes was also found in metastatic can-
cer, which was called organotropism. In lung metastasis model,
breast cancer cell (MDA-MB-231) derived exosomes were proved
to be internalized by non-small cell lung cancer cells (A549)
through surfactant protein C mediated endocytosis [100]. After
loading with miRNA-126, the exosomes with lung homing effect
showed efficacious effect in inhibiting lung metastasis in vivo.
Similarly, exosomes derived from autologous breast cancer cells
loaded with cationic bovine serum albumin (CBSA) conjugated
siS100A4 (CBSA/siS100A4) exhibited effective lung targeting abil-
ity in comparison to liposome loaded with CBSA/siS100A4 in 4T1-
lung metastasis model as shown in Fig. 4 [96]. Another research on
natural membrane-coated poly(lactic-co-glycolic acid) (PLGA) NPs
also proved that tumor cell-derived exosomes consisting of both
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Fig. 4. Scheme illustration of exosome-mediated siRNA delivery to suppress postoperative breast cancer metastasis. Copied with permission [96]. Copyright 2020, Elsevier.
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Table 3
Characteristics of exosomes from different cell sources.
Cell sources Surface proteins Characteristics Applications
MSCs CD9, CD63, CD81, TSG101, Alix, Hsp70 Stable transfection Genetic engineering exosome
Multilineage differentiation Gene delivery
Homing to tumor tissue Specific targeting
Immunosuppression Pancreatic cancer
HEK293 CD9, CD63, CD81, TSG101, FLOT-1, ICAM-1, EpCAM, Safety Large-scale production
ANXA5
No inflammatory Engineered exosome
Low immunogenically
Easy modification
Macrophages CD9, CD63, CD81, TSG101, ITGAM, CD86 and CD80 Easy polarization High loading efficiency
(M1-type), iNOS (M1-type), Arg-1 (M2-type)
Immunosuppression Immunotherapy
Home to tumor tissue Specific targeting delivery
Easy modification Nanoparticle loading
DCs CD9, TSG101, Alix, CD86, MHC-I, MHC-II, TNF Immunosuppression Immunotherapy
NKs CD63, CD81, TSG101, Alix, Hsp70, Contain killer protein Immunotherapy

Breast cancer cells

CD9, CD63, CD81, TSG101, CD47

Home to multiple organ

Tumor targeting delivery
Lung metastasis cancer

Pancreatic cancer cells CD9, CD63, CD81, TSG101, Alix, Hsp70, CD47

Melanoma cancer cells CD63, CD81, Hsp70, GALA

Breast cancer
Colorectal cancer
Pancreatic tumor model
Chemo-immunotherapy
Lung metastasis cancer

Tumor-antigen
Specific tumor-antigen

Tumor-antigen

FLOT-1, flotillin-1; ICAM-1, intercellular cell adhesion molecule-1; EpCAM, Epithelial cell adhesion molecule; ANXA5, Annexin A5; ITGAM, integrin alpha M; iNOS, inducible
nitric oxide synthase; Arg-1, Arginase-1; MHC, major histocompatibility complex; TNF, tumor necrosis factor.

endosomal and plasma membrane proteins showed higher affin-
ity and more superior targeting ability compared to cancer cell
membrane- and lipid-coated PLGA NPs [98].

Besides specific cell targeting ability, autologous tumor cell-
derived exosomes were also considered as specific tumor-antigen
to elicit tumor-specific cytotoxic T lymphocytes for cancer im-
munotherapy due to immune-regulating proteins, co-stimulatory
molecules and adhesion molecules contained [101,102]. Tumor
cells treated with mitoxantrone (MTX) could express immunos-
timulatory signals and be able to induce DC maturation [103].
MTX-treated pancreatic cancer cell-derived exosomes loaded with
siCCL22 also expressed these signals and could stimulate immune
responses in PDAC treatment [104]. Comparing with traditional ad-
juvants, exosomes seemed to be more effective with less toxic.
4T1/Her2 cell-derived exosomes loading with two immune adju-
vant CpG ODN and p(I:C) displayed boosted immunostimulatory
properties by activating primary and memory T cells responses and
eliciting robust Th1-based immunity in 4T1 tumor bearing mice
[105]. Taken together, tumor cell-derived exosomes can serve as
both tumor-targeting drug carriers and tumor antigens, thus be-
coming novel candidates for cancer therapy. The exosomes de-
rived from cancer patients’ sera may provide opportunities for
personalized immunotherapy. However, tumor-derived exosomes
are considered to be a double-edged sword due to their biolog-
ical functions as both antigens in immunotherapy and inducers
in cancer progression. To avoid the tumor-promotion function of
tumor-derived exosomes, the screening and purification of exo-
somes through their surface proteins are important. Paramagnetic
particle method could be applied to isolate exosomes with specific
protein, but the yield is low and the biological function of isolated
exosome might be influenced by pH value and salt concentration
[106], which would be overcome by combining the paramagnetic
particle method and other methods. In addition, the genetic engi-
neering of the tumor cells to obtain the tumor-suppression exo-
somes could be also an excellent alternative method.

5. Conclusions

In this review, exosomes derived from different cell sources
were summarized and these exosomes could be used for differ-

ent purpose depending on their contents and surface proteins. The
characteristics of exosomes from different cell sources were listed
in Table 3 to make it clear for selection of proper parent cells.

Exosomes have been explored as drug carriers for delivery of
different kinds of therapeutic agents. Even some exosome-based
delivery systems have been applied in clinical trials, the clini-
cal translation of exosomes still remains challenges in scale-up
and manufacturing, including separation and characterization, drug
loading, quality control and safety [107]. Because exosomes are a
subset of EVs, the development of exosomes should follow the
minimal information for studies of extracellular vesicles (MISEV)
guidelines which define the parameters need to be determined
such as size, morphology, and surface markers [108]. This guideline
could provide some basic rules for characterization of exosomes for
researchers. But for the scale-up, there is still lack of the standard
operating procedure for characterization of exosomes. For different
type of drugs, proper drug loading method is the key. For example,
biologically accessible drugs such as nucleic acid and protein drugs
could not be loaded by endogenous methods directly [107]. The ge-
netic engineering of parent cells could be applied but is more com-
plex in production upscaling than isolation of exosomes. The new
drug loading method could pave the way for efficient loading of
these molecules without complicated process. In addition, the eval-
uation in clinically relevant systems and the novel analytic tech-
niques are expected to inspire the engineering of exosome-based
delivery systems. As exosome is similar to the liposome in struc-
tures, the techniques in liposome development could be served as
a reference. Regarding safety, the cell source is an important fac-
tor. If the large-scale production problems could be solved, autolo-
gous cells are the best choice as donors for exosomes, which seems
to present lower risks than the exosomes derived from cell lines
[107].

It seems that exosomes are more compliable as natural drug
delivery systems, but it still needs more investigations on the side
effect in normal tissues and the neoantigen effect in cancer im-
munotherapy. Some modification methods have been applied to
enhance the targeting ability of exosomes to specific cells, mean-
while it will bring more problems for scale up such as quality con-
trol. If the source cells could be engineered to generate exosomes
with specific targeting ligand and the isolation procedure could be
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more precise, the exosomes will be more biocompatible and easier
for scale up. The influence of cell source on the surface expression
and the function of exosomes remains to be investigated, which
might be the principle for isolation of purified exosomes. Because
cancer is a heterogenetic disease, exosome-based delivery systems
have the possibility to be developed as personalized therapeutic
strategies based on the understanding of the role exosomes play
in cell-to-cell communication in tumor microenvironment. As effi-
cient and safe drug delivery systems, drug loading amount in exo-
somes should be controllable, especially for two or more therapeu-
tic agents co-loaded, the proper ratio is required. Exosome-based
drug delivery systems will be a promising strategy in cancer ther-

apy.
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