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Abstract: In recent times, extracellular vesicles (EVs) have come under the spotlight as potential
therapeutics for cancer, due to the relative ease of manipulation of contents and potential for tumor
targeting. The use of EVs as delivery vehicles may bypass some of the negative effects associated
with cell-based carriers, and there has been a major focus on defining EV subtypes, establishing
transparent nomenclature, and isolation and characterization techniques. EVs are believed to be a
fingerprint of the secreting cell and so researchers harness the positive aspects of a particular cell
of origin, and can then further modify EV contents to improve therapeutic efficacy. In this review,
we highlight studies employing EVs as cancer therapeutics that have reported on immune response.
As we rapidly advance towards potential application in the clinical setting, the question of immune
response to EV administration in the cancer setting has become critically important.
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1. Introduction

While there have been major advances in the field, the potential for activation of a toxic host
immune response remains one of the major barriers to cell and gene therapy for cancer [1,2]. In recent
years, there has been increased focus on the potential for extracellular vesicles (EVs) as gene delivery
agents. EVs are secreted by all cells and while originally thought of a means of waste removal [3], are
now known to play an import role in cell to cell communication, transporting genetic material between
cells and into the circulation [3,4]. As a result, there is immense interest in EVs in the therapeutic
setting for many diseases, including cancer [5]. Due to the relative early stage and rapid developments
in the field, a major focus of EV research has been on refinement of isolation and characterization,
nomenclature and classification of different EV subsets [6–8]. EV is a broad term encompassing several
different subsets including exosomes, ectosomes, microvesicles and apoptotic bodies. Isolation and
characterization of a single pure subset is difficult due to crossover in size and characteristics. Therefore,
there have been attempts in recent years to set guidelines for researchers to allow for consistent, reliable
and reproducible reporting of results, to support transparency and rapid advances in the field [6–8].

Immune response to EVs has been investigated extensively in relation to diseases of the immune
system [9], however when administered in models of cancer most studies employ immunocompromised
animals and do not investigate whether EVs initiate an immune response. It is most likely that EV
immunogenicity depends on the model being used and the EV source and composition [10–12]. Given
that EVs are thought to be a fingerprint of the cell source, if the cell induces an immune reaction when
administered systemically, EVs may induce similar effects [13]. Thus, the EV cell source is a major
consideration in studies, with researchers aiming to take advantage of the parental cell properties.
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The effect of human EV administration in immunocompetent healthy animals was investigated
by Zhu et al. 2017 [10]. EVs derived from wild type (WT) or engineered (miR-199a-3p) HEK293T cells
were administered either intravenously (IV) or intraperitoneally (IP) three times weekly for 22 days
and animals were sacrificed on day 23. Spleen cell immune phenotyping was performed targeting
CD11b, CD11c, CD19, CD3+, CD4+, CD8+ with no significant changes observed. A few cytokines were
altered, although not significantly and this was seen only in the engineered EV group, suggesting that
content—miR-199a-3p—may have been detected by the immune system [10]. Overall this study shows
the safe administration of human EVs and engineered EVs in immunocompetent healthy animals.
In another study, crosstalk between immune cells, cancer cells and secreted EVs was investigated in
oral tongue squamous cell cancer (OTSCC) cell lines HSC-3 and SCC-25 [14]. Initially, the effect of
EVs isolated from the OTSCC cell lines on the cytotoxicity of CD8+ T and Natural Killer (NK) cells
from healthy patients was investigated. It was found that the EVs increased cytotoxic activity of the
cells, however the results varied depending on patient donor, EV parent cell and cancer cell type.
In a zebrafish non tumor bearing model, EVs derived from these cell lines were administered, with
decreased levels of anti-inflammatory Interleukin (IL)-13 reported. This was interesting as it was
previously reported that IL-13 was increased in the saliva of OTSCC patients, suggesting that EVs
derived from these cells do not cause this increase in IL-13 [14].

Mesenchymal stem cells (MSCs) have been extensively investigated for their immunosuppressive
properties, and have been used in 67 clinical trials of inflammation associated diseases, transplant
rejection and autoimmune diseases [15]. Originally it was thought that MSC therapy was dependent
upon cell to cell contact, however it was discovered that suppression of T-cell proliferation could be
accomplished by MSC-secreted factors alone [16]. Therefore, MSC-EVs are now being investigated to
see if they hold the same properties as their parent cell [17]. MSC-EV immunomodulatory properties
have been investigated, showing that EVs suppressed the secretion of pro-inflammatory Tumor
Necrosis Factor alpha (TNF-α) and IL-1β in peripheral blood mononuclear cells (PBMC) but increased
Transforming growth factor (TGF)-β concentrations in vitro [17]. Levels of regulatory T-cells and
cytotoxic T lymphocyte-associated protein 4 were also increased. Interestingly, it was previously
shown that indoleamine 2, 3-dioxygenase (IDO) mediated the immunoregulation by MSCs and an
increase in IDO was seen in cells co-cultured with MSCs. However, no increase was seen when cells
were co-cultured with the MSC-EVs. The study concluded that EVs and MSCs may differ in their
immune-modulating mechanisms and activities [17].

2. Employing EVs to Promote an Anti-Tumor Immune Response

Dendritic cell (DC)-derived EVs and their ability to trigger the immune response as a form of
cancer therapy has been widely investigated. Three separate clinical trials have employed EVs as
anti-cancer vaccines for the treatment of colorectal, melanoma or lung cancer. These studies showed that
EVs were safe, non-toxic and tolerable, along with induced anti-tumor responses including induction
of Cytotoxic T lymphocyte response and increased T cell activation [18–20]. Recently, Lu et al. [21]
reported DC potential to treat hepatocellular carcinoma (HCC). EVs secreted by murine DCs expressing
α-fetoprotein (DEVAFP), elicited a strong immune response when injected intravenously, which resulted
in decreased tumor growth and increased survival rates for mice. There were significantly more CD8+

T lymphocytes, increased IL-2 and Interferon-γ (IFN-γ), with decreased TGF-β and IL-10. In nude and
T-cell depleted animal models, there was lack of efficacy, suggesting that the T-cells contributed to the
DEVAFP mediated anti-tumor effect [21] (Figure 1). This study shows the potential positive effects of
EVs triggering an immune response to treat HCC.
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Figure 1. Exploiting EV characteristics to enhance or evade immune response (A) Engineered EVs 
stimulate immune cell infiltration into tumors and disease regression (B) CD47+ve EVs evade host 
immunity resulting in increased persistence and improved therapeutic response. (DEV-AFP: 
Dendritic EV α-fetaprotein; HSP: Heat Shock Protein; IL: Interleukin; IFN: Interferon. (Image created 
using Biorender.com—paid subscription). 

Studies have investigated the potential of using tumor-derived EVs (TEVs) to induce an 
anti-tumor immune response [22,23]. Myeloma cells were engineered to overexpress heat shock 
protein (HSP) 70 and the secreted EVs isolated (EV-HSP). Balb/c mice were immunized with the EVs 
to assess the P1A (tumor antigen)-specific T-cell response. EV-HSP simulated a type 1 CD4+ helper 
T-cell response. A P1A-specific CD8+ cytotoxic T lymphocyte response was also stimulated resulting 
in anti-tumor immunity [24]. 

Administration of TEVs as a vaccine has also been considered in a lung cancer model. EVs were 
isolated from a non-small cell lung cancer cell line (A549) overexpressing Rab27a. Mice were 
pre-immunized with EV-Rab27a for 2 weeks before being challenged with A549 cells, followed by 
EV-Rab27a for a further 2 weeks after administration of the cells. Tumor growth was significantly 
inhibited in the group that received EV-Rab27a compared to the controls. When the EVs were 
administered into a pre-established tumor model, tumor growth was also found to be inhibited [25]. 

The immune balance is regulated by immune checkpoint inhibitor molecules, and 
neutralization of these immunosuppressive checkpoints can lead to the elimination of cancer. 
Programmed Death-Ligand 1 is a membrane bound ligand found on the surface of many cell types 
and is up-regulated in tumor cells [26]. This cell surface expression is thought of as a means of 
immune evasion. PD-L1 binds to PD-1 on T-cells through its extracellular domain, suppressing 
activation of T-cells [27,28]. Inhibition of PD-L1 will allow more efficient T-cell response to cancer 
and based on this several therapies have now been approved [26]. Cancer cells have been found to 
secrete EVs with PD-L1 expressed on their surface. EV-PD-L1 has also been found to suppress T-cell 
function both in vitro and in vivo [26,28]. To knockdown EV-PD-L1 production, Poggio et al. [28] 
knocked out RAB27a, which resulted in the reduction of EV secretion and therefore a loss of 
EV-PD-L1. Murine prostate cancer cells TRAMP-C2WT, RAB27a knockdown (RAB27anull) or PD-L1 
knockdown (PD-L1null) were injected into the flank of mice and monitored for 4 months. Mice that 
received either of the null cell populations showed no tumor growth and extended life span when 
compared to those administered with WT cells. When the immune response was investigated, CD8+ 
cells made up a greater fraction of the T-cells in the draining lymph node following injection of the 
two EV null cells compared to the WT, indicating an immune response initiated by the EVs. Mice 

Figure 1. Exploiting EV characteristics to enhance or evade immune response (A) Engineered EVs
stimulate immune cell infiltration into tumors and disease regression (B) CD47+ve EVs evade host
immunity resulting in increased persistence and improved therapeutic response. (DEV-AFP: Dendritic
EV α-fetaprotein; HSP: Heat Shock Protein; IL: Interleukin; IFN: Interferon. (Image created using
Biorender.com—paid subscription).

Studies have investigated the potential of using tumor-derived EVs (TEVs) to induce an anti-tumor
immune response [22,23]. Myeloma cells were engineered to overexpress heat shock protein (HSP)
70 and the secreted EVs isolated (EV-HSP). Balb/c mice were immunized with the EVs to assess the
P1A (tumor antigen)-specific T-cell response. EV-HSP simulated a type 1 CD4+ helper T-cell response.
A P1A-specific CD8+ cytotoxic T lymphocyte response was also stimulated resulting in anti-tumor
immunity [24].

Administration of TEVs as a vaccine has also been considered in a lung cancer model. EVs
were isolated from a non-small cell lung cancer cell line (A549) overexpressing Rab27a. Mice were
pre-immunized with EV-Rab27a for 2 weeks before being challenged with A549 cells, followed by
EV-Rab27a for a further 2 weeks after administration of the cells. Tumor growth was significantly
inhibited in the group that received EV-Rab27a compared to the controls. When the EVs were
administered into a pre-established tumor model, tumor growth was also found to be inhibited [25].

The immune balance is regulated by immune checkpoint inhibitor molecules, and neutralization of
these immunosuppressive checkpoints can lead to the elimination of cancer. Programmed Death-Ligand
1 is a membrane bound ligand found on the surface of many cell types and is up-regulated in tumor
cells [26]. This cell surface expression is thought of as a means of immune evasion. PD-L1 binds to
PD-1 on T-cells through its extracellular domain, suppressing activation of T-cells [27,28]. Inhibition
of PD-L1 will allow more efficient T-cell response to cancer and based on this several therapies have
now been approved [26]. Cancer cells have been found to secrete EVs with PD-L1 expressed on their
surface. EV-PD-L1 has also been found to suppress T-cell function both in vitro and in vivo [26,28].
To knockdown EV-PD-L1 production, Poggio et al. [28] knocked out RAB27a, which resulted in the
reduction of EV secretion and therefore a loss of EV-PD-L1. Murine prostate cancer cells TRAMP-C2WT,
RAB27a knockdown (RAB27anull) or PD-L1 knockdown (PD-L1null) were injected into the flank of
mice and monitored for 4 months. Mice that received either of the null cell populations showed no
tumor growth and extended life span when compared to those administered with WT cells. When the
immune response was investigated, CD8+ cells made up a greater fraction of the T-cells in the draining
lymph node following injection of the two EV null cells compared to the WT, indicating an immune
response initiated by the EVs. Mice receiving null cells had decreasing CD8+ and CD4+ cells that were
PD-1 high. Interestingly, mice who had previously received the null cells were re-challenged 90 days
later with WT cells and showed no tumor growth compared to the control group which had not been
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previously challenged. This demonstrated a robust memory response even against the WT cells that
expressed EV-PD-L1. The study shows the ability of EVs to migrate to the draining lymph nodes and
inhibit T-cell activation, and potential for EV-PD-L1 knockdown therapeutics [28].

Another study investigated EV-PD-L1 knockdown in melanoma [27]. Interferon (IFN)-α
stimulation of A375 melanoma cells increased the amount of PD-L1 on the surface of secreted
EVs. These EVs when injected IV then suppressed CD8+ T-cell function to facilitate tumor growth
in a murine model of melanoma. The study showed that EV-PD-L1 bound to T-cells; moreover, EVs
derived from IFN-α treated cells exhibited higher binding to CD8+ T-cells. In vivo B16-F10 cells with
knocked down PD-L1 expression were subcutaneously injected into immune competent mice. EVs
derived from B16-F10 WT cells were administered IV, which promoted tumor growth in the PD-L1
knockdown group. Pre-treatment with EVs incubated with anti-PD-L1 antibodies inhibited the effect.
The EVs derived from B16-F10 WT were shown to decrease the proportion of proliferating PD-1-CD8+

T-cells in the spleen and lymph nodes, suggesting that EV-PD-L1 suppresses systemic anti-tumor
immunity. Levels of PD-L1 on circulating vesicles in melanoma patients during anti-PD-L1 therapy
were also examined, revealing that the pre-treatment level of circulating EV-PD-L1 was significantly
higher in patients who did not respond to anti-PD-L1 treatment [27].

Yang et al. [29] investigated whether EVs could transfer PD-L1 to other cells. EVs were isolated
from MDA-MB-231 and 4T1 breast cancer cells over-expressing PD-L1. EV-PD-L1 could be transferred
to the negative MCF-7 and BT549-PD-L1ko breast cancer cells, and also to other cell types including
human myeloid antigen presenting cells and macrophages. They also showed the EV-PD-L1 bound to
PD-1 on T-cells to inhibit T-cell activation and function. When EV secretion was blocked by Rab27a
knockdown, there was inhibited tumor growth, showing similar results to the previous study [27].
This transfer of PD-L1 to other cells within the tumor microenvironment could contribute to tumor
immune evasion [29]. Together these studies show the importance of EV-PD-L1 in the cancer setting.

CD47 has been shown to bind to signal regulatory protein alpha (SIRPα) and together they initiate
a “don’t eat me” signal. This signal has been investigated for its ability to inhibit phagocytosis of tumor
cells [30]. EVs derived from HEK293T cells were engineered with SIRPα on their surface (EV-SIRPα),
in order to target and block CD47 in a colorectal cancer model. In an immunocompromised model
bearing HT29 tumors, intratumoral administration of EV-SIRPα resulted in no significant decrease in
tumor burden when compared to the control group. When EV-SIRPα were administered IV into an
immunocompetent CT26.CL25 mouse model there was a dramatic reduction in tumor growth [30].
This suggests that the immune system played a role in the therapeutic response. When analyzed
further, it was discovered that there was extensive CD8+ T-cell infiltration when compared to the
control animals. These data suggest that the engineered EVs could prevent CD47-mediated tumor
evasion of an immune response and aid in therapeutic efficacy [30].

3. Employing EVs to Increase Persistence and Targeting of Therapeutics

While in a previously mentioned study, EV-SIRPα were employed to block the activity of
tumor cell CD47 and promote an anti-tumor immune response, CD47 expression on EVs is also
thought to be the mechanism by which EVs go undetected by the immune system. This is important
regarding the therapeutic setting where EV rapid clearance would reduce efficacy. Balb/c mice received
gLuc-LA- (Gaussia luciferase–lactadherin) labelled B16BL6 (murine melanoma) EVs at varying doses.
Macrophage depleted mice were prepared by administrating clodronate liposomes, followed by
labelled EVs administered IV. The rate of gLuc activity declined much slower in macrophage-depleted
mice, with a serum EV concentration 285-fold higher than those of the untreated mice, indicating that
macrophages play a key role in EV clearance. Ideally going forward, EVs from other cell sources would
be investigated to see if macrophages process all EV types in this manner [31].

EV-CD47 has also been investigated in a model of pancreatic cancer, where mutated forms of
KRAS are commonly seen [32]. EVs and liposomes derived from both human and murine normal
fibroblast-like mesenchymal cell lines were loaded with Alexa Fluor 647 (AF647) tagged siRNA,
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targeting oncogenic KRAS. When IP injections were performed, the iEVs (AF647-siRNA loaded EVs)
but not iLiposomes (AF647-siRNA loaded liposomes) were detected in the circulation of both nude
and immunocompetent animals 24 h later. Interestingly, iLiposomes enhanced the mobilization of
CD11b+ monocytes in the circulation, however this effect was not seen with the iEVs. The levels of
CD47 on EVs had an inverse correlation with circulating AF647+ monocytes, further supporting that
CD47 prevents EV clearance (Figure 1). In CD47 knockout mice, there were significantly less EVs in
the circulation after administration. Animals treated with IP iEVs had significantly reduced tumors
compared to the control groups, with the disease being barely detectable and animals surviving 200
days after treatment. When CD47 was blocked using an antibody on the EVs, it was found that there
was no reduction of tumor burden when compared to the iEVs. Together, these data support that CD47
presence on EVs contributes to evasion from host immune clearance [32]. This study shows promise
for EV use in the therapeutic setting.

Oncolytic virus therapy involves viruses that have been specifically engineered to infect, replicate
and kill preferentially in cancer cells, while in normal cells the activity is restricted. Due to safety
concerns, experimental oncolytic viruses are generally delivered in preclinical models via local
administration. The disadvantage of virus administration is the potential for immune detection and
inactivation thus preventing viral replication and spread in cancer cells. Garofalo et al. [33] first
investigated the effects EV encapsulated oncolytic virus to prevent immune detection and allow for
IV administration to treat lung cancer. EVs secreted by A549 cancer cells infected with the oncolytic
virus (EV-Virus) were isolated and loaded with paclitaxel (EV-Virus-PTX). Immune compromised mice
with subcutaneous A549 lung cancer were treated with EV-Virus-PTX, EV-Virus, or EVs alone. It was
reported that EV-virus-PTX had enhanced therapeutic effect when administered IV with significant
tumor reduction compared to IT.

This work on oncolytic viruses subsequently advanced to an immune competent model using
murine EVs and tumors, again encapsulating the virus in EVs to protect it from immune recognition [34].
Murine EV-Virus (1 × 108) labelled with a fluorescent dye (DiIC18) were administered either IP or IV.
Subsequent imaging revealed a tumor-localized signal only in cases where the EVs were administered
IV, but not IP. The study also investigated the tumor-associated immune response to the EVs. EV-Virus
or inactivated free virus were administered IV or IP. IV administration of the EV-Virus resulted in
infiltration of CD3+, CD4+ and CD8+ T-cells in the tumor similar to the virus alone group. The EVs
did not influence the immune modulatory effects of the virus [34]. These studies together show the
potential of EV encapsulated viruses as a targeted delivery system for oncolytic viruses.

Expression of Nucleolin is elevated on breast cancer cells and a DNA aptamer (AS1411—an
oligonucleotide that binds to nucleolin) targets and binds to the phosphoprotein. AS1411 has shown
inhibition of tumor activity and low systemic toxicity in a Phase II clinical trial [35]. EVs were isolated
from murine dendritic cells, mixed with AS1411 overnight to coat the EVs, and then EV-AS1411
were engineered by electroporation to carry miR-let-7 [36]. Immunocompromised mice received
IV EVs-AS1411-let-7 or conjugated AS1411-let-7. Mice that received EV-AS1411-let-7 demonstrated
better therapeutic response. The group receiving EVs had significantly inhibited tumor growth when
compared to the AS1411-let-7 or PBS groups, with enhanced tumor targeted delivery. Immune response
to the engineered EVs was investigated. Serum associated cytokines IFN-α and TNF-α were measured
in mice treated with EV-AS1411-let-7, with no statistically significant difference found when compared
to a PBS treated group [36].

4. Discussion

Although not yet administered in cancer patients, MSC-EVs have been administered in a clinical
trial for GvHD, after the failure of standard treatments [37]. Patients received seven escalating doses
of EVs over two weeks, PBMCs were isolated and cytokine response monitored. TNF-α, IL-1β and
IFN-α producing PBMCs were reduced by >50% following the final MSC-EV administration. During
therapy, there was a reduction in pro-inflammatory cytokines IL-8, IL-6 and IL-17A. Clinical symptoms
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for the patients also improved including reduced vomiting and nausea which was stable 16 weeks
post therapy [37,38]. MSC-EVs were also administered in a clinical trial setting for acute and chronic
kidney disease. Twenty patients received two doses of MSC-EVs and another twenty patients received
a placebo. Patients that received MSC-EVs had a significant improvement in kidney function, and
increased plasma levels of IL-10 and TGF-β1 with decreased levels of TNF-α. Both studies demonstrate
safe administration of MSC-EVs along with improvements in the target clinical parameters [37,39].
This has yet to be achieved in the cancer setting.

The generation and administration of clinical grade EVs for cancer treatment was recently reported
in a pre-clinical study by Mendt et al. [40]. While previous studies have been limited in timeline,
here the effect of long-term administration of EVs in an In Vivo model of pancreatic cancer was
determined. EVs isolated from BJ fibroblasts (normal foreskin cells) were injected IP into immune
competent mice every 48 h over the course of 4 months. Control mice received PBS, with no significant
changes in immune response noted between the two groups. Another group of immune competent
animals received either liposomes, BJ-EVs, MSC-EVs or iEVs (engineered as previously described
by this group [32]) through IP injection every 48 h for 3 weeks. When immunotyping of the spleen,
bone marrow and thymus was performed, no significant change in lymphocytes or myeloid cells was
seen regardless of EV source. Circulating levels of IL-6 and IFN-α were not elevated in any of the
groups, with levels remaining well below what is considered immunostimulatory. EVs were isolated
by ultracentrifugation which is known to include co-isolated fractions, with no immune response
observed, showing the isolation technique did not affect the study outcome [40]. These preclinical
findings are promising for the use of EVs in the cancer therapeutic setting.

Many efforts have been made to increase EV secretion and yield including modifications in
cell seeding density, cell immortalization, and the use of bioreactors applying mechanical shear
stress [41]. Large scale production of EVs will be required for clinical application as current isolation
methods produce low yields [40]. There are many other aspects of EV biology that need to be further
understood to support application in clinical oncology, including factors controlling migratory itinerary
and recipient cell uptake, and the impact of genetic modification. Although there has been a great
expansion of EV research and ensuing publications in recent times, the studies highlighted here are
the relatively few that provide any detailed insight into EV interaction with the host immune system.
Together these studies show the importance of cell source in the therapeutic setting and the implications
the secreted EV properties can have on the immune system. It is imperative that researchers address
and report the potential EV-host immune interactions at an early stage in development of therapeutic
EVs for translation to the clinical setting. This review emphasizes the need for careful selection of
the parent cell for EV production, and the potential impact of engineering EV surface and cargo on
immune response to the vesicles. The immune response will play a critical role in EV persistence in
circulation and therapeutic efficacy.

Funding: This work is supported by funding from the Irish Research Council GOIPG/2016/978 and the National
Breast Cancer Research Institute (NBCRI).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Thomas, C.E.; Ehrhardt, A.; Kay, M.A. Progress and problems with the use of viral vectors for gene therapy.
Nat. Rev. Genet. 2000, 4, 346–358. [CrossRef] [PubMed]

2. Mizrak, A.; Bolukbasi, M.F.; Ozdener, G.B.; Brenner, G.J.; Madlener, S.; Erkan, E.P.; Strobel, T.; Breakefield, X.O.;
Saydam, O. Genetically engineered microvesicles carrying suicide mRNA/protein inhibit schwannoma tumor
growth. Mol. Ther. 2013, 21, 101–108. [CrossRef] [PubMed]

3. El Andaloussi, S.; Mäger, I.; Breakefield, X.O.; Wood, M.J.A. Extracellular vesicles: Biology and emerging
therapeutic opportunities. Nat. Rev. Drug Discov. 2013, 12, 347–357. [CrossRef]

4. Raposo, G.; Stoorvogel, W. Extracellular vesicles: Exosomes, microvesicles, and friends. J. Cell Boil. 2013, 200,
373–383. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/nrg1066
http://www.ncbi.nlm.nih.gov/pubmed/12728277
http://dx.doi.org/10.1038/mt.2012.161
http://www.ncbi.nlm.nih.gov/pubmed/22910294
http://dx.doi.org/10.1038/nrd3978
http://dx.doi.org/10.1083/jcb.201211138
http://www.ncbi.nlm.nih.gov/pubmed/23420871


Cells 2020, 9, 224 7 of 9

5. Gilligan, K.E.; Dwyer, R.M. Engineering Exosomes for Cancer Therapy. Int. J. Mol. Sci. 2017, 18, 1122.
[CrossRef] [PubMed]

6. Van Deun, J.; EV-TRACK Consortium; Mestdagh, P.; Agostinis, P.; Akay, Ö.; Anand, S.; Anckaert, J.;
Martinez, Z.A.; Baetens, T.; Beghein, E.; et al. EV-TRACK: Transparent reporting and centralizing knowledge
in extracellular vesicle research. Nat. Methods 2017, 14, 228–232. [CrossRef]

7. Théry, C.; Witwer, K.W.; Aikawa, E.; Alcaraz, M.J.; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.;
Arab, T.; Archer, F.; Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018
(MISEV2018): A position statement of the International Society for Extracellular Vesicles and update of the
MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750. [CrossRef]

8. Lötvall, J.; Hill, A.F.; Hochberg, F.; Buzás, E.I.; Di Vizio, L.; Gardiner, C.; Gho, Y.S.; Kurochkin, I.V.;
Mathivanan, S.; Quesenberry, P.; et al. Minimal experimental requirements for definition of extracellular
vesicles and their functions: A position statement from the International Society for Extracellular Vesicles.
J. Extracell. Vesicles 2014, 3, 328. [CrossRef]

9. Turpin, D.; Truchetet, M.-E.; Faustin, B.; Augusto, J.-F.; Contin-Bordes, C.; Brisson, A.; Blanco, P.; Duffau, P.
Role of extracellular vesicles in autoimmune diseases. Autoimmun. Rev. 2016, 15, 174–183. [CrossRef]

10. Zhu, X.; Badawi, M.; Pomeroy, S.; Sutaria, D.S.; Xie, Z.; Baek, A.; Jiang, J.; Elgamal, O.A.; Mo, X.; La Perle, K.;
et al. Comprehensive toxicity and immunogenicity studies reveal minimal effects in mice following sustained
dosing of extracellular vesicles derived from HEK293T cells. J. Extracell. Vesicles 2017, 6, 1324730. [CrossRef]

11. Chaput, N.; Théry, C. Exosomes: Immune properties and potential clinical implementations. Semin.
Immunopathol. 2011, 33, 419–440. [CrossRef] [PubMed]

12. Barros, F.M.; Carneiro, F.; Machado, J.C.; Melo, S.A. Exosomes and Immune Response in Cancer: Friends or
Foes? Front. Immunol. 2018, 9, 1–12. [CrossRef] [PubMed]

13. Lohan, P.; Treacy, O.; Griffin, M.D.; Ritter, T.; Ryan, A.E. Anti-Donor Immune Responses Elicited by Allogeneic
Mesenchymal Stem Cells and Their Extracellular Vesicles: Are We Still Learning? Front. Immunol. 2017, 8,
1–8. [CrossRef] [PubMed]

14. Al-Samadi, A.; Awad, S.A.; Tuomainen, K.; Zhao, Y.; Salem, A.; Parikka, M.; Salo, T. Crosstalk between
tongue carcinoma cells, extracellular vesicles, and immune cells in in vitro and in vivo models. Oncotarget
2017, 8, 60123–60134. [CrossRef]

15. Gomzikova, M.O.; James, V.; Rizvanov, A.A. Therapeutic Application of Mesenchymal Stem Cells Derived
Extracellular Vesicles for Immunomodulation. Front. Immunol. 2019, 10, 1–9. [CrossRef]

16. Di Nicola, M.; Carlo-Stella, C.; Magni, M.; Milanesi, M.; Longoni, P.D.; Matteucci, P.; Grisanti, S.; Gianni, A.M.
Human bone marrow stromal cells suppress T-lymphocyte proliferation induced by cellular or nonspecific
mitogenic stimuli. Blood 2002, 99, 3838–3843. [CrossRef]

17. MokariZadeh, A.; Delirezh, N.; Morshedi, A.; Mosayebi, G.; Farshid, A.-A.; Mardani, K. Microvesicles
derived from mesenchymal stem cells: Potent organelles for induction of tolerogenic signaling. Immunol.
Lett. 2012, 147, 47–54. [CrossRef]

18. Dai, S.; Wei, D.; Wu, Z.; Zhou, X.; Wei, X.; Huang, H.; Li, G. Phase I clinical trial of autologous ascites-derived
exosomes combined with GM-CSF for colorectal cancer. Mol. Ther. 2008, 16, 782–790. [CrossRef]

19. Escudier, B.; Dorval, T.; Chaput, N.; André, F.; Caby, M.-P.; Novault, S.; Flament, C.; Leboulaire, C.; Borg, C.;
Amigorena, S.; et al. Vaccination of metastatic melanoma patients with autologous dendritic cell (DC)
derived-exosomes: Results of thefirst phase I clinical trial. J. Transl. Med. 2005, 3, 10. [CrossRef]

20. A Morse, M.; Garst, J.; Osada, T.; Khan, S.; Hobeika, A.; Clay, T.M.; Valente, N.; Shreeniwas, R.; Sutton, M.A.;
Delcayre, A.; et al. A phase I study of dexosome immunotherapy in patients with advanced non-small cell
lung cancer. J. Transl. Med. 2005, 3, 9. [CrossRef]

21. Lu, Z.; Zuo, B.; Jing, R.; Gao, X.; Rao, Q.; Liu, Z.; Qi, H.; Guo, H.; Yin, H. Dendritic cell-derived exosomes elicit
tumor regression in autochthonous hepatocellular carcinoma mouse models. J. Hepatol. 2017, 67, 739–748.
[CrossRef]

22. Taylor, D.D.; Gerçel-Taylor, C. Tumour-derived exosomes and their role in cancer-associated T-cell signalling
defects. Br. J. Cancer 2005, 92, 305–311. [CrossRef] [PubMed]

23. André, F.; Schartz, N.E.C.; Chaput, N.; Flament, C.; Raposo, G.; Amigorena, S.; Angevin, E.; Zitvogel, L.
Tumor-derived exosomes: A new source of tumor rejection antigens. Vaccine 2002, 20, A28–A31. [CrossRef]

http://dx.doi.org/10.3390/ijms18061122
http://www.ncbi.nlm.nih.gov/pubmed/28538671
http://dx.doi.org/10.1038/nmeth.4185
http://dx.doi.org/10.1080/20013078.2018.1535750
http://dx.doi.org/10.3402/jev.v3.26913
http://dx.doi.org/10.1016/j.autrev.2015.11.004
http://dx.doi.org/10.1080/20013078.2017.1324730
http://dx.doi.org/10.1007/s00281-010-0233-9
http://www.ncbi.nlm.nih.gov/pubmed/21174094
http://dx.doi.org/10.3389/fimmu.2018.00730
http://www.ncbi.nlm.nih.gov/pubmed/29696022
http://dx.doi.org/10.3389/fimmu.2017.01626
http://www.ncbi.nlm.nih.gov/pubmed/29225601
http://dx.doi.org/10.18632/oncotarget.17768
http://dx.doi.org/10.3389/fimmu.2019.02663
http://dx.doi.org/10.1182/blood.V99.10.3838
http://dx.doi.org/10.1016/j.imlet.2012.06.001
http://dx.doi.org/10.1038/mt.2008.1
http://dx.doi.org/10.1186/1479-5876-3-10
http://dx.doi.org/10.1186/1479-5876-3-9
http://dx.doi.org/10.1016/j.jhep.2017.05.019
http://dx.doi.org/10.1038/sj.bjc.6602316
http://www.ncbi.nlm.nih.gov/pubmed/15655551
http://dx.doi.org/10.1016/S0264-410X(02)00384-5


Cells 2020, 9, 224 8 of 9

24. Xie, Y.; Bai, O.; Zhang, H.; Yuan, J.; Zong, S.; Chibbar, R.; Slattery, K.; Qureshi, M.; Wei, Y.; Deng, Y.; et al.
Membrane-bound HSP70-engineered myeloma cell-derived exosomes stimulate more efficient CD8+ CTL-
and NK-mediated antitumour immunity than exosomes released from heat-shocked tumour cells expressing
cytoplasmic HSP70. J. Cell. Mol. Med. 2010, 14, 2655–2666. [CrossRef]

25. Li, W.; Mu, D.; Tian, F.; Hu, Y.; Jiang, T.; Han, Y.; Chen, J.; Han, G.; Li, X. Exosomes derived from
Rab27a-overexpressing tumor cells elicit efficient induction of antitumor immunity. Mol. Med. Rep. 2013, 8,
1876–1882. [CrossRef] [PubMed]

26. Wu, Y.; Chen, W.; Xu, Z.P.; Gu, W. PD-L1 Distribution and Perspective for Cancer Immunotherapy-Blockade,
Knockdown, or Inhibition. Front. Immunol. 2019, 10, 2022. [CrossRef] [PubMed]

27. Chen, G.; Huang, A.C.; Zhang, W.; Zhang, G.; Wu, M.; Xu, W.; Yu, Z.; Yang, J.; Wang, B.; Sun, H.; et al.
Exosomal PD-L1 contributes to immunosuppression and is associated with anti-PD-1 response. Nature 2018,
560, 382–386. [CrossRef] [PubMed]

28. Poggio, M.; Hu, T.; Pai, C.-C.; Chu, B.; Belair, C.D.; Chang, A.; Montabana, E.; Lang, U.E.; Fu, Q.; Fong, L.;
et al. Suppression of Exosomal PD-L1 Induces Systemic Anti-tumor Immunity and Memory. Cell 2019, 177,
414–427. [CrossRef] [PubMed]

29. Yang, Y.; Li, C.-W.; Chan, L.-C.; Wei, Y.; Hsu, J.-M.; Xia, W.; Cha, J.-H.; Hou, J.; Hsu, J.L.; Sun, L.; et al.
Exosomal PD-L1 harbors active defense function to suppress T cell killing of breast cancer cells and promote
tumor growth. Cell Res. 2018, 28, 862–864. [CrossRef]

30. Koh, E.; Hong, Y.; Yang, Y.; Kim, I.-S.; Lee, E.J.; Nam, G.-H.; Cho, E. Exosome-SIRPα, a CD47 blockade
increases cancer cell phagocytosis. Biomaterials 2017, 121, 121–129. [CrossRef]

31. Imai, T.; Takahashi, Y.; Nishikawa, M.; Kato, K.; Morishita, M.; Yamashita, T.; Matsumoto, A.; Charoenviriyakul, C.;
Takakura, Y. Macrophage-dependent clearance of systemically administered B16BL6-derived exosomes from
the blood circulation in mice. J. Extracell. Vesicles 2015, 4, 26238. [CrossRef] [PubMed]

32. Kamerkar, S.; LeBleu, V.S.; Sugimoto, H.; Yang, S.; Ruivo, C.F.; Melo, S.A.; Lee, J.J.; Kalluri, R. Exosomes facilitate
therapeutic targeting of oncogenic KRAS in pancreatic cancer. Nature 2017, 546, 498–503. [CrossRef] [PubMed]

33. Garofalo, M.; Saari, H.; Somersalo, P.; Crescenti, D.; Kuryk, L.; Aksela, L.; Capasso, C.; Madetoja, M.;
Koskinen, K.; Oksanen, T.; et al. Antitumor effect of oncolytic virus and paclitaxel encapsulated in
extracellular vesicles for lung cancer treatment. J. Control. Release 2018, 283, 223–234. [CrossRef] [PubMed]

34. Garofalo, M.; Villa, A.; Rizzi, N.; Kuryk, L.; Mazzaferro, V.; Ciana, P. Systemic Administration and Targeted
Delivery of Immunogenic Oncolytic Adenovirus Encapsulated in Extracellular Vesicles for Cancer Therapies.
Viruses 2018, 10, 558. [CrossRef] [PubMed]

35. Mongelard, F.; Bouvet, P. AS-1411, a guanosine-rich oligonucleotide aptamer targeting nucleolin for the
potential treatment of cancer, including acute myeloid leukemia. Curr. Opin. Mol. Ther. 2010, 12, 107–114.

36. Wang, Y.; Chen, X.; Tian, B.; Liu, J.; Yang, L.; Zeng, L.; Chen, T.; Hong, A.; Wang, X. Nucleolin-targeted
Extracellular Vesicles as a Versatile Platform for Biologics Delivery to Breast Cancer. Theranostics 2017, 7,
1360–1372. [CrossRef]

37. Kordelas, L.; Rebmann, V.; Ludwig, A.-K.; Radtke, S.; Ruesing, J.; Doeppner, T.R.; Epple, M.; A Horn, P.;
Beelen, D.W.; Giebel, B. MSC-derived exosomes: A novel tool to treat therapy-refractory graft-versus-host
disease. Leukemia 2014, 28, 970–973. [CrossRef]

38. Giebel, B.; Kordelas, L.; Börger, V. Clinical potential of mesenchymal stem/stromal cell-derived extracellular
vesicles. Stem Cell Investig. 2017, 4, 84. [CrossRef]

39. Nassar, W.; El-Ansary, M.; Sabry, D.; Fayad, T.; Kotb, E.; Temraz, M.; Saad, A.-N.; Essa, W.; Adel, H.; A
Mostafa, M. Umbilical cord mesenchymal stem cells derived extracellular vesicles can safely ameliorate the
progression of chronic kidney diseases. Biomater. Res. 2016, 20, 21. [CrossRef]

40. Mendt, M.; Kamerkar, S.; Sugimoto, H.; McAndrews, K.M.; Wu, C.-C.; Gagea, M.; Yang, S.; Blanko, E.V.R.;
Peng, Q.; Ma, X.; et al. Generation and testing of clinical-grade exosomes for pancreatic cancer. JCI Insight
2018, 3, 1–22. [CrossRef]

http://dx.doi.org/10.1111/j.1582-4934.2009.00851.x
http://dx.doi.org/10.3892/mmr.2013.1738
http://www.ncbi.nlm.nih.gov/pubmed/24146068
http://dx.doi.org/10.3389/fimmu.2019.02022
http://www.ncbi.nlm.nih.gov/pubmed/31507611
http://dx.doi.org/10.1038/s41586-018-0392-8
http://www.ncbi.nlm.nih.gov/pubmed/30089911
http://dx.doi.org/10.1016/j.cell.2019.02.016
http://www.ncbi.nlm.nih.gov/pubmed/30951669
http://dx.doi.org/10.1038/s41422-018-0060-4
http://dx.doi.org/10.1016/j.biomaterials.2017.01.004
http://dx.doi.org/10.3402/jev.v4.26238
http://www.ncbi.nlm.nih.gov/pubmed/25669322
http://dx.doi.org/10.1038/nature22341
http://www.ncbi.nlm.nih.gov/pubmed/28607485
http://dx.doi.org/10.1016/j.jconrel.2018.05.015
http://www.ncbi.nlm.nih.gov/pubmed/29864473
http://dx.doi.org/10.3390/v10100558
http://www.ncbi.nlm.nih.gov/pubmed/30322158
http://dx.doi.org/10.7150/thno.16532
http://dx.doi.org/10.1038/leu.2014.41
http://dx.doi.org/10.21037/sci.2017.09.06
http://dx.doi.org/10.1186/s40824-016-0068-0
http://dx.doi.org/10.1172/jci.insight.99263


Cells 2020, 9, 224 9 of 9

41. Patel, D.B.; Santoro, M.; Born, L.J.; Fisher, J.P.; Jay, S.M. Towards rationally designed biomanufacturing of
therapeutic extracellular vesicles: Impact of the bioproduction microenvironment. Biotechnol. Adv. 2018, 36,
2051–2059. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.biotechadv.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30218694
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Employing EVs to Promote an Anti-Tumor Immune Response 
	Employing EVs to Increase Persistence and Targeting of Therapeutics 
	Discussion 
	References

