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Tumor-derived exosomes (TEX) carry both immunosuppressive and immunostimulatory receptor/ligands
that in part mimic the profiles of the parent tumor cells. Operating as an intercellular communication
system, TEX deliver protumor or antitumor signals to immune and nonimmune cells reprogramming their
functions. Mechanisms responsible for cellular reprogramming include cell surface signaling and/or up-
take of TEX by recipient cells. Once internalized, TEX transfer mRNA, miRNA and proteins that promote
transcriptional/translational activities. TEX-mediated signaling is contextual and, in the tumor microenvi-
ronment, TEX largely mediate suppression. TEX may interfere with immune therapies either by sequestra-
tion of therapeutic antibodies or elimination of vaccine-induced or adoptively-transferred immune effec-
tor cells. TEX are emerging as an ubiquitous subcellular system regulating immune responses in patients
with cancer.
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Recent studies of cancer development, progression and response to therapies have emphasized the critical role of the
tumor microenvironment (TME) in achieving better outcome [1]. The TME of human solid tumors is characterized
by immunosuppression which is orchestrated by the developing tumor to enable its escape from the host immune
system. Immune escape of tumors has been considered a major barrier to successful immunotherapy of cancer [2].
Understanding of the intricate cellular, molecular and genetic interplay in the TME has been a major objective of
multiple research studies aimed at reprogramming of the TME to drive antitumor responses and eliminate immune
suppression [3]. Today, there is little doubt that the host immune system is intimately involved in the regulation of
tumor progression and that tumor-induced or drug-induced impairments in antitumor immunity are associated
with poor outcome of cancers [4]. Successful restoration of antitumor immune responses, as recently achieved
through the advent of checkpoint inhibitor-based immune therapies to the clinic, has confirmed that elimination
of immune suppression in the TME improves cancer outcome [5].

Among the numerous strategies human tumors have evolved to escape immune detection and immune elim-
ination, the ability of tumors to produce populations of variously-sized extracellular vesicles has attracted recent
attention [6]. Exosomes are a subset of extracellular vesicles with the smallest diameter (30-150 nm) produced by
most, if not all cells, including tumor cells. They circulate freely in body fluids of patients with cancer serving as a
major delivery system of signals that reprogram functions of various cells found in the TME, including immune
cells (7). Tumor-derived exosomes, dubbed as “TEX’, represent the communication network used by the tumor to
drive autocrine, juxtacrine and paracrine signaling among various cells populating the TME (Figure 1). While, all
cells produce exosomes, tumors are especially avid producers of exosomes. Levels of exosomes in plasma or other
body fluids are elevated in patients with cancer relative to their levels in normal donors [8). TEX are of special
current interest because of their unique biogenesis, their potential to serve as noninvasive cancer biomarkers and
their ability to modulate functions of immune cells and to suppress antitumor responses [7]. Futu re"T‘-.;-_-_-,..

Medicine ™

10.2217/fon-2017-0343 © 2017 Future Medicine Ltd Future Oncol. (2017) 13(28), 2583-2592 ISSN 1479-6694 2583



Review  Whiteside

Cytokines; growth factors

Promotion ‘r T —
of growth ® ® )
®

Promotion ® © ® 0 Tissue @

of growth

Immune cell-derived soluble factors

¢
} Exosome binding to its cognate receptor on the recipient cell

Figure 1. Signaling of tumor-derived exosomes to cells present in the tumor microenvironment. TEX recognizing
cognate receptors/ligands on the surface of the parent cell mediate autocrine signals (blue arrows) that result in the
promotion of tumor growth (proliferation, differentiation, migration). TEX can also signal to neighboring tissue cells
(juxtacrine signaling) altering their functions and stimulating secretion of cytokines, chemokines or growth factors
promoting tumor growth (red arrow). TEX also communicate with immune cells infiltrating tumors or present in
tumor-draining lymph nodes (paracrine signaling) reprogram these cells and induce them to produce soluble factors
supporting tumor growth (black arrow).

NK: Natural killer; TEX: Tumor-derived exosomes.

Adapted and reproduced with permission from [9] © John Wiley and Sons.

To view this figure in color please visit www.futuremedicine.com/doi/full/10.2217 /fon-2017-0343.

Exosome isolation & characterization
Exosomes can be isolated from supernatants of cultured cell lines and from body fluids of healthy donors or
cancer patients by a variety of methods ranging from ultracentrifugation at high speed, precipitation, microfluidic
separation, affinity capture to size-exclusion chromatography (10. High-speed ultracentrifugation of precleared
plasma, traditionally used for exosome isolation, is being slowly replaced by methods allowing for more efficient,
rapid and clinically applicable isolation of exosomes that are partially depleted of plasma ‘contaminants’ and retain
their vesicular morphology and integrity [11,12]. Exosome recovery from 1 ml of cancer plasma yields around 10"
particles [12]. Exosomes can be visualized by electron microscopy or atomic-force microscopy, counted in specially
designed instruments, labeled with dyes, coincubated with cells, injected into experimental animals or loaded with
drugs [13]. Since, TEX are a subset of total plasma exosomes, the ratios of TEX/normal cell-derived exosomes
in cancer plasma varies, although in patients with advanced malignancies TEX represent a substantial fraction of
total plasma exosomes [14]. TEX recovery from plasma of patients with melanoma has recently become possible in
my laboratory, using an immunoaffinity-based selective capture of TEX by an antibody specific for the antigenic
epitope expressed on melanoma but not on normal cells [15]. This offers an opportunity for ex vivo studies of the
content and function of TEX present in cancer plasma as opposed to those produced by cultured tumor cells.
Exosomes, including TEX, originate from the endosomal cell compartment and thus carry a molecular cargo that
partly mimics that of the parent tumor cell [(16]. Exosomes acquire their molecular components through the well-
defined series of coordinated inward membrane invaginations taking place in late endosomes and multivesicular
bodies. Sorting and packaging of exosomes for release from the parent cell is executed by the endosomal sorting
complex responsible for transport, which is parent-cell specific, and which might be responsible for directing
exosomes to a predefined cellular address [17,18]. Multivesicular bodies fuse with a parent cell-surface membrane
releasing exosomes into the extracellular space. This biogenesis process forms exosomes that contain elements
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derived from endosomes (e.g., TSG101, syntenin-1, ALIX) as well as from the cell-surface membrane and cytosol
of the parent cell [16,19]. This biogenesis and the virus-like size of exosomes, distinguish them from larger (200
1000 nm) microvesicles which are a product of ‘blebbing’ or ‘budding’ of the parental cell-surface membrane [16].
Although the molecular and genetic contents as well as functions of exosomes and microvesicles might overlap,
current evidence points to exosomes as the population of circulating vesicles that best approximates the antigenic
content of parent cells and, in the case of TEX, might potentially be useful as ‘liquid tumor biopsies’.

Molecular signatures of tumor-derived exosomes

Much of what is known about TEX comes from studies of vesicles in supernatants of tumor cell lines, where all
exosomes are products of tumor cells. The TEX molecular signature distinguishes them from exosomes derived
from normal cells. Further, TEX released by different types of tumor cells have distinct molecular signatures [12,14].
TEX carry a cargo consisting of a broad variety of molecular species, including membrane-associated proteins,
glycoproteins, lipids and glycolipids as well as a rich vesicular content (reviewed in [20). The surface membrane of
TEX is a lipid—protein bilayer that contains cholesterol, ceramides, sphingomyelins and phospholipids as well as
numerous biologically active proteins such as the major histocompatibility complex molecules; tumor associated
antigens (TAAs); inhibitory ligands such as FasL, TRAIL, PD-L1, TGF-B /LAP; adhesion molecules, notably ICAM,
EPCAM, CD44, integrins; proteases such as mitochondrial membrane potential and CD26; ectonucleotidases
engaged in adenosine production, CD39/CD73; transmembrane receptors such as CXCR4 and c-Met; heat shock
proteins; and various tetraspanins (CD9, CD63, CD81) frequently used as ‘exosome markers’. In the TEX lumen are
nucleic acids, including DNA, mRNA and miRNA; cytosolic proteins including various enzymes; soluble factors,
such as PGE,; cytokines; histones; transport proteins such as ALIX, Rabs, dynamin, LAMPs; cytoskeletal proteins,
including actin, tubulin, vimentin and others; oncoproteins; and a variety of signaling molecules, including MAPK,
ERK1/2, Rho, catenin, Wnt and many others. The TEX molecular and genetic content recapitulates that of the
parent cell. However, it is unclear how much of the parent cell content is passed on to TEX, and the estimates
vary widely from 5 to 50% [21]. Nevertheless, TEX have been shown to be enriched in key molecules that are
characteristic of the parent cell and therefore can, in part, serve as surrogates of the parent tumor cells [22].

Functional profiles of TEX

TEX are well equipped to serve as information transfer vehicles shuttling messages between parent tumor cells and
other normal or malignant cells in the TME [23]. It is suspected that these messages might be addressed to reach
specific recipient cells. Although, the mechanisms are not yet understood for TEX delivery and processing of their
cargo in recipient cells, they may include initial ligand—receptor type of binding on the cell surface followed by
endocytosis or phagocytosis [24]. Veladi et al. were first to report that mRNAs and miRNAs can be transferred via
exosomes from one cell to another and induce changes in cellular functions of the recipient cells [25). Whether TEX
signal via cognate receptors on the vesicle surface or are internalized by the recipient cell, delivering their content
of nucleic acids, TEX-recipient cell interactions culminate in a loss or gain of functions in recipient cells and in
cellular reprogramming [20].

Immunosuppressive signaling by TEX
Initial experiments with TEX isolated from supernatants of cultured tumor cells, which contain only TEX and no
other exosomes, indicated that TEX can effectively mediate suppression of immune cells in ex vivo assays and in
vivo in experimental animals [26]. This was not an unexpected finding, as the TEX cargo is generally enriched in
immunoinhibitory proteins and factors similar to those present in parental tumor cells and able to downregulate
immune responses [6]. As tumor cells themselves inhibit functions of immune cells 271, TEX emerge as a novel
mechanism able to effectively transmit suppressive signals to all types of immune cells. TEX-mediated suppression of
immune-cell functions contributes to tumor growth and facilitates tumor escape from the host immune system [6].
The mechanistic aspects of TEX-mediated suppression of immune cells have been investigated using human
or murine T cells coincubated with TEX. T cells express TcR and IL-2R, and these two receptors regulate T-
cell responses and any interference with TcR-mediated or IL-2R-mediated signaling negatively impacts T-cell
functions. We and others have observed that TEX negatively regulate functions of these receptors [27,28] and that
T cells, especially CD8% T cells, are very sensitive to TEX-mediated inhibition. When T cells are co-incubated
with TEX, TEX-mediated down-regulation of the TcR ¢ chain is consistently seen [29]. Additionally, TEX reduce
phosphorylation in activated T cells and JAK expression, which is essential for IL-2, IL-7 and IL-15 function.
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These are cytokines that share the y-chain of the IL-2R and are essential for T-cell expansion: downregulation of
JAK expression/activity by TEX results in the inhibition of T-cell proliferation (30]. However, effects of TEX on
T-cell subsets are complex. It was determined that TEX suppressed proliferation of CD8" T cells but promoted
expansion of CD4™ T cells, while exosomes released by normal cells promoted proliferation of all T cells [27]. We
and others reported that TEX promoted expansion and activity of Treg, a functionally critical subset of CD4" T
cells [27,31,321. TEX were also found to upregulate STATS phosphorylation in activated CD47" T cells and to inhibit
STATS phosphorylation in activated CD8" T cells, suggesting that TEX modulate transcription-factor functions,
such as those mediated by STATS, for example, in recipient T cells, although mechanisms behind these changes
are not known (30].

We also asked whether TEX globally suppressed antitumor functions of all T cells or preferentially inhibited
proliferation of human melanoma-specific CD8™ T cells. To this end, cocultures of human T cells with melanoma
peptide-pulsed DC were set up. The data suggested that TEX inhibited melanoma antigen-specific T-cell responses
as well as responses of other activated T cells [27]. It appears that T-cell activation rather than antigen specificity
predisposes them to TEX-mediated suppression. There is strong evidence in support of the ability of TEX carrying
the membrane form of FasL or PD-L1 to alter functions of Fast or PD-17 T cells, respectively [12,27,33]. We showed
that TEX-mediated signals leading to apoptosis of activated CD8™ T cells were associated with early membrane
changes (i.e., Annexin V binding) in recipient cells, caspase-3 cleavage, cytochrome C release from mitochondria,
loss of mitochondrial membrane potential and DNA fragmentation [33]. Thus, apoptosis was induced in activated
CD8* T cells by TEX via the engagement of extrinsic and intrinsic apoptotic cascades. Additional data indicated
that the PI3K/AKT pathway was the key target for TEX-mediated demise of activated CD8" T cells. We reported
that time-dependent AKT dephosphorylation and concomitant decreases in expression levels of survival proteins,
BCL-2, BCLxL and MCL-1, accompanied by an increase in levels of proapoptotic BAX were observed in activated
CD8™ T cells upon co-incubation with TEX [33].

Recent data suggest that nucleic acids, especially mRNA and miRNAs, transferred by TEX from the cancer to
recipient cells are largely responsible for functional changes in the latter 34]. To evaluate contributions of mRNA
transferred by TEX to the recipient T-cell reprogramming, we evaluated transcriptional activity and functional
changes in T cells coincubated with TEX or DEX (exosomes produced by human monocyte-derived cultured
DC and used as control for TEX). Subsets of human CD4*", CD8* and CD4TCD39" Treg cells isolated from
peripheral blood of normal donors served as recipient cells [35]. Expression levels of 24 immunoregulatory genes
were monitored by qRTPCR in these cells [35]. We observed massive changes in expression levels of multiple
immunoinhibitory and immunostimulatory genes in recipient T cells following coincubation with TEX. Three
factors had a significant impact on TEX-induced transcriptional activity in T cells: the presence/absence of
TEX; the recipient cell type (CD41, CD8" or CD39% Treg); and the activation status of the recipient T cells.
Different immunoregulatory genes in TEX vs DEX induced changes in mRNA expression levels of recipient
lymphocytes [31]. Some genes in Treg were also modulated differently in comparison with recipient CD4" or
CD8T T cells. We also measured CDG69 (an activation marker) expression levels in recipient CD4™" T effector
cells by flow cytometry to demonstrate that the TEX-mediated mRNA changes translated into relevant functions.
Consistent with TEX-induced immune suppression in CD4™" T cells, we saw significantly decreased expression
levels of CD69 on the surface of these activated T cells (35]. Also, Treg coincubated with TEX, which carry CD39
and CD73 ectonucleotidases [36], significantly upregulated production of immunosuppressive adenosine in T cells
in a concentration- and time-dependent manner (35]. The data suggest that mRNA transcripts delivered by TEX to
recipient T cells are translated into immunosuppressive proteins, representing one of the mechanisms responsible
for reprogramming. At the same time, in the context of our recently-reported results that activated T cells do not or
only minimally internalize TEX [37), mRNA transfer may not be the major reprogramming mechanism in T cells.

Another potential mechanism used by TEX for reprogramming of recipient cells, especially those immune cells
that readily up-take exosomes, such as B cells, monocytes or dendritic cells (DCs) [33] involves miRNAs [34]. These
are small noncoding RNAs that bind within the 3’-untranslated region of mRNAs leading to destabilization of these
RNAs and consequently to reduced expression of the encoded protein [34. miRNAs are the major component of
exosomes and can be transported to different cell types. As indicated in Table 1, cancer-derived exosomes carrying
miRNAs shape the immune responses in the TME and largely account for the acquisition of protumorigenic
functions in various recipient cells (Table 1). At the same time, the hypothesis that TEX negatively modulate T-cell
responses by engaging surface receptors, such as PD-1, Fas or TRAILR, on recipient T cells and by activating
molecular suppressive pathways in these cells remains a potentially attractive mechanism to consider and evaluate.
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Table 1. The miRNAs carried by tumor-derived exosomes and delivered to immune cells induce protumorigenic functions.

miRNA carried by TEX Tumor type Recipient cell Acquired functions Consequences for recipient cells
miR-21 miR-29a NSLC TAMs 1 NF-kB pathway
4 IL-6, 1 TNF-a 1 Proinflammatory phenotype
miR-203 PAC DCs | TLR-4 J DC maturation
miR-212p J TNF-q, | IL-12 1 DC dysfunction
miR-214 Various human or mouse T cells 1 Treg 4 Immune suppression
tumors 4 PTEN
4 IL-10
miR-183 Human tumor cell lines NK cells 1 TGF-B | Lytic functions
| DAP12
miR-92a Glioma NKT cells | Perforin | Tumor apoptosis
| FasL | Antitumor activity
1 IFN-y
| CD8* T cells

Selected examples of miRNA interactions with different types of immune cells are presented. For a detailed review of TEX-associated miRNAs and their biological effects, see [34].
DC: Dendritic cell; NK: Natural killer; NSLC: Non-small-cell lung cancer; PAC: Pancreatic adenocarcinoma; TAM: Tumor-associated macrophage; TEX: Tumor-derived exosome.

Table 2. Suppressive effects of tumor-derived exosomes on functions of immune cells in the tumor microenvironment.

Direct TEX-immune cell interactions Ref.
Apoptosis of activated antitumor effector T cells [26,40]
Interference with normal differentiation [41,42,44]
Inhibition of immune cell activation, proliferation and/or cytotoxicity [14,26,46]
Polarization of the cytokine/chemokine profile to the tumor-promoting, [23,29,38,41]

proinflammatory profile
Regulation of immune cell migration to the tumor [27,43,45,27]

Indirect interactions

Promotion of CD4"CD25TFOXP3* Treg proliferation [31,47]
Enhancement of Treg suppressor functions via, e.g., increased adenosine [14,31,32]
production

Expansion of MDSC [37]

MDSC: Myeloid-derived suppressor cell; TEX: Tumor-derived exosomes.

T-lymphocytes are not the only immune cells targeted by TEX, and functions of natural killer (NK) cells, B
cells, monocytes/macrophages and DCs are impaired by co-incubation in the presence of TEX (Figure 2). TEX
carrying MICA and MICB, ligands of the NKG2D, an activating receptor present on NK cells, downregulate its
expression and suppress NK-cell functions (38]. TGF- is displayed on TEX as TGF-LAP allowing TGF- activation
via binding to integrins, such as, a6BV. TGF-f inhibits NK-cell activation and cytotoxicity (38,39].

TEX, which are able to make adenosine from ATP by virtue of carrying enzymatically active CD39 and CD73 [36]
are implicated in inducing suppression of activated B cells (36]. Adenosine was shown to be able to convert activated
B cells into regulatory B cells (40). Additionally, TEX were reported to inhibit monocyte differentiation and to
convert monocytes into TGF-B-expressing DCs. TGF-B-expressing DCs secrete prostaglandin E; (PGE;) which
interferes with the generation of cytolytic T cells (41,421. Myeloid precursor cells were skewed toward developing
into highly suppressive MDSCs by TEX, which was dependent on MyD88 signaling in monocytes and also the
presence of TGF-p and PGE; in the TEX cargo [43]. Overall, TEX appear to be biologically-active vesicles that can
negatively impact functions of immune cells via mechanisms involving nucleic acids and/or proteins TEX carry.

TEX appear to be capable of simultaneously engaging one or several molecular and genetic pathways to induce
protumorigenic functional changes in recipient cells.

Immunostimulatory signaling by TEX

The TEX cargo contains costimulatory molecules, major histocompatibility complex class I and class II molecules,
TAA and intraluminal growth-promoting cytokines In addition to a plethora of immunoinhibitory molecules (7,20].
Clearly, TEX have dual functional capabilities suggesting that TEX are capable of stimulating as well as suppressing
immune-cell responses (Figure 2). It appears that stimulatory and inhibitory signals TEX carry are delivered
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Figure 2. Tumor-derived exosomes in the tumor microenvironment carry and deliver both immunoinhibitory
(protumor) and immunostimulatory (antitumor) signals to immune cells. Immune cells that recognize the inhibitory
and stimulatory signals on the TEX surface engage TEX in a cross-talk that leads to the TEX uptake and transfer of
mRNA, miRNAs and proteins from TEX to recipient cells. Molecular signals and nucleic acids delivered by TEX induce
reprogramming of recipient cell functions via molecular/genetic mechanisms discussed in the text. Antitumor
activities of most immune cells are blocked (black arrows), while the regulatory immune cells (Treg and Breg, MDSC)
are stimulated by TEX to expand and acquire protumor suppressor functions. TEX also carry MHC molecules, tumor
associated antigens and costimulatory molecules and thus can stimulate immune cells to upregulate antitumor
activities (red arrows), including enhanced maturation of DCs and enhanced tumor antigen processing. Cross-talk of
these DC with T and B cells leads to their activation. NK cells can be activated by soluble factors delivered by TEX. The
TEX-immune cell cross-talk provides contextual reprogramming which in the TME is heavily biased toward immune
suppression.

DC: Dendritic cell; MDSC: Myeloid-derived suppressor cell; MHC: Major histocompatibility complex; NK: Natural killer;
TEX: Tumor-derived exosomes; TME: Tumor microenvironment.

simultaneously. But it remains unclear how this mode of delivery of multiple signals able to stimulate or inhibit
immune responses translates into specific functional alterations in recipient cells. Nevertheless, it could be that the
content of TEX cargos, always containing a broad range of costimulatory as well as inhibitory molecules/genes
may play a lesser role in the reprogramming than the nature of the recipient cell or the prevailing conditions
in the TME. The perception that recipient cells might regulate the cross-talk between the tumor and the host
immune system could explain some of the contradictory results in the literature. A large body of information
supports the TEX potential to promote differentiation and antigen-processing capabilities of DC in the TME. The
potential of TEX carrying TAA and costimulatory molecules to reprogram antigen-presenting cells (APC) may be
especially useful in potentiating efficacy of the antitumor cancer vaccines [48]. Uptake of TEX by APC populating
the tumor-draining lymph nodes (LN) might promote 77 situ production of proinflammatory cytokines, shifting
the cytokine signature in the LN to one rich in IL-6, IFN-y and IL-12 but low in IL-10 and thus promoting the
Th1 immune responses. Recent in vivo studies with TEX suggest that TEX exert stimulatory biological effects when
incorporated into antitumor vaccines. Interestingly, immunostimulatory effects in the TME may not be mediated
directly by TEX, but by M1 macrophages induced by TEX to produce exosomes that reprogram the LN cytokine
milieu to one promoting the Th1 immune response [491. This is an excellent example of TEX-mediated juxtacrine
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effects (Figure 1), where M1 macrophages or DCs in the TME are reprogrammed by TEX to promote antitumor
immune responses.

Considerable efforts have been expanded to enlist TEX as a potential adjuvant component of future antitumor
vaccines. Given the available data, it is clear that additional iz vive studies are needed to better define the role
of TEX in potentiating the efficacy of antitumor vaccines. TEX have the ability to create a local inflammatory
environment that shifts the balance from immune suppression to immune stimulation in the presence of a growing
tumor. This finding recommends TEX as potentially more effective adjuvants for antitumor vaccines than those
traditionally utilized to date. However, the selection of immunopotentiating exosomes for use in vaccines requires
further studies. The molecular cargo of these exosomes should be enriched in costimulatory receptor/ligands on the
surface of exosome membranes as well as abundant phosphatidyl serine to, respectively, ensure strong costimulatory
signaling and efficient uptake by APCs, specifically by immature DCs. The lumen of the exosome is enriched in
mRNA species that, when internalized, should redirect recipient cells to produce IL-12, TNF-a, IEN-y and other
cytokines promoting activation of APCs. To achieve this, it is necessary to rely either on the parent cell to provide
exosomes with the necessary attributes or to ex vivo modify exosomes to fit the requirements defined above. The
latter strategy is being currently pursued, and preliminary data suggest that it may be successful in the future.

The role of TEX in immunotherapy of cancer

The immunoinhibitory and immunostimulatory effects of TEX have led to a controversy regarding their biological
role in cancer, with many investigators viewing TEX not as mediators of immune suppression but rather as
vaccination-promoting vehicles capable of inducing effective antitumor immunity [50,51]. However, it is reasonable
to expect that the vesicle-based communication system driven by the tumor is operating to benefit tumor progression
and to impair antitumor immune responses. TEX carrying an excess of immunoinhibitory ligands not only directly
or indirectly suppress antitumor functions of immune effector cells, but they also appear to interfere with immune
therapies.

Evidence has been emerging that implicates TEX in reducing beneficial effects of immune therapies. For example,
antibody-based cancer therapies are made less effective by TEX carrying TAAs which are targeted by therapeutic
antibodies. Such TEX, ubiquitously present in all body fluids of cancer patients, can ‘soak’ therapeutic antibodies
diminishing their antitumor effects or conceivably completely block the access of therapeutic Abs to the tumor [52].
Adoptively transferred activated T or NK cells may be especially vulnerable to TEX carrying multiple inhibitory
ligands [46). Furthermore, activated T cells could be highly sensitive to apoptosis by TEX carrying, for example,
FasL among other inhibitory ligands, following the delivery of antitumor vaccines [47).

Our recent ex vivo experiments showed that pretherapy plasma of patients with relapsed refractory acute
myelogenous leukemia enrolled in a Phase I clinical trial of adoptive cell therapy (ACT) with NK-92 cells containing
high levels of exosomes enriched in the immunosuppressive cargo. These patients have not responded favorably
to adoptive NK-92 therapy [531. We speculated that the highly immunosuppressive microenvironment fueled by
negatively-signaling exosomes in relapsed/refractory acute myelogenous leukemia patients could represent a major
barrier to NK cell-based ACT. To test the hypothesis, we coincubated exosomes isolated from pretherapy plasma of
these patients with NK-92 cells used for therapy. The isolated exosomes were shown to mediate potent inhibition of
numerous NK-92 cell functions and to interfere with antileukemia activity of NK-92 cells (s3. Further, the ex vivo
blockade of exosome-mediated suppression in part restored antileukemia functions of NK-92 cells. These results
demonstrate that in malignancy, plasma-derived exosomes can interfere with immune cells used for ACT and may
limit expected therapeutic benefits of ACT.

Future perspective

TEX are emerging as novel immunoregulatory elements in cancer. Their dual ability to carry and transfer to
immune effector cells signals that are either inhibitory or stimulatory is intriguing and provocative. The key to this
dual functional potential of TEX might be the cellular composition of the TME and the nature of cells targeted
by exosomes. TEX-driven interactions can be direct or indirect, as illustrated above, and the presence/absence of
immune recipient cells in the TME is likely to determine the outcome of TEX signaling. Tumors that are infilcrated
by immune cells have a strong incentive to produce immunosuppressive TEX to disarm antitumor effector cells.
These tumors may be responsive to immunotherapies blocking suppressive pathways induced in immune recipient
cells by these TEX delivering the juxtacrine or paracrine signaling (Figure 1). Thus, in the TME, where tumor
cells are actively engaged in suppression of antitumor immunity mediated by infiltrating activated T cells, TEX
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are primarily utilized as a highly effective mechanism that favors tumor escape. On the other hand, in tumors that
are ‘sterile’ (i.e., are poorly infiltrated by immune cells), the TEX profiles might favor autocrine signaling to promote
tumor growth. In this instance, with TEX committed to directly support tumor progression, immune therapies are
likely to be ineffective, and conventional therapies designed to inhibit tumor progression warrant consideration. At
the same time, it is necessary to remember that all cells in the TME produce exosomes and that immunostimulatory
signals directly or indirectly induced by TEX can reprogram the milieu to one that supports immune activities and
not the tumor. The balance of these multiple subcellular interactions in the TME will determine the fate of the
tumor as well as activities of the local immune system. In the future, it might be possible to regulate TEX functions
by molecular, genetic or immune interventions. Today, efforts are directed at the better understanding of molecular
mechanisms driving TEX release, uptake by recipient cells and transcriptional or translational changes they induce.

Executive summary

¢ Tumor-derived exosomes (TEX) are novel immunoregulatory elements in cancer.

¢ TEX carry molecular/genetic cargo that partially resembles that of a parent-tumor cell.

¢ TEX maintain the cross-talk between tumor cells and all cells present in the tumor microenvironment.
¢ TEX can mediate immuno-activating (antitumor) and immuno-inhibitory (protumor) activity.

* TEX carry and deliver signals to immune recipient cells that are translated into functional alterations that
modulate antitumor immune responses.

* TEX use various mechanisms to deliver ‘messages’ to recipient cells, including transfer of nucleic acids, mRNA,
miRNAs, DNA and proteins responsible for activation of inhibitory molecular pathways in immune recipient cells.

* TEX exercising their protumor activity may interfere with immune therapies of cancer.

* TEX responsible for immune suppression are being targeted by novel therapeutic strategies aimed at restoring
effective antitumor immunity in patients with cancer.
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