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Exosome‐mediated regulation of tumor immunology
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Exosomes are representative extracellular vesicles (EV) derived from multivesicular

endosomes (MVE) and have been described as new particles in the communication

of neighborhood and/or distant cells by serving as vehicles for transfer between

cells of membrane and cytosolic proteins, lipids, and nucleotides including micro (mi)

RNAs. Exosomes from immune cells and tumor cells act in part as a regulator in

tumor immunology. CD8+ T cells that show potent cytotoxic activity against tumor

cells reside as an inactive naïve form in the T‐cell zone of secondary lymphoid

organs. Once receiving tumor‐specific antigenic stimulation by dendritic cells (DC),

CD8+ T cells are activated and differentiated into effector CTL. Subsequently, CTL

circulate systemically, infiltrate into tumor lesions through the stromal neovascula-

ture where mesenchymal stromal cells, for example, mesenchymal stem cells (MSC)

and cancer‐associated fibroblasts (CAF), abundantly exist, destroy mesenchymal

tumor stroma in an exosome‐mediated way, go into tumor parenchyma, and attack

tumor cells by specific interaction. DC‐derived and regulatory T (Treg) cell‐derived
exosomes, respectively, promote and inhibit CTL generation in this setting. In this

review, we describe the roles of exosomes from immune cells and tumor cells on

the regulation of tumor progression.
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1 | INTRODUCTION

Cells release a diverse type of EV of endosome and plasma mem-

brane origin called exosomes and microvesicles of sizes 40‐250 and

100‐1000 nm, respectively. Various bioactive substances and nucleic

acids including mRNAs and miRNAs are found in the exosome sur-

face and lumen; therefore, the present review focuses on exosomes

rather than on microvesicles. miRNAs in exosomes can modulate the

function of neighboring cells and/or distant recipient cells.1 Immune

cell‐derived exosomes seem to partly act in tumor progression or

regression.2-6 Tumor cell exosomes participate in development of

the tumor microenvironment by targeting TAM, MDSC, MSC, CAF,

and immune suppressive Treg cells.7-9 Thus, tumor progression

seems to be regulated by complex exosome‐mediated actions among

tumor cells, tumor stromal cells, and immune cells.

2 | EXOSOMES FROM IMMUNE CELLS

Dendritic cells are indispensable for antigen presentation during

T‐cell priming that serve as the center of the acquired immune
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system. It is reported that antigen protein‐engulfed DC release

both MHC‐I‐ and MHC‐II‐expressing exosomes, and exosomes iso-

lated from mature DC culture supernatant have been used for

cancer immunotherapy.10,11 Interestingly, although it is known that

tumor cells produce immunosuppressive exosomes, DC that incor-

porated tumor cell‐derived exosomes release immunostimulatory

exosomes expressing tumor antigen peptides in the context of

MHC molecules.12 This seems to be related to type‐I IFN secre-

tion mediated by the cGAS/STING pathway in DC by exosomal

DNAs.13

Dendritic cells reside in all tissues, including mucous membrane

and skin, to prevent intrusion of foreign proteins such as patho-

genic microorganisms and development of neoplasms. Epidermal

DC, termed Langerhans cells, are in the immature state in normal

conditions. Immature DC engulfed antigen proteins rapidly activate

and show a mature phenotype with enhancement of MHC‐II
molecules; they then migrate into lymph nodes through lymphatic

vessels and stimulate specific T cells.14,15 It is known that imma-

ture DC strongly release exosomes, and the amounts are gradually

decreased with the maturation process.16 However, the exosomes

released by mature DC seem to have stronger antigen‐presenting
ability to T cells than do immature DC exosomes.2 The biological

significance of DC‐released exosomes other than T‐cell stimulatory

efficacy is not well understood, but it must somehow be linked

with the above‐mentioned DC dynamics. Interestingly, it has been

reported that DC exosomes have a capacity to activate NK cells

more vigorously than specific T cells.17,18

T cells strongly release exosomes with activation.19 Treg cell

exosomes have been studied to some extent, all of which are

reports regarding immunosuppressive function. CD73 on Treg

cells converts extracellular ATP to immunosuppressive ADO and

inhibits A2a adenosine receptor‐bearing T cells and NK cells. Treg

cell exosomes also express CD73 and seem to participate in the

immunosuppression.3,4 Treg cell exosomal miRNA (Let‐7d) strongly
inhibits Th 1 cell activity by inhibition of COX‐2‐mediated IFN‐γ
production.20 TGF‐β and suppressive miRNAs in breast milk

exosomes are relatively stable against temperature, pH, and

freeze‐thaw, and they maintain Treg cells by enhancement of

Foxp3 expression by exosomal miR‐155‐mediated inhibition of

SOCS 1 and prevent the onset of modern diseases such as atopic

dermatitis by reduction of IgE production of B cells.21,22 Treg cell

exosomes may function in tolerance induction of alloreactive

CTL caused rejection during organ transplantation in a CD73‐
dependent way.23

Similar to the action of CD8+ T cells, NK cells show strong cyto-

toxicity against tumor cells. FasL expressed on the membrane of NK

cell‐released exosomes seems to play a part in killing of Fas+ tumor

cells.5 CD8+ T cells express FasL capable of apoptosis of Fas+ tumor

cells. However, FasL on CD8+ T‐cell exosomes seems to promote

invasion and metastasis of tumor cells, but not tumor cell killing, by

MMP‐9‐mediated degradation of extracellular matrix proteins by the

Fas/FasL signaling pathway.24

3 | TUMOR CELL EXOSOMES AND
IMMUNE REGULATION

Immune modulatory effects of tumor cell exosomes are most devel-

oped. Tumor cell‐derived exosomes promote activation and accumu-

lation of Treg cells.25-27 Likewise, tumor cell exosomes enhance

production of prostaglandin E2, IL‐6, and TGF‐β of MDSC, resulting

in the formation of a strong immunosuppressive environment in

tumor lesions.7,8 NK cells, γδ T cells, and part of CTLs recognize the

tumor surface MHC‐I molecule‐like ULBP and MIC‐A by interaction

with NKG2D and can lyse tumor cells. However, ULBP‐ and MIC‐A‐
bearing exosomes released by tumor cells bind with NKG2D on

cytotoxic cells and block cytotoxicity against ULBP‐ and

MIC‐A‐expressing tumor cells.28,29

Tumor cells are always under hypoxic conditions and tempera-

ture stress and are also exposed to drug stress during treatment with

anticancer agents.30-32 In malignant tumor lesions, supply of nutrition

and oxygen from tumor blood vessels is insufficient, resulting in a

hypoxic state. In order to adapt to hypoxic conditions, it is known

that tumor cells enhance the expression of HIF‐1α, which promotes

angiogenesis and glucose metabolism with formation of the immune

suppression environment by Treg cells.30 Tumor growth is greatly

affected by outside temperature. A murine study has shown that

slightly high temperature during breeding results in reduction of

tumor growth with enhancement of heat shock protein expression

and antitumor immunity.31 Under these circumstances, it is known

that tumor cells release exosomes more aggressively than under nor-

mal conditions and show immune‐modulatory effects. In low oxygen,

tumor cells release TGF‐β‐bearing exosomes, and promote and inhi-

bit Treg cell activity and NK cell cytotoxicity, respectively.9 Con-

versely, tumor cell exosomes released under high temperature stress

or anticancer drug stress embed HSP‐70 and CCL‐2, ‐4, ‐5, and ‐20
capable of promoting migration and activation of T cells, NK cells,

and DC (Table 1).33,34

4 | CELL POPULATIONS IN MALIGNANT
TUMOR TISSUES

Progressive tumors show development of tumor stroma comprising

macrophages, DC, MDSC, endothelial cells (tumor blood vessels),

and fibroblastic mesenchymal cells consisting of MSC and CAF in

addition to epithelial tumor cells.35-37 Tumor stroma plays a very

important role not only in maintaining tumor morphology and pre-

venting immune attacks but also in malignant formation of tumor

cells to acquire invasive and metastatic properties and to promote

neovascularization called EMT.38,39 Soluble form and exosomal

TGF‐β or SDF‐1 derived from mesenchymal tumor stroma composed

of myofibroblasts such as CAF in hypoxic conditions induce this

malignant transition of tumor cells by reduced cell–cell adhesion and

enhanced expression of MMP and mesenchymal markers including

α‐smooth muscle actin (Figure 1).40,41
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5 | PREVENTION OF TUMOR INVASION
AND METASTASIS AFTER CD8+ T ‐CELL
EXOSOME ‐MEDIATED DESTRUCTION OF
MESENCHYMAL TUMOR STROMA

CD8+ T cells act as a central player in tumor regression.42 CD8+

T‐cell exosomes possibly participate in the prevention of tumor

growth, invasion, and metastasis. In studies of intratumoral injection

of CD8+ T‐cell exosomes and i.v. transfer of CD8+ T cells in which

exosome generation was inhibited by a neutral sphingomyelinase

(N‐SMase) inhibitor,43 we found disappearance of mesenchymal

tumor stroma with significant reduction of the mesenchymal cell

population (MSC and CAF) without MHC restriction compared with

no fluctuation in macrophage, MDSC, or DC population. Interest-

ingly, CD8+ T‐cell exosomes from culture supernatants of tumor‐
bearing mouse splenocytes had no capacity to deplete mesenchymal

tumor stromal cells.6 CD8+ T‐cell exosomes from healthy mice could

deplete mesenchymal tumor stromal cells partly in a miRNA (miR‐
298‐5p)‐dependent way, but not TNF‐α‐ or Fas‐mediated pathways.

Functional CD8+ T‐cell exosomes were transiently released on d‐7 in

cultivation after CD3 stimulation,6 indicating that biological investi-

gation of immune cell‐derived exosomes may be necessary to exam-

ine various exosomes obtained from different culture periods and

conditions. Thus, it appears that exosomes are not a vesicle propa-

gating unexpected functions as described in immunosuppressive

roles of Treg cell exosomes and tumoricidal effects of CD8+ T‐cell

TABLE 1 Reported regulatory roles of immune cell‐ and tumor cell‐derived exosomes

CTL induction NK cell activation Th1 cell induction
Treg cell
induction

Tumor
cell lysis

Tumor
progressiona Ref

Immature DC exo ↑ ↑ 2,10-16

Mature DC exo ↑ ↑ 2,10-18

Treg cell exo ↓ ↓ ↓ 3, 4,20

NK cell exo ↑ 5

CD8+ T‐cell exo ↓↑ 6,24

Tumor cell exo ↓ ↓ ↑ 7-9,25-27

aTumor progression includes tumor invasion and metastasis. ↑promotion ↓inhibition.

DC, dendritic cell; exo, exosome; NK, natural killer; Th, T helper; Treg, regulatory T.

F IGURE 1 Acquisition of invasive and metastatic properties of tumor cells by tumor stromal cells. Tumor tissues consist of stromal cells
such as mesenchymal cells (mesenchymal stem cells and cancer‐associated fibroblasts), macrophages, and myeloid‐derived suppressor cells in
addition to tumor cells. Tumor stromal cells are indispensable for acquisition of invasive and metastatic properties of tumor cells
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exosomes excluding one report,24 but inherit the characteristics of

the parent immune cells and inform neighboring and distant tissues

(Table 1).

Disappearance of mesenchymal tumor stroma by CD8+ T‐cell
exosomes should associate with the reduction of invasive and meta-

static potential of tumor cells due to loss of EMT. By using meta-

static B16F10 (melanoma), 4T1 (mammary carcinoma), and CMS5 m

(fibrosarcoma), invasion of subcutaneous tumors on day 18 and lung

metastasis on day 40 to day 45 was almost completely suppressed

by intratumoral treatment of CD8+ T‐cell exosomes on day 14 (Fig-

ure 2).6

To clarify the mechanism by which CD8+ T‐cell exosomes show

cytotoxicity against mesenchymal tumor stromal cells rather than

tumor cells, fluorescent‐labeled CD8+ T‐cell exosomes were injected

into subcutaneous tumors or added to tumor cell or MSC culture.

Surprisingly, CD8+ T‐cell exosomes were engulfed in mesenchymal

tumor stromal cell populations in vivo and cultured MSC immedi-

ately, but not other cell populations including tumor cells in vivo or

cultured tumor cells. Capacity to engulf CD8+ T‐cell exosomes by

tumor cells was also found to be decreased with co‐cultivation with

MSC. Preferential engulfment by mesenchymal cell populations

seems to be a common feature of T‐cell exosomes because exo-

somes from murine CD4+ T cells and human T cells were also incor-

porated by cultured MSC rapidly in vitro.6 Studies on exosome

sorting mechanisms show that exosome formation inside MVE can

rely on the ESCRT‐dependent and ‐independent pathways.43,44 The

former is characterized by accumulation of ESCRT‐related proteins

such as ALG‐2‐interacting protein X (Alix) and tumor susceptibility

gene 101 (Tsg101) proteins, and ubiquitinated surface proteins, and

the latter is characterized by concentration of sphingolipids including

ceramide in combination with tetraspanin molecules. Thus, the

unique structure of exosome membrane accumulating various func-

tional molecules may determine the specificity of the target cells.

6 | PHOSPHATIDYLSERINE ‐DERIVED
NEGATIVE CHARGES OF EXOSOME
SURFACES

Microvesicles and apoptotic bodies are generated as submembrane

fragments shed from the plasma membrane of cells during activation

and proliferation and in the final step in the process of programmed

cell death, respectively.45 Exosomes are generated in MVE under the

exact mechanisms resemble with endosomal sorting of HIV and

released by fusing MVE with the plasma membrane. Consistent with

membranes of dead cells, membranes of extracellular vesicles includ-

ing MV, apoptotic bodies, and exosomes expose negatively charged

PS on the outer leaflet in contrast with localization at the inner leaf-

let of the plasma membrane of viable cells, which is the main reason

that EV are negatively charged.46-48 When exosomes are given

systemically, most of them are engulfed by hepatic macrophages and

digested in their lysosomes.47 In the presence of calcium ion,

scavenger receptors such as SR‐A (scavenger receptor class A),

annexins, and T‐cell immunoglobulin and mucin domain containing

F IGURE 2 Tumor‐infiltrating CD8+ T cells can deplete mesenchymal tumor stromal cells in an exosome‐dependent method. Progressive
tumors develop by reciprocal action between tumor cells and tumor stromal cells, and acquire invasive and metastatic potentials by epithelial‐
to‐mesenchymal transition. Tumor depleted mesenchymal tumor stroma by exosomes from CD8+ T cells cannot acquire the invasive and
metastatic properties as in progressive tumors6
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(TIM)‐1, ‐3, and ‐4 on hepatic macrophages seem to be ligands for

PS‐derived negative surface charge on EV.47,48 However, in our

study regarding intratumoral administration of CD8+ T‐cell exosomes,

even though a large number of F4/80+ CD11b+ macrophages were

present in tumor lesions, no exosome uptake was seen at 2 hours

after intratumoral treatment. Analysis of the membrane components

such as lipids and membrane proteins (including glycosylation) of

exosomes is important to clarify this contradiction.

7 | SPECIALIZED MEMBRANE
COMPOSITION OF EXOSOMES

T‐cell exosomes are predominantly engulfed in mesenchymal tumor

stromal cells rather than in tumor cells, suggesting utilization of exo-

somes as carriers of the drug delivery system against tumor invasion

and metastasis. Necessity for ceramide on exosome budding in

MVE43 results in exosome membranes composed of lipid raft com-

ponents such as cholesterol and sphingolipids, for example, ganglio-

sides.49,50 Since HIVs are released from infected cells in a similar

manner to exosome formation, sphingolipids are accumulated as HIV

membrane components.51 T‐cell receptor (TCR) can transmit strong

activation signals into the cytoplasm by accumulating in membrane

microdomains termed immune synapse where cholesterol and sphin-

golipids abundantly exist.52 GPI‐anchored proteins such as Thy‐1
(CD90) molecule and GPCRs as chemokine receptors are known to

concentrate in lipid rafts and can transmit signals, suggesting that

T‐cell exosomes express bioactive molecules such as transmit

immune‐, GPI‐, and GPCR‐mediated signals.6,53-56 It has been

reported that tetraspanin molecules, for example, CD9, CD63, and

CD81, known as exosome surface markers, regulate signal transduc-

tions by interacting with GPCR.57 As lipid raft‐related proteins have

been reported to concentrate on exosome membranes,58,59 analysis

of lipid structure and lipid raft‐associated proteins on exosomes may

resolve preferential engulfment by mesenchymal tumor stromal cells

(Table 2).

8 | CONCLUSION REMARKS

As a result of the many studies on exosomes in tumor biology, there

is no doubt that exosomes act as a central player in the regulation

of tumor progression including tumor invasion and metastasis.6,60,61

In addition, it is also being shown that exosomes have strong affinity

with mesenchymal cells including fibroblasts, MSC, and CAF, vascular

endothelial cells, pericytes and macrophages rather than tumor

cells.6,48,60,61 However, in order to understand the binding affinity

between these cells and exosomes, we must improve our poor

knowledge of molecular structures focusing on the exosome mem-

brane. Dissolving the exosome membrane structures on a molecular

basis seems to be indispensable for elucidating exosome‐mediated

modification of tumor progression.
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