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Chapter 7
Exosomes Function in Tumor Immune 
Microenvironment

Yin Huang, Keli Liu, Qing Li, Yikun Yao, and Ying Wang

Abstract Immune cells and mesenchymal stem/stromal cells are the major cellular 
components in tumor microenvironment that actively migrate to tumor sites by 
sensing “signals” released from tumor cells. Together with other stromal cells, they 
form the soil for malignant cell progression. In the crosstalk between tumor cells 
and its surrounded microenvironment, exosomes exert multiple functions in shaping 
tumor immune responses. In tumor cells, their exosomes can lead to pro-tumor 
immune responses, whereas in immune cells, their derived exosomes can operate on 
tumor cells and regulate their ability to growth, metastasis, even reaction to chemo-
therapy. Employing exosomes as vehicles for the delivery products to initiate anti-
tumor immune responses has striking therapeutic effects on tumor progression. 
Thus, exosomes are potential therapeutic targets in tumor-related clinical condi-
tions. Here we discuss the role of exosomes in regulating tumor immune microen-
vironment and future indications for the clinical application of exosomes.

Keywords Exosome · Innate immune responses · Adaptive immune responses · 
Tumor microenvironment · Mesenchymal stem/stromal cells

Tumor immune microenvironment is one of the hallmarks of tumor growth, pro-
gression and therapeutics, always characterized as tumor-promoting inflammation 
and invalid immune surveillance for tumor cells [1]. The potential link between 
inflammation and tumors was first discovered by Rudolf Virchow in nineteenth cen-
tury, when he observed the presence of leukocytes in tumors. In last decades, 
detailed analysis on the immune cells in neoplastic lesion clearly demonstrated that 
distinct cell types of the immune system, including T lymphocytes, B lymphocytes, 
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macrophages, myeloid derived suppressor cells, mast cells, dendritic cells and neu-
trophils, were involved in tumorigenesis and progression [2, 3].

These distinct types of immune cells control tumor progression by functioning 
pro-tumor immunity or anti-tumor immune responses [4, 5]. For example, by 
employing mice genetically engineered to be deficient for certain subtype of 
immune cells or blocking their infiltration in tumor, CD8+ T cells, nature killer cells, 
CD4+ helper T (Th) cells were found to contribute significantly for immune surveil-
lance. Avoiding immune destruction by these immune cells promoted tumor pro-
gression. Also, macrophages, myeloid derived suppressor cells, and neutrophils 
were found to be indispensable in constructing the pro-tumor immune microenvi-
ronments and dictating tumorigenesis and progression. Consistent infiltrations of 
these cells tightly relate to wound healing and chronic inflammation. Indeed, chronic 
inflammation, such as obesity induced inflammation, environmental exposure asso-
ciated inflammation, damaged cells and senescence cells-induced inflammation can 
build up the pro-tumor inflammatory environment and enhance the risk for tumor. 
Meanwhile, pro-tumor inflammatory environment can be induced by malignancy 
cells. Investigations have demonstrated that some oncogenes mutation in stromal 
cells, like myc, ras and p53 family member, can help to construct tumor immune 
microenvironments through recruitment of immune cells, production of various 
cytokines and chemokines, as well as inhibition of anti-tumor immune responses. 
Tumor promoting inflammation and anti-tumor immunity coexist during tumori-
genesis and progression, while their balance in tumor was controlled by microenvi-
ronmental conditions. Likewise, the same type of immune cells can exert anti-tumor 
immunity in one tumor and tumor-promoting inflammation in another, relying on 
their cytokine profiles and functions in shaping tumor progression.

The formation of tumor immune microenvironment is shaped by the communi-
cation of diverse immune cells, more importantly, controlled by tumor cells and 
their surrounding stroma cells, including mesenchymal stem/stromal cells (MSCs), 
endothelial cells, and fibroblasts [2]. These tumor cells and tumor stromal cells talk 
with immune cells by means of direct contact or cytokine and chemokine produc-
tion in an autocrine and paracrine manner.

Besides cytokines and chemokines, exosomes released by tumor cells and tumor 
stromal cells is found to be pivotal in shaping tumor immune microenvironment 
(Fig. 7.1) [6–9]. Exosomes, as one of the most imperative extracellular vesicles and 
microvesicles, generate inside multivesicular bodies, or can be formed and released 
by budding from plasma membrane [10]. Exosome contains plenty of DNA, 
mRNAs, miRNAs, as well as enzymes that are known to exert an assortment of 
functions to shape tumor immune microenvironment and control tumor progres-
sion. The measurement of exosomes in body fluid can indicate the risk of tumori-
genesis and the prognosis of the established tumors or predict the therapeutic effect 
in various kinds of cancers, including gastric cancer, lung cancer and prostate can-
cer [11–13]. Notably, exosome-derived from tumor immune cells can act on tumor 
cells for their growth and metastasis. In this chapter, we will decipher the role of 
exosomes in mediating the crosstalk between tumor cells and tumor immune 
microenvironment.
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7.1  Tumor Cell-Derived Exosomes Shape Innate Immune 
Responses in Tumor Microenvironment

7.1.1  Nature Killer Cells (NK cells)

NK cells are well-known in exerting immune surveillance and anti-tumor immunity 
by directly killing tumor cells or producing cytotoxic cytokines [14]. Those cyto-
toxic cytokines, such as perforin, were identified in NK cell-derived exosomes, and 
exerted cytotoxic activity against tumor cells [15, 16]. The dysfunction of NK cells 
in tumorigenesis and progression can be trained by tumor derived-exosomes. 
Exosomes produced by human prostate cancer cells contain ligands for natural 
killer group 2D (NKG2D). These exosomes downregulated the NKG2D expression 
on NK cells and impaired the cytotoxicity of NK cells [17, 18]. Detailed analysis on 
the ligands for NKG2D in tumor derived-exosomes found that MICA, MICB and 
ULBP1/2 are the major components in suppressing the cytotoxicity of NK cells 
[19]. Additionally, tumor derived-exosomes can inhibit the cytotoxicity of NK cells 
through suppressing perforin production [20]. However, exosome derived from 
tumor cells does not always destroy the cytotoxicity of NK cells. In cancer treat-
ment, exosomes produced by hepatocellular carcinoma cells were found to contain 
plenty of heat shock proteins (HSPs). Consistent with studies revealing the inhibi-
tory effects of tumor derived exosomes on NK cells, these HSP-bearing exosomes 
upregulated the expression of inhibitory receptor CD94, and decreased the expres-
sion of activating receptors CD69, NKG2D and NKp44. However, those exosome 
derived from tumor cells with chemotherapy treatment efficiently stimulated the 
production of granzyme B by NK cells, hence promoted the tumoradical function of 
NK cells [21]. Therefore, the effects of tumor derived exosomes on NK cells are still 
controversial and remain to be further investigated.

7.1.2  Dendritic Cells (DCs)

DCs are critical for antigen presentation and activation of adaptive anti-tumor 
immune response, as well as for cytokine production and immunosuppression in 
tumor progression [22]. DCs can process tumor antigen and present them by bound 
to MHC molecules on cell surface to CD4 and CD8 T cells, leading to the activation 
of T cells. Cytotoxic T cell activation can also be induced by exosomes released by 
mature DCs which harbored MHC-peptide complexes, thereby inhibiting tumor 
growth and eliminating established tumors [23–25]. Additionally, other membrane 
and immune-associated molecules were found in exosomes derived from DCs, 
including integrin α and β-chains (αMβ2), Ig family member ICAM-1and milk fat 
globule EGF factor 8, which are involved in the recruitment and activation of 
immune cells in the tumor microenvironment. More importantly, those membrane 
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associated molecules are responsible for the endocytosis of exosomes into target 
cells so that components in the exosomes could exert their effects efficiently [25–
27]. The status of DCs in tumor microenvironment can be influenced by tumor cell-
derived exosomes. In vitro experiments suggested that exosome products by TS/A 
mammary tumor cells could inhibit the process of DC differentiation from myeloid 
cells [28]. These exosomes were found to target on CD11b+ myeloid precursors and 
induce interleukin (IL) -6 productions and its downstream signaling-STAT3, result-
ing in the blockade of DC differentiation. Additionally, tumor derived exosomes 
were link to impair the function of cytotoxic T cells through downregulating the 
expressions of CD11c and costimulatory receptors. Taken together, a strong rela-
tionship between tumor cells and DCs was functioned by exosomes.

7.1.3  Macrophages

Macrophages are the major cellular components of tumor immune arena. By clas-
sifying as type 1 macrophages (M1), they act anti-tumor immune responses by 
functioning as antigen presenting cells and producing type 1 IFN, IL-12, and nitric 
oxide. In contrast, type 2 macrophages (M2) are the common phenotype of tumor 
associated macrophages and form pro-tumor immunity. These cells always charac-
terize with downregulated expression of MHC class II and IL-12, enhanced produc-
tion of anti-inflammatory cytokines, such as IL-10, arginase, transforming growth 
factor β (TGFβ), as well as plenty of growth factors, and angiogenic factors [2]. The 
status of M2 was associated with the tumor progression and poor patient prognosis. 
In comparison of exosomes released by M1 and M2, study found that exosomes 
secreted from M1, but not M2, could enhance activity of lipid calcium phosphage 
nanoparticle-encapsulated Trp2 vaccine by enhancing antigen-specific cytotoxic T 
cell responses [29]. However, exosomes derived from M2 promoted breast cancer 
cell growth and invasion by transferring miR-223 [30].

The phenotype of macrophages can be fine-tuned by a wide range of stimuli and 
their production of mediators is specifically regulated by the signals received. In 
this process, exosomes released by tumor cells were verified as one of stimuli to 
regulate the status of macrophages. By isolating exosomes from epithelial ovarian 
cancer, microRNA-222-3p (miR-222-3p) was enriched and found to modulate the 
polarization of tumor macrophages to type 2 macrophages by targeting SOCS3 
signaling pathway [31]. Moreover, studies found that exosomes derived from pan-
creatic ductal adenocarcinomas (PDACs) can stimulate kupffer cells and induce 
plenty of TGFβ production, subsequently, to form liver pre-metastatic niche by 
induction of fibronectin deposition and macrophage recruitment. Macrophage 
migration inhibitory factor (MIF) was assessed as the key component in these 
PDAC-derived exosomes in mediating the formation of liver inflammation and pre-
metastatic niche [32].
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7.1.4  Neutrophils

Neutrophils are one of the key participants in innate immune system and play both 
tumor-promoting and tumoricidal functions through productions of cytokines, pro-
teases, and reactive oxygen species (ROS), as well as direct cytotoxicity and regula-
tion of CD8+ cytotoxic T cells (CTLs) responses respectively [2]. Some cytokines 
and mediators were found to be loaded by exosomes released by neutrophils, and 
promote tumor development. Neutrophil elastase (NE) was discovered in exosomes 
released by neutrophils and promoted the proliferation of epithelial lung cancer 
cells through the hydrolysis of insulin receptor substrate 1 (IRS-1) [33]. In turn, the 
status of neutrophils can be regulated and polarized by the stimuli in the tumor 
microenvironment, consequently, to shape tumor immune responses and modulate 
tumor progression. During the investigations on the key role of Rab27a in exosome 
production by breast cancer cells, exosomes were found to facilitate tumor progres-
sion by inducing systemic mobilization of neutrophils [34]. Thus, neutrophil related 
exosomes exert dual roles in tumor immune responses.

7.1.5  Myeloid-Derived Suppressor Cells (MDSCs)

MDSCs have been identified in tumor microenvironment as a population of imma-
ture myeloid cells with the ability to suppress T cell activation. In molding tumor 
immune microenvironments, exosomes released by MDSCs, containing S100A8 
and S100A9, were shown to mediate the chemotaxis of granulocytes and induce the 
switch of macrophages toward a type 2 macrophage phenotype [35]. Notably, 
MDSC accumulation in tumor microenvironment can be induced by tumor cell-
derived exosomes. During this process, Hsp72 enriched in tumor-derived exosomes 
was demonstrated to trigger STAT3 activation in MDSCs in a TLR2/MyD88-
depedent manner through autocrine production of IL-6 [36].

7.1.6  Mast Cells

The recognition on mast cell function does not limit to their responsibility for aller-
gic reactions and removal of pathogens. The accumulation of mast cells in tumor 
sites accounts for the construction of tumor immune microenvironment. It has been 
reported that mediators released by mast cells can promote tumor growth and angio-
genesis, such as matrix-degrading enzymes (MMPs), vascular endothelial growth 
factor (VEGF), proteases (chymase), and inhibit tumor progression, such as inflam-
matory cytokines [37]. In 2001, the observation that mast cells could produce exo-
somes was firstly reported [38]. Exosomes delivered the regulatory signals released 
by mast cells to T and B cells, DCs, even tumor cells. A recent study demonstrated 
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that mast cell line HMC-derived exosomes transferred KIT protein to lung adeno-
carcinoma cells, consequently, to promote tumor growth by activating SCF signal-
ing [39]. Other components carried by exosomes released by mast cells were also 
related to tumor progression, such as MHC II proteins, co-stimulatory (CD86, 
CD40, and CD40L), adhesion-related molecules (ICAM-1), as well as matrix metal-
loproteinase (MMP-2, MMP-9) [40]. However, further investigations should deci-
pher the components of exosomes released by mast cells and their detailed functions 
in molding tumor microenvironment and dictating tumor progression.

7.2  Exosomes Mediate the Crosstalk Between Tumor Cells 
and Adaptive Immune Cells

Tumor antigens processed and presented as peptide complexes with MHC class 
molecule by antigen presenting cells initiate T cell mediated immunity [41]. Based 
on their functions and cytokine productions, T cells are classified as CD8+ cytotoxic 
T cells and CD4+ Th cells, which further divide into Th1, Th2, Th17 and regulatory 
T cells (Tregs) [42]. These T cells enriched in the tumor microenvironment can 
perform both tumoricidal effects and tumor-promoting effects, relying on their 
functions in lysis of tumor cells and production of cytotoxic cytokines, or in con-
struction of immunosuppressive microenvironments [2]. Accumulating evidence 
showed that exosome is one of major mediators for intercellular communications 
among adaptive immune cells, tumor cells. Exosomes can deliver many biological 
molecules, including proteins, lipids and nucleic acids, to modulate the function of 
T cell subsets.

7.2.1  Effector T Cells

Cytotoxic T cells and Th1 cells are the major warriors in T cell-mediated immune 
surveillance and anti-tumor immune responses. In vivo experiments demonstrated 
that genetically deficiency in T cells or blockade of their cytotoxic molecules can 
promote tumorigenesis and progression. Indeed, their high expression in tumor-
bearing host was correlated with the better survival of some cancers, such as colon 
cancer. Insufficient T cell-mediated anti-tumor immunity always accompanies in 
the tumorigenesis, progression and therapeutics. The reasons for impairing T cell 
function can be related to tumor derived exosomes. In vitro studies showed that 
exosomes released by tumor cells can suppress antigen-specific CD8+ T cells 
through inducing their apoptosis [43, 44]. Studies found that the apoptosis of T cells 
in tumor microenvironment can be related to the high expression of FasL on the 
surface of exosome derived from tumor cells [45, 46]. Additionally, tumor derived 
exosomes could promote T cell apoptosis through regulation of PI3K/Akt signaling 
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pathway [47], both intrinsic and extrinsic pathways in induction of apoptosis [48], 
as well as STAT activity [8]. Also, two functional receptors for T cell activation, T 
cell receptor and IL-2 receptor, can be negatively modulated by tumor derived exo-
somes, leading to the inhibition of T cell proliferation [6, 49]. By assessing the 
influence of tumor-derived exosomes in lymphocyte responses, membrane-associ-
ated TGFβ1 in these exosomes was found to exert the inhibition on T cell activation, 
as well as the promotion on the suppressive function of Tregs [50].

7.2.2  Tregs

Tregs play a tumor-promoting effect through inhibition of anti-tumor immune 
responses and promotion of tumor angiogenesis, while they may exert suppression 
of pro-tumor inflammation under certain condition. The amount of Tregs in tumor-
bearing host, especially those with breast [51], gastric [52], and ovarian cancer [53, 
54], is indicative of poor prognosis [55]. Therefore, elimination of the appearance 
of Tregs in tumor microenvironment holds the promise in enhancement anti-tumor 
immunity and therapeutic outcomes. Distinct from effector T cells, Tregs are resis-
tant to apoptosis induced by tumor-derived exosomes. A close relationship between 
tumor-derived exosomes and Treg induction was disclosed. TGF-β and IL-10  in 
exosomes mediated the conversion of CD4+CD25− T cells into CD4+CD25+Foxp3+ 
Tregs [56]. Those Tregs were with increased expressions of FasL, IL-10, TGF-β1, 
CTLA-4 [57, 58]. Similarly, after co-culture with tumor-derived exosomes, 
CD4+CD39+ Tregs showed higher levels of cyclooxygenase-2 (COX-2) and IL-10 
[6]. These Tregs exerted their suppressive functions to limit T cell proliferation [59].

In turn, exosomes can be released by T cells with TCR signaling activation [60]. 
Theses exosomes led to the invasion of melanoma and lung cancer cell through 
secretion of MMP9, a critical enzyme in degradation of extracellular matrix compo-
nent [61]. Also, exosomes released by Tregs is the mediator in construction of pro-
tumor immune microenvironment. As demonstrated in B16 melanoma, 
exosome-derived from Tregs can inhibit T cell proliferation and IFN-γ production, 
as well as the cytotoxicity of CD8+T cells, resulting in the destruction of anti-tumor 
immunity [62, 63].

7.3  Towards a Broader Understanding of Exosomes 
in Tumor Immune Microenvironment

Besides various types of immune cells, other cellular components in tumor micro-
environment, including MSCs, fibroblasts, as well as endothelial cells, have active 
roles in tumor initiation, promotion, progression and metastasis. Among them, 
MSCs are enriched in tumor sites [64]. By sensing signals released by tumor, MSCs 
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were found to actively migrate to tumor sites and orchestrated the tumor immune 
microenvironments, together with immune cells [65]. After arriving at tumor sites, 
MSCs licensed by inflammatory cytokine, tumor necrosis factor α (TNFα), will 
change into tumor MSCs. These tumor MSCs can build up the pro-tumor immunity 
by facilitating the accumulation of monocytes, macrophages, and neutrophils in 
tumor microenvironments, with the capability to promote tumor growth and metas-
tasis. Interestingly, tumor MSCs can endow normal MSCs with the similar potential 
in forming pro-tumor immunity [66]. Yet, the function of exosomes in their com-
munication remains unclear. Detail analysis on the ménage-à-trois among tumor 
cells, MSCs and immune cells during the tumor growth found that tumor cell-
derived exosome could educate normal MSCs with a pro-tumor phenotype. In this 
process, exosomes can be uptaken by MSCs and promote the enriched production 
of CCR2 ligands (CCL2 and CCL7), which are responsible for macrophage recruit-
ment [67].

Multiple suppressive factors expressed by MSCs are reported to mediate their 
immunosuppression, including indoleamine 2, 3 dioxygenase (IDO), inducible 
nitric oxidase synthase (iNOS), hemeoxygenase (HO), arginase 1 and 2, hepatocyte 
growth factor (HGF), TGF-β, IL10 and prostaglandin E2 (PGE2) [68]. Exosomes 
isolated from human MSCs was also demonstrated to exert an inhibitory effect on T 
cell activation and IFN-γ production [69, 70]. Similar to the license function of 
inflammation on MSC immunosuppression, exosome-derived from MSCs with 
inflammatory cytokine stimulation contained multiple mediators to suppress the 
proliferation of T cells, B cells and NK cells, as well as the differentiation of plasma 
cells and antibody production [71, 72], and to induce Tregs [73]. Other stromal 
cells, such as cancer-associated fibroblasts and endothelial cells are critical in regu-
lation of tumor growth, angiogenesis and metastasis. Exosomes derived from can-
cer-associated fibroblasts or endothelial cells can transfer the “signals” to tumor 
cells and promote tumor progression, yet their roles in building up tumor immune 
microenvironments need further investigation.

7.4  The Application of Exosomes in Tumor Immunotherapy

Not limited to pro-tumor immunity, exosomes were found to enhance anti-tumor 
immunity based on the diversity of their cargos, indicating their potentials in tumor 
treatment [74]. HSP, known to function as an endogenous signal that can increase 
the immunogenicity of tumors, were found in exosomes and promote the cytotoxic-
ity of T cells and NK cells [75–78]. By employing the carrier function of exosomes, 
strategies were developed by modifying exosomes with high levels of tumor anti-
gens or certain chemokines. These antigen anchored or chemokine carrying exo-
somes can efficiently recruit anti-tumor immune cells to the tumor sites and induce 
tumor-specific cytotoxicity, thereby resulting in more obvious inhibition on tumor 
growth [79, 80]. The optimized strategies were employed by isolating exosomes 
from TLR agonist activated DCs. These exosomes can induce robust activation of 
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tumor specific lymphocytes and promote the recruitment of cytotoxic immune cells 
(T cells, NK cells, and NK T cells) to the tumor site, leading to the significant sup-
pression on tumor growth [81]. In 2008, a phase I clinical trial showed that admin-
istration of DC-derived exosomes and GM-CSF can ameliorate colorectal cancer 
progression through induction of tumor specific cytotoxicity by T cells [82]. 
Therefore, exosomes can be modified to express tumor antigens or mediators to 
enhance anti-tumor immunity. These armed exosomes hold the great promise in 
tumor treatment.

References

 1. Hanahan D, Weinberg RA (2011) Hallmarks of cancer: the next generation. Cell 144:646–674
 2. Grivennikov SI, Greten FR, Karin M (2010) Immunity, inflammation, and cancer. Cell 

140:883–899
 3. Pages F, Galon J, Dieu-Nosjean MC, Tartour E, Sautes-Fridman C, Fridman WH (2010) 

Immune infiltration in human tumors: a prognostic factor that should not be ignored. Oncogene 
29:1093–1102

 4. Lin WW, Karin M (2007) A cytokine-mediated link between innate immunity, inflammation, 
and cancer. J Clin Invest 117:1175–1183

 5. Smyth MJ, Dunn GP, Schreiber RD (2006) Cancer immunosurveillance and immunoediting: 
the roles of immunity in suppressing tumor development and shaping tumor immunogenicity. 
Adv Immunol 90:1–50

 6. Muller L, Mitsuhashi M, Simms P, Gooding WE, Whiteside TL (2016) Tumor-derived exo-
somes regulate expression of immune function-related genes in human T cell subsets. Sci Rep 
6:20254

 7. Taylor DD, Gercel-Taylor C (2008) MicroRNA signatures of tumor-derived exosomes as diag-
nostic biomarkers of ovarian cancer. Gynecol Oncol 110:13–21

 8. Whiteside TL (2016) Tumor-derived exosomes and their role in tumor-induced immune sup-
pression. Vaccines (Basel) 4:35

 9. Yu S, Cao H, Shen B, Feng J (2015) Tumor-derived exosomes in cancer progression and treat-
ment failure. Oncotarget 6:37151–37168

 10. Tkach M, Thery C (2016) Communication by extracellular vesicles: where we are and where 
we need to go. Cell 164:1226–1232

 11. Bryant RJ, Pawlowski T, Catto JW, Marsden G, Vessella RL, Rhees B, Kuslich C, Visakorpi T, 
Hamdy FC (2012) Changes in circulating microRNA levels associated with prostate cancer. Br 
J Cancer 106:768–774

 12. Kim HK, Song KS, Park YS, Kang YH, Lee YJ, Lee KR, Kim HK, Ryu KW, Bae JM, Kim 
S (2003) Elevated levels of circulating platelet microparticles, VEGF, IL-6 and RANTES in 
patients with gastric cancer: possible role of a metastasis predictor. Eur J Cancer 39:184–191

 13. Rabinowits G, Gercel-Taylor C, Day JM, Taylor DD, Kloecker GH (2009) Exosomal 
microRNA: a diagnostic marker for lung cancer. Clin Lung Cancer 10:42–46

 14. Morvan MG, Lanier LL (2016) NK cells and cancer: you can teach innate cells new tricks. Nat 
Rev Cancer 16:7–19

 15. Fais S (2013) NK cell-released exosomes: Natural nanobullets against tumors. 
Oncoimmunology 2:e22337

 16. Lugini L, Cecchetti S, Huber V, Luciani F, Macchia G, Spadaro F, Paris L, Abalsamo L, 
Colone M, Molinari A et al (2012) Immune surveillance properties of human NK cell-derived 
exosomes. J Immunol 189:2833–2842

Y. Huang et al.



119

 17. Clayton A, Mitchell JP, Court J, Linnane S, Mason MD, Tabi Z (2008) Human tumor-derived 
exosomes down-modulate NKG2D expression. J Immunol 180:7249–7258

 18. Mincheva-Nilsson L, Baranov V (2014) Cancer exosomes and NKG2D receptor-ligand inter-
actions: impairing NKG2D-mediated cytotoxicity and anti-tumour immune surveillance. 
Semin Cancer Biol 28:24–30

 19. Clayton A, Tabi Z (2005) Exosomes and the MICA-NKG2D system in cancer. Blood Cells 
Mol Dis 34:206–213

 20. Liu C, Yu S, Zinn K, Wang J, Zhang L, Jia Y, Kappes JC, Barnes S, Kimberly RP, Grizzle WE 
et al (2006) Murine mammary carcinoma exosomes promote tumor growth by suppression of 
NK cell function. J Immunol 176:1375–1385

 21. Lv LH, Wan YL, Lin Y, Zhang W, Yang M, Li GL, Lin HM, Shang CZ, Chen YJ, Min J (2012) 
Anticancer drugs cause release of exosomes with heat shock proteins from human hepatocel-
lular carcinoma cells that elicit effective natural killer cell antitumor responses in vitro. J Biol 
Chem 287:15874–15885

 22. Palucka K, Banchereau J (2012) Cancer immunotherapy via dendritic cells. Nat Rev Cancer 
12:265–277

 23. Chaput N, Schartz NE, Andre F, Taieb J, Novault S, Bonnaventure P, Aubert N, Bernard J, 
Lemonnier F, Merad M et  al (2004) Exosomes as potent cell-free peptide-based vaccine. 
II.  Exosomes in CpG adjuvants efficiently prime naive Tc1 lymphocytes leading to tumor 
rejection. J Immunol 172:2137–2146

 24. Hao S, Bai O, Li F, Yuan J, Laferte S, Xiang J  (2007) Mature dendritic cells pulsed with 
exosomes stimulate efficient cytotoxic T-lymphocyte responses and antitumour immunity. 
Immunology 120:90–102

 25. Zitvogel L, Regnault A, Lozier A, Wolfers J, Flament C, Tenza D, Ricciardi-Castagnoli P, 
Raposo G, Amigorena S (1998) Eradication of established murine tumors using a novel cell-
free vaccine: dendritic cell-derived exosomes. Nat Med 4:594–600

 26. Thery C, Boussac M, Veron P, Ricciardi-Castagnoli P, Raposo G, Garin J, Amigorena S (2001) 
Proteomic analysis of dendritic cell-derived exosomes: a secreted subcellular compartment 
distinct from apoptotic vesicles. J Immunol 166:7309–7318

 27. Thery C, Ostrowski M, Segura E (2009) Membrane vesicles as conveyors of immune responses. 
Nat Rev Immunol 9:581–593

 28. Yu S, Liu C, Su K, Wang J, Liu Y, Zhang L, Li C, Cong Y, Kimberly R, Grizzle WE et al 
(2007) Tumor exosomes inhibit differentiation of bone marrow dendritic cells. J  Immunol 
178:6867–6875

 29. Cheng L, Wang Y, Huang L (2017) Exosomes from M1-polarized macrophages potentiate the 
cancer vaccine by creating a pro-inflammatory microenvironment in the lymph node. Mol Ther 
25(7):1665–1675

 30. Yang M, Chen J, Su F, Yu B, Su F, Lin L, Liu Y, Huang JD, Song E (2011) Microvesicles 
secreted by macrophages shuttle invasion-potentiating microRNAs into breast cancer cells. 
Mol Cancer 10:117

 31. Ying X, Wu Q, Wu X, Zhu Q, Wang X, Jiang L, Chen X, Wang X (2016) Epithelial ovarian 
cancer-secreted exosomal miR-222-3p induces polarization of tumor-associated macrophages. 
Oncotarget 7:43076–43087

 32. Costa-Silva B, Aiello NM, Ocean AJ, Singh S, Zhang H, Thakur BK, Becker A, Hoshino A, 
Mark MT, Molina H et  al (2015) Pancreatic cancer exosomes initiate pre-metastatic niche 
formation in the liver. Nat Cell Biol 17:816–826

 33. Houghton AM (2010) The paradox of tumor-associated neutrophils: fueling tumor growth 
with cytotoxic substances. Cell Cycle 9:1732–1737

 34. Bobrie A, Krumeich S, Reyal F, Recchi C, Moita LF, Seabra MC, Ostrowski M, Thery C 
(2012) Rab27a supports exosome-dependent and -independent mechanisms that modify the 
tumor microenvironment and can promote tumor progression. Cancer Res 72:4920–4930

 35. Burke M, Choksawangkarn W, Edwards N, Ostrand-Rosenberg S, Fenselau C (2014) Exosomes 
from myeloid-derived suppressor cells carry biologically active proteins. J  Proteome Res 
13:836–843

7 Exosomes Function in Tumor Immune Microenvironment



120

 36. Chalmin F, Ladoire S, Mignot G, Vincent J, Bruchard M, Remy-Martin JP, Boireau W, 
Rouleau A, Simon B, Lanneau D et  al (2010) Membrane-associated Hsp72 from tumor-
derived exosomes mediates STAT3-dependent immunosuppressive function of mouse and 
human myeloid-derived suppressor cells. J Clin Invest 120:457–471

 37. Frossi B, Mion F, Tripodo C, Colombo MP, Pucillo CE (2017) Rheostatic functions of mast 
cells in the control of innate and adaptive immune responses. Trends Immunol 38:648–656

 38. Skokos D, Le Panse S, Villa I, Rousselle JC, Peronet R, David B, Namane A, Mecheri S (2001) 
Mast cell-dependent B and T lymphocyte activation is mediated by the secretion of immuno-
logically active exosomes. J Immunol 166:868–876

 39. Xiao H, Lasser C, Shelke GV, Wang J, Radinger M, Lunavat TR, Malmhall C, Lin LH, Li J, 
Li L et al (2014) Mast cell exosomes promote lung adenocarcinoma cell proliferation – role of 
KIT-stem cell factor signaling. Cell Commun Signal 12:64

 40. Benito-Martin A, Di Giannatale A, Ceder S, Peinado H (2015) The new deal: a potential role 
for secreted vesicles in innate immunity and tumor progression. Front Immunol 6:66

 41. Gajewski TF, Schreiber H, Fu YX (2013) Innate and adaptive immune cells in the tumor 
microenvironment. Nat Immunol 14:1014–1022

 42. DeNardo DG, Barreto JB, Andreu P, Vasquez L, Tawfik D, Kolhatkar N, Coussens LM (2009) 
CD4(+) T cells regulate pulmonary metastasis of mammary carcinomas by enhancing protu-
mor properties of macrophages. Cancer Cell 16:91–102

 43. Wen SW, Sceneay J, Lima LG, Wong CS, Becker M, Krumeich S, Lobb RJ, Castillo V, Wong 
KN, Ellis S et al (2016) The biodistribution and immune suppressive effects of breast cancer-
derived exosomes. Cancer Res 76:6816–6827

 44. Wieckowski EU, Visus C, Szajnik M, Szczepanski MJ, Storkus WJ, Whiteside TL (2009) 
Tumor-derived microvesicles promote regulatory T cell expansion and induce apoptosis in 
tumor-reactive activated CD8+ T lymphocytes. J Immunol 183:3720–3730

 45. Andreola G, Rivoltini L, Castelli C, Huber V, Perego P, Deho P, Squarcina P, Accornero P, 
Lozupone F, Lugini L et al (2002) Induction of lymphocyte apoptosis by tumor cell secretion 
of FasL-bearing microvesicles. J Exp Med 195:1303–1316

 46. Kim JW, Wieckowski E, Taylor DD, Reichert TE, Watkins S, Whiteside TL (2005) Fas ligand-
positive membranous vesicles isolated from sera of patients with oral cancer induce apoptosis 
of activated T lymphocytes. Clin Cancer Res 11:1010–1020

 47. Czystowska M, Szczepanski MJ, Szajnik M, Quadrini K, Brandwein H, Hadden JW, Whiteside 
TL (2011) Mechanisms of T-cell protection from death by IRX-2: a new immunotherapeutic. 
Cancer Immunol Immunother 60:495–506

 48. Taylor DD, Gercel-Taylor C, Lyons KS, Stanson J, Whiteside TL (2003) T-cell apoptosis and 
suppression of T-cell receptor/CD3-zeta by Fas ligand-containing membrane vesicles shed 
from ovarian tumors. Clin Cancer Res 9:5113–5119

 49. Whiteside TL (2013) Immune modulation of T-cell and NK (natural killer) cell activities by 
TEXs (tumour-derived exosomes). Biochem Soc Trans 41:245–251

 50. Clayton A, Mitchell JP, Court J, Mason MD, Tabi Z (2007) Human tumor-derived exosomes 
selectively impair lymphocyte responses to interleukin-2. Cancer Res 67:7458–7466

 51. Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, Harris AL, Banham AH (2006) Quantification 
of regulatory T cells enables the identification of high-risk breast cancer patients and those at 
risk of late relapse. J Clin Oncol Off J Am Soc Clin Oncol 24:5373–5380

 52. Sasada T, Kimura M, Yoshida Y, Kanai M, Takabayashi A (2003) CD4+CD25+ regulatory T 
cells in patients with gastrointestinal malignancies: possible involvement of regulatory T cells 
in disease progression. Cancer 98:1089–1099

 53. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, Evdemon-Hogan M, Conejo-
Garcia JR, Zhang L, Burow M et al (2004) Specific recruitment of regulatory T cells in ovarian 
carcinoma fosters immune privilege and predicts reduced survival. Nat Med 10:942–949

 54. Sato E, Olson SH, Ahn J, Bundy B, Nishikawa H, Qian F, Jungbluth AA, Frosina D, Gnjatic 
S, Ambrosone C et al (2005) Intraepithelial CD8+ tumor-infiltrating lymphocytes and a high 
CD8+/regulatory T cell ratio are associated with favorable prognosis in ovarian cancer. Proc 
Natl Acad Sci U S A 102:18538–18543

Y. Huang et al.



121

 55. Tanaka A, Sakaguchi S (2017) Regulatory T cells in cancer immunotherapy. Cell Res 
27:109–118

 56. Chen W, Jin W, Hardegen N, Lei KJ, Li L, Marinos N, McGrady G, Wahl SM (2003) 
Conversion of peripheral CD4+CD25- naive T cells to CD4+CD25+ regulatory T cells by 
TGF-beta induction of transcription factor Foxp3. J Exp Med 198:1875–1886

 57. Szajnik M, Czystowska M, Szczepanski MJ, Mandapathil M, Whiteside TL (2010) Tumor-
derived microvesicles induce, expand and up-regulate biological activities of human regula-
tory T cells (Treg). PLoS One 5:e11469

 58. Wada J, Onishi H, Suzuki H, Yamasaki A, Nagai S, Morisaki T, Katano M (2010) Surface-bound 
TGF-beta1 on effusion-derived exosomes participates in maintenance of number and suppres-
sive function of regulatory T-cells in malignant effusions. Anticancer Res 30:3747–3757

 59. Wang GJ, Liu Y, Qin A, Shah SV, Deng ZB, Xiang X, Cheng Z, Liu C, Wang J, Zhang L et al 
(2008) Thymus exosomes-like particles induce regulatory T cells. J Immunol 181:5242–5248

 60. Blanchard N, Lankar D, Faure F, Regnault A, Dumont C, Raposo G, Hivroz C (2002) TCR 
activation of human T cells induces the production of exosomes bearing the TCR/CD3/zeta 
complex. J Immunol 168:3235–3241

 61. Cai Z, Yang F, Yu L, Yu Z, Jiang L, Wang Q, Yang Y, Wang L, Cao X, Wang J (2012) Activated T 
cell exosomes promote tumor invasion via Fas signaling pathway. J Immunol 188:5954–5961

 62. Chatila TA, Williams CB (2014) Regulatory T cells: exosomes deliver tolerance. Immunity 
41:3–5

 63. Xie Y, Zhang X, Zhao T, Li W, Xiang J (2013) Natural CD8(+)25(+) regulatory T cell-secreted 
exosomes capable of suppressing cytotoxic T lymphocyte-mediated immunity against B16 
melanoma. Biochem Biophys Res Commun 438:152–155

 64. Shi Y, Du L, Lin L, Wang Y (2017) Tumour-associated mesenchymal stem/stromal cells: 
emerging therapeutic targets. Nat Rev Drug Discov 16:35–52

 65. Huang Y, Yu P, Li W, Ren G, Roberts AI, Cao W, Zhang X, Su J, Chen X, Chen Q et al (2014) 
p53 regulates mesenchymal stem cell-mediated tumor suppression in a tumor microenviron-
ment through immune modulation. Oncogene 33:3830–3838

 66. Ren G, Liu Y, Zhao X, Zhang J, Zheng B, Yuan ZR, Zhang L, Qu X, Tischfield JA, Shao C 
et al (2014) Tumor resident mesenchymal stromal cells endow naive stromal cells with tumor-
promoting properties. Oncogene 33:4016–4020

 67. Lin LY, Du LM, Cao K, Huang Y, Yu PF, Zhang LY, Li FY, Wang Y, Shi YF (2016) Tumour 
cell-derived exosomes endow mesenchymal stromal cells with tumour-promotion capabilities. 
Oncogene 35:6038–6042

 68. Wang Y, Chen X, Cao W, Shi Y (2014) Plasticity of mesenchymal stem cells in immunomodu-
lation: pathological and therapeutic implications. Nat Immunol 15:1009–1016

 69. Amarnath S, Foley JE, Farthing DE, Gress RE, Laurence A, Eckhaus MA, Metais JY, Rose JJ, 
Hakim FT, Felizardo TC et al (2015) Bone marrow-derived mesenchymal stromal cells har-
ness purinergenic signaling to tolerize human Th1 cells in vivo. Stem Cells 33:1200–1212

 70. Blazquez R, Sanchez-Margallo FM, de la Rosa O, Dalemans W, Alvarez V, Tarazona R, 
Casado JG (2014) Immunomodulatory potential of human adipose mesenchymal stem cells 
derived exosomes on in vitro stimulated T cells. Front Immunol 5:556

 71. Conforti A, Scarsella M, Starc N, Giorda E, Biagini S, Proia A, Carsetti R, Locatelli F, 
Bernardo ME (2014) Microvescicles derived from mesenchymal stromal cells are not as effec-
tive as their cellular counterpart in the ability to modulate immune responses in vitro. Stem 
Cells Dev 23:2591–2599

 72. Di Trapani M, Bassi G, Midolo M, Gatti A, Kamga PT, Cassaro A, Carusone R, Adamo A, 
Krampera M (2016) Differential and transferable modulatory effects of mesenchymal stromal 
cell-derived extracellular vesicles on T, B and NK cell functions. Sci Rep 6:24120

 73. Del Fattore A, Luciano R, Pascucci L, Goffredo BM, Giorda E, Scapaticci M, Fierabracci A, 
Muraca M (2015) Immunoregulatory effects of mesenchymal stem cell-derived extracellular 
vesicles on T lymphocytes. Cell Transplant 24:2615–2627

7 Exosomes Function in Tumor Immune Microenvironment



122

 74. Thuma F, Zoller M (2014) Outsmart tumor exosomes to steal the cancer initiating cell its 
niche. Semin Cancer Biol 28:39–50

 75. Dai S, Wan T, Wang B, Zhou X, Xiu F, Chen T, Wu Y, Cao X (2005) More efficient induc-
tion of HLA-A*0201-restricted and carcinoembryonic antigen (CEA)-specific CTL response 
by immunization with exosomes prepared from heat-stressed CEA-positive tumor cells. Clin 
Cancer Res 11:7554–7563

 76. Elsner L, Muppala V, Gehrmann M, Lozano J, Malzahn D, Bickeboller H, Brunner E, 
Zientkowska M, Herrmann T, Walter L et al (2007) The heat shock protein HSP70 promotes 
mouse NK cell activity against tumors that express inducible NKG2D ligands. J  Immunol 
179:5523–5533

 77. Hurwitz MD, Kaur P, Nagaraja GM, Bausero MA, Manola J, Asea A (2010) Radiation therapy 
induces circulating serum Hsp72 in patients with prostate cancer. Radiother Oncol 95:350–358

 78. Khalil AA, Kabapy NF, Deraz SF, Smith C (2011) Heat shock proteins in oncology: diagnostic 
biomarkers or therapeutic targets? Biochim Biophys Acta 1816:89–104

 79. Chen T, Guo J, Yang M, Zhu X, Cao X (2011) Chemokine-containing exosomes are released 
from heat-stressed tumor cells via lipid raft-dependent pathway and act as efficient tumor vac-
cine. J Immunol 186:2219–2228

 80. Xiu F, Cai Z, Yang Y, Wang X, Wang J, Cao X (2007) Surface anchorage of superantigen SEA 
promotes induction of specific antitumor immune response by tumor-derived exosomes. J Mol 
Med (Berl) 85:511–521

 81. Damo M, Wilson DS, Simeoni E, Hubbell JA (2015) TLR-3 stimulation improves anti-tumor 
immunity elicited by dendritic cell exosome-based vaccines in a murine model of melanoma. 
Sci Rep 5:17622

 82. Dai S, Wei D, Wu Z, Zhou X, Wei X, Huang H, Li G (2008) Phase I clinical trial of autolo-
gous ascites-derived exosomes combined with GM-CSF for colorectal cancer. Mol Ther 
16:782–790

Y. Huang et al.


	Chapter 7: Exosomes Function in Tumor Immune Microenvironment
	7.1 Tumor Cell-Derived Exosomes Shape Innate Immune Responses in Tumor Microenvironment
	7.1.1 Nature Killer Cells (NK cells)
	7.1.2 Dendritic Cells (DCs)
	7.1.3 Macrophages
	7.1.4 Neutrophils
	7.1.5 Myeloid-Derived Suppressor Cells (MDSCs)
	7.1.6 Mast Cells

	7.2 Exosomes Mediate the Crosstalk Between Tumor Cells and Adaptive Immune Cells
	7.2.1 Effector T Cells
	7.2.2 Tregs

	7.3 Towards a Broader Understanding of Exosomes in Tumor Immune Microenvironment
	7.4 The Application of Exosomes in Tumor Immunotherapy
	References




