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Abstract

Recent advances in extracellular vesicle biology have uncovered a substantial role in maintaining 

cell homeostasis in health and disease conditions by mediating intercellular communication, 

thus catching the scientific community’s attention worldwide. Extracellular microvesicles, called 

exosomes, functionally transfer biomolecules such as proteins and non-coding RNAs from one 

cell to another, influencing the local environment’s biology. Although numerous advancements 

have been made in treating cancer patients with immune therapy, controlling the disease remains 

a challenge in the clinic due to tumor-driven interference with the immune response and inability 

of immune cells to clear cancer cells from the body. The present review article discusses the 

recent findings and knowledge gaps related to the role of exosomes derived from tumors and the 

tumor microenvironment cells in tumor escape from immunosurveillance. Further, we highlight 

examples where exosomal non-coding RNAs influence immune cells’ response within the tumor 

microenvironment and favor tumor growth and progression. Therefore, exosomes can be used as a 

therapeutic target for the treatment of human cancers.
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1. Introduction

1.1 Extracellular vesicles (EVs):

The EVs are double-layer phospholipid membrane vesicles released by almost every cell 

into the extracellular environment to facilitate cell-to-cell communication [1, 2]. EVs contain 

signaling molecules, including DNA, RNA, proteins, lipids, and metabolites enveloped by 

the phospholipid layer, which enable them to regulate various cellular functions in acceptor 

cells [3, 4]. Besides, the loss of materials in the EVs from secreting cells facilitates the 

acquisition of new differentiation phenotype in acceptor cells or the clearance of undesirable 

proteins, DNA, or RNA, to maintain cellular homeostasis [5–7]. In the studies published so 

far, EVs are usually characterized by their size, origin, composition, and functions. The two 

main broad categories of EVs are based on their origin such as plasma membrane-derived 

(microvesicles and macrovesicles) or endosome-derived (exosomes). EVs that originate 

from outward budding and fission of plasma membrane with a diameter range from 200 to 

1000 nm are traditionally considered microvesicles [8, 9]. Macrovesicles are large-sized 

heterogenous vesicles (1000–10,000 nm) reported in cancer cell secretions, including 

prostate cancer and leukemia, to facilitate cancer progression [10–12]. Macrovesicles (also 

known as oncosomes) secreted by primary B-cell precursor acute myeloid leukemia (AML) 

blasts and cell lines are internalized by bone marrow stromal cells (BMSCs), in which they 

induce metabolic reprogramming to favor cancer progression [10]. Di Vizio et al., reported 

1000–10,000 nm sized EVs derived from cell-surface protrusions of amoeboid-shaped 

prostate cancer cells [11]. These were termed macrosomes and contain metalloproteinases, 

RNA, caveolin-1, and the GTPase ADP-ribosylation factor 6. Macrosomes are abundant 

in metastatic prostate cancer secretions and associate with disease progression [11]. The 

International Society for Extracellular Vesicles (ISEV), recommends to use operational 

terms for EV subtypes unless they establish specific markers unique to the subcellular origin 

of EVs or show EV release from a source inside cells as imaged by live microscopy [13]. 

As per ISEV-2018 guidelines, EVs can be differentiated based on size (if <200 nm, small 

EVs and >200 nm are medium or large EVs), biochemical composition, or cell of origin 

(podocyte EVs, hypoxic EVs oncosomes, apoptotic bodies etc.) [13]. Apoptotic bodies 

are well-known EVs formed by plasma membrane blebbing in the dying apoptotic cell 

and have a 500 nm −10 µm diameter range [14]. Apoptotic body formation facilitates the 

clearance of aged, damaged, or infected cells from the system to maintain homeostasis. The 

apoptotic bodies are phagocytosed and removed by surrounding cells without triggering an 

inflammatory response. Apoptotic bodies are characterized by phosphatidylserine, which 

translocate from the lower to the upper layer of plasma membrane during apoptosis [15, 16]. 

Next comes exosomes which represent a more uniform population of vesicles derived from 

endosomes.

1.2 Exosomes and their biogenesis:

In most studies, EVs with an endosomal origin and a size range of 30–150 nm in diameter 

are considered exosomes [17, 18]. Exosomes are derived from the inward budding of 

multivesicular bodies (MVBs), originating from endosomes [19, 20]. The MVBs are formed 

when a part of the endosomal membrane invaginates and buds into its lumen. MVBs contain 

cargo molecules enclosed in membrane-bound intraluminal vesicles (ILVs), which gives 
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MVBs a multivesicular appearance [21]. MVBs either move to the plasma membrane or fuse 

with lysosomes or autophagosomes to deliver their contents [4, 22]. When MVBs fuse with 

the plasma membrane, they release ILVs known as exosomes into the extracellular space 

[23]. Studies have shown that ILV biogenesis and secretion may or may not require the 

endosomal sorting complex required for transport (ESCRT) machinery. ESCRT complexes, 

together with accessory proteins, are involved in membrane bending and budding during 

MVB biogenesis and ILV secretion [24, 25]. Many ESCRT machinery components have 

been detected in exosome vesicles isolated from different sources, suggesting their role in 

exosome biogenesis [24, 26–29]. A study by Baietti et al. showed that during exosome 

biogenesis, a heparan sulfate proteoglycan called syndecan binds to its cytoplasmic adaptors 

synetnin and ALIX and accumulates on endosomal membranes [30]. ALIX is known 

to interact and recruit several ESCRT members, including TSG101 and CHMP4, during 

ILVs formation and budding [24]. The ALIX/Syntenin/Syndecan complex regulates the 

intra-luminal budding of endosomal membrane domains and supports exosome biogenesis. 

The silencing of ESCRT components, including CHMP2A and VPS4A/B, reduces the 

formation of syndecan–syntenin exosomes and prevents exosome release [30]. While 

Alix/Syntenin/Syndecan complex recruits CHMP4 proteins through direct interaction with 

ALIX, CHMP4 recruitment involves also ESCRT machinery, which promotes endosomal 

membrane budding and abscission [30]. Larios et al. showed that Alix recruits ESCRT-III 

on late endosomes containing lysobisphosphatidic acid (LBPA) and enables the sorting 

and delivery of tetraspanins to exosomes [31]. Furthermore, variations in the activities of 

different ESCRT proteins affect the size, biogenesis, and contents of EVs, which suggests 

ESCRTs role in their synthesis and release [21, 32–34].

The ESCRT-independent exosome biogenesis involves lipid-raft-like microdomains 

containing ceramide forming sphingolipids. The ceramides have cone-shaped structures 

that can induce inward budding of endosomes required to produce ILVs [35]. Another 

ESCRT-independent mechanism involves RAB GTPases that are present on the surface 

of endosomal membranes during ILV formation. RAB GTPases recruit specific effector 

proteins required for membrane budding and ILVs formation [36]. The receptor tyrosine 

kinases, including epidermal growth factor receptor (EGFR), insulin like growth factor 1 

receptor (IGFR), platelet-derived growth factor receptor (PDGFR)-b, MET, and fibroblast 

growth factor receptor 2 (FGFR2) phosphorylate and activate RAB31. The activated 

RAB31 engages flotillin (FLOT) proteins 1 and 2 present in caveolae/lipid raft domains 

of endosomal membranes to facilitate entry of these kinases into ILVs. FLOT functions have 

been reported in clathrin-independent endocytosis and membrane curvature and budding. 

Additionally, RAB31 prevents the fusion of MVEs with lysosomes by recruiting GTPase

activating protein TBC1D2B, which inactivates RAB7, a key regulator in endo-lysosomal 

fusion [36, 37].

1.3 Exosome interaction with recipient cells:

Exosomes interact with recipient cells, either through receptors present on recipient cells 

that are internalized via receptor-mediated endocytosis or through direct fusion with receptor 

cells’ plasma membranes, and then release their contents. Receptor-mediated endocytosis 

involves the formation of clathrin-coated vesicles that serve to internalize exosome cargo 
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during the fusion process. For example, dendritic cell (DC)-derived exosomes expressing 

major histocompatibility complex class II (MHC-II) are internalized by activated T 

cells through receptor-mediated endocytosis. MHC-II on DC exosomes interacts with the 

leukocyte function associated antigen-1 (LFA-1) receptor on activated T cells and facilitates 

membrane fusion and internalization [38]. Likewise, DC exosome interaction with NK 

cells involves TNF superfamily ligands tumor necrosis factor (TNF), Fas ligand (FasL) and 

TNF related apoptosis inducing ligand (TRAIL), whose receptors are present on NK cells. 

The receptor-independent direct fusion of exosomes or EVs with the recipient cells occurs 

through various mechanisms like caveolin mediated endocytosis [39], macropinocytosis, 

lipid raft mediated endocytosis or phagocytosis. In caveolin-mediated endocytosis, plasma 

membrane invaginations called caveolae are formed at sites rich with proteins and 

cholesterol. Integral membrane protein caveolins and adaptor proteins (cavins) are involved 

in the organization and internalization of these caveolae, whereas membrane-remodeling 

GTPase, dynamin facilitates caveolae budding [40, 41]. Genetic silencing of caveolin-1 or 

dynamin inhibition significantly suppresses exosome uptake in cells [39]. Macropinocytosis 

does not need clathrin to form vesicles and uses membrane protrusions, termed lamellipodia 

or membrane ruffles made of the actin cytoskeleton to internalize extracellular materials 

[42]. Studies have suggested that inhibiting micropinocytosis by inhibitors of actin 

assembly, such as 5-(N-ethyl-N-isopropyl)amirolide (EIPA) or genistein, affects exosome 

uptake and internalization [43, 44]. Lipid raft mediated endocytosis is clathrin-independent 

internalization of EVs utilizing plasma membrane microdomains enriched in cholesterol and 

sphingolipids known as lipid rafts [45]. Inhibitors of cholesterol transport or sphingolipid 

synthesis significantly reduce exosome uptake, whereas lipid raft components flotillin and 

annexin A2 (AnxA2), a Ca(2+)-dependent phospholipid-binding protein that can induce 

lipid domain formation, promote exosome intake [46–48]. In phagocytic cells, exosomes are 

internalized by phagocytosis and targeted to phagolysosomes. This process requires actin 

polymerization and dynamin accumulation and depends upon phosphatidylinositol 3-kinase 

signaling [49].

The exosome EVs are essential mediators of cell-cell communication and are secreted by 

many cell types, including immune cells [50], adipocytes [51], nerve cells [52], stem cells 

[53], bone and muscle cells [54, 55], skin cells [56], endothelial cells [57] and cancer cells 

[58]. Exosomes have been detected in biological fluids such as blood [59], urine [60], semen 

[61], and breast milk [62]. Due to their essential role in cell-cell communication and transfer 

of cargo molecules, they are involved in the pathogenesis of many diseases, including 

neurological [63], cardiovascular [50], kidney [64], liver [65], and cancer [66]. Cancer 

cells heavily depend on EV or exosome-mediated signaling in the tumor microenvironment 

(TME) to facilitate communications between cancer and TME cells that are required for 

cancer growth. This review will focus on exosome-mediated immune suppression in the 

tumor microenvironment and its role in immune escape and tumor growth. In the review, 

we discuss the latest on the role of exosomes derived from cancer cells or from cells of 

the tumor microenvironment. and the roles these exosomes play in suppressing innate and 

adaptive immune responses, favoring cancer growth, and spreading to other organs. Finally, 

we discuss the potential role of exosomes in cancer immunotherapy and the identification of 

cancer biomarkers.
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2. Cancer and Immune system

The abnormal division of cells leads to cancer growth and development. Cancer cells 

effectively evade the immune system, which continuously hunts for abnormal cells in the 

body [67]. The various means by which cancer cells bypass the immune system include 

weakening the immune system by the formation of immune-suppressive TME consisting 

of corrupt extracellular matrix (ECM) [68], inflammatory cells [69] and tumor-promoting 

immune cells [70]; change in tumor cell phenotype including loss or downregulation of 

immune recognition molecules [71]; and overexpression of immune check point molecules 

like programmed death ligand 1 (PDL1) or cytotoxic T-lymphocyte associated protein 4 

(CTLA-4) which help them evade effector T cells or become apoptosis-resistant [72]. The 

cancer-derived exosomal mediated communication between cancer and TME cells plays an 

important role in generating an immune-suppressive pro-tumor microenvironment.

2.1 Cancer-derived exosomes and the suppression of the immune system:

Cancer exosomes help cancer cells grow, metastasize and become resistant to drug treatment 

[73, 74]. For example, exosomes secreted from prostate cancer cells contain PD-L1, which 

suppresses T cell functions and promotes tumor progression and growth. PD-L1 works 

by binding to its receptor programmed death (PD)-1 on T cells, which inhibits T cell 

proliferation and activation [75]. Exposure of tumor cells to exosomes lacking PD-L1 

induces a robust immune memory response and makes these cells resistant to PD-L1 

mediated immune suppression [76].

Poggio et al. injected prostate cancer cell line TRAMP-C2 in the flanks of mice, in a 

preclinical prostate cancer model. In the first group, one flank of mice received wild-type 

(WT) PD-L1 cells, whereas the other side received PD-L1 null cells, or nSMase2 null 

and Rab27a null, two enzyme critical in exosome biogenesis. In the second group, both 

flanks were injected with PD-L1 WT cells. The tumors grew more slowly and had massive 

infiltration of immune cells in the first group compared to the second. This supports the 

notion that in the first group, immune cells in the mutant side could be activated due to loss 

of PD-L1, generate a memory response, and migrate to the WT side via draining lymph 

nodes to inhibit tumor growth [76]. In the second group, where PD-L1 null or inhibition of 

exosome biogenesis show similar findings supports the vital role of exosomes in cancer cell 

communication and signaling.

Further, it was found that PD-L1 levels in the circulating exosomes were higher in 

patients with metastatic melanoma than healthy individuals. Incubation of PD-L1 containing 

exosomes with CD8 T cells inhibits their functions and facilitates melanoma progression 

[77]. Similar findings have been seen in head and neck squamous cell carcinoma patients 

where PD-L1 expression correlates with The Union for International Cancer Control (UICC) 

malignant tumor stage and lymph node status [78]. Exosomes of patients with active 

head and neck squamous cell carcinomas (HNSCC) have a high PD-L1 level compared to 

treated patients with no evidence of disease. Moreover, PD-L1 high exosomes isolated from 

HNSCC patients downregulate activation marker CD69 in effector T cells. This suggests that 

exosomes are effective carriers that can transfer immune suppressive molecules from cancer 

cells to nearby or distant immune cells.
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Furthermore, the proteomic profiling of neuroblastoma (NB)-derived exosomes reveals the 

presence of B7-H3 and NB marker protein GD2 ganglioside (disialoganglioside) [79–82]. 

B7-H3 is a cell surface protein that interacts with its ligands, including checkpoint markers 

CTLA-4, PD-1, and CD28 on immune cells, and inhibits their further activation [83]. 

This helps in maintaining immune homeostasis and prevents autoimmunity. However, B7

H3 overexpression, as seen in many tumor types, can promote immune suppression and 

facilitate cancer progression. For example, inhibition of B7-H3 reduces tumor growth and 

enhances T cell and natural killer (NK) cell cytotoxic functions in NB [79, 84]. B7-H3 

overexpression in medulloblastoma cells increases the production of exosomes containing 

B7-H3 and other pro-tumorigenic molecules like Janus kinase (JAK)-signal transducer and 

activator of transcription (STAT), platelet-derived growth factor (PDGF), phosphoinositide 

3-kinases (PI3K), and angiogenesis-associated molecules. B7-H3 overexpressing exosomes 

are taken up by nearby stromal or cancer cells, suggesting that they could have a role 

in modulating the TME. Moreover, exosomes isolated from human papillomavirus (HPV) 

positive HNSCC cells are enriched in B7-H3 and CD47, whereas HPV negative exosomes 

contain growth-promoting MUC-1 and human leukocyte antigen (HLA)-DA [85]. CD47 

is an essential immune regulatory molecule that is overexpressed in many cancer types 

[86]. CD47 interacts with signal receptor protein alpha (SIRPα), which is present on 

phagocytic cells, including macrophages and dendritic cells, inhibiting their functions [87]. 

This suggests that exosomes have strong potential to facilitate cancer-immune interactions 

that can play an important role in forming the tumor-favorable immune microenvironment.

Exosomes derived from glioblastoma stem cells (GSC) increase monocytes’ viability 

and polarizes them into the tumor promoting M2 macrophage phenotype. GSC-derived 

exosomes induce cytoskeletal changes in monocytes like enlarged cytoplasm and filopodial 

extensions [88]. Filopodia functions in cell migration and could plays an important role 

in tumor associated macrophage (TAM) recruitment during cancer progression [89, 90]. 

Injection of exosomes derived from gastric cancer (GC) cell lines into C57BL/6 mice 

induces an immunosuppressive microenvironment in the lungs. The infiltrating immune cells 

include high CD4+ T cells and myeloid-derived suppressor cells (MDSCs) and low CD8+ 

T cell and NK cell populations [91]. These exosomes also enhance lung metastasis in mice 

harboring mouse forestomach carcinoma cells suggesting their role in forming metastatic 

niches [91].

A study by Yin et al. showed the role of tumor-derived exosomes in delivering fatty 

acids to dendritic cells to disrupt their function[92]. Fatty acid absorption in recipient 

dendritic cells causes the accumulation of excessive lipids, which activates peroxisome 

proliferator-activated receptor (PPAR) signaling [92]. PPAR is a regulator of fatty acid 

metabolism and is crucial for maintaining lipid homeostasis [93]. PPAR activation induces 

fatty acid oxidation in the dendritic cells, which switches their metabolism from glycolysis 

state to oxidative phosphorylation. Metabolic reprogramming in dendritic cells makes them 

defective in priming CD8+ T cells and suppresses their immune regulatory functions. 

Inhibition of PPAR significantly enhances the anti-tumor efficacy of immunotherapy with 

anti-PD-L1 antibodies and improves the functionality of CD8+ T cells [92]. A schematic 

representation of the role of cancer cell-derived exosomes in immune evasion is given in 

Figure 1.
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2.2: Exosomes derived from the TME and their role in immune suppression:

This section discusses exosomes secreted from TME cells and their role in shaping the 

cancer immune microenvironment to promote cancer growth and development.

2.2.1 Immune cells derived exosomes:

2.2.1.1 Lymphocytes:  In the TME, most immune cells are either ineffective or 

facilitate tumor-growth by suppressing the activation of effector immune cells. A well

known example of immunosuppressive cells is regulatory T cells (Tregs), a specialized 

subpopulation of CD4+CD25+ T cells whose primary function is to suppress the immune 

response to maintain homeostasis [70]. Tregs inhibit CD8+ T cytotoxic lymphocyte (CTL) 

functions by suppressing their proliferation and cytokine production. The immune-inhibitory 

functions of Tregs are associated with an inhibited anti-tumor immune response and 

unfavorable prognosis in cancer patients. Exosomes isolated from CD4+CD25+ Tregs 

inhibit proliferation and perforin and interferon gamma (IFN-γ) expression in CD8+ CTLs 

[94, 95]. Inhibiting NF-kB signaling in DC by adenoviral gene transfer of the dominant

negative form of IKK2 makes the DCs capable of converting naïve T cells into regulatory 

T cells (dnIKK2-Treg). Naïve T cells exposed to dnIKK2-Treg-derived exosomes inhibit 

the activation and proliferation of other T cells. Interestingly, these cells do not express 

CD25 and FoxP3, common markers present on Tregs [96]. Moreover, few antigen-specific 

FoxP3+ and FoxP3- Tregs-derived exosomes contain the immunosuppressive cytokine IL-35 

on their surface, which induces immune suppression of many non-IL-35 producing naïve 

T and B cells. The latter acquire and express IL-35 on their membranes, making them 

capable of inducing suppression in other naïve T cells. The recipient immune cells’ growth 

is inhibited either by IL-10 or by exhaustion due to constitutively activated IL-10 signaling 

via IL-35 receptors present on their surfaces [97]. Moreover, exosomes isolated from B cells 

of patients with relapsing-remitting multiple sclerosis induce death in oligodendrocytes [98]. 

In multiple sclerosis, oligodendrocytes are damaged, which causes demyelination and death 

of neurons.

2.2.1.2 TAMs:  Another important immune suppressor in the TME are TAMs, which 

are tumor-infiltrating or resident macrophages reprogrammed by cancer cells [99]. TAMs 

are recruited to the cancer site by chemoattractants, including cytokines and chemokines 

secreted by cancer or TME cells. These chemoattractants play an important role in TAM 

differentiation towards an immunosuppressive and tumor-promoting ‘M2-like’ phenotype. 

Most of the TAMs in the TME are of M2 phenotype and support tumor progression and 

metastasis [100, 101]. Lan et al. reported that exosomes derived from M2 macrophages 

positively regulate cell mobility, migration, and invasion in colorectal tumors [102]. 

M2-derived exosomes contain a high expression of microRNAs (miRs) miR-21–5p and 

miR-155–5p, which bind to the 3’-UTR (untranslated region) BRG1 gene in recipient 

cancer cells. BRG1 is highly expressed in colorectal cancers, but its overexpression inhibits 

migration and invasion in colorectal cancer cell lines [103]. miR-21–5p and miR-155–5p 

binding decrease BRG1 expression in cancer cells, promoting tumor growth, migration 

and invasion [102]. Furthermore, incubation of M2 macrophage-derived exosomes with 

GC cells promotes cell migration and invasion. M2 polarized TAMs are enriched in 

apolipoprotein E, which they deliver to GC cells. Exosomal transfer of apolipoprotein E 
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activates phosphoinositide 3-kinase (PI3K)/Akt signaling in the recipient cancer cells and 

promotes their migration. A study by Wu et al. shows that M2 TAMs deliver integrin, αMβ2 

(CD11b/CD18) to hepatocellular carcinoma (HCC) cells via exosomes. αMβ2 activates the 

MMP-9 pathway in recipient HCC cells, supporting their migration and promoting lung 

metastasis [104].

2.2.1.3 Myeloid-derived suppressor cells (MDSCs):  MDSCs are a heterogenous 

population of immune cells derived from myeloid progenitors in the bone marrow and 

share some properties with both neutrophils and monocytes [105, 106]. MDSCs have 

strong immune suppressive functions and play an important role in protecting cancer 

from patients’ immune system [107]. MDSCs secrete inhibitory cytokines and express 

high levels of reactive oxygen species (ROS), nitric oxide synthase (iNOS), and arginase 

1 (ARG1), which contribute to immune suppression [108–110]. MDSC-derived exosomes 

are enriched with various types of proteins [111, 112], mRNAs[112], and micro RNAs 

(miRNAs) [112] involved in a vast array of functions, including exosome and endosome 

biogenesis, proteasomal pathway, angiogenesis, metabolism, chemotaxis, inflammation, and 

immune suppression [113]. This suggests that MDSCs exosomes could influence a variety 

of functions in the recipient cells. Exosomes isolated from MDSCs, infiltrating tumors 

or the spleen of tumor-bearing mice promote invasion and migration of cancer cells and 

inhibit CD8+ T cell proliferation. Furthermore, mice treated with MDSCs-derived exosomes 

show a reduction in the total CD8+ T cell population. These mice have increased M2

macrophage (CD11b+CD206+) infiltration in the spleen compared to the untreated control 

group [114]. In the TME, MDSCs differentiate into TAMs or DCs and function as a source 

of TAM replenishment [115]. Exosomes secreted from mesenchymal stromal cells (MSCs) 

differentiate monocytic MDSCs (M-MDSCs) into immunosuppressive M2 macrophages and 

promote epithelial to mesenchymal transition (EMT) of tumor cells. MSC-derived exosomes 

induce PD-L1 expression in M2 polarized macrophages and immature M-MDSC precursors, 

which induces apoptotic PD-1 signaling in CD8+ CTLs and protects tumor cells from 

antitumor immunity [116].

2.2.2 Cancer-associated fibroblasts (CAFs): Fibroblasts are mesenchymal origin 

cells that produce stroma components and activate during wound healing [117]. Activated 

fibroblasts are large spindle-shaped cells, also known as myofibroblasts, which revert to 

normal phenotype after the wound healing [118]. In tumors, CAF become constitutively 

activated, support tumor growth, and suppress the immune system by secreting various 

growth factors and cytokines [119, 120]. Exosomes secreted from breast tumor isolated 

CAFs promote PD-L1 expression in breast cancer cell lines [121]. Upregulated PD-L1 

suppresses the tumor-killing activity of T and NK cells and induces apoptosis in T cells. 

Mechanistically, CAF-derived exosomes induce recipient cancer cells to express elevated 

levels of miR-92, which directly binds and inhibits large tumor suppressor kinase 2 

(LATS2). LATS2 is an upstream negative regulator of YAP1, which is the transcription 

coactivator of PD-L1. LATS2 inhibition promotes YAP1 nuclear translocation and increases 

PD-L1 transcription [121]. Moreover, CAF-derived exosomes promote growth, survival, and 

drug resistance in pancreatic and colorectal cancer cells [122, 123]. Exosome-mediated 
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communication between CAFs and tumor cells provides a double-edged advantage by 

promoting cancer cell growth and escape from immune surveillance.

2.2.3 Bone marrow stromal cells (BMSCs): BMSCs consist of a heterogeneous 

population of cells abundant within the bone marrow and can differentiate into many 

cell types, including bone-forming osteoblasts and osteoclasts, chondrocytes, adipocytes, 

fibroblasts, myocytes, macrophage, pericytes, endothelial cells, and neural cells. Due to 

their multipotent nature, these are also referred to as mesenchymal stem cells or bone 

marrow mesenchymal cells. BMSCs play a crucial role in forming a premetastatic niche by 

regulating cancer cells’ metastasis and homing in the bone marrow [124]. BMSC-derived 

exosomes suppress the expansion of effector CD8+ T cells and increase CD62L+CD44- 

naïve T cell population in mice with graft versus host disease (GVHD) [125]. Coculture 

of T or B cells with BMSCs inhibits their proliferation, suggesting an immune-suppressive 

function for BMSCs when in the context of a normal microenvironment [126]. In the TME, 

BMSC exosomes mediate the activation and expansion of MDSCs, which suppress T cell 

activity and promote tumor growth [127]. BMSC exosomes isolated from the bone marrow 

of mice with multiple myeloma promote survival and expansion of MDSCs by activating 

STAT-3 signaling. Moreover, BMSC exosomes increase STAT-3 expression in cancer cells, 

which induces EMT and promotes their metastasis [127]. In summary, the exosome release 

from TME is crucial for communication between cancer, immune, and non-immune cells. 

Exosomes directly or indirectly influence signaling in the recipient or non-recipient cells and 

play a decisive role in shaping tumor fate and immune response.

2.3: Exosomal non-coding RNAs and their role in immune suppression:

Molecular characterization of exosomes reveals the presence of several non-coding RNAs 

that may vary depending upon the origin of cells [128]. Non-coding RNAs, as their name 

suggests, do not code for proteins but regulate mRNAs and proteins at transcriptional 

or translational levels. Exosomal non-coding RNAs are key messenger molecules in the 

immune system regulating innate and adaptive immune responses. In immune-suppressed 

TME, there is a continuous flow of information through these RNAs among immune 

and cancer cells, which plays an essential role in orchestrating the TME. The following 

section will discuss the role of exosomal non-coding RNAs, in particular, miRNAs (20–25 

nucleotides) and long non-coding RNAs or lncRNAs (>200 nucleotides) secreted by cancer 

or TME cells in immune regulation and silencing.

2.3.1: miRNAs: miRNAs usually bind with the 3’UTR sequences of their target mRNAs 

which induces their degradation and represses translation. Due to their nature, exosomal 

miRNAs can regulate a vast majority of the recipient cells’ functions. Many studies have 

reported miRNA dysregulation in cancers and its use as potential biomarkers for human 

cancer prognosis or diagnosis [129, 130]. Studies have shown that miRNAs secreted 

in exosomes could influence TME and cancer progression. One example is the way in 

which exosomes secreted from TAMs increase the ratio of immunosuppressive CD4+ 

Tregs to antitumor CD4+T helper 17 cells (Treg/Th17 ratio) by transferring miR-29a-3p 

and miR-21–5p. The higher Treg/Th17 ratio is associated with enhanced growth and 

metastasis of epithelial ovarian cancer cells [131]. Another exosomal miRNA, miR-1246, 
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released from ovarian cancer cells, negatively regulates caveolin-1 in the recipient M2

macrophages [132]. Caveolin-1 is a plasma membrane protein whose deletion in metastasis

associated macrophages increases metastasis and angiogenesis [133]. This suggests that 

exosomal miR-1246 dependent Caveolin-1 downregulation could influence pro-tumor TAM 

functions in the TME. Guo et al. found that mouse 4T1 breast cancer cell-derived 

exosomes contain miR-183–5p which can induce proinflammatory cytokines in the recipient 

macrophages [134]. miR-183–5p targets 3’UTR of the protein phosphatase 2 catalytic 

subunit alpha gene (PPP2CA), which encodes a negative regulator of NF-κB signaling. 

PPP2CA downregulation increases NF-κB subunit p65 phosphorylation and promotes its 

activation. Activated NF-κB signaling in macrophages is associated with the secretion of 

proinflammatory cytokines IL-1b, IL-6, and TNF-α [134].

Furthermore, exosomes secreted from melanoma cells can transfer miR-498 and miR-3187–

3p to CD8+ T cells and inhibit their function. miR-498 binds to the 3’UTR of tumor necrosis 

factor alpha (TNFα) in CD8+ T cells and downregulates its expression, which inhibits its 

secretion from CD8+ T cells. miR-3187–3p also targets the CD45 gene PTPRC 3’UTR and 

inhibits CD45 mediated T-cell receptor (TCR) signaling and activation [135].

Exosomes isolated from sera of nasopharyngeal carcinoma (NPC) contain miR-24–3p, 

whose level correlates with a worse disease-free survival prognosis for patients. Exosomal 

miR-24–3p binds and inhibits FGF11 mRNA, which is associated with decreased 

phosphorylation of extracellular signal-regulated kinase (ERK), STAT-1, and STAT-3 in T 

cells. miR-24–3p recipient T cells show reduced proliferation, lower proportions of IFNγ

producing Th1 cells and IL-17-producing Th17 cells, and expansion of immunosuppressive 

Foxp3+ Tregs [136]. Another T-cell suppressor miRNA, hsa-miR-125b-5p, is increased 

in the plasma exosomes from patients with Non-Small Cell Lung Cancer (NSCLC) 

compared to healthy individuals. miR-125b-5p inhibits the secretion of INFγ and TNFα 
in γδT cells and induces apoptosis [137]. NSCLC patients who have undergone anti-PD1 

immunotherapy have decreased exosomal hsa-miR-125b-5p levels in plasma [138]. This 

suggests that hsa-miR-125b-5p could be a promising marker in pathological conditions. 

Overall, miRNAs are important constituents in exosomes that can play a key role in 

changing the immune microenvironment and the host’s response to cancer therapy. Table.1 

shows some other exosomal miRNAs and their role in immune suppression.

2.3.2: LncRNAs: LncRNAs regulate gene expression through several different 

mechanisms, including influencing chromatin regulation by recruiting or binding to 

regulatory factors, controlling mRNA or protein stability, and regulating RNA and protein 

functions through direct or indirect interactions [139]. LncRNA mediated communication 

in the TME plays an important role in immune escape mechanisms and can interfere with 

the response to immunotherapy. For example, lncRNA ENST00000560647 secreted from 

pancreatic cancer cells inhibits DC-mediated antigen presentation and promotes escape from 

immune surveillance by CD8+ T cells [140]. Exosomal lncRNAs PCAT-1 is associated 

with immune suppression and lymph node metastasis in chemoresistant Kras mutant lung 

cancer patients [141]. These patients show higher serum concentration of PCAT-1 than Kras 

WT patients, which is associated with disease progression [141, 142]. PCAT-1 upregulation 

induces immunosuppressive miRNAs (miR-182 and miR-217) that are linked with CAF 

Pathania et al. Page 10

Biochim Biophys Acta Rev Cancer. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



infiltration, an increased number of lymph node metastatic foci, and enhanced tumor growth 

[138].

Another lncRNA, HIF-1α-stabilizing long noncoding RNA (HISLA), which is secreted 

from TAMs in EVs, promotes aerobic glycolysis in breast cancer cells and is associated 

with disease progression, lymph node metastasis, and a dampened response to neoadjuvant 

chemotherapy in breast cancer patients [143]. TAM secreted HISLA binds to prolyl 

hydroxyl 2 (PHD2) and inhibits its binding with HIF-1α, preventing ubiquitin-mediated 

HIF-1α degradation. HIF-1α stabilization promotes aerobic glycolysis and induces 

chemotherapeutic resistance in breast cancer cells. Also, as a feedback mechanism, lactate 

released from tumor cells in the TME upregulates HISLA and promotes aerobic glycolysis 

in TAMs [143]. Aerobic glycolysis helps sustain TAMs in the hypoxic TME and is 

required to maintain their tumor-promoting M2-like profile [144, 145]. Interestingly, TAM 

promotes tumor hypoxia by upregulating AMP-activated protein kinase (AMPK) and 

mitochondrial biogenesis protein, and peroxisome proliferator-activated receptor-gamma 

coactivator (PGC-1a), which collectively increases oxygen consumption. TAM-induced 

hypoxia increases glycolysis and inhibits CD4 and CD8a Tcell infiltration in tumors [146]. 

Moreover, bladder cancer cells cultured under hypoxic conditions release lncRNA urothelial 

cancer-associated 1 (UCA1) in exosomes to the surrounding microenvironment. Cellular 

uptake of UCA1 by surrounding cancer cells facilitates their growth, migration, and invasion 

[147].

NSCLC-derived exosomes contain lncRNA SOX2, which promotes M2 macrophage 

polarization and induces resistance to EGFR‐tyrosine kinase inhibitors (TKIs) in NSCLC 

cancer cells. SOX2 sponges miR-627 in THP-1 macrophages, upregulating its target genes 

Smad2, Smad3, and Smad4, which induce M2 polarization [148]. Likewise, lncRNA 

distal-less homeobox 6 antisense 1 (DLX6-AS1) released from HCC exosomes induces 

M2 macrophage polarization by targeting miR-15a, which upregulates its target gene 

C-X-C Motif Chemokine Ligand 17 (CXCL17). CXCL17 upregulation promotes M2 

macrophage polarization and supports migration, invasion, and EMT in HCC cells [148]. 

This suggests that lncRNA exchange in the TME contributes substantially to the induction of 

M2 macrophage polarization, which provides immunosuppressive tumor microenvironment 

(TME) to support tumor growth. Furthermore, lncRNA profiling in the exosomes from 

healthy subjects and NSCLC patients found that lncRNA metastasis associated lung 

adenocarcinoma transcript 1 (MALAT1) is highly expressed in exosomes and positively 

correlated with tumor stage and lymphatic metastasis [149]. Exosomal MALAT1 secreted 

from lung cancer cells inhibits phagocytosis in dendritic cells and slows down T cell 

proliferation [150]. MALAT-1 is suppressed during early stages of CD4+ T cell activation 

and its complete deletion induces robust CD4+T cell-mediated immune response to infection 

[151]. MALAT-1 positively regulates proto-oncogene Maf, a transcription factor of IL-10 

in Th1 cells. IL-10 is an immunosuppressive cytokine, abundantly present in the TME and 

associated with worse outcomes in cancer patients [151–153].

CAFs secrete lncRNA Nuclear Enriched Abundant Transcript 1 (NEAT) in exosomes, 

contributing to growth and proliferation by recipient endometrial carcinoma (EC) cells. 

NEAT is more highly expressed in CAFs than normal fibroblasts. NEAT sponges miR-26a/b 
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in EC cells, which increases the expression of its target proteins STAT-3 and STAT-3 

regulated protein YKL-40. STAT-3 and YKL-40 are tumorigenic proteins involved in the 

tumor progression and anti-tumor immune response [154]. Table 1 shows some other 

exosomal lncRNAs and their role in immune suppression. The impact of cancer cell-derived 

exosomal non-coding RNAs on immune evasion is presented in Figure 2.

2.3.3: Ultraconserved RNAs (Uc.RNAs): The transcribed ultraconserved regions of 

the genome encode a novel class of long non-coding RNA(s), called ultraconserved RNAs 

(Uc.RNAs) that interfere with the function of miRNAs through RNA-RNA interactions 

[84, 139, 155–159]. Uc.RNAs show distinct expression signatures in cancer compared to 

normal cells, and its deregulation is observed in many cancer types. TUC339, one of the 

first Uc.RNAs discovered in exosomes, is involved in regulating recipient cell functions. 

HCC derived exosomes contain high levels of TUC339, which promotes cell proliferation 

and invasion in recipient cancer cells [157, 160, 161]. Another uc.RNA, Uc.889 secreted 

from esophageal squamous cell carcinoma (ESCC) cells increases endothelial cell (EC) 

proliferation and tube formation capacity, thus promoting lymphangiogenesis. Uc.889 binds 

to EPH Receptor A2 (EPHA2) mRNA in the recipient EC cells and induces its degradation, 

which increases its target gene p38MAPK, an essential regulator of lymph angiogenesis 

[162]. This suggests that exosomal Uc.RNAs can potentiate tumorigenic capacities of 

the recipient cells in the TME. There are not many reports about the role of exosomal 

uc.RNAs in influencing TME, suggesting that the field is still at an early stage. However, 

uc.RNAs have been described to play an important role in promoting growth in many 

cancer types. For example, overexpression of uc.138 encoded from human transformer 2β 
gene (TRA2B) increases proliferation and migration in colon cancer cells and induces drug 

resistance [163]. Uc.63 upregulates NF-kB signaling in GC cells and facilitates GC growth 

and progression [164]. In addition, knockdown of Uc.63 increases cisplatin sensitivity in 

urothelial carcinoma (UC) cells, which is associated with low androgen receptor (AR) 

activity [165]. Moreover, uc.339 acts as a decoy RNA for miR-339–3p, miR-663b-3p, and 

miR-95–5p and mask their functions in NSCLC cells. Downregulation of miR-339–3p, 

miR-663b-3p, and miR-95–5p upregulates their target oncogene cyclinE2, which promotes 

cancer growth and proliferation [156].

2.3.4: Circular (circRNAs): CircRNAs are a type of non-coding RNAs in which 3’ and 

5’ ends of a linear RNA molecule are covalently joined to form a closed single-stranded 

circular loop [166]. Due to this closed-loop structure, there are no free terminal ends 

in the circRNAs, which protects them from degradation by ribonucleases and provides 

high stability [167]. Cancer cells secrete circRNAs to influence their interaction with the 

microenvironment components, including immune cells. HCC cells transfer circ_0074854 

to macrophages via exosomes to induce M2 macrophage polarization. Circ_0074854 

polarized M2 macrophages promote HCC cell growth, migration, invasion, and EMT. In 

addition, Circ_0074854 interacts and stabilizes RNA binding protein HuR in HCC cells, 

supporting their growth [168]. Another HCC-secreted circRNA, circular ubiquitin-like with 

PHD and ring finger domain 1 RNA (circUHRF1), induces NK cell dysfunction and is 

associated with poor clinical outcomes in HCC patients. CircUHRF1 binds miR-449c in 

the recipient NK cells and sponges its activity, upregulating its miR-449c target mRNA 
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T cell immunoglobulin and mucin domain-containing protein3 (TIM3) [169]. TIM3 is an 

inhibitory receptor on NK and T cells, and its downregulation improves NK cell-mediated 

cytotoxicity in human cancers [170]. Moreover, CircUHRF1 overexpression significantly 

decreases NK-cell infiltration in HCC tumors and increases resistance to anti-PD1 therapy 

[169].

Furthermore, circ-CPA4 stabilizes PD-L1 in NSCLC cells, inducing CD8+ T cell 

inactivation and promoting tumor growth and chemoresistance. Circ-CPA4 acts as a 

Competing endogenous RNA (CeRNA) for let7 miRNA by masking its inhibitory binding 

with the 3’UTR of PDL1 mRNA. This increases exosomal levels of PD-L1, which inhibits 

CD8+T cell functions and promotes NSCLC growth, EMT, and cisplatin insensitivity[171]. 

Likewise, circRNA-002178 stabilizes PDL1 expression in lung adenocarcinoma (LUAD) 

cells by sponging miR-34, thus hampering the anti-tumor CD8+ T cell response. LUAD 

cells use exosomes to transfer circRNA-002178, also a sponge for miR-28, into CD8+ T 

cells. As a result, miR-28 target gene PD1 is upregulated in CD8+ T cells, making them 

more vulnerable to PDL1 mediated inhibition [172]. This implies that circRNA-002178 has 

a dual mechanism of action in inducing anti-tumor immunity by regulating PDL1 in cancer 

cells and PD1 in immune cells. In conclusion, the role of exosomal cirRNAs in cancer and 

anti-tumor immunity are beginning to come into focus; they are important players in TME 

communication and could be potential therapeutic targets in cancer therapy.

3. Role of exosomes in cancer immunotherapy

EVs or exosomes can act as a friend or foe in cancer treatment. Blockage of crucial 

exosome-mediated communication in the TME slows down tumor progression [173, 174], 

inhibits reprogramming of tumor microenvironment [76, 175–177], and improves drug 

efficacy by overcoming drug resistance [178, 179]. In contrast, exosomes secreted by 

activated immune cells carrying tumor-inhibitory molecules can be used to stimulate 

anti-tumor immune responses in cold tumors surrounded by the suppressed immune 

microenvironment. Exosomes are highly efficient delivery vehicles because of their 

biocompatibility, high specificity for the target, and low clearance [180, 181]. Exosomes 

can target tumor cells for delivery of various therapeutic molecules like anti-tumor cytokines 

IL-2 and IFN-α, agonists of costimulatory immune receptors, tumor antigens with adjuvants, 

tumor-suppressive or immune-stimulating miRNAs, or proteins, etc. Therefore, the use of 

exosomes as immunotherapeutic delivery systems could overcome significant limitations 

of cancer immunotherapy[182]. This section will discuss dual applications of exosomes in 

cancer therapeutics, as a druggable cancer target and also a promising delivery vehicle by 

which to target tumor cells.

3.1 Exosomes as a therapeutic target:

Inhibition of exosome secretion via knockdown of Ras-related protein (Ral) family members 

RalA and RalB significantly decreases the metastatic potential of breast tumor cells [183]. 

RalA and RalB depleted cells have altered MVB biogenesis and secrete fewer EVs than 

their wild-type (WT) counterparts. These EVs have low vascular permeability and do not 

promote pre-metastatic niche formation in the lungs of tumor-bearing mice [183]. Exosomes 
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isolated from chemoresistant K-Ras positive lung cancer patients contain chromatin 

remodeling proteins involved in cancer progression, tumor growth promotion and lymph 

node metastasis. Co-treatment of Kras and exosome inhibitors suppresses tumor progression 

and decreases immunosuppressive miR-146 in lung cancer tissues which is associated with 

improved (Th-1)-mediated immune response [176]. Furthermore, inhibition of exosome

mediated signaling using exosome secretion inhibitor GW4869 or Rab27a knockdown 

inhibits breast tumor growth and sensitizes tumors to anti-PDL1 therapy in a mouse model. 

Interestingly, similar inhibition of tumor growth is not seen in immunodeficient nude mice 

under identical experimental conditions suggesting that exosome targeting induces immune

mediated cancer cell killing [184].

Biswas and colleagues have shown that exosomes secreted from MSCs promote the 

accumulation of immunosuppressive CD206+ M-MDSCs and CD206+ M2-macrophages 

in TME. MSC-derived exosomes induce PDL1 expression in these cells, which is associated 

with enhanced tumor growth, accumulation of immunosuppressive factors like TGF-β, high 

MSC infiltration and reduction in tumor-killing INFγ+CD8+ T cells. Treatment of MSCs 

with GW4869 inhibits the upregulation of PDL1 in macrophages and M2-macrophage 

polarization [116]. Moreover, studies have screened pharmacologically active compounds 

or approved drugs to identify inhibitors of exosome biogenesis and secretion for potential 

use in cancer treatment [173, 185]. One such compound is calpeptin which selectively 

inhibits calpains, a calcium-dependent cysteine protease involved in vesicle secretion. 

Calpeptin inhibits vesicle secretion in prostate cancer cells treated with docetaxel and 

increases drug accumulation inside cancer cells, significantly improving the therapeutic 

response [186]. The other EV or exosome inhibitors that have shown anticancer activity 

in different cancer types are Y27632 (competitive inhibitor of both Rho-associated protein 

kinases (ROCK) 1 and 2)[187, 188], manumycin (Ras farnesyltransferase inhibitor)[185, 

189], pantethine (derivative of pantothenic acid, also known as vitamin B5)[190, 191] and 

tipifarnib (farnesyltransferase inhibitor) [173, 192].

3.2 Exosome use to overcome immunotherapy resistance:

Immune cells rely on immunogenic epitopes to recognize cancer cells as foreign. However, 

high mutational burden, low or no immunogenicity, exhaustion of immune cells, and 

overexpression of immune checkpoint proteins are primary reasons immunotherapy fails. 

Exosomes have the ability to modulate and potentiate innate and adaptive immune responses 

against tumor cells. For example, tumor peptide pulsed DC-derived exosomes can prime and 

stimulate T and NK cells against various cancers [193–196].

Phase-II clinical studies of combination therapy with DC exosomes and chemotherapy in 

NSCLC patients show promising improvement in immune cell response and overall survival 

[197, 198]. Moreover, exosomes prepared from activated DCs pulsed with ovalbumin and 

modified with anti-CTLA antibody induce a robust activation of effector and memory T cells 

and shows high anti-tumor activity compared to untreated DC exosomes [199]. In normal 

cells, CTLA-4 on T cells binds to APCs B7 receptors to turn off the T-cell mediated immune 

response; otherwise, it can lead to the development of antiproliferative or autoimmune 

diseases [200, 201]. In tumors, the CTLA4-B7 signaling is overexpressed, which keeps 
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cancer cells away from the reach of T cells [202]. Further, blockade of CTLA-4 has been 

shown to boost T cell activation and memory in a poor immunogenic spontaneous murine 

tumor model. The genetic modification of the costimulatory molecule’s overexpression on 

leukemia cells enhances anti-leukemia immunity [203, 204].

Exosomes derived from leukemia cells modified to express two B7 costimulatory molecules 

(CD80, CD86) significantly upregulated the expression of B7 receptors on DCs. B7 

upregulation is associated with improved DC function, enhanced CTL response, and better 

overall survival in leukemic mice [205]. This suggests that exosome use along with 

immune check point inhibitors could be a promising innovative treatment to overcome lower 

expression of costimulatory molecules in the cold tumors. The other resistance mechanism 

associated with anti–CTLA-4 therapy is the upregulation of other immune checkpoint 

molecules, including V-domain Ig suppressor of T cell activation (VISTA) and PDL1 [206]. 

Chimeric antigen receptor T (CART) cell-derived exosomes can be used to overcome PDL1 

induced resistance to anti-tumor immunity. Fu and colleagues have shown that exosomes 

derived from CART cells carry CAR on their surface and do not express PD1, which 

prevents them from being suppressed by PD-L1 [207]. Therefore, compared to CART cells, 

CART-derived exosomes are more effective in inducing anti-tumor activity and do not show 

significant loss of cytolytic activity in the presence of PDL1 overexpression [207]. Due to 

low risk of toxicity and their high capacity to penetrate solid tumor mass compared to CART 

cells, exosomes might be a better option to overcome therapeutic efficiency limitations 

against resistant tumors.

Furthermore, loss or low expression of antigen-presenting machinery (APM) components 

like MHC-I or β2microglobulin on APCs or cancer cells are frequently observed in many 

tumor types [208–210]. Loss of antigen presentation is one of the common immune escape 

mechanisms, which plays an important role in immunotherapy resistance. Exosomes can be 

used to load and transfer APM components to APCs in the TME. Exosomes purified from 

DCs and directly loaded with tumor-derived MHC-I or II-restricted peptides can effectively 

transfer tumor peptides to APCs and elicit potent antigen-specific CD8+ T cells in vitro 

[211]. Besides, exosomes derived from B16F1 murine melanoma cells expressing MHC-II 

transactivator (encoded by gene CIITA)(B16F1-CIITA) trigger potent tumor-specific CD4+ 

Th1 type cell-mediated immune responses against melanoma cells. Compared to B16F1

derived exosomes, B16F1-CIITA exosomes are more effective in delaying tumor growth and 

inducing inflammatory cytokines, including TNF-a, chemokine receptor CCR7, and Th1

polarizing cytokine IL-12 [212]. Other approaches used to stimulate antigen presentation 

by exosomes include use of immunostimulatory biotinylated CpG DNA along with tumor 

antigens [213], introduction of synthetic double stranded analog poly(I:C), a ligand for 

toll-like receptor 3 (TLR3) into antigen expressing exosomes [214], co-delivery of tumor

derived exosomes with α-galactosylceramide loaded DCs [215] or anchoring exosomes 

with superparamagnetic magnetite colloidal nanocrystal clusters (SMCNCs), which greatly 

enhance tumor targeting potential and can be controlled by using magnetic fields [216].
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3.3 Clinical trials using exosome therapy:

In numerous in vitro and in vivo studies, exosomes have proved to be efficient delivery 

vehicles, which can effectively target tumor cells and generate a robust anti-tumor immune 

response. Due to the success of exosomes as cancer therapeutics in preclinical models, 

many different clinical trials of exosome-based therapies are either in process or completed. 

Table. 2 summarizes some clinical trials using exosomes in immunotherapy, for prognosis 

prediction, and to monitor treatment response.

3.4 Potential use of exosomes as cancer immunotherapy biomarkers:

In recent years, immunotherapy has emerged as a frontline therapy to treat many types 

of cancer because of its potential to induce anti-cancer immunological memory, which 

has longer-lasting effects than traditional therapies, and its use as personalized medicine 

[217, 218]. However, despite a durable response in cancer patients, the success rate of 

immunotherapy is low, about 15–20% [219]. One of the potential reasons for this is 

the lack of appropriate candidate biomarkers that can be used to determine patients who 

could benefit from the particular type of immunotherapy. For example, previously treated 

NSCLC patients who express PD-L1 benefit from pembrolizumab, a monoclonal antibody 

that targets PD-1, with a tumor objective response rate of 19.4% [220]. Likewise, patients 

showing PD-L1 upregulation by either tumor cells or tumor-infiltrating cells in multiple 

cancer types are more responsive to anti-PDL1 antibody (MPDL3280A) than others [221]. 

This implies that PDL1 levels as a biomarker may be used to identify populations who 

are likely to receive clinical benefit from anti-PD-L1 immunotherapy. The other classes of 

biomarkers being studied in cancer immunotherapy are tumor-associated proteins like HER2 

[222], serum proteins like NY-ESO-1 [223], circulating immune and tumor cells [224], 

mismatch repair deficiency (dMMR) [225], and tumor mutational burden (TMB) [226]. 

Molecular characterization of exosomes from different cancer types reveals the presence of 

these biomarkers, suggesting that exosomes may be used to analyze cancer-specific changes 

and predict response to the treatment. For instance, liquid biopsy studies of advanced tumors 

demonstrate that DNA analysis of exosomes can better determine TMB than circulating 

tumor DNA (ctDNA) [227]. The combined molecular profiling of exosomal RNA and 

circulating tumor ctDNA isolated from cancer patients’ plasma detects a higher number of 

gene mutations than ctDNA and is more accurate in identifying patients who are likely to 

respond to therapy. High TMB in cancer patients is associated with a higher response rate to 

immunotherapy because more mutations or neoantigens are present for the immune cells to 

respond to [227]. Furthermore, other exosomal constituents like miRNAs show differential 

expression in cancer patients compared to healthy individuals and differentiate patients by 

their likelihood to respond to therapy. Low levels of exosome-derived miR-320d, miR-320c, 

and miR-320b are found in NSCLC patients with EGFR/ALK mutations who responded 

well to anti-PD1 treatment compared to non-responders or patients with progressive 

disease [138]. Moreover, a plasma-based miRNA signature composed of 24 miRNAs along 

with PD-L1 tumor expression could predict risk levels like overall response rate (ORR), 

progression-free survival (PFS), and overall survival (OS) in NSCLC patients treated with 

immune-checkpoint inhibitors (ICI) [228].
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4. Concluding remarks:

Exosomes are a vital medium of communication among cells and are actively involved in 

exchanging information between cancer and other TME cells. Tumor cells transform their 

microenvironment in ways that cause immune cells either to be ineffective and not recognize 

tumor growth or to show pro-tumor activity. This affects the therapeutic efficacy of cancer 

immunotherapy because tumor cells circumvent immune responses in many different ways. 

In this review, we have aimed to explore the role of exosomal constituents secreted by cancer 

or TME cells in shaping and making tumor-promoting microenvironments. An appreciation 

for exosome-mediated signaling in the TME can help in explaining the complexity and 

heterogeneity of tumors. There is a need to better understand the exosomal constituents 

and their role in forming cold tumors where immune cells are a slave to their master 

cancer cells. Inside tumors, there is an intricate network of multicellular communication 

through exosomes. Therefore, exosome heterogeneity which is defined by cell type of 

origin, cellular conditions, molecular content, and functional impact on recipient cells, is an 

essential concern in TME. Different immune and non-immune cells in the TME influence 

each other through exosomes in ways affecting cancer growth and immune escape. This has 

a significant impact on tumor response to therapy and drug resistance. Hence, there is a 

need to better characterize the exosome-mediated signaling network in the TM and its role in 

cancer-mediated immune suppression and therapy resistance.
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Figure 1: 
Schematic representation for the role of cancer cell-derived exosomes in promoting immune 

evasion through M2 microphases and dendritic cells.
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Figure 2: 
The impact of cancer cell-derived exosomal non-coding RNAs on immune evasion.
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Table.1:

Role of exosomal non-coding RNAs in immune suppression in cancer

Exosomal 
miRNAs

Secreted cells Recipient cells Role and mechanism in immune suppression

miR-10a and 
miR-21 [229]

Glioma MDSCs Promote expansion and function of MDSCs. miR-10a inhibits RAR Related 
Orphan Receptor A (Rora), which results in the activation of NF-κB signaling. 
miR-21 suppresses phosphatase and tensin homolog (PTEN) expression and 
activates PI3K/Akt pathway in MDSCs.

miR-9 and 
miR-181a [230]

Breast cancer MDSCs miR-9 and miR-181a target suppressor of cytokine signaling-3 (SOCS3) and 
protein inhibitors of activated STAT 3 (PIAS3), respectively. SOCS3 and 
PIAS3 inhibition activates downstream JAK/STAT signaling associated with 
MDSC development and their suppressive effects on T cells.

miR-1246 [231] Colon cancer macrophages M2 macrophages after receiving miR-1246 from p53 mutant colon cancer cells 
promote the development of large tumors and metastasis. miR-1246 expressing 
TAMs have enhanced TGFβ signaling which increases Treg population in 
mouse tumors and promote immune suppression.

miR-23a-3p [232] Hepatocellular 
Carcinoma 
(HCC)

macrophages Endoplasmic stress in HCC cells increases miR-23a-3p in HCC-derived 
exosomes. miR-23a-3p inhibits PTEN in recipient macrophages and induces 
PDL1 expression via the Akt pathway. PDL1 expressing macrophages decrease 
CD8+ T-cell ratio and promote T-cell apoptosis.

miR-208b [233] Colorectal cancer 
(CRC)

T cells miR-208b directly binds and inhibits programmed cell death factor 4 (PDCD4) 
in CD4+ T regs, which promotes their expansion. An increase in the 
percentage of Tregs promotes CRC growth and oxaliplatin resistance.

miR-21 [234] EC monocytes EC cells transfer miR-21 to monocytes under hypoxic conditions, which 
transforms monocytes into M2 macrophages.

miR-107 [235] GC MDSC miR-107 targets 3’UTRs of DICER and tumor suppressor gene PTEN in 
recipient HLA-DR−CD33+MDSCs. DICER downregulation promotes MDSCs 
expansion, whereas PTEN inhibition upregulates the PI3Kinase pathway and 
promotes proliferation.

Exosomal 
lncRNAs

TUC339 [236] HCC THP1 
monocytes

TUC339 overexpression decreases production of proinflammatory cytokines 
IL-1β and TNF-α, T cell activator CD86 expression and phagocytic activity in 
THP1 cells.

RPPH1 [237] Colorectal cancer 
(CRC)

macrophages RPPH1 increases the expression of M2 macrophage markers CCL17, CCL18, 
CXCL8, IL-10, and TGF-β. M2 polarized macrophages promote CRC 
proliferation and metastasis.

SNHG16 [238] Breast cancer Vδ+T cells SNHG16 sponges miR-15–5p, which blocks its inhibitory interaction with 
SMAD5 mRNA. SMAD5 activation induces CD73 expression. Tregs found 
in BC are enriched with CD73+γδ1 T cells and exert immunosuppressive 
functions via the adenosine pathway.

CRNDE-h [239] CRC CD4+ T cells CRNDE-h binds RAR-related orphan receptor gamma (RORγT) and inhibits 
its binding with E3 ubiquitin ligase Itch. This prevents Itch mediated RORγT 
ubiquitination and degradation, which increases RORγT expression. RORγT 
bind to IL-17 promotor and triggers CD4 + T cell differentiation into 
immunosuppressive IL-17 producing Th17 cells.
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Table.2:

Clinical trials using exosomes in cancer immunotherapy

Identifier Cancer type Exosome source Treatment strategy

NCT01159288 NSCLC Tumor antigen-
loaded DC-
derived 
exosomes

Metronomic cyclophosphamide (mCTX) treatment followed by vaccinations 
with exosomes. Findings: mCTX inhibits immunosuppressive Treg fucntions 
and exosomes activate innate and adaptive immunity.

NCT03985696 Non-Hodgkin B
cell lymphoma

Exosomes 
purified from 
patients and 
cancer cells

CD20 and PDL1 expression in exosomes are analyzed to study their prognostic 
significance on patient outcome and rituximab response.

NCT02869685 NSCLC Plasma PDL1 levels in plasma exosomes are analyzed after 24h and 48h of radiotherapy. 
If PDL1 is upregulated, radiotherapy can be combined with immunotherapy to 
increase treatment efficacy.

NCT02977468 Triple negative 
breast cancer

Serum Testing if pembrolizumab treatment alters the expression of immune tolerance 
markers like PDL1 in the primary tumor, circulating lymphocytes, and serum 
exosomes.

NCT04427475 NSCLC Plasma Exosomal PDL1 and mRNAs are analyzed in stage IV EGFR/ALK wild-type 
NSCLC patients before and after treatment with anti-PD1 (pabolizumab or 
nafulizumab)

NCT02507583 Malignant glioma Tumor cells Patients’ tumor cells are taken, treating them with investigational drug insulin
like growth factor receptor-1 Antisense Oligodeoxynucleotide (IGF-1R/AS 
ODN) and reimplanting into patients.
As the tumor cells die inside the patient, they release tumor antigen containing 
exosomes, which can activate immune cells.

NCT03854032 Stage II-IV head 
and neck squamous 
cell cancer

Peripheral blood Patients are treated with Nivolumab and BMS986205, an indoleamine 2, 3
dioxygenase 1 inhibitor (IDO1i). Exosomes abundance and composition before 
and after therapy are analyzed.

NCT02535247 NK and T 
cell non-Hodgkin 
lymphoma

Peripheral blood Patients are treated with pembrolizumab alone or combined with copanlisib. 
Exosomes are profiled for PDL1 expression.
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