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They carry a variety of proteins, lipids, RNA and other important information, play an important role in
the transmission of substances and information between cells, and gradually become a marker for early diagnosis of many diseases and
an important tool in drug delivery system. Immune cells are an important part of tumor microenvironment, and they can affect tumor
progression by secreting a variety of immunoreactive substances. This review focuses on the effects of various immune cell-derived
exosomes on tumor cells, different immune cells and other stromal cells in tumor microenvironment. Exosomes derived from different
immune cells can not only reshape a pro-inflammatory microenvironment to inhibit tumor progression, but also promote tumor
progression by inhibiting the killing effect of NK cells, CD8"T cells and other cells or promoting tumor cells and immunosuppressive
immune cells. In addition, we also discussed that some exosomes derived from immune cells (such as DC, M1 macrophages and
neutrophils) play a tumor inhibitory role after being engineered.
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Introduction
Exosomes are 40—100nm sized vesicles released into the microenvironment by different types of cells. Exosomes contain
proteins, RNA (including miRNA, LncRNA and mRNA) and lipids. They are an important medium for cell—cell
interaction in the tumor microenvironment.! Exosomes can be secreted by a variety of cells, and exosomes from
tumor cells can act on other stromal cells in the tumor microenvironment, for example, they can act on vascular
endothelial cells to promote angiogenesis to provide nutrition for tumors, act on other tumor cells to promote their value-
added migration ability, or act on immune cells to create an immunosuppressive microenvironment, resulting in immune
escape.” ™ The process of exosome production in various cells is similar, with cells producing small vesicles through
endocytosis, which fuse to form early endosomes and gradually become late endosomes. With the entry of some “Cargo”
such as cytosolic RNA, proteins, and lipids, late endosomes produce many intraluminal vesicles (ILVs) and evolve into
multivesicular bodies (MVB); subsequently, these vesicles are released outside the cell to form exosomes.' Under
different physiological and pathological conditions, their contents are often different, reflecting the physiological and
pathological states of the original host cells, which makes exosomes as reliable carriers for precision medicine and liquid
biopsy.’

For most solid tumors, the traditional treatment methods include surgery, radiotherapy, chemotherapy and so on.
Immunotherapy is a new treatment method in recent years. Biological immunotherapy includes several types: 1.
Biological cells: such as dendritic cells (DCs) and T cells, which are immune cells in the human immune system. By

enhancing the role of immune cells, they can fight against tumors;>’ 2. Immunotherapeutic drugs: for example, immune
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checkpoint blocking (ICB) therapy mainly prevents immune escape by targeting PD-L1, PD-1, CTLA-4, so that immune
cells, especially T cells, can play an immune killing role again.® Nowadays, more and more studies have found that
immune cells also produce exosomes, which also play a double-edged sword role in the tumor microenvironment. It is
worth noting that exosomes from T cells or NK cells produce immune killing effect on tumor cells, and exosomes have
the ability to cross physical barriers, inherent targeting characteristics and their increased biocompatibility. It has great
potential as a new drug delivery system, which may provide new possibilities for tumor immunotherapy. In this review,
we summarized the roles and mechanisms of various immune cell-derived exosomes in the tumor microenvironment, and

discussed the possible therapeutic effects of engineered immune cell-derived exosomes on tumors.

The Physiology of Exosomes

The Formation and Release of Immune Cell Derived Exosomes

The biogenesis of exosomes involves double invagination and subsequent plasma membrane fusion. First, the cell
membrane buds inwards to form early endosome (EE), and then chimes with Golgi complex membrane to form late
endosome (LE). LE selectively wraps some specific soluble components in cytoplasm, including nucleic acid, protein and
lipid, and then forms intraluminal vesicle (ILV, precursor of exosomes). The ILV fuses with each other to form multiple
intraluminal vesicles (MVB), which secrete to the back of the cell and outside the cell as the exosome.'” MVB
maturation occurs through at least two mechanisms, one involving endosomal classification complex (ESCRT) - 0, - I,
- IT and - III required for transportation and ESCRT-related proteins (such as VPS4 and ALIX); In addition, there are also
ESCRT independent regulatory mechanisms such as heteroribonucleoprotein-dependent pathway and neutral sphingo-
myelinase 2 dependent pathway.'®"'? Recently, Wei D et al identified a new ESCRT independent mechanism regulated by
RAB31, which improved our understanding of exosome formation.'> Once MVBs are produced, they can fuse with
lysosomes or autophagic lysosomes, leading to the degradation of MVBs, or they can fuse with the plasma membrane
and release cells as exosomes''* (Figure 1).
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Figure | The formation and release of immune cell derived exosomes and its contents.
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The Cargo of Exosomes

In recent years, with the development of gene chip technology, proteomics research and high-throughput sequencing
technology, a variety of exosome contents from different cells have been screened, including 9769 proteins, 1116 lipids,
3408 mRNA and 2838 miRNA included in the Exocarta database.'> The vast majority of these contents have been
confirmed to be involved in the occurrence and development of many diseases, including tumors. For example, the
exosomes rich in miR-1910-3p promote the proliferation and migration of breast cancer cells,'® and the colorectal cancer
exosomes miR-25-3p promote vascular permeability and angiogenesis by transferring the expression of VEGFR2, ZO-1,
occludin and Claudin 5 into endothelial cells,'” Moreover, circTRPS1 derived from bladder-cancer-derived exosomes can
regulate intracellular ROS balance and CDS8'T cell depletion through circTRPS1/miR141-3p/GLS]1 axis.'® In addition,
exosomal PD-L1 have been widely discussed in recent years. Metastatic melanoma releases high-level exosomes and
carries PD-L1 on its surface, thereby inhibiting the function of CD8"T cells and promoting tumor growth.'” To sum up,
in-depth excavation of the contents of the exosome can not only provide reliable molecular markers for the diagnosis of
various diseases, but also help to deeply understand the pathogenesis of diseases and provide a new direction for disease
prevention and treatment.

The Role of Exosomes from Different Immune Cell Sources in Tumor

Microenvironment

In recent years, due to the shortcomings of conventional cancer chemotherapy drugs, such as low bioavailability (the
speed and extent of drug absorption into the human circulation), low improvement indicators of treatment effect, and
unclear side effects, the development of drug delivery systems has gradually become a research hotspot. In principle, the
drug delivery system can enhance the efficacy of anti-cancer drugs. At the same time, the increased delivery efficiency of
targeted drugs also helps reduce the toxicity of drugs in the whole body. The drug delivery system has achieved better
drug treatment effect in humans or animals by combining drugs and assistive compounds.?**' Recent studies have shown
that exosomes have the ability to overcome physical barriers, inherent targeting properties and their increased biocom-
patibility, which makes them have great potential as a new drug delivery system.”**’ In addition, exosomes from
different cells (immune cells, tumor cells, stem cells, etc.) will play a role in anti-tumor therapy by different
mechanisms.?**> Jiang et al designed an exosome derived from bone marrow mesenchymal stem cells (BM-MSCs) as
a dual drug delivery biological system to enhance the effect of immunogenic cell death (ICD), promote DC maturation,
and reverse immunosuppression (inhibiting macrophage polarization, cytotoxic T-lymphocyte recruitment, and down
regulation of Tregs).”® The engineered exosomes (HELA Exos) composed of TLR3 agonist and ICD inducer were
constructed from the exosomes derived from human breast cancer cells, which can activate dendritic cells in situ and
specifically induce ICD in breast cancer cells.”” Even though exosomes have potential advantages in drug delivery, the
efficiency of drug loading is not high. In order to improve the loading efficiency of therapeutic drugs in exosomes, people
have studied various methods, especially with the progress of micro nano processing technology, and studied the
application of microfluidic technology in cell drug loading and drug delivery.*®>° Youngjin Lee et al developed
a microfluidic device (Exo-Load) to detect whether DOX and PTX can be loaded into the exosomes and whether
drugs can be loaded into the exosomes efficiently. In addition, saponins have been widely used as penetrants to change
the properties of cell membranes. Therefore, they used saponins and DOX to increase the combined effect of perme-
ability and shear stress induced stimulation in the microchannel of the externally loaded microfluidic device, so as to
improve the efficiency of its loading into the exosome.>' Equally important is how the exosome obtains energy to
establish intercellular communication. Recently, some studies have shown that there are mitochondria, adenosine
triphosphate and glycolytic enzymes, which can be used as potential energy sources of exosomes.*® This chapter will
elaborate on the therapeutic effect of engineered exosomes from different immune cells in tumors.

T Cells

T cells are multipotential stem cells derived from bone marrow, which are composed of a group of heterogeneous
lymphocytes with different functions.®* > In the embryonic and primary stage of human body, a part of multipotential

International Journal of Nanomedicine 2022:17 hetps: 6529
Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang and Shi Dove

stem cells or pre-T cells in bone marrow migrate to the thymus, differentiate and mature under the induction of thymic
hormone, becoming T cells with immune activity.>*>> Then it circulates with the blood to the surrounding lymphoid
organs to settle and reproduce in the respective established areas. Activated by antigen, it can differentiate and

proliferate, produce effector cells and exercise its immune function.* >

CD8'T Cells

CDS8'T cells are a subgroup of T cells, also known as cytotoxic T cells, which are one of the most toxic T cells. They can
kill the target cells expressing antigens; it is an important effector in anti-virus infection, acute allograft rejection and
killing of tumor cells. In the tumor microenvironment, CD8" T cells play a key role in the anti-tumor effect by releasing
perforin, granzyme, TNF-a and Fas/FasL pathway.*®*’ In addition, CD8'T cells can also play a role in tumor immunity
by releasing cytotoxic exosomes. Tumor stroma contains a large number of mesenchymal stem cells (MSCs) and cancer-
related fibroblasts (CAFs), which can promote the invasion and metastasis of tumor cells.>®>° However, the exosomes
released by CD8'T cells (CD8 T-Exos) can consume mesenchymal tumor stromal cells (including MSC and CAF) and
inhibit the characteristics of tumor progression such as invasion and metastasis.*’ In uterine corpus endometrial cancer
(UCEC), low-level miR-765 can be closely related to high proliferation, invasion and metastasis of tumor cells and poor
prognosis by activating PLP2-Notch signal. In addition, as a risk factor for UCEC, estrogen/ER B can regulate miR-765/
PLP2 axis and further promote tumor progression. However, CD8 T-Exos release high levels of miR-765 and limit the
tumor promoting effect of estrogen on UCEC by regulating the miR-765/PLP2 axis.*' In addition to inhibiting tumor
progression, Cao et al also found that FasL" exosomes secreted by CD8'T cells activated tumor cells ERK and NF-xB
pathway, and then increased the expression of MMP9, which promoted the invasion and metastasis of tumor cells.*?
Interestingly, a subtype of CD8'T cells, exhausted CD8" T cells can secrete a large number of exosomes, which can be
ingested by normal CD8" T cells, reducing their proliferative capacity (Ki67), cell activity (CD69) and IFN- y and the
production of cytokines such as IL-2, which leads to the weakening of tumor killing capacity® (Table 1, Figure 2).

Table | Role of T Cell Derived Exosomes in Tumor Microenvironment

Source of | Cargo Targeted Cells Effect on Tumor Outcome Reference
Exosomes | Loaded (+ for Promotion,
- for Inhibition)

CD8'T cells MSC and CAF - Consumption of MSC and caf, inhibition of tumor [40]
progression such as invasion and metastasis
CD8'T cells | miR-765 UCEC cells - Regulating miR-765/PLP2 axis to limit the tumor [41]
promoting effect of estrogen on UCEC
CDS8'T cells | FasL Melanoma cells and | + Increased the expression of MMP9 and promoted [42]
lung cancer cells the invasion and metastasis of tumor cells
Exhausted IncRNAs Non-exhausted + Reduce the proliferation and killing capacity of [43]
cDg* CD8" T cells normal CD8" T cells
T cells
vOT cells FasL and EBV-associated - EBV-associated tumor cells are killed by FasL and [46]
TRAIL tumor cells TRAIL pathways
voT cells FasL and Nasopharyngeal - Nasopharyngeal carcinoma cell is killed by FasL and | [47]
TRAIL carcinoma cells TRAIL pathways
vOT cells miR-138 OSCC cells - Inhibit the proliferation of tumor cells, promote [48]

CD8" T cell killing

CD4'T cells CDS8'T cells + Inhibit the CTL response of CD8" T cells [51]
(Continued)
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Table | (Continued).
Source of | Cargo Targeted Cells Effect on Tumor Outcome Reference
Exosomes | Loaded (+ for Promotion,
- for Inhibition)
CDA4'T cells | CD40L B cells - Promote B cell activation, proliferation and antibody | [52]
production
Tregs CD8'T cells + Inhibit CD8" T cell response [55]
Tregs miRNA and T cells + Inhibited T cell proliferation and transformed naive | [56]
iNOS T cells into Treg cells
Tregs CD73 CD4'T cells + Adenosine production plays an immunosuppressive | [57]
role in immune regulation
Tregs miR-150-5p DC cells + DC cells produced increased IL-10 and decreased [58]
and miR-142- IL-6
3p
CAR-T CAR Tumor cells - CAR-containing exosomes have high levels of [61]
cytotoxic molecules
CAR-T Perforin and Triple negative - Direct targeting of triple-negative breast cancer [63]
granzyme B breast cancer cells cells
v T Cells

T cells can be divided into afy T cells (such as CD4, CDS8) and yd T cells according to TCR. The majority of human
peripheral blood lymphocyte are af T cells, and yd T cells account for only 1% —5% of the total population. Although
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Figure 2 Effects of exosomes from different types of T cells on tumor cells and other stromal cells in the tumor microenvironment.
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their number is very small, their strength cannot be underestimated. yd T cells can directly kill tumor cells through
apoptosis-inducing protein ligand pathway Fas-FasL, ADCC effect and its secreted cytokines (IFN-y, TNF-a). Besides,
vd T cells can also activate B cells, DC cells, aff T cells, NK cells in various ways (eg, act as antigen presenting cells for
activation aff T cells, or NK mediated anti-tumor cytotoxicity induced by costimulatory pathway), so as to achieve
indirect killing of tumor.***> Recent studies have shown that y5 T cells can also increase tumor killing effect by releasing
exosomes. In EBV associated tumors, yd T cell derived exosomes (yd T-Exos) contain death inducing ligands (FasL and
TRAIL), NK cell activating receptors (NKG2D), immunostimulatory ligands (CD80 and CD86) and antigen presenting
molecules (MHC class I and IT).*® y§ T-Exos have a dual killing function against tumor cells and thus control EBV-
associated tumors more effectively than exosomes derived from NK cells or DC cells. y6 T-Exos kills EBV-associated
tumor cells through the FASL and TRAIL pathways while promoting EBV antigen-specific CD4" and CD8" T cell
expansion to increase anti-tumor immunity.*® Similarly, in nasopharyngeal carcinoma (NPC), y8 T-Exos kills tumor cells
through Fas/FasL and death receptor 5 (DR5)/TRAIL pathways. In addition, Y3 T-Exos can also promote the migration of
T cells to NPC cells by up regulating the expression of CCR5 ligand on NPC cells.*” Meanwhile, 5 T-Exos has
synergistic effect with radiotherapy, and their combined application has great potential in the treatment of nasopharyngeal
carcinoma.*’” In addition, Li et al explored the role of 5 T-Exos in tumor therapy as a drug delivery system. They
overexpressed miR-138 in yd T cells with lentiviruses and subsequently isolated exosomes that both retained the
cytotoxic effects of yo T cells and transported miR-138 to oral squamous-cell carcinoma cells (OSCC). MiR-138-
enriched y3 T-Exos can not only directly inhibit tumor cell proliferation, but also promote CD8" T cell proliferation, IFN-
y secretion and cytotoxicity increase to further inhibit tumor.*® This provides the possibility of y3-T-Exos as a drug
delivery system (Table 1, Figure 2).

CD4'T Cells

CD4'T cells, also known as helper T cells, can assist CD8" T cells to participate in cellular immune killing, clear tumor
cells or virus-infected cells, and assist B cells to participate in humoral immunity. CD4"T cells can differentiate into four
types of cells with different functions under the action of different cytokines and environments: Thl, Th2, regulatory
T cells (Treg), Th17 cells.*>** Interestingly, CD4 T-cell-derived exosomes (CD4 T-Exos) play different roles. Zhang
et al proved through in vitro experiments and animal experiments that the CD4 T-Exos can inhibit CD8" CTL response
and anti-tumor immunity, which is unfavorable for tumor treatment, but this exosome can be used as a new immuno-
suppressant for the treatment of autoimmune diseases and transplantation rejection.”’ In addition, CD4"T-Exos can also
participate in B cell responses. The treatment of CD4 T-Exos can enhance the humoral immune response of mice
inoculated with hepatitis B surface antigen (HBsAg). Compared with control mice, the level of hepatitis B surface
antibody (HBsAb) in the serum of CD4'T-Exos treated mice was higher, which was antigen dependent. CD4 " T-Exos can
promote B cell activation, proliferation and antibody production in vitro. Using mouse T-cell lymphoma EL-4 cells, it
was found that CD40L played an important role in exosome mediated B cell response®> (Table 1, Figure 2).

Tregs

Regulatory T cells are mainly divided into natural regulatory T cells (nTreg, CD4 " CD25 Treg), adaptive regulatory
T cells (aTreg or iTreg), CD'8 regulatory T cells (CD8'CD25 Treg) and natural killer T cells (NKT). Through direct
contact, they can inhibit the activation of target cells, or secrete cytokines such as interleukin-10, inhibit immune
response, and play an important role in autoimmune diseases, infectious diseases, organ transplantation, tumors and other
diseases.”>>* Xie et al extracted exosomes from in vitro-expanded CD8"CD25" Treg cell culture supernatants and then
evaluated their effects on CTL response and anti-tumor immunity in mice. They found that they can suppress CD8" T cell
responses and anti-tumor immunity, which may make them an option for immunotherapy of autoimmune diseases.’
CD4°CD25 ' Treg derived exosomes can package specific miRNA and iNOS, deliver them to T cells, disrupt cell cycle
process, induce cell apoptosis, inhibit T cell proliferation, and transform immature T cells into Treg cells. These effects of
exosomes play an immunosuppressive role together.>® Similarly, CD4"CD25 Treg derived exosomes can highly express
CD73, which in turn plays an immunosuppressive role in immune regulation by producing adenosine.”’ In addition, SIM
L. Tung et al also found that miR-150-5p and miR-142-3p can be transferred from Treg to DC through exosomes derived
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from CD4'CD25"Treg. DC uptake of these exosomes produced a tolerance phenotype, and IL-10 increased and IL-6
production decreased after LPS stimulation.”® These studies have proved that exosomes from Treg cells play an
important role in shaping the immunosuppressive microenvironment, which may help to improve the efficacy in patients
receiving transplantation or suffering from autoimmune diseases (Table 1, Figure 2).

Car-T

Chimeric antigen receptor T-cell immunotherapy (CAR-T) is a type of immunotherapy in which the antigen-binding site
of an antibody that recognizes a specific tumor antigen is coupled to the intracellular portion of the CD3-6 chain or
FCerly to form a chimeric protein in vitro, the patient’s T cells are transfected with genes that make them express
chimeric antigen receptor (CAR). The patient’s T cells were “Reprogrammed” to produce large numbers of tumor-
specific CAR-T cells.””® Shi et al found that exosomes released by CAR-T cells express CARs on their surfaces. CAR-
containing exosomes have high levels of cytotoxic molecules and are used in cancer therapy. Analysis of in vitro and
preclinical in vivo models suggested that CAR exosomes do not express PD-1, and that recombinant PD-L1 treatment did
not impair the antitumor effects of CAR exosomes. In a preclinical in vivo model of cytokine release syndrome,
administration of CAR exosomes is relatively safer compared to CAR-T therapy.®' Therefore, these data confirm that
exosomes can be used as biomimetic nanovesicles, which may be a new effective strategy for the treatment of cancer.
Mesothelin, also known as MSLN, is a recent hot target in CAR-T and CAR-NK therapies. Normally, MSLN is
expressed in mesothelial cells, its function is associated with cell adhesion, and MSLN is overexpressed in a variety
of human tumors.®*> The researchers constructed anti-MSLN CAR-T cells and isolated exosomes from this cell that also
retained most of the characteristics of the parental T cells.®® The results of in vitro experiments showed that anti-MSLN
CAR-T cell exosomes carrying perforin and granzyme B directly killed triple-negative breast cancer cells. At the same
time, this tumor-suppressive effect was also validated in animals, and high levels of CAR-T cell exosomes were found to
still have lower toxicity in vivo.®> These studies make it possible for CAR-T cell-derived exosomes to become one of the
immunotherapeutic schemes for cancer (Table 1, Figure 2).

Exosomes Released by T Cells Under Immunotherapy

Programmed Cell Death 1(PD-1), one of the major immune checkpoints, is expressed on a variety of immune cells, in
particular, the combination of PD-1 on the surface of T cells and PD-L1 on the surface of tumor cells can inhibit the
killing ability of T cells.®* Studies have shown that activated T cells can release exosomes that express PD-1 on the
surface, which can competitively bind to PD-L1 on the surface of tumor cells and reduce the binding of PD-1 to PD-L1
on the surface of T cells, and then reduced T cell dysfunction.®” In recent years, anti-PD-1-based immune checkpoint
therapy plays an important role in the treatment of cancer, but because of the existence of drug resistance, the
combination of immune checkpoint therapy and chemoradiotherapy usually results in long-term therapeutic benefit.*®
Interestingly, T cells promoted the release of exosomal miR-4315 under anti-PD1 treatment. And exosomal miR-4315
can mediate the downregulation of Bim, a pro-apoptotic protein, in tumor cells, which leads to increased resistance to
conventional chemotherapy drugs.®” The researchers also found that ABT-263, a small molecule Bcl-2 inhibitor that
induces apoptosis, can eliminate anti-PD1/exosomal miR-4315-induced chemotherapy resistance, which provides a new
option for tumor therapy.®’

Macrophages

Macrophages (abbreviated as m @) are immune cells widely distributed in the blood and tissues of the whole body.
Macrophages can phagocytize and kill intracellular parasites, bacteria, tumor cells, aging and abnormal cells, and play an
important role in immune defense and immune surveillance. Macrophage is a kind of phagocyte, belonging to monocyte
system. Macrophages are remarkably plastic cells that can switch from one phenotype to another. Macrophage polariza-
tion is a process in which macrophages exhibit specific phenotypes and respond functionally to microenvironment stimuli
and signals encountered in each specific tissue. It has two major macrophage subsets with different functions include

classically activated or inflammatory (M1) and alternatively activated or anti-inflammatory (M2) macrophages.®®*’
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MI Macrophage

M1 macrophages are mainly composed of IFN-y, granulocyte-macrophage colony stimulating factor (GM-CSF) or
lipopolysaccharide (LPS); it can release a variety of pro-inflammatory factors, immune activating factors and chemo-
kines, and play an anti-tumor role through acute pro-inflammatory reaction, immune activation reaction and cell
phagocytosis.”®”" It should be noted that M1 macrophage derived exosomes (M1-Exos) can also inhibit tumor progres-
sion by directly promoting tumor cell apoptosis or enhancing tumor immune response. Serine/threonine kinase 16
(STK16) is highly expressed in lung adenocarcinoma, which can promote the proliferation of tumor cells and is closely
related to the poor prognosis of lung adenocarcinoma.’? M1-Exos can carry miR-181a-5p to target ETS1 to inhibit the
expression of STK16 in tumor cells, thereby reducing cell viability and promoting apoptosis of lung adenocarcinoma
cells.” In addition, M1-Exos can also carry miR-16-5p to reduce the expression of PD-L1 in gastric cancer cells, thus
reducing the inhibitory effect of immune checkpoints on T cells and promoting the activation and killing ability of
T cells.”* Chiara cianciaruso et al collected EVs released from TAM (TAM-EV) of mice and performed quantitative,
proteomic, and lipidomic analyses of them. They found that TAM-EV presented a molecular spectrum related to Th1/M1
polarization, enhanced inflammation and immune response, and more favorable patient prognosis. TAM-EV can also
promote T cell proliferation and activation.”® Interestingly, Huang et al found that M1-Exos can also play a dual role in
inhibiting tumors, the M1-Exos highly express IncRNA HOTTIP, which can competitively bind miR-19a-3p and miR-
19b-3p to up regulate TLRS5/NF-«xB signal pathway, thereby inhibiting the proliferation, invasion and metastasis of head
and neck squamous cell carcinoma cells.”® In addition, it can also polarize circulating monocytes into anti-tumor M1
macrophages and increase the tumor killing capacity.”® The M1-Exos is a topic worthy of investigation, and we can
continue to explore whether it could play a greater role as a regulator of other immune cell functions in the tumor
microenvironment (Table 2, Figure 3).

Table 2 Role of Macrophage-Derived Exosomes in Tumor Microenvironment

Source of Cargo Loaded | Targeted Cells | Effect on Tumor Outcome Reference
Exosomes (+ for Promotion,
- for Inhibition)
Ml miR-181a-5p Lung - Decrease cell viability and promote apoptosis of [73]
macrophages adenocarcinoma lung adenocarcinoma cells
cells
MI miR-16-5p Gastric cancer - Reduce the inhibitory effect of immune [74]
macrophages cells checkpoints on T cells
MI T cells - Promote T cell proliferation and activation [75]
macrophages
Ml IncRNA Squamous cell - Inhibition of proliferation, invasion and metastasis | [76]
macrophages | HOTTIP carcinoma of of head and neck squamous cell carcinoma cells
head and neck
M2 miR-221-3p Epithelial ovarian | + Promote tumor cell proliferation and G1/S [80]
macrophages cancer cells transformation
M2 miR-501-3p PDAC cells + Promote PDAC cell invasion and migration [81]
macrophages
M2 IncRNA AFAPI- | Esophageal + Promote the invasion and metastasis of esophageal | [82]
macrophages | ASI cancer cells cancer
M2 miR-155-3p Medulloblastoma | + Promote the invasion and migration of tumor cells | [83]
macrophages cells
(Continued)
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Table 2 (Continued).
Source of Cargo Loaded | Targeted Cells | Effect on Tumor Outcome Reference
Exosomes (+ for Promotion,
- for Inhibition)
M2 miR-155-5p and | Endothelial cells + Promoting angiogenesis of pancreatic ductal [86]
macrophages | miR-221-5p adenocarcinoma
M2 miR-155-5p Colorectal + Reduced IL-6 secretion, resulted in a decreased [87]
macrophages cancer cells proliferation profile of CD3*T cells and a reduced
proportion of IFN-y * T cells
M2 miR-21-5p CDS8'T cells + Promote CD8"T cells depletion subtype [88]
macrophages
M2 miR-29a-3p Ovarian cancer + Promoted PD-LI expression and enhanced [89]
macrophages cells immune escape
M2 miR-29a-3p and | CD4'T cells + Induce imbalance of Treg/Th17 cell ratio and [90]
macrophages | miR-21-5p produce immunosuppressive microenvironment
M2 miR-365 PDAC cells + Decreased the sensitivity of tumor cells to [91]
macrophages gemcitabine
M2 LncRNA Lung cancer cells | + Decreased sensitivity to radiotherapy [92]
macrophages | AGAP2-ASI

M2 Macrophage

M2 macrophages are closely related to tumor microenvironment, including cytokines IL-4, IL-10 and transforming growth
factor-f (TGF-B), Vitamin D3, M-CSF and prostaglandin E2 (PGE2) can induce the activation of macrophages to form M2
macrophages. It can inhibit the proliferation and activation of T cells, regulate and promote Th2 immune response, promote the
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growth of tumor cells, participate in tumor angiogenesis and promote tumor invasion and metastasis by secreting immunosup-
pressive factors, cytokines and growth factors.”””® The role of M2 macrophage derived exosomes (M2-Exos) in tumor
microenvironment is similar to that of M2 macrophages. First, M2-Exos can promote the proliferation of tumor cells. Cyclin-
dependent kinase inhibitor 1B (CDKNI1B) is considered to act as an inhibitor of cell cycle progression during G1/S transition.
Low levels of CDKNIB are associated with tumor cell proliferation and poor prognosis.”’ M2-Exos miR-221-3p promotes
tumor cell proliferation and G1/S transformation by reducing the level of CDKNIB in tumor cells.*® Secondly, the tumor
promoting effect of M2-Exos is reflected in enhancing the invasion and metastasis of tumor cells. M2-Exos transfer miR-501-3p
to PDAC cells, thereby down regulating the expression of TGFBR3, and finally through TGF-f signal pathway promotes
invasion and migration of PDAC cells.®' Similarly, in esophageal cancer, M2-Exos down regulate miR-26a and up regulate ATF2
by transferring IncRNA AFAP1-ASI to esophageal cancer cells, an activating transcription factor that is related to poor tumor
prognosis, thus promoting the invasion and metastasis of esophageal cancer.** In medulloblastoma, M2-Exos miR-155-3p also
plays a role in the invasion and migration of tumor cells.*” Tumor angiogenesis is a marker of solid tumor growth, invasion and
metastasis. More and more studies have shown that macrophages are closely related to angiogenesis.***> M2-Exos also have
such effects, for example, a study has shown that they can carry miR-155-5p and miR-221-5p into endothelial cells, and promote
angiogenesis in pancreatic ductal adenocarcinoma by targeting E2F2.%¢

M2-Exos can also affect immune cells in the tumor microenvironment to promote tumor cell immune escape and accelerate
tumor progression. In colorectal cancer, M2-Exos miR-155-5p reduces IL-6 secretion by down regulating Zinc-finger-type-
containing 12B (ZC3H12B) expression in tumor cells, which leads to decreased proliferation of CD3"T cells and IFN-y T cells,
which promoted the immune escape of tumor cells.®” Similarly, in hepatocellular carcinoma, M2-Exos miR-21-5p passes through
YODI1/YAP/B-catenin pathway promotes the increase of CD8'T cell depletion subtype (PD1™ TIM3") and reduces the killing
ability of CD8'T cells.® Interestingly, M2-Exos miR-29a-3p was able to down regulate FOXO3-AKT/GSK3p axis to promote
the expression of PD-L1 on the surface of tumor cells, and finally promote the combination of PD-L1 and PD-1 on the surface of
CD8"T cells to inhibit their killing function and lead to immune escape.® In addition to affecting CD8 T cells, it also regulates the
proportion of Tregs and Th17 cells, two subpopulations of CD4 T cells. Tregs can inhibit tumor immunity, while Th17 cells can
regulate the activation of cytotoxic CD8 T cells. M2-Exos miR-29a-3p and miR-21-5p are transferred to CD4 T cells. They can
directly inhibit STAT3 and induce the imbalance of Treg/Th17 cell ratio, producing an immunosuppressive microenvironment
that promotes the progression and metastasis of epithelial ovarian cancer.”® One of the main characteristics of PDAC is its
resistance to gemcitabine. Ziv Gil et al revealed that M2-Exos miR-365 impairs the activation of gemcitabine by up regulating the
triphosphate nucleotide pool in cancer cells and inducing cytidine deaminase, thereby reducing the sensitivity of tumor cells to
gemcitabine.”! Radiotherapy plays an important role in tumor treatment. Recent studies have found that M2-Exos LncRNA
AGAP2-ASI reduces the sensitivity of lung cancer to radiotherapy by reducing the expression of miR-296 and increasing the
expression of Notch2. This seems to provide a new scheme to improve the efficacy of radiotherapy.”* In conclusion, M2-Exos in
the tumor microenvironment almost preserve the same functions as macrophages, including promoting tumor cell proliferation,
invasion, metastasis and angiogenesis. In addition, it can also promote immune escape by inhibiting the function of CD4 T cells or
CD8'T cells (Table 2, Figure 3).

NK Cells

NK cell is a kind of innate immune cell, which is the third kind of lymphocyte in parallel with T cell and B cell. NK cells are an
inborn “killer”, which can react quickly without antigen pre stimulation and produce nonspecific killing effect.”>** As the first
line of defense for human body to eliminate tumor cells, the functions of NK cells mainly include: (1) secreting cytotoxic particles
such as perforin and granzyme to induce apoptosis of target cells. (2) Expression of TNF superfamily members in combination
with corresponding receptors induces apoptosis of target cells, such as fas binding Fas ligand (FasL) (3) secreting a large number
of cytokines (IFN-y), growth factors and chemokines, and recruit macrophages, DC cells, T cells and other immune cells to act
together. (4) It expresses Fc receptor (CD16) and mediates ADCC effect.”>° In 2017, Ambrose y. Jong et al proposed for the first
time a new, simpler and different extraction method to separate NK cell-derived exosomes (NK-Exos), and they found that NK-
Exos contained cytotoxic proteins perforin (PFN), Granzyme (Gzm-A and Gzm-B) and granolysin (GNLY). At the same time,
after co-culturing exosomes with tumor cells, they found that exosomes could activate caspase-3, —7 and —9 to induce tumor cell
apoptosis.”” This provides a theoretical basis for the later experimental and clinical study of NK-Exos.
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Byeong-Cheol Ahn et al confirmed that Fas expressed on the surface of NK-Exos combined with tumor cell FasL to induce
apoptosis by activating caspase-8, caspase-3 and PARP 30. At the same time, they also discovered for the first time that NK-Exos
contain TNF-q, and confirm TNF-a can affect the proliferation, survival and apoptosis of melanoma cells.”® In addition, LFA-1
and DNAM-1 can be expressed on the surface of NK-Exos, and the combination of DNAM-1 with corresponding receptors on
the surface of tumor cells can also activate caspase-dependent apoptosis.” In addition, Ambrose Y. Jong supplemented the
cytotoxicity mechanism of NK-Exos. In addition to the caspase-dependent apoptosis pathway in the above studies, there are also
caspase-independent pathways, including: 1. GzmA in exosomes induced degradation of SET and HMG2 proteins in tumor cells;
2. induce tumor cell mitochondria to release cytochrome C into the cytoplasm, which is an important substance in the caspase-
induced apoptosis pathway; 3. GzmB and GNLY in exosomes induce apoptosis of tumor cells by inducing endoplasmic
reticulum stress.'® In addition, NK-Exos can also carry tumor suppressor miR-186 to MYCN amplified neuroblastoma cells
to inhibit the proliferation and migration of tumor cells.'®" Interestingly, hypoxia is one of the characteristics of most solid tumors
and can promote tumor progression. However, a recent study showed that hypoxia can promote the secretion, of NK-Exos and
increase the expression of cytotoxic related molecules, promote tumor cell apoptosis and inhibit tumor cell migration.'® In
conclusion, it can be seen that the mechanisms of NK-Exos killing tumor cells and affecting their killing ability need to be
explored (Table 3, Figure 4).

Table 3 Role of NK Cells and DC Cells Derived Exosomes in Tumor Microenvironment

Source of | Cargo Loaded | Targeted Effect on Tumor | Outcome Reference
Exosomes Cells (+ for Promotion,
- for Inhibition)

NK cells PFN,Gzm-A, Tumor cells - Inducing tumor cell apoptosis [97]
Gzm-B and
GNLY

NK cells FasL and TNF-a. | Melanoma cells | - Inducing tumor cell apoptosis [98]

NK cells DNAM-1 Tumor cells - Inducing tumor cell apoptosis [99]

NK cells PFN,Gzm-A, Tumor cells - Inducing tumor cell apoptosis [100]
Gzm-B and
GNLY

NK cells miR-186 Neuroblastoma | - Inhibition of tumor cell proliferation and migration [1o1]

cell

NK cells FasL, PFN and Tumor cells - Promote tumor cell apoptosis and inhibit tumor cell [102]
Gzm-B migration

DC cells MHC-II CD4" T cells Promote the survival of naive CD4" T cells [103]

DC cells MHC-Il, ICAM-1 | CD4" T cells Promote the survival of naive CD4" T cells [104]

DC cells ICAM-1, CD4" T cells - Induce CD4" T cells to present antigen to CD8" [105]
pMHC-I T cells and induce effective CD8" T cell response

DC cells Poly(I:C) CD8" T cells - Inducing CD8" T cell proliferation and cytotoxicity [106]

DC cells HLA-B related NK cells - Enhance natural killer function [107]
transcript-3

DC cells IL-15Ra and NK cells - Promote NK cells proliferation and activation [108]
NKG2D

DC cells TNF, FasL and NK cells and - Promote tumor cell apoptosis and activate NK cells to | [109]
TRAIL tumor cells secrete IFN-y, further kill tumor cells

DC cells TLR-L Bystander DC - Stimulate a strong innate immune pro-inflammatory [110]

response
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Figure 4 Effect of NK cell derived exosomes on tumor cells.

DC Cells

DC cells are the most powerful specialized antigen presenting cells (APCs) in the body, which can efficiently absorb,
process and present antigens. Immature DC have strong migration ability, mature DC can activate naive T cells

effectively, which is the central link of initiating, regulating and maintaining immune response.'®*'%*

The Effect of Exosomes Derived from DC Cells on T Cells

In addition to the activation of T cells by binding of MHC molecules and TCR on the surface of T cells, exosomes secreted by DC
cells (DC-Exos) also play an important role in the activation of T cells. First, it was found that DC-Exos can promote the survival
of naive CD4" T cells in a manner that induces NF-kB activation through MHC-II binding to the TCR.'® Meanwhile, Elodie
Segura et al showed that mature DC cell-derived exosomes are rich in MHC 11, B7.2 and intercellular adhesion molecule-1
(ICAM-1), exosomes require MHC II and ICAM-1 to initiate naive CD4" T cells, whereas B7.2 is not required.' In turn,
activated T cells recruit DC-Exos via leukocyte function-associated antigen 1(LFA-1).'"” In addition, Xiang et al demonstrated
that OVA protein-pulsed DC-Exos can be targeted for uptake by non-specific CD4" T cells through ICAM-1/LFA —1
interactions; CD4" T cells at this time are able to express an acquired exosome MHC I/OVA I peptide (pMHC I) complex
and costimulatory CD40 and CD80 molecules, and can act as APC cells to stimulate specific CD8" T cell proliferation, cytotoxic
effects and anti-tumor immunity.'”® Poly (I:C), as a ligand of TLR-3, plays an anti-cancer role by activating related signal
pathways. Interestingly, it can also promote DC-Exos to induce CD8 T cell proliferation, cytotoxicity and strong tumor immune
response to cervical cancer, indicating the potential of poly (I:C) in DC-Exos based vaccines to improve cervical cancer.'” In the
process of DC-Exos promoting the function of T cells, B cells play an important role. Firstly, Susanne Gabrielsson et al found that
DC-Exos can provide antigens for B cell activation, and in B cell signal deficient mice, exosomes cannot effectively induce B cell
and T cell responses, proving that B cells play an important role in the process of exosomes inducing naive T cells to differentiate
into Th1. At the same time, the research team also proved that B cells and CD4'T cells are crucial to the CD8'T cell response
induced by DC-Exos''*!"" (Table 3, Figure 5).

The Effect of DC Cell Derived Exosomes on NK Cells
Venkateswara Rao Simhadri et al found that DC cells release HLA-B-related transcription-3 positive exosomes, which
can act as receptors to bind to ligands on NK cells to enhance natural killer function.''? Similarly, DC-Exos also
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overexpress IL-15Ra and NKG2D, which are the key to promote the proliferation and activation of NK cells, and can
promote the secretion of IFN-y by NK cells, enhance the tumor killing effect of NK cells.'" In addition, similar to DC,
DC-Exos express TNF superfamily ligands (TNF, FasL and TRAIL) on their surfaces, which can trigger caspase
activation in tumor cells to directly induce tumor cell apoptosis. TNF in exosomes can also interact with TNF receptor
of NK cells to activate NK cells to secrete IFN-y further kill tumor cells''* (Table 3, Figure 5).

Communication Between DC Cells

DC-Exos can induce bystander DC cell maturation by binding to bystander DC cells and cross-presenting TLR-L, increase the
expression of tmTNF, and enhance the secretion of major pro-inflammatory and immunomodulatory cytokines to effectively
stimulate the intense innate immune pro-inflammatory response and Th1 polarization.''” In addition to exosomes, the commu-
nication between DC cells can also take the form of synapses. The researchers first used ZsGreen fluorescent staining to trace the
melanoma antigen protein of mice in vivo.''® It was found that the antigen in the tumor microenvironment was ingested by
migratory dendritic cells (mDCs), packaged in the form of “vesicles” and entered the draining lymph nodes (TDLNs) with
mDCs. Before being presented to T cells, the antigen would first be transmitted in DC of different subtypes.''® They found that
mDCs entering tdLNs were closely connected with resident dendritic cells (rDCs) in tdLNs, and formed synapses. Vesicle
transfer occurred in the absence of free exosomes, enabling antigen transmission between different DC cells. After this internal
transmission is completed, different DCs will find corresponding T cells to complete antigen presentation. Further studies showed
that this delivery mode also enhanced the downstream tumor antigen presentation cascade''® (Table 3, Figure 5).

MDSC Cells

MDSC is a group of immature bone marrow-derived cells that are activated and mobilized under tumor and other pathological
conditions and have T cell inhibitory function.'"” In terms of cell morphology, MDSC can be divided into two subgroups:
monocyte like MDSC (M-MDSC) and granulocyte like MDSC (G-MDSC).'"® Based on mass spectrometry proteomics and next-
generation sequencing, the exosomes from MDSC (MDSC-Exo) were analyzed, and a large number of proteins and RNAs related
to immunosuppressive function were identified, which provided different and complementary immunosuppressive functions
compared with MDSC. This provides a basis for studying the tumor immunosuppressive effect of MDSC-Exos.'"” Cancer stem
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cells are a kind of cancer cells with similar functions to stem cells. They have the ability of self-renewal and differentiation into
cancer cells, and are considered to be closely related to the occurrence and development of tumors. In colorectal cancer, S100A9 is
highly expressed in G-MDSC-Exos, which can not only promote the dryness and growth of colorectal cancer cells, but also
promote the chemotaxis of G-MDSC to peripheral blood and colorectal tissues, thus weakening the anti-tumor immunity.'*°
Moreover, these effects are particularly significant in hypoxic environments. Therefore, researchers believe that respiratory
hyperoxia may be an effective way to reduce the dryness of colorectal cancer cells, and the exosomal S100A9 from MDSCs may
be an important marker to predict the occurrence and development of colorectal cancer.'° Similarly, in lung cancer, miR-143-3p
increased in G-MDSC-Exos and down regulated membrane protein 2B (ITM2B) to activate PI3K/Akt signaling pathway to
promote tumor proliferation.'*! MDSC-Exos can also target immune cells, which can increase the level of reactive oxygen species
and stimulate Fas/FasL pathway in CD8"T cells to promote CD8 T cell apoptosis, thus exerting immunosuppressive effects.'** In
conclusion, MDSC-Exos play a significant role in promoting tumor cell proliferation, angiogenesis, and immunosuppression.

Perhaps targeting their generation can become one of the adjuvant tumor therapies (Table 4).

Table 4 The Role of Exosomes from MDSC, B Cells, Mast Cells and Neutrophils in the Tumor Microenvironment

Source of Cargo Loaded Targeted cells Effect on Tumor Outcome Reference
Exosomes (+ for Promotion,
- for Inhibition)
MDSC Immunosuppressive Tumor cells + Tumor immunosuppression [19]
function related
proteins and RNA
MDSC SI00A9 Colorectal cancer cells (Induced CAC | + The percentage of total T cells and their [120]
model in BALB/c mice) subsets in peripheral blood and the
number of CD3"CD8"T cells in colorectal
tissues of G-MDSCs-Exo treated CAC
mice decreased, thereby weakening tumor
immunity
MDSC miR-143-3p Lung cancer cell (Including the + Promote the proliferation of tumor [121]
subcutaneous model of C57B6 mice)
MDSC ILs, TNF-0, etc CD8'T cells (MDSC derived + Promote apoptosis of CD8" T cells [122]
exosomes treated C57B6 and Balb/c
mice models)
B cells MHCII, FasL CDA4'T cells Immunosuppression [125]
B cells CDI19 Tumor cells (C57BL/6J, NSG mice, + The production of adenosine inhibits the [126]
Adora2aflox/flox, Rab27afl/fl, Hifl afl/fl, proliferation and killing ability of CD8"*
Cd19-cre mice) T cells
B cells miR-330-3p Non mesenchymal ovarian cancer cells | + To promote its mesenchymal [127]
(Models of subcutaneous transformation
tumorigenesis and peritoneal
metastasis)
Mast cells MHC I, CD86, LFA-I Band T cells Induced its proliferation and cytokine [130]
and ICAM-I| production
Mast cells Exogenous Ags and DC cells Promote its mature to play the role of [131]
endogenous heat antigen presentation
shock proteins
Mast cells OX40L CDA'T cells Promote proliferation and differentiation [132]
Mast cells KIT Lung adenocarcinoma cell + Promote the proliferation of tumor cells [133]
Neutrophils | miR-4466 Brain tumor cells (athymic nude mice, | + Promote tumor cell stem and metastasis [136]
BALB/c mice)
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B Cells

In addition to producing antibodies, exosomes secreted by B cells (B-Exos) also play an important role in tumor
immunity. And some studies have shown that CD40 and IL-4 receptors can stimulate B cells to secrete more
exosomes.'*>"'?* At the same time, as APC, the pMHC II complex carried on the surface of B cells can also induce
the secretion of exosomes of B cells to increase after binding with TCR on the surface of CD4'T cells.'**'** These
studies have laid the foundation for B-Exos to play a role in the tumor microenvironment. Next, we will explore how it
plays a role and what its final effect is. B cell derived lymphoid cell line (LCL) can secrete MHCII" FasL" exosomes and
induce CD4"T cell apoptosis.'?* Similarly, B cells can produce CD19" exosomes, which can highly express CD39 and
CD73. CD39 (exonucleoside triphosphate diphosphate hydrolase) can hydrolyze ATP and ADP produced by tumor cells
to AMP. CD73 can hydrolyze amp to adenosine, which can inhibit the proliferation and killing ability of CDS'T cells.
They also found that hypoxia increased the expression of Rab27a, a key protein for exosome production in B cells, which
in turn increased exosome production.'?® Ovarian cancer, mainly high-grade serous ovarian cancer (HGSC) can be
divided into four subtypes: immune response subtype, differentiation subtype, proliferation subtype and mesenchymal
subtype, the prognosis of mesenchymal subtypes is relatively poor.'?” The study found that the abundance of B cell
subsets correlated closely with the number of mesenchymal subtypes of ovarian cancer cells, and plasma cells can
increase the expression of junctional adhesion molecule B on non-mesenchymal subtype ovarian cancer cells by secreting

exosomes encasing miR-330-3p, thereby promoting their transformation into mesenchymal'?® (Table 4).

Mast Cells

Mast cells are one of the main immune cells in human body, the most important structural feature of mast cells is that
there are a lot of basophilic particles in the cells. Among them, histamine has an important effect on the proliferation,
migration and invasion of tumor cells, while VEGF, FGF, MMP, trypsin and chymotrypsin may play an important role in
different stages of tumor angiogenesis.'?’ Early experiments showed that mast cell-derived exosomes (mast-Exos)
contained immune-related molecules, such as MHC II, CD86, LFA-1 and ICAM-1, which induced B and
T lymphocyte proliferation and cytokine production.'** In addition, they also found that the mast-Exos contain
exogenous Ags and endogenous heat shock proteins, which can induce specific IgG1 and IgG2a antibody responses in
mice, and these exosomes can effectively promote the maturation of DC cells, play the antigen presentation function,
present specific antigen to T cells, and activate T cells."*' OX40L expressed on the surface of mast-Exos can combine
with OX40 on the surface of CD4"T cells to promote the proliferation of CD4'T cells and differentiation into Th cells.'?
These studies have proved that mast-Exos play an important role in tumor immunity as a tool of intercellular commu-
nication. Mast-Exos can also transfer KIT protein to lung adenocarcinoma cells and activate PI3K/AKT signaling
pathway to promote tumor cell proliferation'*® (Table 4).

Neutrophils

Neutrophils participate in different stages of tumorigenesis and development, including tumorigenesis, proliferation and
metastasis. The neutrophil population in the tumor microenvironment shows heterogeneous phenotype and functional
diversity, and plays a dual role of tumor promotion or tumor inhibition in the tumor microenvironment.'**'*> However,
there are few studies on neutrophil-derived exosomes. Recent study has shown that neutrophils transformed to N2 in
a STAT3-dependent manner are recruited in the brain metastasis pre niche under the action of nicotine. The high
expression of miR-4466 in the secreted exosomes can promote the stem and metabolic transformation of tumor cells
through the SKI/SOX2/CPT1A axis in brain tumor cells, thus providing the possibility for metastasis.'*® Neutrophils are
the most abundant immune cells in the circulation, and their secreted exosomes may play more roles in the tumor

microenvironment, which may be a hot cell in future research and drug development (Table 4).
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The Potential Clinical Application of Exosomes Derived from Immune
Cells
The Role of Engineered DC-Exos in Anti-Tumor

In recent years, the role of DC tumor vaccine in tumor therapy has gradually become a research hotspot. DC tumor
vaccines are made by sensitizing DC cells to tumor cell DNA, RNA, tumor Lysis, tumor antigen protein polypeptides.
The powerful presentation function of DCs is utilized to activate T cell immune responses in patients, thus play a role in
the treatment of cancer.'>”'*® In 1998, Amigorena et al validated the surface expression of MHC I and MHC 11, as well
as T cell co-stimulatory molecules, on DC-Exos after tumor peptide pulses in animal experiments. It can induce specific
cytotoxic T cell responses in vivo to exert anti-tumor effects.'*® This opens the way for DC-Exos to be used as tumor
vaccines. In hepatocellular carcinoma, researchers extracted DC-Exos expressing AFP (DEXAFP) and demonstrated that
it can induce potent anti-tumor immune responses in ectopic or orthotopic HCC mice, the immunosuppressive micro-
environment of the tumor was improved, including increased infiltration of CD8 CTL, high levels of IFN-y and IL-2,
decreased levels of the immunosuppressive cytokines IL-10, TGF-B and Treg cells. This study provides evidence that
DC-Exos can be used as a cell-free vaccine for HCC immunotherapy and is effective in controlling HCC progression in
patients.'*® Microwave Ablation (MWA), a form of thermal ablation, is widely used in the treatment of HCC, where the
combination of MWA and DC-Exos significantly inhibited the growth of tumor and effectively improved the tumor
immune microenvironment.'*' In a mouse model of melanoma, the researchers used the TLR-3 ligand poly (I: C), TLR-4
ligand LPS, or TLR-9 ligand CpG-B to stimul DC cells when preparing DC-Exos. When Poly (I: C) was mixed with
ovalbumin (OVA) for the preparation of exosomes, the resulting DC-Exos vaccine was able to strongly stimulate the
proliferation of specific CD8" T and CD4" T cells and promote their effector function.'** In NSCLC, a Phase I study
recruited pre-treated stage IIIB NSCLC patients with MAGE expression and generated DC-Exos loaded with MAGE
antigens demonstrating its safety and efficacy in NSCLC patients.'*> A Phase II trial tested the clinical efficacy of IFN-y-
DC-Exos loaded with MHC I and II as post-chemotherapy immunotherapy in patients with inoperable NSCLC, and
found that IFN-y-DC-Exos enhanced NKp30-dependent NK cell function, but had no effect on specific T-cell
responses.'**

ICB has recently played an important role in the immunotherapy of tumors, but its efficacy in most tumors is limited,
which requires a combination of multiple therapeutic approaches. Li et al engineered DC-Exos with anti-CD3 and anti-
EGFR to prepare DC-Exos as a “Bridge” between tumor cells and activated T cells. DC-Exos can not only promote T cell
proliferation and differentiation through MHC-antigenic peptide complex and CD86 costimulatory molecules, but also
mediate the binding of activated T cells to cancer cells.'** In addition, DC-Exos showed excellent anti-tumor activity in
mouse tumor model, and effectively inhibited tumor recurrence and metastasis. In particular, the researchers found that
DC-Exos enhanced the anti-tumor immune response and promoted the expression of PD-L1, an immune checkpoint in
tumor tissue. Therefore, combined anti-PD-L1 ICB therapy effectively reduced the immune escape of tumor cells and
further enhanced the therapeutic effect of DC-Exos on solid tumors.'*® In addition, Jong Oh Kim et al also prepared
a CTLA-4 antibody-modified DC-Exos, which is able to target T cells, effectively induce T cell activation, and increase
the ratio of effector T cells/Tregs in tumor tissue, induced a robust tumor-specific T cell killing response and improved
tumor homing of effector T cells, ultimately significantly suppressing tumor growth.'*® These results suggest that the
combination of DC-Exos and immune checkpoint therapy may play a better role in cancer therapy.

The Role of Engineered Macrophage-Derived Exosomes in Anti-Tumor

M1 macrophages play a pro-inflammatory role in the tumor microenvironment, and based on their anti-tumor properties,
most exosomes of engineered macrophages are derived from M1-type. After the M1-Exos were extracted, the researchers
found, by tracing techniques, that these exosomes were taken up by macrophages and DC cells in mice and promoted the
release of pro-inflammatory factors. At the same time, these exosomes enhanced the activity of the lipid-calcium
phosphate nanoparticle-encapsulated Trp2 vaccine and induced a stronger antigen-specific cytotoxic T-cell response.'*’
Chen et al co-cultured M1-Exos with MO macrophages and found that exosomes could activate the NF-kB pathway of

MO macrophages and promote the polarization of M0 toward M1, in addition, a lot of inflammatory cytokines (IL-6, IL-
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12 and TNF-0) were released to establish the local inflammatory microenvironment.'*® On this basis, they used acoustic
technology to make exosomes loaded with paclitaxel, and in vitro cytotoxicity experiments found that the same dose of
paclitaxel after exosome-loaded tumor cells increased inhibition. The in vivo 4T1 tumor-bearing mice experiment further
proved that the therapeutic effect of paclitaxel was more significant after the exosome was loaded with paclitaxel.'*®
Similarly, Wang et al favored electroporation of Cisplatin into M1-Exos, which significantly enhanced the proliferation
inhibition and apoptosis rate of lung cancer cells.'*’ In addition to simply encapsulating chemotherapeutic drugs, Wei
et al constructed M1-derived extracellular vesicles (CCA-M1EV) that were treated with two hydrophobic agents
(chemical excitation source CPPO and photosensitizer CE6) to label the membrane of EVs, AQ4N drug precursors
were loaded into the vesicles. After intravenous injection, the inherent physicochemical properties of CCA-MI1EV allow
it to cross the blood-brain barrier and modulate the immunosuppressive tumor microenvironment by promoting M2 to
M1 polarization, thereby increasing hydrogen peroxide levels.'>® In addition, hydrogen peroxide reacts with CPPO to
produce chemical energy that can be used for the activation of Ce6, and this process also generates large amounts of
reactive oxygen species to achieve chemo-stimulated photodynamic therapy (CDT). As this reaction consumes oxygen, it
also causes the non-toxic AQ4N to turn into toxic AQ4 for chemotherapy. Therefore, CCA-MIEV achieves the
synergistic effect of immunoregulation, CDT and hypoxia-activated chemotherapy, and plays a powerful therapeutic
role."*°

M2 macrophages play an important role in promoting tumor growth in the tumor microenvironment, and M1-Exos
also play an important role in promoting repolarization of M2 macrophages. Lee et al constructed IL4R-Exo(si/mi) and
transfected M1-Exos with NF-B p50 siRNA and miR-511-3p to enhance M1 polarization, they were surface modified
with IL4R binding peptide ILARPep-1 to target the IL4 receptor of TAMs. In M2 macrophages, IL4R-EXO (si/mi) was
taken up by M2 macrophages. The systemic administration of IL4R-Exo(si/mi) could effectively inhibit tumor growth,
down-regulate target genes, decrease the levels of M2 cytokines and immunosuppressive cells, and increase the levels of
M1 cytokines and immunostimulatory cells.'>' On this basis, the researchers also explored whether repolarization of
macrophages by exosomes could enhance the anti-cancer efficacy of aPD-L1. Exosome treatment induced M2 macro-
phages to polarize into M1 macrophages in vitro and in vivo. Exosomes were injected intravenously into tumor-bearing
mice to inhibit tumor growth. Importantly, the combination of simultaneous injection of MINV and aPD-L1 further
reduced tumor size compared with MINV or aPD-L1 alone.'>* Interestingly, the researchers introduced nuclei isolated
from tumor cells into activated M1 macrophages and then produced biologically reprogrammed macrophage-tumor
chimeric exosomes (aMT-exos). This exosome can play a dual role in both increasing T cell production and regulating the

immunosuppressive tumor microenvironment.'>®

The Role of Engineered NK-Exos in Anti-Tumor

The anti-apoptotic protein BCL-2 is highly expressed in multiple tumors and is associated with poor prognosis, and
Melanie M érklin et al used lentiviral transfection of the NK cell line NK92MI to express BCL-2 siRNA (siBCL-2) and
load it into exosomes, targeting BCL-2 via siBCL-2 NK-Exos resulted in enhanced apoptosis of breast cancer cells
without affecting other cells.'>* Similarly, NK-Exos coated with paclitaxel (PTX-NK-Exos) were successfully prepared
by electroporation, it can be taken up by human breast cancer cells to increase the apoptosis rate of MCF-7 cells by
inducing Bax and caspase-3 in the tumor cell apoptosis signaling pathway.'>> The researchers also used NK-Exos and
their biomimetic core-shell structure nanoparticles (NNs) to target tumors. NNs self-assemble with dendritic polymer
cores loaded with therapeutic miRNA and hydrophilic NK-Exos shells, and NK-Exos directs NNs to tumors and interacts
with the plasma membrane of target cells via endocytosis/fusion or FasL/Fas. Finally, therapeutic miRNA are released

and regulate the transcriptome batch or gene of the cell, exerting a combined antitumor effect with NK-Exos.'>®

The Role of Exosomes Derived from Other Engineered Immune Cells in Anti-Tumor
In Zhang et al’s study, they first demonstrated that neutrophil exosomes can induce tumor cell apoptosis by delivering
cytotoxic proteins and activating caspase signaling pathways. Furthermore, neutrophil exosomes modified superpara-
magnetic iron oxide nanoparticles (SPIONs) were also prepared to achieve more efficient tumor targeted therapy. Studies
have shown that superparamagnetic neutrophil exosomes loaded with chemotherapy drug doxorubicin (DOX) can be
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highly targeted and enriched at tumor sites under the action of external magnetic field, playing a powerful role in
inhibiting tumor proliferation.'>” Interestingly, researchers have also developed a CD8" T-cell-derived nanovesicles
(TCNVs), which are nanoscale vesicles generated by the continuous extrusion of cells, which are more productive than
naturally secreted exosomes and contain more RNA and protein. Cytotoxic T cell membrane proteins (such as PD-1 and
TGF-f receptors: TGF-BR) and intracellular granzyme B were preserved in TCNVs. PD-1 and TGF-BR can interact with
PD-L1 and TGF- in the TME on cancer cells, respectively, preventing PD-L1 or TGF-B from leading to depletion of
CDS8" T cells. In addition, TCNVs can directly induce cancer cell apoptosis by delivering granzyme B to cancer cells.'®

In the future, there will be many exosomes derived from immune cells, which will be gradually perfected by
engineering to play a role in tumor therapy, in addition, we need to conduct a large number of cells, animal and clinical
trials to verify their efficacy.

Conclusion and Outlook

The role of tumor-derived exosomes in the microenvironment, as important signal and material transport vehicles, has
become a research hotspot in recent years, and drug delivery systems that target its biocompatibility have also played
a role in cancer treatment. Cell-to-cell communication is never one-way, and in addition to tumor cells, other stromal
cell-derived exosomes in the microenvironment, especially immune cells, cannot be ignored. The double-edged sword
effect and mechanism of exosomes derived from different immune cells in tumor microenvironment were discussed in
this paper, and the roles of these exosomes in tumor therapy were summarized. However, the role of these exosomes as
drug delivery tools for cancer therapy remains to be explored:

1. The exosomes derived from different immune cells in different populations are heterogeneous. How to overcome
the heterogeneity and seek the exosomes that can play the most important role.

2. Tumor heterogeneity is also enormous, for different tumors to select specific to play the most effective exosomes.

3. It is important to ensure that engineered exosomes deliver targeted tumor-killing effects without affecting other
cells.

4. Tumor immune microenvironment is complex, whether these exosomes can overcome the role of immunosup-
pressive factors and immunosuppressive cells in the microenvironment, so that immune killer cells play a greater
role.

With the development of immunotherapy, drug delivery tools based on exosomes derived from immune cells may
become another important breakthrough in immunotherapy.
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