& frontiers | Frontiers in Immunology TYPE Review

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Xiao Liang,
Sichuan University, China

REVIEWED BY
Muhammad Nawaz,

University of Gothenburg, Sweden
Afsheen Raza,

Hamad Medical Corporation, Qatar

*CORRESPONDENCE
Zhijia Xia
Zhijia.Xia@med.uni-muenchen.de
Qin Wang
WangQ@swmu.edu.cn

These authors have contributed equally to
this work

SPECIALTY SECTION

This article was submitted to
Cancer Immunity

and Immunotherapy,

a section of the journal
Frontiers in Immunology

RECEIVED 04 November 2022
AccepTED 30 December 2022
PUBLISHED 18 January 2023

CITATION
Gong X, Chi H, Strohmer DF,
Teichmann AT, Xia Z and Wang Q (2023)
Exosomes: A potential tool for
immunotherapy of ovarian cancer.

Front. Immunol. 13:1089410.

doi: 10.3389/fimmu.2022.1089410

COPYRIGHT

© 2023 Gong, Chi, Strohmer, Teichmann,
Xia and Wang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Immunology

PUBLISHED 18 January 2023
po110.3389/fimmu.2022.1089410

Exosomes: A potential tool for
immunotherapy of ovarian cancer

Xiangjin Gong™, Hao Chi?!, Dorothee Franziska Strohmer?,
Alexander Tobias Teichmann®, Zhijia Xia** and Qin Wang*

tSouthwest Medical University, Luzhou, China, 2Clinical Medical College, Southwest Medical University,
Luzhou, China, *Department of General, Visceral, and Transplant Surgery, Ludwig-Maximilians-
University Munich, Munich, Germany, “Sichuan Provincial Center for Gynecology and Breast Diseases
(Gynecology), Affiliated Hospital of Southwest Medical University, Luzhou, China

Ovarian cancer is a malignant tumor of the female reproductive system, with a very
poor prognosis and high mortality rates. Chemotherapy and radiotherapy are the
most common treatments for ovarian cancer, with unsatisfactory results.
Exosomes are a subpopulation of extracellular vesicles, which have a diameter
of approximately 30-100 nm and are secreted by many different types of cells in
various body fluids. Exosomes are highly stable and are effective carriers of
immunotherapeutic drugs. Recent studies have shown that exosomes are
involved in various cellular responses in the tumor microenvironment,
influencing the development and therapeutic efficacy of ovarian cancer, and
exhibiting dual roles in inhibiting and promoting tumor development. Exosomes
also contain a variety of genes related to ovarian cancer immunotherapy that could
be potential biomarkers for ovarian cancer diagnosis and prognosis. Undoubtedly,
exosomes have great therapeutic potential in the field of ovarian cancer
immunotherapy. However, translation of this idea to the clinic has not occurred.
Therefore, it is important to understand how exosomes could be used in ovarian
cancer immunotherapy to regulate tumor progression. In this review, we
summarize the biomarkers of exosomes in different body fluids related to
immunotherapy in ovarian cancer and the potential mechanisms by which
exosomes influence immunotherapeutic response. We also discuss the
prospects for clinical application of exosome-based immunotherapy in
ovarian cancer.
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1 Background

Ovarian cancer is one of the three major gynecological malignancies, accounting for
approximately 2.5% of all female cancers (1). The 5-year survival rate for early-stage I ovarian
cancer is 70%, compared to less than 29% for advanced stage IIT or IV (1). Currently available
treatments for ovarian cancer mainly include chemotherapy, radiotherapy, surgery, and
targeted therapy (2). Among them, chemotherapy and radiotherapy are the most effective
means to treat ovarian cancer in clinical practice; however, they have disadvantages including
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adverse reactions, drug resistance, and long-term complications (3).
In the context of significant advances in drug screening technology
(4), there has been increasing interest in the development of oncology
drugs that harness new cancer treatment strategies to overcome these
problems. Cancer immunotherapy is a therapeutic method to control
and eliminate tumors by regulating the immune function of tumor
cells (5). Cancer immunotherapy can enhance the immune system
and facilitate a durable response, which is suitable for a variety of
cancers and can harness the immune system to reactivate the
anticancer immune response that overcomes tumor escape (6).
Treatments include adoptive cell transfer, nonspecific immune
stimulation, vaccination strategies, and immune checkpoint
blockade (2).

In recent years, exosome-based immunotherapy for ovarian
cancer has become a research hotspot. Exosomes refer to small
membrane vesicles with a diameter of 30-100 nm, which contain
complex RNA, proteins, lipids, sugars, and nucleic acids (7, 8).
Exosomes act on receptors on the cell membrane or directly fuse
with the membrane of target cells to participate in local and distant
information conduction (9). Exosomes can also be used as potential
biomarkers for ovarian cancer (10). Meanwhile, exosomal miRNAs
are biomarkers for the diagnosis and prognosis of ovarian cancer (11).
Indeed, increased cytoplasmic expression of CD24 is a marker of
reduced survival in patients with serous adenocarcinoma of ovarian
cancer and is one of the biomarkers of epithelial ovarian cancer (12).
In addition, claudin-4 protein is released by ovarian cancer cells and is
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FIGURE 1

Interactions between exosomes, cancer cells, and immune cells in the tumor microenvironment.
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highly expressed in the peripheral circulation of of ovarian cancer
patients. Therefore, exosomes are valuable as screening biomarkers
for the detection, diagnosis, and prognosis of ovarian cancer (13).
Exosomes are widely present in the tumor microenvironment
(TME), which consists of surrounding non-malignant cells, non-
cellular components, extracellular matrix (ECM), and signaling
molecules (14). Exosomes are a double-edged sword in the TME,
playing an important role in the mutual regulation of tumor and
immune cells (Figure 1). Cancer cells can provide an appropriate
microenvironment for the development of cancer by regulating
immune cells with exosomes, such as via cell proliferation, drug
resistance, angiogenesis and metastasis, and immune regulation (15).
Meanwhile, exosomes secreted by cancer cells can change different
types of stromal cells, and promote the growth and invasion of cancer
cells, as well as tumor angiogenesis (16). In contrast, immune cells
activate immune responses in the TME through exosomes (17).
Exosomes exhibit immunogenicity and cell transfer function (18).
Exosomes show high antitumor activity in a variety of tumors,
promote the expansion of regulatory T cells, inhibit the
proliferation and activation of CD8+ T cells, and play an
immunosuppressive role. Researchers have found that dendritic
cells (DCs) and tumor-secreted exosomes enable antigen
presentation and T cell stimulation by expressing numerous major
histocompatibility complex class I molecules (MHC-I) and tumor
markers, and trigger CD8+ T cell-dependent antitumor responses in
vitro and in vivo (19). Therefore, exosomes have great potential in
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cancer immunotherapy and may become the most effective vaccine to
stimulate the anti-cancer immune response and serve as a vehicle for
targeted anti-gene drugs (20, 21).

This review focuses on exosomes as biomarkers in tumor
diagnosis, their role in the TME, and as immunotherapy tools for
ovarian cancer.

2 Exosomes in tumor diagnosis

Exosomes are widely found in various body fluids (including
ascites, blood, urine, emulsion). In the last decade, exosomes have
been suggested to have potential as immunotherapy markers due to
their particularity (22, 23). First, exosomes may be superior to some
traditional diagnostic methods in terms of sensitivity and specificity,
and exosomes contain a variety of bioactive molecules, resulting in
less interference (24). Second, exosomes are highly stable and do not
degrade in the extracellular environment. Finally, exosomes are
widely present in various body fluids. Indeed, the serum exosomes
of patients with ovarian cancer contain significantly more circ-
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0001068 (a novel biological marker) than those of healthy
volunteers (25). Studies have found that exosomes in ascites are
related to tumor invasion, metastasis, and survival time, and
exosomes are highly expressed in ascites (26). Additionally,
exosomes from ovarian cancer ascites containing CD147 could be
used to monitor treatment response (27). Currently, exosome-based
diagnostic kits for clinical diagnosis have been approved by the US
Food and Drug Administration (28). This section summarizes
exosomes in different body fluids (Figure 2).

2.1 Exosomes in ascites

Various factors contribute to the composition of cancer ascites,
including tumor cells, fibroblasts, immune cells, and non-cellular
items, such as cytokines, proteins, and exosomes (29), which together
regulate the malignant phenotype and biological behavior of tumor
cells (30
ascites of cancer patients, and ascites-derived exosomes present as

). Numerous tumor-derived exosomes accumulate in the
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up a new direction in the field of cancer immunotherapy (31). The
complexity of ascites determines the multi-origin of ovarian cancer
exosomes. Indeed, the source cells of ovarian cancer exosomes may
include T cells, B cells, DCs, and ovarian cancer cells (32). Meanwhile,
exosomes play crucial roles in tumor immune escape by inducing
apoptosis of immune cells (33, 34). Other studies have found that L1
cell adhesive molecules can effectively inhibit the spread of ovarian
cancer cells, and CD24 protein is a biomarker of poor prognosis of
ovarian cancer (35, 36). Additionally, exosomes has been shown to
significantly promote the migration of ovarian cancer cells and
increase chemotherapy resistance under a hypoxic environment
(37). In this way, exosomes can serve as potential biomarkers of
ovarian cancer cells’ proliferation, metastasis, and immune
escape (38).

Peng et al. isolated exosomes from ascites of patients with ovarian
cancer to stimulate PBMCs, and tested the cytotoxicity of PBMCs on
ovarian cancer cells (39). Even though exosomes themselves did not
affect the invasion and metastasis of ovarian cancer cells, they could
impair the cytotoxicity of PBMC in the presence of DCs, thereby
achieving anti-tumor immunity. Secretions isolated from patients
with ovarian cancer without chemotherapy or radiotherapy using
ultracentrifugation and the fluid secretion of body surface markers
were analyzed. The results showed significant levels of CD63 and CD9
expression on the surfaces of exosomes in ovarian cancer ascites.
Furthermore, the researchers demonstrated that ascites exosomes
affect the invasion and metastasis of ovarian cancer cells. Exosomes
from patient ascites transferred miR-6780b-5p to ovarian cancer,
thereby promoting the metastasis, invasion, and proliferation of
ovarian cancer cells (26). Two cargo proteins, CD24 and EpCAM,
were found in exosomes from malignant ascites of patients with
ovarian cancer. Studies have demonstrated that CD24 is a diagnostic
biomarker for poor prognosis of ovarian and other cancers (40).
Therefore, exosomes possess potential value in the diagnosis,
metastasis, and progression of patients with ovarian cancer.

2.2 Exosomes in serum

New advances have been made in the early diagnosis of ovarian
cancer. Recent studies have illustrated that exosomes derived from
ovarian cancer contain miRNA, EpCAM, CD24, and other molecules
(41-43). Several cancers are characterized by overexpression of
EpCAM, which is associated with the proliferation of epithelial
cells during tumorigenesis and development (44-46).
Glycosylphosphatidylinositol (GPI) links CD24 to the cell surface,
and is present in multi-vesicular bodies in the cytoplasm. The
quantity of CD24 is closely correlated with the amount of EpCAM
in the cytoplasm (47, 48). Exosomes release CD24 into the
extracellular microenvironment, which can serve as a tumor marker
and predict prognosis for ovarian cancer (49). Increased expression of
CD24 indicates an increased invasion rate, poor prognosis, and
reduced survival rate of patients with ovarian cancer (42). EpCAM
has been detected in exosomes isolated from serum of patients with
ovarian cancer, which confirmed the presence of diagnostic miRNAs
in exosomes (50). A further study showed that serum exosomes from
patients with ovarian cancer contained higher levels of mRNA and
miRNA than those from healthy people (51), which provided a basis
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for tumor-derived exosomes to participate in the transport of genetic
material between cells. This also demonstrates that diagnostic
miRNAs in serum exosomes of patients with ovarian cancer can be
used for the diagnosis of ovarian cancer (52, 53).

A study by Shen et al. found a positive correlation between tumor
stage and claudin-4 expression in serum exosomes from patients with
ovarian cancer (54). In ovarian cancer tissues with a high level of
malignancy, Yang et al. extracted exosomes from serum and found
miR-214-3p was highly expressed, which might serve as a biomarker
for ovarian cancer diagnosis and prognosis in serum exosomes (55,
56). In patients with ovarian cancer, serum exosome miR-222-3p was
more strongly expressed than in healthy women (57, 58). Patients
with intermediate and advanced ovarian cancers had higher levels of
exosomal miR-200b and miR-200c expression than those with early-
stage ovarian cancers (59, 60). It is common for patients with ovarian
cancer to develop malignant ascites as their disease progresses; thus,
non-invasive detection based on serum exosome miRNA profile has
potential value as a new biomarker for early screening and diagnosis
of ovarian cancer. Ovarian cancer serum contains significantly more
exosomes than benign ovarian tumor serum and normal serum (61).
Additionally, patients with advanced ovarian cancer have been found
to have significantly more proteins in their exosomes than those with
early ovarian cancer (62, 63). It is reasonable to assume that exosome
protein contents can be used as a biomarker to identify ovarian
cancer stages.

2.3 Exosomes in plasma

Different proteins and Rnas have different effects on
immunotherapy. Under normal physiological conditions,
programmed cell death protein 1 (PD-1) prevents autoimmunity
and keeps T-cell responses within the required physiological range to
prevent excessive inflammatory responses from harming the body.
But in cancer, PD-1 protects tumor cells from anti-tumor T cell
responses, leading to tumor immune escape (64). Cytotoxic T
lymphocyte-associated protein 4 can act as an immune checkpoint
and down-regulate immune response. It is currently considered as a
promising immunosuppressive drug. MiRNA-424 in extracellular
vesicles of tumors inhibits CD28-CD80/86 co-stimulatory pathways
in T cells and dendritic cells, leading to resistance to immune
checkpoint blocking. Modified extracellular vesicles that knock
down this miRNA can enhance the efficacy of cancer immune
checkpoint suppression therapy (65). The composition of plasma is
complex and contains various proteins and RNA which may affect
tumor immune response. Serum is a fluid collected after blood
clotting, which screens out fibrinogen and clotting factors, and
increases clotting products. In the process of coagulation, platelets
secrete a large number of exosomes, which affects the accuracy of
research results (66).

The overall protein level of exosomes in the plasma of patients
with ovarian cancer is higher than that of benign tumors or healthy
people, and the expression of miRNA in the exosomes in cancer cell
lines, tumor tissues, and plasma has been shown to be significantly
different (67). The plasma samples contain abundant soluble proteins
(such as albumin and fibrinogen) as well as lipoprotein particles and
exosomes. Circulating immunoglobulins in plasma bind to tumor-
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derived exosomes, inducing antibody responses to tumor antigens
and weakening complement-mediated cytotoxicity against tumor
cells (68). Plasma exosome PD-L1 enables cancer cells to evade
antitumor immunity. Exosomes deliver PD-L1 from the original
cancer cells to other cell types with low or no expression of PD-L1,
inhibiting systemic antitumor immunity (64). In addition, specific
circulating mirnas (such as miR-21-5p, miR-24-3p, etc.) in the whole
plasma and plasma exosomes can be used as predictive biomarkers of
anti-PD-1/PD-L1 therapeutic response (69). Plasma IncRNA
HOTAIR has been shown to promote the development of tumor
and influence the poor prognosis of tumor (70). Due to the complex
composition of plasma samples, the influence of free proteins on
exosome separation cannot be ignored (71). Researchers found that
when compared to conventional biomarkers, exosomes can be
considered to have far greater stability (72), as well as being
available at considerably higher volumes in the plasma of patients
with ovarian cancer compared to healthy people (73, 74).

If the exosomes isolated from plasma contain a large number of
free heterotrimeric proteins, subsequent proteomic data analysis will
be seriously affected. Not only is the number of detected exosomal
proteins limited, but the reduced number of detected proteins leads to
a decrease in the abundance of most of the major proteins, which
affects the subsequent differential analysis and validation. At present,
how to best isolate exosomes is a great challenge. Among the existing
exosome separation technologies (75), most researchers prefer
differential centrifugation. However, the number of proteins
detected after the separation of plasma exosomes by differential
centrifugation is less than 300, and the heterotrimeric proteins
cannot be effectively removed. Another exosome separation
technique, molecular size-based exclusion chromatography (SEC),
can obtain exosomes with high purity, which is sufficient for
subsequent nucleic acid studies (76, 77). Therefore, the SEC
method is being increasingly favored by exosome researchers.
However, the SEC method can lead to lipoprotein impurity
contamination and has room for improvement.

2.4 Exosomes in urine

The study found that ovarian cancer has unique metabolic
characteristics in urine, so urine can be used as the basis for clinical
diagnosis and classification of ovarian cancer (78). MiR-15a was
significantly up-regulated and let-7a was down-regulated in the
urine of ovarian cancer patients, showing potential as a specific
diagnostic marker for ovarian cancer (79). The sensitivity and
specificity of HMGALI in ovarian cancer urine are high, and the
detection of HMGAL1 level in urine can be used as the basis for the
diagnosis of serous ovarian cancer (80). Serum biomarker CA125 is
an FDA-approved biomarker for ovarian cancer, and urine HE4 is the
first marker after CA125 to be approved by the FDA for the diagnosis
of ovarian cancer (81). Urinary mesothelin is also a good diagnostic
marker for ovarian cancer (82). However, the negative news is that
mucinous ovarian cancer does not express HE4, but CA125. In other
words, these markers are limited and can only be used as diagnostic
markers for specific types of ovarian cancer. In addition to these
substances, all types of ovarian cancer urine contains rich and easily
enriched exosomes with stable structure. Urinary exosomes are small
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vesicles secreted into the urine by renal epithelial cells (83) via two
mechanisms: one is the direct shedding or budding of cell membrane,
and the other is the fusion of intracellular multivesicular bodies with
the plasma membrane, in which the specific exocytotic vesicles
secreted by plasma membrane are urine exosomes. The separation
methods of urine exosomes include simple high-speed centrifugation
(84), sucrose gradient high-speed centrifugation, and reagent
precipitation (85). Isolated urine exosomes have been found to
have signature proteins and corresponding particle sizes by
immunoelectron microscopy and nanotracer analysis.

Proteins of urine exosomes are derived from glomeruli, renal
tubules, prostate, and bladder cells, indicating that exosomes in urine
are secreted by cells of the kidney and other urinary organs (86, 87).
In addition to proteins, urine exosomes also contain nucleic acids.
Indeed, it has been found that urine exosomal RNA is more
advantageous than total urine mRNA as a marker of kidney disease
(88). Because the membrane structure of urine exosomes can reduce
the degradation of RNA enzymes, their stability is higher (89).
Additionally, RNA quality analysis and high-throughput sequencing
of urinary exosomes revealed that the most important RNA in urinary
exosomes is small RNA (90), including miRNA, which is a small non-
coding RNA that plays a regulatory role in mRNA processing. RNA,
especially miRNA, not only has important applications in the field of
renal biomarkers (91), but also suggests the value of exosomes as a
basis for biological therapy. MiR-92a is significantly up-regulated in
the urine of patients with ovarian cancer, and can be used as a
diagnostic marker for ovarian cancer (15). In addition, urinary
exosome miR-106b was significantly down-regulated in ovarian
cancer samples, showing certain diagnostic potential (92). Urinary
exosome miRNA-21 has been widely studied as an emerging
biomarker for the diagnosis of prostate cancer, which induces
cancer cell proliferation and invasion by regulating the expression
of multiple tumor related genes (93). Urinary exosome miR-4516 also
marks premature ovarian failure (94).

Exosomes promote the development of ovarian cancer by
regulating the biological behavior of tumor cells. Zhou et al. found
that microRNA-30a-5p was highly expressed in urine exosomes of
patients with ovarian cancer, and once the miR-30a-5p gene was
knocked down, the proliferation and migration of ovarian cancer cells
could be significantly inhibited (56, 95).

3 Roles of exosomes in the TME

Increasing experiments have proved that cancer cells secrete more
exosomes than normal cells. Different exosomes carry different
proteins, miRNAs, and other substances (96). Exosomes in ovarian
cancer play an important role in tumor occurrence and development
(97). We will describe the role of exosomes secreted by different cells
in the TME (Figure 3, Table 1).

3.1 Exosomes released by tumors

Studies have found that exosomes carrying relevant molecules
(including proteins and miRNAs) can be released from tumor cells
and stromal cells in the TME, and interact with immune cells in TME
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FIGURE 3
Bidirectional effects of exosomes from different sources in the tumor microenvironment.
TABLE 1 Role of exosomes from different cell sources in the tumor microenvironment.
Source of exosomes Material Object Role Reference
CD8+T cells mRNA, miRNA Malignant tumor Affects tumor development (98)
miR-765/PLP2 UCEC Inhibition of estrogen to promote UCEC (99)
CD4+T cells FasL T cells Induced T cell apoptosis and immune disorders (100)
miRNA-150 Lymphoid tissue Serum markers (101)
B cells DC vaccine T cells Inhibition of immune suppressive cytokine production (102)
NK cells Perforin Fas/FasL Tumor cells Cytotoxicity, tumor cell apoptosis (103)
Immune components Tumor cells Immunomodulatory, reverse tumor immune suppression (104)
DCs MHC I, MHCII TME The immune response is dysfunctional (105)
Neutrophil granulocyte Cytotoxic protein Tumor cells Induction of apoptosis (106)
Adriamycin Glioma No limitations, promising treatments (107)
Macrophages miRNA Ovarian cancer Immune suppression, promote cancer development (108)
miR-193a-5p Tumor cells Promote tumor invasion (109)
IncRNA Cancer cells Aerobic glycolysis, anti-apoptosis ability of cells (110)
Mast cells KIF protein Tumor Promote cancer cell proliferation (111)
UCEC, Endometrial cancer.
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to conduct information transmission (112). Exosomes released by
tumors provide a suitable microenvironment for tumor cells, but also
inhibit the metastasis, occurrence, and development of tumor cells
(38, 113).

Ovarian cancer, unlike other cancers, invades the abdominal
cavity through ascites (114). Early ascites contains isolated tumor
cells, various immune cells, mesothelial cells, and tumor-associated
exosomes. These exosomes carrying protein signals specific for
ovarian cancer can be isolated from the ascites and serum of
patients with ovarian cancer (1). These exosomes can be used as
biomarkers for early diagnosis of ovarian cancer. Exosomes secreted
by ovarian cancer not only reveal the role of early malignant tumors,
but also promote metastasis (115).

A common prerequisite for ovarian cancer metastasis is the
formation of a premetastatic niche, which is the microenvironment
formed at the distal sites by factors including exosomes secreted by
ovarian cancer (116). The premetastatic niche requires immune
suppression and evasion, angiogenesis, cancer-associated fibrocytes
and tumor macrophages that reshape the stroma of the primary site
(117). Studies have also shown that exosomal miRNAs play an
indicative role in the pre-transfer niche (118). Exosomes translocate
exfoliated miRNAs to tumor cells and their associated macrophages
(TAM) and mesothelial cells to regulate the gene expression of target
genes (119). However, ovarian cancer metastasis still faces an
important barrier to the immune system. The mechanism of anti-
tumor immune response in patients with ovarian cancer is disrupted
precisely because exosomes suppress the immune response against
the tumor (120). Exosomes secreted by ovarian cancer can induce T-
cell arrest to achieve immune escape from cancer cells (121).
Cytokines are closely associated with tumor progression and
immune response (122, 123), and there is evidence that IL-6
promotes distant metastasis in ovarian cancer (124). In other
cancers, exosomes have been found to induce IL-6 production in
monocytes through a Toll-like receptor (TLR). IL-6 is then involved
in signaling and transcription of activator 3 (STAT3) in immune cells,
stromal cells, and tumor cells to complete immune escape and realize
cancer cell metastasis (125). Additionally, exosomes evade immune
surveillance by inhibiting NK cell function (126), inhibiting dendritic
cells differentiation (127), and promoting myeloid inhibitory cell
differentiation (128). In the omental TME, exosomes secreted by
stromal cells contain miR-21, which can change the malignant
phenotype (cancer cell movement and invasion) of metastatic
ovarian cancer cells, indicating a new direction for the inhibition of
ovarian cancer metastasis (129).

At the same time, exosomes from ovarian cancer can induce
apoptosis of DCs, hematopoietic stem cells, and peripheral blood
lymphocytes in the microenvironment, and inhibit anti-tumor
immune response (130). In a study on exosomes from ovarian
cancer researchers prepared two sets of culture groups, one with
exosomes from malignant ovarian cancer ascites and the other with
peritoneal lotions from benign ovarian cancer patients. Normal
peripheral blood lymphocytes were added for co-culture and then
lymphocytes were extracted for low gene expression analysis. The
results showed that 26 immunosuppressive genes were overexpressed
in lymphocytes of the malignant ovarian cancer ascites culture group
compared to the benign ovarian cancer group, indicating that
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exosomes inhibit the immunity of lymphocytes through direct
interaction with leukocytes (1). Exosomes have also been shown to
silence immune cells in the TME, while their phosphatidylserine has
been shown to inhibit T cell activation and shorten the growth phase
of ovarian cancer (131).

3.2 Exosomes derived from T cells

Different T cells have different cell surface differentiation antigens
(CD), which can be divided into CD4+ and CD8+ subsets. CD4+ T
cells recognize exogenous antigenic peptides presented by MHC class
IT molecules, while CD8+ T cells recognize endogenous antigenic
peptides presented by MHC class I molecules (132). The number and
ratio of T lymphocyte subsets can be used as important indices of
cellular immune function (133) in the context of viral infection,
cancer, autoimmune diseases, and organ transplant, playing an
important role in guiding treatment and prognosis (134). Such as
malignant tumors, hereditary immunodeficiency diseases, AIDS, and
CD4+T lymphocyte depletion in patients on immunosuppressive
drugs (135). An increase in CD8+T cells may indicate autoimmune
disease or chronic viral infection, such as chronic active hepatitis or
tumor (136). Additionally, if the ratio of CD4/CD8 after
transplantation is increased compared to that before transplantation,
the patient may have suffered a rejection reaction (137). In the field of
tumor immunotherapy, exosomes derived from T lymphocyte subsets
have attracted extensive attention based on the various indicative effects
of CD8+ and CD4+ T cells.

3.2.1 CD8+ T cell-derived exosomes

The cells in the TME directly affect the occurrence, development,
and metastasis of tumors through their interactions (138). CD8+ T
cells play an indispensable role in the TME, and CD8+ T cells
infiltrating tumor tissues are associated with the prognosis of
human malignancies (139). CD8+ T cells can not only kill tumors
(140, 141), but also induce the production and release of specific
substances (mMRNA, miRNA, protein, and lipid) by acting on recipient
tumor cells, which can affect tumor development (98) (Table 2).

Endometrial cancer (UCEC) is one of the most common
gynecological malignancies, with approximately 200,000 cases
diagnosed worldwide annually (161). Despite the rapid
development of drug therapy, the prognosis of UCEC is getting
worse, and the 5-year survival rate of advanced patients is less than
30% (162). A previous study investigated the mechanism of UCEC
development, and revealed the inhibitory effect of CD8+ T cell-
derived exosomes on UCEC development (99). CD45RO-CD8+ T
cell-derived exosomes inhibit UCEC development through the ERB/
miR-765/PLP2/Notch pathway, and these exosomes interact with
the miR-765/PLP2 axis to inhibit estrogen promotion of
UCEC development.

Other studies have found that miR-150 contained in CD8+ T cell-
derived exosomes can act on macrophages, which in turn act on
regulatory T cells. miR-150 is transferred to effector T cells to inhibit
cell proliferation and the occurrence of specific immune responses
(163). Some research teams have studied ovalbumin-specific TCR
transgenic OT-I mice (164), and found that the exosomes derived
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TABLE 2 Genes associated with immunotherapy in ovarian cancer.

10.3389/fimmu.2022.1089410

Composition = Target point Potential targets
(object)
miRNA miR-222-3p Macrophages Diagnostic markers TAMs M2 polarization Serum (15)
miR-92a - Diagnostic markers - Urine
miR-30a-5p - Highly specific diagnostic markers Inhibits proliferation and metastasis of OC cells Urine
miR-let-7 - - Inhibits cell proliferation OC cell line
miR-NAs Between the - Tumor cell spread OC cells
skin cells
miR-330-3p Mesenchymal Inhibition of tumor development Enhanced mesenchymal phenotype Plasma cells (142)
ovarian cancer
cells
miR-21 Adjacent cancer | Diagnosis and treatment of metastatic Inhibits apoptosis of ovarian cancer cells CAA/CAF (129)
cell and recurrent ovarian cancer
miR-233 EOC cell Predictors of tumor invasion, Induced chemoresistance Macrophages | (143)
metastasis, and recurrence
miR-6126 Tumor cells Regulates ovarian cancer progression Tumor suppressor factor Malignant (144)
cells
IncRNA = UCAl Cancer cells Biomarker Inhibition of cell metastasis Urothelial (145)
carcinoma
H19 mRNA Markers of ovarian cancer development Apoptosis of OC cells was induced - (146)
HOTAIR LSD 1/REST Predictive and diagnostic biomarkers Promotes OC cell proliferation Plasma (70)
MALAT1/ miRNA Potential markers of ovarian cancer Promotes cell proliferation, migration, and invasion = - (147)
NEAT2 metastasis
MEG3 pcDNA Biomarkers for the diagnosis of Regulation of tumor suppressors - (148)
advanced cancer
NEAT1 Tumor cells Prognostic markers for ovarian cancer Prediction of patient survival - (149)
XIST Tumor cells Early diagnosis, potential target of Promotes the proliferation and invasion of cancer - (150)
antitumor therapy cells and regulates the carcinogenesis of ovarian
cancer
circRNA  CDRlas miR-135b-5p Ovarian cancer diagnosis and treatment | Tumor suppressor and promotes the expression of Ovarian (151)
HIF1AN tissue
circKRT7 miR-29a-3p Evolutionary driver of malignancy in Promotes cancer cell proliferation and metastasis - (152)
ovarian cancer
circPLEKHM3 miR-9/BRCA 1/ | Therapeutic targets, prognostic markers Tumor suppressive effect - (153)
KLF 4/AKT 1 of ovarian cancer
cicrCELSR1 miR-1252 Promotes ovarian cancer PTX drug resistance was affected and apoptosis rate =~ - (154)
was increased
Hsa-circ- miR-518a-5p/ Predicting adverse clinical outcomes in Inhibits ovarian cancer development - (155)
0078607 Fas ovarian cancer
circ-0061140 miR-361-5p Ovarian cancer treatment indicators, Promotes ovarian cancer development - (155)
miRNA sponge
mRNA CHAC1 mRNA Cancer cells Markers of increased risk of ovarian Affects ovarian cancer cell migration - (156)
cancer recurrence
MUC16 mRNA Tumor tissue Markers of poor prognosis in ovarian Suggests an abnormal increase in MUC16 - (157)
cancer
MACCI mRNA Tumor tissue Prognostic markers for ovarian cancer Affects ovarian cancer migration, invasion and - (158)
expression
GSK3p mRNA Tumor cells Predicts chemotherapy sensitivity Inhibits the development of ovarian cancer - (159)
CEBPA mRNA Cancer cell Ovarian cancer diagnosis, evaluation, Affects the pathogenesis of ovarian cancer - (160)
cytoplasm prognostic markers
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from CD8+ T cells of mice carried ovalbumin specific TCR and FasL.
These exosomes can regulate the pMHC-I expression and the FasL/
Fas interaction in vitro by inducing DC apoptosis. We have also found
that CD4+T cell-derived exosomes from ovalbumin-specific TCR
OT-II mice also carried ovalbumin-specific TCR and FasL and
could inhibit CD8+ CTL responses. The team demonstrated the
immunomodulatory effects of CD8+ T cell and CD4+ T cell-
derived exosomes using transgenic mice, but the factors responsible
for inhibition have not yet been identified. We can speculate that
exosomes derived from CD8+ and CD4+ T cells carrying FasL may
affect immune cells through antigen-specific functions. Additional
experimental data suggest that FASL-mediated apoptosis of T cells
carried by exosomes is associated with tumor escape (165). Ovarian
cancer-derived exosomes may impair anti-tumor immunity by
carrying FasL/Fas (166), and FasL on ascites-derived exosomes in
patients with epithelial ovarian cancer, as well as TRAIL, affects the
presence of membranous forms of related ligand and partially
explains lymphocyte apoptosis (39). Cells in the ascites of epithelial
ovarian cancer lack the membranous form of FasL and are unable to
make cell-to-cell contact, thus inhibiting the mechanism of Fas-
induced cancer cell death. Meanwhile, exosomes promote tumor
cells to attack immune cells carrying Fas by releasing complete
secreted intracellular FasL, which is conducive to the immune
escape of cancer cells (167).

Seo et al. found that exosomes derived from activated CD8+ T
cells can regulate the cells surrounding the tumor and inhibit the
development of malignant tumors (168). CD8+ T cells’ exosomes
inhibit cancer development by killing the surrounding
mesenchymal cells, and destroying the tumor stroma (169).
Meanwhile, exosomes also act on other anticancer CD8+ T cells.
Primarily, IL-12 stimulates changes in the number and size of
derived exosomes by acting on CD8+ T cells, and promotes the
production of granzyme B and interferon-y by bystander CD8+ T
cells (170). Li et al. found that T cell-derived exosomes can act
directly on malignant tumors and exert anticancer effects. Qiu et al.
showed that active T cell-derived exosome PD-1 (protein) effectively
prevented T cell-mediated immune responses by binding to PD-L1
on cancer cells (171).

3.2.2 CD4+ T cell-derived exosomes

CD4+ T cell-derived exosomes play a variety of roles in the TME
and cellular responses. Exosomes derived from active CD4+ T cells
contain various proteins (e.g., lysosomal-associated membrane
protein 1, CD4, TCR) that can inhibit the antitumor immune
response and cytotoxicity of CD8+ T cells, as well as inhibit the
proliferation of CD4+ T cells. Indeed, exosomes derived from CD4
+CD25+FOXP3+ T cells contain the anti-inflammatory mediator
CD?73, which inhibits the proliferation of CD4+ T cells. Exosomes
containing FasL have also been derived from human B cell-derived
lymphoblastoid cell lines and CD4+ T cells to induce apoptosis of
target T cells (100).

Some research teams believe that CD4+ T cell-derived exosomal
miRNA-150 represents the best potential biomarker for lymphocyte
activation. miRNAs from exosomes derived from CD4+ T cells are
significantly different from the intracellular miRNAs of other cells,
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and the signal of lymphocyte activation can be transmitted to serum
miR-150, suggesting that miRNA-150 released from CD4+ effector T
cells could be used as a serum biomarker of lymphocyte
activation (101).

Exosomes secreted from CD4+ T cells carry antigenic MHC-II
peptide complexes, which can act as “mini APCs” to directly or
indirectly act on T cells and contribute to T cell activation (172).
Regulatory T cells are known to inhibit immune cell activation,
proliferation, and cytokine secretion in a non-MHC-restricted
manner (e.g., DC, NK). However, CD4+CD25+ regulatory T cells
can negatively regulate autoimmune responses, and exosomes derived
from these cells can also exert immunosuppressive effects (173).

3.2.3 CAR-T immunotherapy

At present, the research on genetically engineered T cells
expressing chimeric antigen receptor (CAR) is developing rapidly.
Many studies have demonstrated that allogeneic T cells or somatic
cells expressing T cell receptors (TCRs) or chimeric antigen receptors
(CARs) can be used for cellular immunotherapy, and are expected to
become a promising therapy for the treatment of hematological and
non-hematological malignancies in the future (174-176).

CAR-T cell-based cellular immunotherapy, also known as CAR-T
therapy, can induce rapid and long-lasting clinical responses (177).
CAR-T cell-derived exosomes are considered potential new
antitumor therapies because of their high inhibitory effect on tumor
growth and safety (178). The downside is that CAR-T therapy has a
high potential for side effects such as acute toxicity (174).

The therapeutic mechanism of CAR-T therapy is to target cancer
cells with specific T cells that are extensively cytotoxic (179). The
CAR consists of a target binding domain and a transmembrane
signaling domain. The target binding domain is an extracellular
domain formed by CAR-T cell-specific expression, while the
transmembrane domain is the intracellular domain that provides
activation signals to T cells. In general, the targeting specificity of
CARs is achieved through antigen recognition regions in the form of
single-stranded variable fragments (scFv) or binding receptors or
ligands in the extracellular domain, whereas T cell activation
functions are achieved through the intracellular domain (180-182).

CAR-T therapy produces toxicity that is different from that of
conventional chemotherapy, monoclonal antibody (mAb), and small-
molecule targeted therapies (183). The two most common toxic effects
of CAR-T immunotherapy are cytokine release syndrome (CRS),
characterized by high fever, hypotension, or multiorgan toxicity, and
CAR-T-associated encephalopathy syndrome (CRES), which is
characterized by a toxic encephalopathy state and usually presents
with symptoms such as paranoia and confusion (183, 184).
Researchers have observed strong CAR T cell responses in patients
with hematological malignancies, but limited CAR T cells in solid
tumors. The reason may be that there are obstacles in the TME of
solid tumors, such as up-regulation of inhibitory receptors (IR),
which can react with homologous ligands of CAR-T cells, such as
PDI and CTLA-4, to inhibit the therapeutic response of CAR-T
therapy (185). Meanwhile, exosomes derived from CAR T cells have
been found to carry CAR on their surfaces (186). The exosomes
carrying CAR did not express PD1, and the antitumor effect of
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exosomes was not impaired after recombinant PD-L1 treatment
(187). CAR-derived exosomes have been shown to be safer than
CAR-T therapy in preclinical in vivo models of cytokine release
syndrome. Researchers believe that exosomes could be used to
create biomimetic nanovesicles, which could be a new and effective
strategy for cancer treatment (174).

Cytotoxic T lymphocyte (CTL)-derived exosomes contain CD3,
CD8, and TCR, which can unidirectionally deliver lethal content to
target tumor cells (188). The conjugation formed by the interaction of
TCR with antigen/MHC has been found to mediate the death of target
cells, and the activation of TCR promoted CTL to derive exosomes.
Lethal compounds in exosomes (including granzyme, lysosomal
enzymes, and perforin) activate the killing of target cells (189, 190).
Some studies have demonstrated that TCR/CD3 and other complexes
exist on CTL-derived exosome membranes (191).

Based on the biological characteristics of exosomes, CAR-T cell-
derived exosomes play a direct role in immunotherapy. CAR-T cell-
derived exosomes are functionally and structurally similar to
synthetic drug vectors similar to liposomes, so CAR exosomes can
be used as cancer targeting agents (176, 192). However, exosomes
directly isolated from CAR-T cell culture medium may be
heterogeneous and lose their targeted therapeutic effect because the
antibody-derived scFv in the CAR structure determines the targeting
specificity of CAR T cells (174).

3.3 Exosomes derived from B cells

Research on the promotion or inhibition of immune cells in the
TME against the tumor has been gradually deepened. However,
while the role of T cells has made some progress, the function of B
cells is still unclear. Recent studies have shown that B cells play an
important role in anti-tumor immunity (193), and numerous B
lymphocyte populations (naive B cells, memory B cells, activated
memory B cells) have been found in the TME. B cells are the second
adaptive immune cell population found in TME (194, 195). B cells
have been known to be carcinogenic for decades, but recent studies
have linked their presence to improved prognosis in patients with
cancer (196).

DC vaccines with exosomes as antigens have been shown to
stimulate the clonal expansion response of T cells by pulsed diffuse B
lymphocyte-derived exosomes, thereby promoting the secretion of IL-
6 and TNF-q, while inhibiting the production of immunosuppressive
cytokines IL-4 and IL-10 (102). However, it is puzzling that exosomes
derived from B cells instead induce apoptosis of CD4+ T cells (197).
Exosomes derived from heat-shocked B cells are rich in HSP60 and
HSP90, and also express high levels of MHCI, MHCII, CD40, and
other immunogenic molecules, and then induce antitumor effects of
CD8+ T cells through these markers (125). Subsequent studies have
shown that exosomes as antigens of DC vaccines have limited anti-
tumor efficacy in clinical immunostimulation trails. There is
increasing experimental evidence that exosomes exert immune
escape effects. Mechanistically, tumor-derived exosomes may promote
B lymphocyte responses (e.g., amplification of immunosuppressive B
cell populations), thereby facilitating cancer cells evasion from immune
surveillance (68).
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3.4 Exosomes derived from NK cells

Clinical studies on NK cells have found that they show rapid
immunity against metastatic or hematologic malignancies, as well as
possessing antitumor properties (198-200). Exosomes derived from
NK cells have been shown to have tumor-homing ability in a variety
of tumor animal models (201), that is, exosomes can be observed in
tumors within minutes to hours. Exosomes are then ingested by
tumor cells inside tumor tissues, where they kill tumor cells through a
variety of mechanisms. Recently, there has been a major
breakthrough in the study of NK cell-derived exosomes.

NK cell-derived exosomes have two main functions (202). The
first is the cytotoxic effect. The exosomes derived from NK cells
contain a variety of bioactive molecules, such as cytotoxic proteins
and microRNAs (203). Additionally, exosomes derived from NK cells
can also be used as a carrier of anti-tumor drugs. Exosomes take
advantage of the targeting of related tumors to reach tumor tissues
quickly and precisely, and then increase drug concentrations. The
cytotoxic proteins contained in exosomes, such as perforin and Fas/
FasL, can cause apoptosis of tumor cells, but do no harm to normal
cells (103, 204). Indeed, exosomes derived from NK cells are cytotoxic
to melanoma cells but have no effect on normal cells (205). In this
way, we can use FasL inhibitor to reduce its toxic effect on melanoma
cells. Researchers have studied the principle of NK-exosomes killing
melanoma cells (206), and tested the tumor-suppressive effect of NK-
exosomes in vivo using a mouse model. It was found that the tumor
size of the NK exosome-treated group was significantly smaller than
that of the control group, indicating that NK cell exosomes induced
the apoptosis of melanoma cells in vitro. The cytotoxic effect of NK-
exosomes is expected to be used in the immunotherapy of cancer
(207). Meanwhile, microRNAs contained in exosomes can down-
regulate the expression of related genes, thereby inhibiting cell
proliferation and inducing apoptosis of tumor cells (208, 209). NK
exosomes also contain a variety of immune components, which can
exert immunomodulatory effects by targeting the immune system
through the paracrine pathway or circulatory system, and can reverse
tumor immune suppression (104, 210). Basic experiments have found
that NK-exosomes can stimulate immune cells (211). Additionally,
NK-exosomes can reduce the immunosuppressive effect of tumor
cells, which may be related to their ability to inhibit the expression of
programmed death receptor (PD-1) on T cells (212).

As mentioned above, NK-exosomes are cytotoxic to tumor cells
but harmless to normal cells. Indeed, in 2002, Italian scientists first
discovered that NK cell-derived exosomes expressing FasL
(apoptosis-related factor ligand) and perforin molecules were able
to kill several types of cancer cell lines (213). However, when NK-
exosomes were used against normal cells, no cytotoxicity was
observed. This selective killing effect is another advantage of NK-
exosomes (214, 215), as we know that traditional chemoradiotherapy
methods will inevitably cause damage to normal cells while removing
tumor cells. The second advantage of NK-exosomes is that they have
fewer side effects. Cell therapy (including infusion) based on NK cells
can cause cytokine release syndrome (CRS), referred to as a “cytokine
storm,” which can trigger a variety of common factors, lead to
suspension of treatment, and in some cases, may even be life-
threatening (216). However, NK-exosomes have only a small
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chance of exploding this side effect. The third advantage is that NK-
exosomes can penetrate the “protective barrier” of cancer cells.
Immune cells such as NK cells cannot easily cross the “natural
barriers” in human tissues, such as the blood-brain barrier, blood—
testosterone barrier, and placenta, due to various factors, including
the size of the cells themselves. However, cancer cells can nest in those
areas and escape immune attack. NK-exosomes are nanoscale in size
and contain the same cancer-killing molecules as NK cells, but they
are much smaller and better able to penetrate into tumors, conferring
them advantages over using cell-based therapies (178).

The characteristics and advantages of NK-exosomes have led to
numerous studies on their clinical application in tumor therapy.
However, researchers have struggled to isolate functional NK-
exosomes on a large scale. Further study has shown that NK cells
can be incubated in exosome-free medium for 48 h, before using
polymer precipitation combined with density gradient centrifugation
to separate EVs (217). However, this method is time extensive.
Therefore, a novel microfluidic system has been proposed by the
Cancer Research Center team, who found that NK cells could be
captured on a graphene oxide microfluidic chip they developed. These
NK cells were then incubated on the chip for a period of time,
prompting them to release exosomes, which were then captured by
tiny magnetic beads from ExoBeads coated with exosome-specific
antibodies. The beads were removed from the chip and then NK
exosomes were separated from them using a different process (218,
219). This microfluidic system holds promise for use in NK-exosome-
based immunotherapy.

However, NK cells can also use tumor-derived exosomes to induce
cancer cells to evade immune surveillance. Hepatocellular carcinoma
cells secrete CircUHRF1 to promote the expression of mucin domain 3
(Tim-3) and T cell immunoglobulin and inhibit the secretion of IFN-y
and TNF-o. by NK cells to achieve immunosuppression (66). In ovarian
cancer, NK cells ingest exosomes in ascites and perform phosphatidyl-
serine (PS) treatment on the surface of exosomes to internalize
exosomes and induce ovarian cancer cells to evade immune
surveillance (220). Additionally, there is a bidirectional effect between
NK cells and exosomes in inducing immune escape. It has been
demonstrated that NKG2D ligand (NKG2DL) released by exosomes
in the extracellular environment mediates cancer cell immune escape
using two pathways (221). NKG2D belongs to the C-type lectin-like
activated receptor, which is expressed on NK cells, CD8+T cells, and
some autoreactive or immunosuppressive CD4+T cells, and can detect
and recognize cancer cells. MICA is the most polymorphic in
NKG2DL. By expressing MICA*008, exosomes induce and activate
NK cells to exhibit an immunosuppressive function, causing sustained
downregulation of NKG2D after long-term stimulation, thus
destroying the NKG2D mediating function. However, the release of
NKG2DLs in the extracellular environment controls the cell surface
expression mechanism and directly induces cancer cells to evade the
immune surveillance of NKG2D. Tumor-derived exosomes utilize a T
cell-independent mechanism to inhibit the killing effect of NK cells on
cancer cells. Interleukin-2 (IL-2) plays an important role in the
proliferation and differentiation of NK cells. Indeed, tumor-derived
exosomes induce IL-2 reactivity to regulatory T cells and inhibit its
access to cytotoxic cells, thus facilitating the escape of cancer cells. This
dual mechanism of action reveals the role of exosomes in evading
tumor immune surveillance (222).
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3.5 Exosomes derived from dendritic cells

With the advance of research, DCs have been found to play an
indispensable role in the TME. DCs are rich in alpha-fetoprotein,
which can activate acquired and innate immune responses and have
unique antigen presentation (absorption and expression of tumor
antigens) capacity (223). They occupy a high position in tumor
immunity and have been applied in the direction of cancer
immunotherapy. Exosomes derived from DCs (DEX) have been
found to activate the antigenic specificity of cells, induce an anti-
tumor immune response, and restore the TME at the same time (224).
Compared to immature DCs, mature DCs possess stronger capability
in secreting exosomes that induce antigen-specific inmune responses.
Exosomes derived from mature DCs are 50-100 times more effective
than exosomes from immature DCs when exerting immune effects in
vitro and in vivo (225). DC exosomes can also be used as carriers to
transmit DC antigens (226). Conversely, tumor-derived exosomes can
be used as the intermediate of CTL cross-initiation (227). Exosomes
take up tumor antigens and pass them to DCs to control their
presentation to MHC-I molecules and induce CD8+T cells to
produce effective anti-tumor effects. Meanwhile, exosomes from the
ascites of metastatic patients with ovarian cancer interact with DCs to
induce tumor-specific cytotoxicity and effectively kill cancer cells.
Exosomes deliver tumor-specific antigens to DCs in cord blood, thus
stimulating the proliferation and differentiation of resting T cells and
inducing cytotoxicity to kill ovarian cancer cells, which may be a
promising immunotherapy for ovarian cancer (228).

However, DCs have a poor absorption rate of tumor antigens and
low immunogenicity of antigens. Under the inhibition of T cells, DC-
derived exosomes are ineffective in tumor treatment (229). Moreover,
DC-based immunotherapy is limited by an insufficient immune
response, which makes eradication of solid tumors difficult (230).
Under further study, new progress has been made, and it has been
found that DC-derived exosomes are ideal antigens for DC
vaccines (212).

DCs not only have antigen presentation function, but also have
anticancer effects by stimulating a large number of exosomes (231).
DC-derived exosomes contain MHC I, MHC II, CD86, and HSP70-90
mixtures, which activate CD4+ and CD8+ T cells (232). In vivo, tumor
peptide-pulsed DC-derived exosomes have been shown to induce
specific cytotoxicity of T cells and inhibit or eradicate mouse tumor
cell growth in a T-cell-dependent manner. A vaccine regimen based on
DC-derived exosomes can replace DC adoptive therapy to a certain
extent (233). It is well known that the effector function of CD8+ T cells
decreases (a process of depletion) upon sustained antigen stimulation,
resulting in a dysfunctional immune response in the TME (105).
Studies have found that DC vaccine induces anti-tumor immunity by
the following mechanism: on the premise of exosomal CD80
stimulation and IL-2 secretion, the exosomal peptide MHCI begins to
express, which transmits signals to CD8+ T cells to activate cell
proliferation, thus inducing efficient anti-tumor immunity (2).

Additionally, exosomes derived from DCs containing alpha-
fetoprotein (AFP) have been shown to induce IFN-Y-expressing
CD8+ T cells in HCC mice, resulting in increased IFN-y and IL-2
and decreased CD25+Foxp3+ Tregs, IL-10, and TGF-B content (234).
At present, there are different opinions on the relationship between
MHC-containing DEX and T-cell responses. Most believe that DEX
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containing MHC activates T cell responses, while others believe that
in the presence of intact antigens, DEX containing MHC is not
associated with T cell responses (235). Therefore, the immune effects
of exosome-based DC vaccines still need to be studied. The
immunosuppressive effect of exosomes on DCs also requires
attention. Czystowska et al. reported the discovery of an exosome
that carries a specific substance (ARG1) and inhibits immunogenesis
in the ascites and plasma of patients with ovarian cancer. Exosomes
carrying special substances are transported to the draining lymph
nodes and then taken up by DCs, thereby blocking their induction
mechanism and ultimately inhibiting the proliferation of antigen-
specific T cells and causing immunosuppression (236). Additionally,
exosome-mediated IFITM2 protein (transmembrane protein 2)
transport to DCs leads to inhibitory activation of the IFN-o
(interferon) pathway, which reduces IFN-o. synthesis and blocks the
anti-HBV (hepatitis B virus) efficacy of IFN-o. As a result, the IFN
pathway treated with exogenous IFN-o appears a response barrier.
This study provides a new explanation for the clinical phenomenon of
poor response to IFN-o treatment in CHB (chronic hepatitis B)
patients (237). Moreover, a previous study showed that tumor-
derived exosomes inhibited DC differentiation by acting on DCs,
blocking their immune function, and showed a strong
immunosuppressive effect, which may be one of the main
mechanisms of immune monitoring of tumor escape (127).

3.6 Exosomes derived from neutrophils

Neutrophils are among the most abundant white blood cells in the
immune system and are involved in forming the first line of defense in
the innate immune response (238). Neutrophils play important roles
in angiogenesis, immunosuppression, and cancer metastasis (239).
Some research teams have suggested that neutrophils are involved in
the mechanism of promoting cancer metastasis, and confirmed the
feasibility of neutrophils as a potential marker of diagnosis and
prognosis and a clinical therapeutic target (240). Consequently, the
study of exosomal vesicles derived from neutrophils has also been put
on the agenda.

Zhang et al. (106) demonstrated that exosomes derived from
neutrophils (N-Ex) can induce apoptosis of tumor cells by
transmitting cytotoxic proteins and activating the caspase signaling
pathway. The research team developed a simple and efficient
preparation method for N-Ex and NNVs, which can be used as a
safe vehicle for tumor target therapy. They attempted to modify N-Ex
with superparamagnetic iron oxide nanoparticles (SPIONs) and
found that the modified exosomes significantly improved the
efficacy of tumor target therapy. Neutrophils have also been used to
produce high-yielding exosome-like nanovesicles (NNVs). Zhang
et al. found that engineered SPION-NNVs can be widely and
efficiently used in clinical transformation, which has great
application significance in the field of drug targeted delivery and
tumor therapy. As persistent inflammation is a major feature of the
TME, targeted therapy of the inflammatory TME is a research hotspot
(241, 242). Some researchers have developed the NEs-Exos system for
glioma using N-Ex as delivery vehicles for doxorubicin (107). This
treatment system does not have the limitations of conventional
chemotherapy and is a promising treatment approach. Studies of
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N-Ex have further revealed that the activity of other immune cells,
such as macrophages and T cells, can be affected by exosomes. At the
same time, Li et al. found that N-Ex affected the formation of
pathological blood vessels by inhibiting the proliferation and
migration of endothelial cells (243). Some research teams have
elucidated the potential oncogenic mechanism of exosomes in
gastric cancer (244). It was found that gastric cancer cell-derived
exosomes (GC-Ex) induced neutrophil activation and extended
survival time. Meanwhile, the derived exosomes contain HMGBI1
protein, which activates the NF-xB pathway through the interaction
with toll-like receptor 4 (TLR4), promotes the autophagy of
neutrophils, and ultimately induces the migration of gastric cancer
cells. Other studies have shown that activation of TLR4 can stimulate
the release of highly immunosuppressive exosomes, promote tumor
development, and help tumor cells evade immune surveillance (245).
However, the therapeutic mechanism of neutrophil-derived exosomes
in ovarian cancer has not yet been elucidated.

3.7 Exosomes derived from macrophages

Macrophages account for approximately half of the total tumor
cells (246). In the TME, the vast majority of macrophages are
programmed to promote primary tumor development and
metastasis (247). However, they also participate in the regulation of
anti-tumor adaptive immune response and inhibit tumor growth.
Ascites is an obvious indicator of ovarian cancer, which contains a
large number of specific macrophages, and these tumor-associated
macrophages (TAM) have certain clinical value (248). Many studies
have demonstrated that TAM-derived exosomes are involved in the
regulation of immune responses and cancer biology.

TAM-derived exosomes release miRNAs that act on CD4+ T cells
and induce Treg/Thl7 imbalance, and then directly form an
immunosuppressive microenvironment to promote the development of
ovarian cancer (108, 249). Studies have found that M2 macrophages
secrete large amounts of exosomes with immunosuppressive activity,
thereby increasing drug resistance and promoting tumor development
(250). Another team found that M2-TAM-derived exosomes promote
the formation of vascular mimicry in tumor cells and promote tumor
development and metastasis, thereby increasing tumor aggressiveness
(109). This is because miR-193a-5p carried by exosomes can specifically
adsorb and down-regulate the protein expression of TIMP2 to promote
the formation of vascular mimicry. Xenotransplantation models have
shown that M2 macrophages-derived exosomes carrying miR-155-5p
can upregulate IL-6 and affect its stability by disrupting ZC3H12B-
mediated mechanisms, that may induce immune escape and tumor
formation in colon cancer (251). Macrophage-derived exosomes provide
miRNA delivery to ovarian cancer cells, which in turn modulates the
tumor immune mechanism in ovarian cancer. These exosomes are
enriched in miR-29a-3p, a member of the miR-29 family, that
functions essentially during lymphocyte differentiation. High levels of
miR-29a-3p expression inhibit PD-L1 expression in ovarian cancer cells
by downregulating the FOXO3-AKT/GSK3 axis, leading to immune
escape of OC cells and ultimately promoting the proliferation of ovarian
cancer cells (252). Xu et al. conducted experiments on exosomes secreted
by TAM and found that when exosomes were used as carriers to deliver
antigens to DC, T cell immune responses were significantly enhanced (2).
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These results suggest that TAM-derived exosomes can serve as potential
carriers for the exchange of cellular components between immune cells
and enhance immune responses. A recent study found that exosomes
secreted by TAMs contain HIF-1o stable long non-coding RNA
(HISLA), which has the ability to regulate aerobic glycolysis and anti-
apoptosis of cancer cells (110). This study demonstrates that RNA-
interference-mediated silencing of HISLA may be a potentially powerful
means to inhibit glycolytic processes in cancer cells, and they
demonstrate that targeting TAMs-specific IncRNAs has great potential
in cancer therapy. Nevertheless, further studies are needed to explore the
interactions between TAM-derived exosomes and other immune cells
and their relevance in ovarian cancer immunotherapy.

3.8 Exosomes derived from mast cells

Exosomes derived from mast cells (MCs) play a biological logic role
in RNA and protein transfer, cell-to-cell communication, and immune
regulation (125). It has been suggested that the transfer of miRNAs from
MC-derived exosomes to target cells may affect intestinal barrier function
(253). However, recent studies have found that lung cancer cells can
absorb MC-derived exosomes, which then promote the proliferation of
cancer cells by transferring KIT protein (111). The relationship between
MC-derived exosomes and lung epithelial tumor cells has been explored,
and morphological analysis revealed a phenotype resembling an
epithelial-to-mesenchymal transition in A549 cells, which receive
signals from exosomes (254). At the same time, the transcriptional
analysis revealed that EMT-related phosphorylation cascades were
significantly increased in epithelial cells treated with MC-exosomes
(255). Other studies have found that MC exosomes can change the
biological functions of DCs, T cells, and B cells. MC-exosomes induce
antigen-specific immune responses by enabling T cells to produce
antigen presentation capabilities (256). CD63+ and OX40L+ exosomes
derived from MCs promote the proliferation and differentiation of CD4+
Th2 cells through the interaction of OX40L-OX40 (257). At present, the
role of MC-exosomes in the TME is still under study, but they are
expected to be a powerful means for the treatment of ovarian cancer in
the future.

4 Exosomes as immunotherapy for
ovarian cancer

Immune cells can be manipulated ex vivo to adjust the function of T
cells (258), B cells, and NK cells, as well as to impart tumor destruction
effects. Meanwhile, exosomes derived from stem cells also play a
significant role in the field of cancer immunotherapy (259). Numerous
studies have shown that stem cell-derived exosomes promote tumor
growth and metastasis. Indeed, exosomes derived from mesenchymal
stem cells in gastric cancer tissues promote the proliferation and
metastasis of cancer cells by transferring miRNA into human gastric
cancer cells, thus promoting the development of gastric cancer,
suggesting that stem cell-derived exosomes can be used as a new
biomarker for gastric cancer (260). The mesenchymal stem cell
biomarker (MSC marker) CD105 is expressed by tumor-initiating cell
subsets in renal cell carcinoma, and its derived exosomes promote cancer
development. During tumor development, derived exosomes accelerate
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the formation of pre-metastatic niches by promoting cancer cell
proliferation and migration, gene remodeling, and triggering
angiogenic switches (261). Additionally, exosomes derived from
internalized adipose-derived mesenchymal stem cells inhibit the
proliferation of SKOV-3 and A2780 ovarian cancer cells in ovarian
cancer tissues. Exosomes are involved in inhibiting the development of
ovarian cancer by activating apoptosis signals and blocking the cancer cell
cycle. Adipose-derived mesenchymal stem cell-derived exosomes carry
miRNA to participate in cancer cell inhibition or progression, suggesting
that exosomal miRNA plays an important role in the mechanism of
ovarian cancer inhibition (262). The role of stem cell-derived exosomes
in tumor immunotherapy is multifaceted. Although there have been
studies on exosomes derived from stem cells in different tumors, studies
on exosomes in the immunotherapy of ovarian cancer are limited, and
they are still of great research value.

Exosomes in the serum of patients with ovarian cancer can promote
the role of regulatory T cells and inhibit the effect of immune system on
tumors by expressing a variety of immunosuppressive factors, such as
TGF-B1 and IL-10 (263, 264). Additionally, exosomes isolated from the
ascites of patients with ovarian cancer can promote apoptosis of
peripheral blood lymphocytes and DCs (265, 266). Data have also
shown that EpCAM and CD44 are highly expressed in ascites
exosomes, serving as a theoretical and experimental basis for the
application of exosomes in ovarian cancer immunotherapy (267).

As ovarian cancer is immunogenic, exosome-based immunotherapy
is an attractive field of research (268, 269). In 1996, Raposo et al. first
published a report on the function of exosomes in acquired immunity.
Subsequently, they conducted a number of studies on the use of
exosomes as non-antigenic carriers in vivo to stimulate T cells to
produce specific immune responses so as to achieve long-term and
tumor-specific immune protection (270, 271). Big data on the survival
rate of patients with ovarian cancer show that the 5-year survival rate of
patients with T-cell infiltration is significantly higher than that of patients
without (272, 273). DC cell-derived exosomes have great application
prospect in the field of ovarian cancer immunotherapy and their role in
tumor antigen vaccine should not be ignored. DCs present antigens to
specific T cells to activate T cell proliferation and destroy cancer cells. In
addition to activating T cells, exosomes derived from mature DCs can
also induce other antigen-presenting cells to activate T cells. However,
exosomes derived from immature DCs have the opposite effect and
increase cancer cell tolerance (274). Therefore, the DC maturation state
determines whether the relevant exosomes launch immune attacks or
induce tolerance. DC-derived exosomes recreate the TME while
activating the cell's antigen-specific immune response (224). Derived
exosomes are also ideal antigens for DC vaccines (212). DC exosome
vaccine may replace DC adoptive therapy (233), which has potential
clinical application prospects. Phase I clinical trials of DC-derived
exosomes have been conducted, focusing on the feasibility of exosome-
presenting protein-loaded histocompatibility complexes (275-277).
Researchers have hypothesized that exosomes in ascites combined with
TLR3 stimulants might prolong progression-free survival in patients with
high-grade ovarian cancer (278). Tumor antigen-specific T cells are
naturally present in patients with ovarian cancer, and infiltrated T cells
have an excellent therapeutic effect in the prognosis of advanced ovarian
cancer. Combined chemotherapy/immunotherapy with TLR3 agonists
using ventral water derived exosomes carrying tumor-associated antigens
activates and amplifies antigen-specific T cell immunotherapy
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mechanisms against tumor-induced immunosuppression in advanced
ovarian cancer (279).

The stability of exosomes themselves is excellent, and they exist stably
in the circulation of human body fluids without causing immune
rejection. Studies have shown that exosomes can also increase the
stability and bioavailability of a variety of drugs, and enable efficient
uptake by intestinal epithelial cells and immune cells. Indeed, the
combination of exosomes with curcumin can improve the solubility,
stability, and bioavailability of the drug, indicating that the success rate of
ovarian cancer treatment can be improved by using exosomes as
immunotherapy drugs to target cells/organs. Exosomes also have
immunomodulatory biological properties. Exosomes derived from DCs
can activate T cells and NK cells to enhance the killing effect on tumor
cells, while those released by NK cells include FASL, perforin, and
NKG2D, which can kill tumor cells in vitro (280). Exosomes can
enhance the immune response by enhancing antigen presentation or
directly activating immune cells and exerting anti-tumor immune effects.
Exosomes can also induce immune tolerance, including exosomes of
tumor cells carrying TRAIL, galectin9, or FASL molecules, which can
induce apoptosis of CD8+T cells. Indeed, FasL expression in melanoma
TEXs can induce apoptosis of T cells in vivo (281). Ovarian cancer TEXs
inhibit T cell CD3-§ and JAK3 signaling, thereby preventing T cell
activation (282). FrarIgsmyr et al. found that FasL produced by syncytial
trophoblasts was released in the form of exosomes, which induced
apoptosis of effector cells expressing Fas (283). Ovarian cancer
exosomes contain a variety of specific proteins, and their contents
change during the development of ovarian cancer, which can be used
as potential biomarkers (56, 284).

In recent years, researchers have used the relationship between
exosomes and the immune system to combine traditional
chemotherapy with immunotherapy to develop immunotherapy for
tumor treatment (285, 286). This immunotherapy targets tumor-
derived exosomes as potential antigens and uses TLR3 agonists to
generate long-lasting T-cell immune effect and destroy the immune
tolerance of the tumor (15, 287). Another study provided a new idea for
immunotherapy of ovarian cancer, showing that exosomes derived from
metastatic ovarian cancer deliver tumor-specific antigens to DCs, which
then stimulate T cells to differentiate and induce cytotoxicity (228, 288).

Despite the lack of relevant data on exosome-based immunotherapy
for ovarian cancer, this research direction has attracted increased attention.

5 Discussion

Conventional treatment of ovarian cancer can lead to drug resistance,
adverse reactions, and long-term complications (2). Exosomes have great
potential in the field of ovarian cancer immunotherapy as potential
therapeutic markers for cancer, or as a more effective, rapid, and safe
vehicle for the delivery of antitumor drugs. Exosome-based
immunotherapy can activate the immune system and eliminate tumor
cells (289). Exosomes have immunogenicity and molecular transfer
ability and most can participate in the immune response (290). Indeed,
exosomes derived from CD8+ T cells and CD4+ T cells have antigen-
specific functions, which affect immune cells. The essence of the effect of
exosomes in different body fluids is different. Exosomes in ascites contain
miR-6780b-5p (26), those in serum contain EpCAM, Claudin4 (46, 54),
and those in urine contain microRNA-30a-5p (56). In other words, a
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variety of exosome-based approaches can be employed to treat ovarian
cancer. Exosomes are not only derived from different body fluids, but also
from different cells in the TME, which have different effects on the
immune response. Some cells may promote and enhance the occurrence
of immune response, while others may inhibit and weaken the strength of
immune response. Exosomes can form a pre-metastatic niche by acting
on immune cells, and their transfer of miR-21 can change the malignant
phenotype of ovarian cancer cells, which is a potential treatment for
metastatic ovarian cancer (291, 292). However, exosomes derived from
ovarian cancer induce T-cell arrest, which allows cancer cells to achieve
immune escape (121, 293). Meanwhile, cancer cells may produce more
exosomes than normal cells, and the amount of exosomes produced by
different cancer cells is also different (294).

Despite the increased interest in exosome research, there remain
many issues to be addressed. At present, most of the immunotherapy
methods based on exosomes are in the experimental stage and lack large-
scale clinical trials. Additionally, exosome isolation technology is a major
difficulty. As mentioned above, the number of plasma and serum
exosomes in cancer is much higher than that in healthy people, which
is a promising diagnostic biomarker for ovarian cancer (53). As a whole,
our conclusions are mainly based on plasma samples, while the
components of plasma samples are very complex, and the effect of free
proteins on exosome separation cannot be ignored (71). Differential
centrifugation is the most commonly used separation method (295).
However, the isolated exosomes will contain more free heterologous
proteins, and the detection of the number of exosomal proteins will be
limited. At the same time, the types of other proteins detected will also be
reduced, resulting in inaccurate difference analysis. The feasibility of
exosome separation technology is very important. Some researchers have
designed molecular SEC, which can isolate exosomes with high purity
(296). However, it also has certain disadvantages, which can lead to
contamination by some lipoprotein impurities. Therefore, a perfect
exosome separation technology is urgently needed. The activation of T
cell responses by DEX containing MHC is also controversial, and the
immune mechanisms of exosome-based DC vaccines require further
investigation (235). Additionally, the interaction between TAM-derived
exosomes and other immune cells and the relevance of immunotherapy
in ovarian cancer require further study.

More importantly, exosomes have a role in immune evasion
surveillance, as allies of immune escape (120). Increasing data show
that exosomes play a key role in the crosstalk between cancer cells and
the immune system, supporting the escape of immune surveillance by
inhibiting the function of T cells and NK cells (126, 222), and the
activation of monocytes, inhibiting the differentiation of DCs (127),
promoting the differentiation and increase of myeloid suppressor cells
(128), and inhibiting antigen-specific and non-antigen-specific
antitumor responses (297). Additionally, studies have shown that
DC vaccines with exosomes as antigens have limited anti-tumor
efficacy in clinical immunostimulation tests (68). These findings
provide new insights into the mechanisms by which cancer-derived
exosomes evade immune surveillance and highlight the limitations of
exosome-based cancer immunotherapy. It may be possible to
effectively reduce immunosuppression by targeting tumor exosomes
to expand the prospects of immunotherapy. Alternatively, exosomes
can be used as potential diagnostic biomarkers to selectively eliminate
cancer-derived exosomes and enhance the efficacy of immunotherapy.
Before using exosomes in the clinical immunotherapy of ovarian cancer,
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we need to investigate the side effects of exosomes in various aspects to
ensure that their effective properties are fully utilized. However, the
immunotherapeutic potential of exosomes is enormous.

These studies will help to explore the application of exosomes in
ovarian cancer immunotherapy, so as to accelerate their application
in clinical practice.

Author contributions

QW and XG conceived the study. XG, HC, DS, and ZX drafted the
manuscript. XG and QW performed the literature search and collected
the data. AT, ZX, and QW helped with the final revision of this
manuscript. All authors reviewed and approved the final manuscript.

Funding

This study was supported by grants from the Luzhou Science and
Technology Department Applied Basic Research program (No: 2022-

References

1. Feng W, Dean DC, Hornicek FJ, Shi H, Duan Z. Exosomes promote pre-metastatic
niche formation in ovarian cancer. Mol Cancer (2019) 18(1):124. doi: 10.1186/512943-
019-1049-4

2. Xu Z, Zeng S, Gong Z, Yan Y. Exosome-based immunotherapy: A promising
approach for cancer treatment. Mol Cancer (2020) 19(1):160. doi: 10.1186/s12943-020-
01278-3

3. Homayoun M, Sajedi N, Soleimani M. In vitro evaluation of the pogostone effects on
the expression of PTEN and DACT1 tumor suppressor genes, cell cycle, and apoptosis in
ovarian cancer cell line. Res Pharm Sci (2022) 17(2):164-75. doi: 10.4103/1735-
5362.335175

4. Liu C, Qin T, Huang Y, Li Y, Chen G, Sun C. Drug screening model meets cancer
organoid technology. Transl Oncol (2020) 13(11):100840. doi: 10.1016/
j.tranon.2020.100840

5. Zhang L, Zhao W, Huang J, Li F, Sheng J, Song H, et al. Development of a dendritic
Cell/Tumor cell fusion cell membrane nano-vaccine for the treatment of ovarian cancer.
Front Immunol (2022) 13:828263. doi: 10.3389/fimmu.2022.828263

6. Lo Presti E, Pizzolato G, Corsale AM, Caccamo N, Sireci G, Dieli F, et al. ¥ T cells
and tumor microenvironment: From immunosurveillance to tumor evasion. Front
Immunol (2018) 9:1395. doi: 10.3389/fimmu.2018.01395

7. Lu Z, Hou J, Li X, Zhou J, Luo B, Liang S, et al. Exosome-derived miRNAs as
potential biomarkers for prostate bone metastasis. Int ] Gen Med (2022) 15:5369-83. doi:
10.2147/JGM.S361981

8. XuJ, Cao W, Wang P, Liu H. Tumor-derived membrane vesicles: A promising tool
for personalized immunotherapy. Pharm (Basel) (2022) 15(7):876. doi: 10.3390/
ph15070876

9. Zhu JW, Charkhchi P, Akbari MR. Potential clinical utility of liquid biopsies in
ovarian cancer. Mol Cancer (2022) 21(1):114. doi: 10.1186/s12943-022-01588-8
10. Dorayappan KDP, Wallbillich JJ, Cohn DE, Selvendiran K. The biological

significance and clinical applications of exosomes in ovarian cancer. Gynecol Oncol
(2016) 142(1):199-205. doi: 10.1016/j.ygyno.2016.03.036

11. Verma M, Lam TK, Hebert E, Divi RL. Extracellular vesicles: Potential applications
in cancer diagnosis, prognosis, and epidemiology. BMC Clin Pathol (2015) 15:6. doi:
10.1186/512907-015-0005-5

12. Choi YL, Kim SH, Shin YK, Hong YC, Lee SJ, Kang SY, et al. Cytoplasmic CD24
expression in advanced ovarian serous borderline tumors. Gynecol Oncol (2005) 97
(2):379-86. doi: 10.1016/j.ygyno.2005.01.018

13. Li J, Sherman-Baust CA, Tsai-Turton M, Bristow RE, Roden RB, Morin PJ.
Claudin-containing exosomes in the peripheral circulation of women with ovarian
cancer. BMC Cancer (2009) 9:244. doi: 10.1186/1471-2407-9-244

14. Yim KHW, Al Hrout A, Borgoni S, Chahwan R. Extracellular vesicles orchestrate
immune and tumor interaction networks. Cancers (Basel) (2020) 12(12):3696. doi:
10.3390/cancers12123696

15. Li X, Wang X. The emerging roles and therapeutic potential of exosomes in
epithelial ovarian cancer. Mol Cancer (2017) 16(1):92. doi: 10.1186/s12943-017-0659-y

Frontiers in Immunology

15

10.3389/fimmu.2022.1089410

WYC-196), and the Sichuan Province Science and Technology
Department of foreign (border) high-end talent introduction project
(No: 2023ZHYZ0009).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. Boyer M, Cayrefourcq L, Dereure O, Meunier L, Becquart O, Alix-Panabieres C.
Clinical relevance of liquid biopsy in melanoma and merkel cell carcinoma. Cancers
(Basel) (2020) 12(4):960. doi: 10.3390/cancers12040960

17. Chen Q, Li Y, Liu Y, Xu W, Zhu X. Exosomal non-coding RNAs-mediated
crosstalk in the tumor microenvironment. Front Cell Dev Biol (2021) 9:646864. doi:
10.3389/fcell.2021.646864

18. Czernek L, Diichler M. Functions of cancer-derived extracellular vesicles in
immunosuppression. Arch Immunol Ther Exp (Warsz) (2017) 65(4):311-23. doi:
10.1007/s00005-016-0453-3

19. Xue D, Han J, Liang Z, Jia L, Liu Y, Tuo H, et al. Current perspectives on the unique
roles of exosomes in drug resistance of hepatocellular carcinoma. ] Hepatocell Carcinoma
(2022) 9:99-112. doi: 10.2147/JHC.$351038

20. Batista IA, Melo SA. Exosomes and the future of immunotherapy in pancreatic
cancer. Int J Mol Sci (2019) 20(3):567. doi: 10.3390/ijms20030567

21. Chen L, Wang L, Zhu L, Xu Z, Liu Y, Li Z, et al. Exosomes as drug carriers in anti-
cancer therapy. Front Cell Dev Biol (2022) 10:728616. doi: 10.3389/fcell.2022.728616

22. Ye D, Gong M, Deng Y, Fang S, Cao Y, Xiang Y, et al. Roles and clinical application
of exosomal circRNAs in the diagnosis and treatment of malignant tumors. J Transl Med
(2022) 20(1):161. doi: 10.1186/s12967-022-03367-x

23. HuC, Jiang W, Lv M, Fan S, Lu Y, Wu Q, et al. Potentiality of exosomal proteins as
novel cancer biomarkers for liquid biopsy. Front Immunol (2022) 13:792046. doi: 10.3389/
fimmu.2022.792046

24. Yang S, Wang J, Wang S, Zhou A, Zhao G, Li P. Roles of small extracellular vesicles
in the development, diagnosis and possible treatment strategies for hepatocellular
carcinoma (Review). Int ] Oncol (2022) 61(2):91. doi: 10.3892/ij0.2022.5381

25. Wang X, Yao Y, Jin M. Circ-0001068 is a novel biomarker for ovarian cancer and
inducer of PD1 expression in T cells. Aging (Albany NY) (2020) 12(19):19095-106. doi:
10.18632/aging. 103706

26. Cai ], Gong L, Li G, Guo ], Yi X, Wang Z. Exosomes in ovarian cancer ascites
promote epithelial-mesenchymal transition of ovarian cancer cells by delivery of miR-
6780b-5p. Cell Death Dis (2021) 12(2):210. doi: 10.1038/s41419-021-03490-5

27. Grass GD, Toole BP. How, with whom and when: An overview of CD147-
mediated regulatory networks influencing matrix metalloproteinase activity. Biosci Rep
(2015) 36(1):200283. doi: 10.1042/BSR20150256

28. LiJ, Gao N, Gao Z, Liu W, Pang B, Dong X, et al. The emerging role of exosomes in
cancer chemoresistance. Front Cell Dev Biol (2021) 9:737962. doi: 10.3389/
fcell.2021.737962

29. Tan S, Xia L, Yi P, Han Y, Tang L, Pan Q, et al. Exosomal miRNAs in tumor
microenvironment. J Exp Clin Cancer Res (2020) 39(1):67. doi: 10.1186/s13046-020-
01570-6

30. Jin Y, Zhang Z, Yu Q, Zeng Z, Song H, Huang X, et al. Positive reciprocal feedback
of IncRNA ZEB1-AS1 and HIF-1o contributes to hypoxia-promoted tumorigenesis and
metastasis of pancreatic cancer. Front Oncol (2021) 11:761979. doi: 10.3389/
fonc.2021.761979

frontiersin.org


https://doi.org/10.1186/s12943-019-1049-4
https://doi.org/10.1186/s12943-019-1049-4
https://doi.org/10.1186/s12943-020-01278-3
https://doi.org/10.1186/s12943-020-01278-3
https://doi.org/10.4103/1735-5362.335175
https://doi.org/10.4103/1735-5362.335175
https://doi.org/10.1016/j.tranon.2020.100840
https://doi.org/10.1016/j.tranon.2020.100840
https://doi.org/10.3389/fimmu.2022.828263
https://doi.org/10.3389/fimmu.2018.01395
https://doi.org/10.2147/IJGM.S361981
https://doi.org/10.3390/ph15070876
https://doi.org/10.3390/ph15070876
https://doi.org/10.1186/s12943-022-01588-8
https://doi.org/10.1016/j.ygyno.2016.03.036
https://doi.org/10.1186/s12907-015-0005-5
https://doi.org/10.1016/j.ygyno.2005.01.018
https://doi.org/10.1186/1471-2407-9-244
https://doi.org/10.3390/cancers12123696
https://doi.org/10.1186/s12943-017-0659-y
https://doi.org/10.3390/cancers12040960
https://doi.org/10.3389/fcell.2021.646864
https://doi.org/10.1007/s00005-016-0453-3
https://doi.org/10.2147/JHC.S351038
https://doi.org/10.3390/ijms20030567
https://doi.org/10.3389/fcell.2022.728616
https://doi.org/10.1186/s12967-022-03367-x
https://doi.org/10.3389/fimmu.2022.792046
https://doi.org/10.3389/fimmu.2022.792046
https://doi.org/10.3892/ijo.2022.5381
https://doi.org/10.18632/aging.103706
https://doi.org/10.1038/s41419-021-03490-5
https://doi.org/10.1042/BSR20150256
https://doi.org/10.3389/fcell.2021.737962
https://doi.org/10.3389/fcell.2021.737962
https://doi.org/10.1186/s13046-020-01570-6
https://doi.org/10.1186/s13046-020-01570-6
https://doi.org/10.3389/fonc.2021.761979
https://doi.org/10.3389/fonc.2021.761979
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

31. Andre F, Schartz NE, Movassagh M, Flament C, Pautier P, Morice P, et al
Malignant eftusions and immunogenic tumour-derived exosomes. Lancet (2002) 360
(9329):295-305. doi: 10.1016/S0140-6736(02)09552-1

32. Liu T, ZhangJ, Lin C, Liu G, Xie G, Dai Z, et al. Molecular characterization clinical
and immunotherapeutic characteristics of m5C regulator NOP2 across 33 cancer types.
Front Cell Dev Biol (2022) 10:839136. doi: 10.3389/fcell.2022.839136

33. Li LM, Liu H, Liu XH, Hu HB, Liu SM. Clinical significance of exosomal miRNAs
and proteins in three human cancers with high mortality in China. Oncol Lett (2019) 17
(1):11-22. doi: 10.3892/01.2018.9631

34. Yang Y, Alderman C, Sehlaoui A, Xiao Y, Wang W. MicroRNAs as
immunotherapy targets for treating gastroenterological cancers. Can ] Gastroenterol
Hepatol 2018 (2018) 2018:9740357. doi: 10.1155/2018/9740357

35. Zhan Q, Wang C, Ngai S. Ovarian cancer stem cells: a new target for cancer
therapy. BioMed Res Int 2013 (2013) p:916819. doi: 10.1155/2013/916819

36. Arlt MJ, Novak-Hofer I, Gast D, Gschwend V, Moldenhauer G, Griinberg J, et al.
Efficient inhibition of intra-peritoneal tumor growth and dissemination of human ovarian
carcinoma cells in nude mice by anti-L1-cell adhesion molecule monoclonal antibody
treatment. Cancer Res (2006) 66(2):936-43. doi: 10.1158/0008-5472.CAN-05-1818

37. Jiang H, Zhao H, Zhang M, He Y, Li X, Xu Y, et al. Hypoxia induced changes of
exosome cargo and subsequent biological effects. Front Immunol (2022) 13:824188. doi:
10.3389/fimmu.2022.824188

38. Kim YS, Ahn JS, Kim S, Kim HJ, Kim SH, Kang JS. The potential theragnostic
(diagnostic+therapeutic) application of exosomes in diverse biomedical fields. Korean |
Physiol Pharmacol (2018) 22(2):113-25. doi: 10.4196/kjpp.2018.22.2.113

39. Peng P, Yan Y, Keng S. Exosomes in the ascites of ovarian cancer patients: origin
and effects on anti-tumor immunity. Oncol Rep (2011) 25(3):749-62. doi: 10.3892/
0r.2010.1119

40. Runz S, Keller S, Rupp C, Stoeck A, Issa Y, Koensgen D, et al. Malignant ascites-
derived exosomes of ovarian carcinoma patients contain CD24 and EpCAM. Gynecol
Oncol (2007) 107(3):563-71. doi: 10.1016/j.ygyno.2007.08.064

41. Beach A, Zhang HG, Ratajczak MZ, Kakar SS. Exosomes: an overview of
biogenesis, composition and role in ovarian cancer. ] Ovarian Res (2014) 7:14. doi:
10.1186/1757-2215-7-14

42. Li W, Li C, Zhou T, Liu X, Liu X, Li X, et al. Role of exosomal proteins in cancer
diagnosis. Mol Cancer (2017) 16(1):145. doi: 10.1186/s12943-017-0706-8

43. Talebjedi B, Tasnim N, Hoorfar M, Mastromonaco GF, De Almeida Monteiro
Melo Ferraz M. Exploiting microfluidics for extracellular vesicle isolation and
characterization: Potential use for standardized embryo quality assessment. Front Vet
Sci (2021) 7:620809. doi: 10.3389/fvets.2020.620809

44. Ma ], Yan H, Zhang J, Tan Y, Gu W. Long-Chain Non-Coding RNA (IncRNA)
MT1JP Suppresses Biological Activities of Lung Cancer by Regulating miRNA-423-3p/
Bim Axis. Med Sci Monit (2019) 25:5114-26. doi: 10.12659/MSM.914387

45. Carlsen L, Huntington KE, El-Deiry WS. Immunotherapy for colorectal cancer:
Mechanisms and predictive biomarkers. Cancers (Basel) (2022) 14(4):1028. doi: 10.3390/
cancers14041028

46. Liu T, Wu Y, Shi L, Li L, Hu B, Wang Y, et al. Preclinical evaluation of [(99m)Tc]
Tc-labeled anti-EpCAM nanobody for EpCAM receptor expression imaging by immuno-
SPECT/CT. Eur ] Nucl Med Mol Imaging (2022) 49(6):1810-21. doi: 10.1007/s00259-021-
05670-z

47. Kleinmanns K, Fosse V, Bjorge L, McCormack E. The emerging role of CD24 in
cancer theranostics-a novel target for fluorescence image-guided surgery in ovarian
cancer and beyond. J Pers Med (2020) 10(4):255. doi: 10.3390/jpm10040255

48. Cao X, Cao D, Jin M, Jia Z, Kong F, Ma H, et al. CD44 but not CD24 expression is
related to poor prognosis in non-cardia adenocarcinoma of the stomach. BMC
Gastroenterol (2014) 14:157. doi: 10.1186/1471-230X-14-157

49. Sharma S, Zuiiga F, Rice G.E, Perrin LC, Hooper JD, Salomon C. Tumor-derived
exosomes in ovarian cancer - liquid biopsies for early detection and real-time monitoring
of cancer progression. Oncotarget (2017) 8(61):104687-703. doi: 10.18632/
oncotarget.22191

50. Toiyama Y, Okugawa Y, Fleshman J, Richard Boland C, Goel A. MicroRNAs as
potential liquid biopsy biomarkers in colorectal cancer: A systematic review. Biochim
Biophys Acta Rev Cancer (2018) 1870(2):274-82. doi: 10.1016/j.bbcan.2018.05.006

51. Zhang B, Chen F, Xu Q, Han L, Xu J, Gao L, et al. Revisiting ovarian cancer
microenvironment: A friend or a foe? Protein Cell (2018) 9(8):674-92. doi: 10.1007/
$13238-017-0466-7

52. Wu Y, Yuan W, Ding H, Wu X. Serum exosomal miRNA from endometriosis
patients correlates with disease severity. Arch Gynecol Obstet (2022) 305(1):117-27. doi:
10.1007/s00404-021-06227-z

53. Lin]J, LiJ, Huang B, Liu J, Chen X, Chen XM, et al. Exosomes: novel biomarkers for
clinical diagnosis. ScientificWorldJournal 2015 (2015) p:657086. doi: 10.1155/2015/
657086

54. Shen J, Zhu X, Fei ], Shi P, Yu S, Zhou J. Advances of exosome in the development
of ovarian cancer and its diagnostic and therapeutic prospect. Onco Targets Ther (2018)
11:2831-41. doi: 10.2147/0OTT.S159829

55. Yang C, Kim HS, Park SJ, Lee EJ, Kim SI, Song G, et al. Inhibition of miR-214-3p
aids in preventing epithelial ovarian cancer malignancy by increasing the expression of
LHX6. Cancers (Basel) (2019) 11(12):1917. doi: 10.3390/cancers11121917

Frontiers in Immunology

10.3389/fimmu.2022.1089410

56. Ye M, Wang ], Pan S, Zheng L, Wang ZW, Zhu X. Nucleic acids and proteins
carried by exosomes of different origins as potential biomarkers for gynecologic cancers.
Mol Ther Oncolytics (2022) 24:101-13. doi: 10.1016/j.omt0.2021.12.005

57. Herrero C, Abal M, Muinelo-Romay L. Circulating extracellular vesicles in
gynecological tumors: Realities and challenges. Front Oncol (2020) 10:565666. doi:
10.3389/fonc.2020.565666

58. Bao Q, Huang Q, Chen Y, Wang Q, Sang R, Wang L, et al. Tumor-derived
extracellular vesicles regulate cancer progression in the tumor microenvironment. Front
Mol Biosci (2021) 8:796385. doi: 10.3389/fmolb.2021.796385

59. Koutsaki M, Libra M, Spandidos DA, Zaravinos A. The miR-200 family in ovarian
cancer. Oncotarget (2017) 8(39):66629-40. doi: 10.18632/oncotarget.18343

60. Staicu CE, Predescu DV, Rusu CM, Radu BM, Cretoiu D, Suciu N, et al. Role of
microRNAs as clinical cancer biomarkers for ovarian cancer: A short overview. Cells
(2020) 9(1):169. doi: 10.3390/cells9010169

61. Filella X, Foj L. Prostate cancer detection and prognosis: From prostate specific
antigen (PSA) to exosomal biomarkers. Int ] Mol Sci (2016) 17(11):1784. doi: 10.3390/
ijms17111784

62. Zhang Y, Wei YJ, Zhang YF, Liu HW, Zhang YF. Emerging functions and clinical
applications of exosomal ncRNAs in ovarian cancer. Front Oncol (2021) 11:765458. doi:
10.3389/fonc.2021.765458

63. Kang YT, Purcell E, Palacios-Rolston C, Lo TW, Ramnath N, Jolly S, et al. Isolation
and profiling of circulating tumor-associated exosomes using extracellular vesicular lipid-
protein binding affinity based microfluidic device. Small (2019) 15(47):¢1903600. doi:
10.1002/smll.201903600

64. Yin Z, Yu M, Ma T, Zhang C, Huang S, Karimzadeh MR, et al. Mechanisms
underlying low-clinical responses to PD-1/PD-L1 blocking antibodies in immunotherapy
of cancer: a key role of exosomal PD-L1. ] Immunother Cancer (2022) 9(1):e001698. doi:
10.1136/jitc-2020-001698

65. Zhao X, Yuan C, Wangmo D, Subramanian S. Tumor-secreted extracellular
vesicles regulate T-cell costimulation and can be manipulated to induce tumor-specific
T-cell responses. Gastroenterology (2021) 161(2):560-574.e11. doi: 10.1053/
j.gastro.2021.04.036

66. Chen X, Chi H, Zhao X, Pan R, Wei Y, Han Y, et al. Role of exosomes in immune
microenvironment of hepatocellular carcinoma. J Oncol (2022) 2022:2521025. doi:
10.1155/2022/2521025

67. Yokoi A, Matsuzaki ], Yamamoto Y, Yoneoka Y, Takahashi K, Shimizu H, et al.
Integrated extracellular microRNA profiling for ovarian cancer screening. Nat Commun
(2018) 9(1):4319. doi: 10.1038/541467-018-06434-4

68. Capello M, Vykoukal JV, Katayama H, Bantis LE, Wang H, Kundnani DL, et al.
Exosomes harbor b cell targets in pancreatic adenocarcinoma and exert decoy function
against complement-mediated cytotoxicity. Nat Commun (2019) 10(1):254. doi: 10.1038/
541467-018-08109-6

69. Shukuya T, Ghai V, Amann JM, Okimoto T, Shilo K, Kim TK, et al. Circulating
MicroRNAs and extracellular vesicle-containing MicroRNAs as response biomarkers of
anti-programmed cell death protein 1 or programmed death-ligand 1 therapy in NSCLC. J
Thorac Oncol (2020) 15(11):1773-81. doi: 10.1016/j.jtho.2020.05.022

70. Ning L, Hu YC, Wang S, Lang JH. Altered long noncoding RNAs and survival
outcomes in ovarian cancer: A systematic review and meta-analysis (PRISMA compliant).
Med (Baltimore) (2018) 97(32):e11481. doi: 10.1097/MD.0000000000011481

71. Alameldin S, Costina V, Abdel-Baset HA, Nitschke K, Nuhn P, Neumaier M, et al.
Coupling size exclusion chromatography to ultracentrifugation improves detection of
exosomal proteins from human plasma by LC-MS. Pract Lab Med (2021) 26:e00241. doi:
10.1016/j.plabm.2021.e00241

72. Chen Z, Kankala RK, Yang Z, Li W, Xie S, Li H, et al. Antibody-based drug delivery
systems for cancer therapy: Mechanisms, challenges, and prospects. Theranostics (2022)
12(8):3719-46. doi: 10.7150/thno.72594

73. Liu M, Mo F, Song X, He Y, Yuan Y, Yan J, et al. Exosomal hsa-miR-21-5p is a
biomarker for breast cancer diagnosis. Peer] (2021) 9:¢12147. doi: 10.7717/peerj.12147

74. Marczak S, Richards K, Ramshani Z, Smith E, Senapati S, Hill R, et al.
Simultaneous isolation and preconcentration of exosomes by ion concentration
polarization. Electrophoresis (2018). doi: 10.1002/elps.201700491

75. Zeng Y, Qiu Y, Jiang W, Shen J, Yao X, He X, et al. Biological features of
extracellular vesicles and challenges. Front Cell Dev Biol (2022) 10:816698. doi: 10.3389/
fcell.2022.816698

76. Baranyai T, Herczeg K, Onodi Z, Voszka I, Modos K, Marton N, et al. Isolation of
exosomes from blood plasma: Qualitative and quantitative comparison of
ultracentrifugation and size exclusion chromatography methods. PloS One (2015) 10
(12):¢0145686. doi: 10.1371/journal.pone.0145686

77. Gurunathan S, Kang MH, Jeyaraj M, Qasim M, Kim JH. Review of the isolation,
characterization, biological function, and multifarious therapeutic approaches of
exosomes. Cells (2019) 8(4):307. doi: 10.3390/cells8040307

78. Liu X, Liu G, Chen L, Liu F, Zhang X, Liu D, et al. Untargeted metabolomic
characterization of ovarian tumors. Cancers (Basel) (2020) 12(12):3642. doi: 10.3390/
cancers12123642

79. Berner K, Hirschfeld M, Weif§ D, Riicker G, Asberger J, Ritter A, et al. Evaluation
of circulating microRNAs as non-invasive biomarkers in the diagnosis of ovarian cancer:
A case-control study. Arch Gynecol Obstet (2022) 306(1):151-63. doi: 10.1007/s00404-
021-06287-1

frontiersin.org


https://doi.org/10.1016/S0140-6736(02)09552-1
https://doi.org/10.3389/fcell.2022.839136
https://doi.org/10.3892/ol.2018.9631
https://doi.org/10.1155/2018/9740357
https://doi.org/10.1155/2013/916819
https://doi.org/10.1158/0008-5472.CAN-05-1818
https://doi.org/10.3389/fimmu.2022.824188
https://doi.org/10.4196/kjpp.2018.22.2.113
https://doi.org/10.3892/or.2010.1119
https://doi.org/10.3892/or.2010.1119
https://doi.org/10.1016/j.ygyno.2007.08.064
https://doi.org/10.1186/1757-2215-7-14
https://doi.org/10.1186/s12943-017-0706-8
https://doi.org/10.3389/fvets.2020.620809
https://doi.org/10.12659/MSM.914387
https://doi.org/10.3390/cancers14041028
https://doi.org/10.3390/cancers14041028
https://doi.org/10.1007/s00259-021-05670-z
https://doi.org/10.1007/s00259-021-05670-z
https://doi.org/10.3390/jpm10040255
https://doi.org/10.1186/1471-230X-14-157
https://doi.org/10.18632/oncotarget.22191
https://doi.org/10.18632/oncotarget.22191
https://doi.org/10.1016/j.bbcan.2018.05.006
https://doi.org/10.1007/s13238-017-0466-7
https://doi.org/10.1007/s13238-017-0466-7
https://doi.org/10.1007/s00404-021-06227-z
https://doi.org/10.1155/2015/657086
https://doi.org/10.1155/2015/657086
https://doi.org/10.2147/OTT.S159829
https://doi.org/10.3390/cancers11121917
https://doi.org/10.1016/j.omto.2021.12.005
https://doi.org/10.3389/fonc.2020.565666
https://doi.org/10.3389/fmolb.2021.796385
https://doi.org/10.18632/oncotarget.18343
https://doi.org/10.3390/cells9010169
https://doi.org/10.3390/ijms17111784
https://doi.org/10.3390/ijms17111784
https://doi.org/10.3389/fonc.2021.765458
https://doi.org/10.1002/smll.201903600
https://doi.org/10.1136/jitc-2020-001698
https://doi.org/10.1053/j.gastro.2021.04.036
https://doi.org/10.1053/j.gastro.2021.04.036
https://doi.org/10.1155/2022/2521025
https://doi.org/10.1038/s41467-018-06434-4
https://doi.org/10.1038/s41467-018-08109-6
https://doi.org/10.1038/s41467-018-08109-6
https://doi.org/10.1016/j.jtho.2020.05.022
https://doi.org/10.1097/MD.0000000000011481
https://doi.org/10.1016/j.plabm.2021.e00241
https://doi.org/10.7150/thno.72594
https://doi.org/10.7717/peerj.12147
https://doi.org/10.1002/elps.201700491
https://doi.org/10.3389/fcell.2022.816698
https://doi.org/10.3389/fcell.2022.816698
https://doi.org/10.1371/journal.pone.0145686
https://doi.org/10.3390/cells8040307
https://doi.org/10.3390/cancers12123642
https://doi.org/10.3390/cancers12123642
https://doi.org/10.1007/s00404-021-06287-1
https://doi.org/10.1007/s00404-021-06287-1
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

80. Zhou J, Xie M, He H, Shi Y, Luo B, Gong G, et al. Increases urinary HMGA1 in
serous epithelial ovarian cancer patients. Cancer biomark (2015) 15(3):325-31. doi:
10.3233/CBM-150457

81. Hellstrom I, Hellstrom KE. fTwo novel biomarkers, mesothelin and HE4, for
diagnosis of ovarian carcinoma. Expert Opin Med Diagn (2011) 5(3):227-40. doi: 10.1517/
17530059.2011.559459

82. Badgwell D, Lu Z, Cole L, Fritsche H, Atkinson EN, Somers E, et al. Urinary
mesothelin provides greater sensitivity for early stage ovarian cancer than serum
mesothelin, urinary hCG free beta subunit and urinary hCG beta core fragment.
Gynecol Oncol (2007) 106(3):490-7. doi: 10.1016/j.ygyno.2007.04.022

83. Turco AE, Lam W, Rule AD, Denic A, Lieske JC, Miller VM, et al. Specific renal
parenchymal-derived urinary extracellular vesicles identify age-associated structural changes
in living donor kidneys. J Extracell Vesicles (2016) 5:29642. doi: 10.3402/jev.v5.29642

84. Lan T, Xi X, Chu Q, Zhao L, Chen A, Lu JJ, et al. A preliminary origin-tracking
study of different densities urinary exosomes. Electrophoresis (2018) 39(18):2316-20. doi:
10.1002/elps.201700388

85. Liu C, Su C. Design strategies and application progress of therapeutic exosomes.
Theranostics (2019) 9(4):1015-28. doi: 10.7150/thno.30853

86. Spanu S, van Roeyen CR, Denecke B, Floege ], Miihlfeld AS. Urinary exosomes: A
novel means to non-invasively assess changes in renal gene and protein expression. PloS
One (2014) 9(10):2109631. doi: 10.1371/journal.pone.0109631

87. Street JM, Koritzinsky H, Glispie DM, Yuen PST. Urine exosome isolation and
characterization. Methods Mol Biol (2017) 1641:413-23. doi: 10.1007/978-1-4939-7172-5_23

88. Mao W, Wang K, Wu Z, Xu B, Chen M. Current status of research on exosomes in
general, and for the diagnosis and treatment of kidney cancer in particular. J Exp Clin
Cancer Res (2021) 40(1):305. doi: 10.1186/s13046-021-02114-2

89. SunY, Tao Q, Wu X, Zhang L, Liu Q, Wang L. The utility of exosomes in diagnosis
and therapy of diabetes mellitus and associated complications. Front Endocrinol
(Lausanne) (2021) 12:756581. doi: 10.3389/fendo.2021.756581

90. Gracia T, Wang X, Su Y, Norgett EE, Williams TL, Moreno P, et al. Urinary
exosomes contain MicroRNAs capable of paracrine modulation of tubular transporters in
kidney. Sci Rep (2017) 7:40601. doi: 10.1038/srep40601

91. Huang K, Garimella S, Clay-Gilmour A, Vojtech L, Armstrong B, Bessonny M,
et al. Comparison of human urinary exosomes isolated via ultracentrifugation alone
versus ultracentrifugation followed by SEC column-purification. J Pers Med (2022) 12
(3):340. doi: 10.3390/jpm12030340

92. Zavesky L, Jandakova E, Turyna R, Langmeierova L, Weinberger V, Zaveska
Drabkova L, et al. Evaluation of cell-free urine microRNAs expression for the use in
diagnosis of ovarian and endometrial cancers. a pilot study. Pathol Oncol Res (2015) 21
(4):1027-35. doi: 10.1007/s12253-015-9914-y

93. Kim WH, Lee JU, Jeon MJ, Park KH, Sim SJ. Three-dimensional hierarchical
plasmonic nano-architecture based label-free surface-enhanced raman spectroscopy
detection of urinary exosomal miRNA for clinical diagnosis of prostate cancer. Biosens
Bioelectron (2022) 205:114116. doi: 10.1016/j.bios.2022.114116

94. Umair Z, Baek MO, Song ], An S, Chon SJ, Yoon MS. MicroRNA-4516 in urinary
exosomes as a biomarker of premature ovarian insufficiency. Cells (2022) 11(18):2797.
doi: 10.3390/cells11182797

95. Zhou J, Gong G, Tan H, Dai F, Zhu X, Chen Y, et al. Urinary microRNA-30a-5p is
a potential biomarker for ovarian serous adenocarcinoma. Oncol Rep (2015) 33(6):2915-
23. doi: 10.3892/0r.2015.3937

96. Novais AA, Chuffa LGA, Zuccari DAPC, Reiter R]. Exosomes and melatonin:
Where their destinies intersect. Front Immunol (2021) 12:692022. doi: 10.3389/
fimmu.2021.692022

97. Liang B, Peng P, Chen S, Li L, Zhang M, Cao D, et al. Characterization and
proteomic analysis of ovarian cancer-derived exosomes. J Proteomics (2013) 80:171-82.
doi: 10.1016/1,jprot.2012.12.029

98. Wu M, Wang M, Jia H, Wu P. Extracellular vesicles: emerging anti-cancer drugs
and advanced functionalization platforms for cancer therapy. Drug Delivery (2022) 29
(1):2513-38. doi: 10.1080/10717544.2022.2104404

99. Zhou WJ, Zhang J, Xie F, Wu JN, Ye JF, Wang J, et al. CD45RO(-)CD8(+) T cell-
derived exosomes restrict estrogen-driven endometrial cancer development via the ERB/
miR-765/PLP2/Notch axis. Theranostics (2021) 11(11):5330-45. doi: 10.7150/thno.58337

100. Wang M, Yu F, Li P, Wang K. Emerging function and clinical significance of
exosomal circRNAs in cancer. Mol Ther Nucleic Acids (2020) 21:367-83. doi: 10.1016/
j.omtn.2020.06.008

101. de Candia P, Torri A, Pagani M, Abrignani S. Serum microRNAs as biomarkers of
human lymphocyte activation in health and disease. Front Immunol (2014) 5:43. doi:
10.3389/fimmu.2014.00043

102. ChenZ,YouL, WangL, Huang X, Liu H, WeiJY, et al. Dual effect of DLBCL-derived
EXOs inlymphoma to improve DC vaccine efficacy in vitro while favor tumorgenesis in vivo. J
Exp Clin Cancer Res (2018) 37(1):190. doi: 10.1186/s13046-018-0863-7

103. Hu X, Qiu Y, Zeng X, Wang H. Exosomes reveal the dual nature of radiotherapy
in tumor immunology. Cancer Sci (2022) 113(4):1105-12. doi: 10.1111/cas.15314

104. Batista IA, Quintas ST, Melo SA. The interplay of exosomes and NK cells in
cancer biology. Cancers (Basel) (2021) 13(3):473. doi: 10.3390/cancers13030473

105. Lopez-Cantillo G, Uruena C, Camacho B. A, Ramirez-Segura C. CAR-T cell
performance: How to improve their persistence? Front Immunol (2022) 13:878209. doi:
10.3389/fimmu.2022.878209

Frontiers in Immunology

17

10.3389/fimmu.2022.1089410

106. Zhang J, Ji C, Zhang H, Shi H, Mao F, Qian H, et al. Engineered neutrophil-
derived exosome-like vesicles for targeted cancer therapy. Sci Adv (2022) 8(2):eabj8207.
doi: 10.1126/sciadv.abj8207

107. Wang J, Tang W, Yang M, Yin Y, Li H, Hu F, et al. Inflammatory tumor
microenvironment responsive neutrophil exosomes-based drug delivery system for
targeted glioma therapy. Biomaterials (2021) 273:120784. doi: 10.1016/
j.biomaterials.2021.120784

108. Zhang W, Wang Q, Yang Y, Zhou S, Zhang P, Feng T. The role of exosomal
IncRNAs in cancer biology and clinical management. Exp Mol Med (2021) 53(11):1669-
73. doi: 10.1038/512276-021-00699-4

109. Liu Q, Zhao E, Geng B, Gao S, Yu H, He X, et al. Correction to: Tumor-associated
macrophage-derived exosomes transmitting miR-193a-5p promote the progression of
renal cell carcinoma via TIMP2-dependent vasculogenic mimicry. Cell Death Dis (2022)
13(8):691. doi: 10.1038/s41419-022-05013-2

110. Chen F, Chen J, Yang L, Liu J, Zhang X, Zhang Y, et al. Extracellular vesicle-
packaged HIF-1o.-stabilizing IncRNA from tumour-associated macrophages regulates
aerobic glycolysis of breast cancer cells. Nat Cell Biol (2019) 21(4):498-510. doi: 10.1038/
541556-019-0299-0

111. Xiao H, He M, Xie G, Liu Y, Zhao Y, Ye X, et al. The release of tryptase from mast
cells promote tumor cell metastasis via exosomes. BMC Cancer (2019) 19(1):1015. doi:
10.1186/s12885-019-6203-2

112. Dong X, Bai X, Ni J, Zhang H, Duan W, Graham P, et al. Exosomes and breast
cancer drug resistance. Cell Death Dis (2020) 11(11):987. doi: 10.1038/s41419-020-03189-z

113. Guo X, Piao H. Research progress of circRNAs in glioblastoma. Front Cell Dev
Biol (2021) 9:791892. doi: 10.3389/fcell.2021.791892

114. Matulonis UA, Sood AK, Fallowfield L, Howitt BE, Sehouli J, Karlan BY. Ovarian
cancer. Nat Rev Dis Primers (2016) 2:16061. doi: 10.1038/nrdp.2016.61

115. He L, Zhu W, Chen Q, Yuan Y, Wang Y, Wang J, et al. Ovarian cancer cell-
secreted exosomal miR-205 promotes metastasis by inducing angiogenesis. Theranostics
(2019) 9(26):8206-20. doi: 10.7150/thno.37455

116. Lin H, Yu J, Gu X, Ge S, Fan X. Novel insights into exosomal circular RNAs:
Redefining intercellular communication in cancer biology. Clin Transl Med (2021) 11(12):
€636. doi: 10.1002/ctm2.636

117. Guo Y, Ji X, Liu J, Fan D, Zhou Q, Chen C, et al. Effects of exosomes on pre-
metastatic niche formation in tumors. Mol Cancer (2019) 18(1):39. doi: 10.1186/s12943-
019-0995-1

118. He B, Ganss R. Modulation of the vascular-immune environment in metastatic
cancer. Cancers (Basel) (2021) 13(4):810. doi: 10.3390/cancers13040810

119. Salido-Guadarrama I, Romero-Cordoba S, Peralta-Zaragoza O, Hidalgo-Miranda
A, Rodriguez-Dorantes M. MicroRNAs transported by exosomes in body fluids as
mediators of intercellular communication in cancer. Onco Targets Ther (2014) 7:1327-
38. doi: 10.2147/OTT.S61562

120. Nawaz M, Fatima F, Nazarenko I, Ekstrom K, Murtaza I, Anees M, et al.
Extracellular vesicles in ovarian cancer: applications to tumor biology, immunotherapy
and biomarker discovery. Expert Rev Proteomics (2016) 13(4):395-409. doi: 10.1586/
14789450.2016.1165613

121. Shenoy GN, Loyall J, Berenson CS, Kelleher R] Jr, Iyer V, Balu-Iyer SV, et al. Sialic
acid-dependent inhibition of T cells by exosomal ganglioside GD3 in ovarian tumor
microenvironments. ] Immunol (2018) 201(12):3750-8. doi: 10.4049/jimmunol.1801041

122. Zhao Y, Wei K, Chi H, Xia Z, Li X. IL-7: A promising adjuvant ensuring effective
T cell responses and memory in combination with cancer vaccines? Front Immunol
(2022) 13:1022808. doi: 10.3389/fimmu.2022.1022808

123. Taher MY, Davies DM, Maher J. The role of the interleukin (IL)-6/IL-6 receptor
axis in cancer. Biochem Soc Trans (2018) 46(6):1449-62. doi: 10.1042/BST20180136

124. Szulc-Kielbik I, Kielbik M, Nowak M, Klink M. The implication of IL-6 in the
invasiveness and chemoresistance of ovarian cancer cells. systematic review of its potential
role as a biomarker in ovarian cancer patients. Biochim Biophys Acta Rev Cancer (2021)
1876(2):188639. doi: 10.1016/j.bbcan.2021.188639

125. Gao J, Li S, Xu Q, Zhang X, Huang M, Dai X, et al. Exosomes promote pre-
metastatic niche formation in gastric cancer. Front Oncol (2021) 11:652378. doi: 10.3389/
fonc.2021.652378

126. Liu C, Yu S, Zinn K, Wang J, Zhang L, Jia Y, et al. Murine mammary carcinoma
exosomes promote tumor growth by suppression of NK cell function. J Immunol (2006)
176(3):1375-85. doi: 10.4049/jimmunol.176.3.1375

127. Yu S, Liu C, Su K, Wang J, Liu Y, Zhang L, et al. Tumor exosomes inhibit
differentiation of bone marrow dendritic cells. ] Immunol (2007) 178(11):6867-75. doi:
10.4049/jimmunol.178.11.6867

128. Valenti R, Huber V, Iero M, Filipazzi P, Parmiani G, Rivoltini L. Tumor-released
microvesicles as vehicles of immunosuppression. Cancer Res (2007) 67(7):2912-5. doi:
10.1158/0008-5472.CAN-07-0520

129. Au Yeung CL, Co NN, Tsuruga T, Yeung TL, Kwan SY, Leung CS, et al. Exosomal
transfer of stroma-derived miR21 confers paclitaxel resistance in ovarian cancer cells
through targeting APAF1. Nat Commun (2016) 7:11150. doi: 10.1038/ncomms11150

130. Kazemi NY, Gendrot B, Berishvili E, Markovic SN, Cohen M. The role and
clinical interest of extracellular vesicles in pregnancy and ovarian cancer. Biomedicines
(2021) 9(9):1257. doi: 10.3390/biomedicines9091257

131. Shimizu A, Sawada K, Kimura T. Pathophysiological role and potential
therapeutic exploitation of exosomes in ovarian cancer. Cells (2020) 9(4):814. doi:
10.3390/cells9040814

frontiersin.org


https://doi.org/10.3233/CBM-150457
https://doi.org/10.1517/17530059.2011.559459
https://doi.org/10.1517/17530059.2011.559459
https://doi.org/10.1016/j.ygyno.2007.04.022
https://doi.org/10.3402/jev.v5.29642
https://doi.org/10.1002/elps.201700388
https://doi.org/10.7150/thno.30853
https://doi.org/10.1371/journal.pone.0109631
https://doi.org/10.1007/978-1-4939-7172-5_23
https://doi.org/10.1186/s13046-021-02114-2
https://doi.org/10.3389/fendo.2021.756581
https://doi.org/10.1038/srep40601
https://doi.org/10.3390/jpm12030340
https://doi.org/10.1007/s12253-015-9914-y
https://doi.org/10.1016/j.bios.2022.114116
https://doi.org/10.3390/cells11182797
https://doi.org/10.3892/or.2015.3937
https://doi.org/10.3389/fimmu.2021.692022
https://doi.org/10.3389/fimmu.2021.692022
https://doi.org/10.1016/j.jprot.2012.12.029
https://doi.org/10.1080/10717544.2022.2104404
https://doi.org/10.7150/thno.58337
https://doi.org/10.1016/j.omtn.2020.06.008
https://doi.org/10.1016/j.omtn.2020.06.008
https://doi.org/10.3389/fimmu.2014.00043
https://doi.org/10.1186/s13046-018-0863-7
https://doi.org/10.1111/cas.15314
https://doi.org/10.3390/cancers13030473
https://doi.org/10.3389/fimmu.2022.878209
https://doi.org/10.1126/sciadv.abj8207
https://doi.org/10.1016/j.biomaterials.2021.120784
https://doi.org/10.1016/j.biomaterials.2021.120784
https://doi.org/10.1038/s12276-021-00699-4
https://doi.org/10.1038/s41419-022-05013-2
https://doi.org/10.1038/s41556-019-0299-0
https://doi.org/10.1038/s41556-019-0299-0
https://doi.org/10.1186/s12885-019-6203-2
https://doi.org/10.1038/s41419-020-03189-z
https://doi.org/10.3389/fcell.2021.791892
https://doi.org/10.1038/nrdp.2016.61
https://doi.org/10.7150/thno.37455
https://doi.org/10.1002/ctm2.636
https://doi.org/10.1186/s12943-019-0995-1
https://doi.org/10.1186/s12943-019-0995-1
https://doi.org/10.3390/cancers13040810
https://doi.org/10.2147/OTT.S61562
https://doi.org/10.1586/14789450.2016.1165613
https://doi.org/10.1586/14789450.2016.1165613
https://doi.org/10.4049/jimmunol.1801041
https://doi.org/10.3389/fimmu.2022.1022808
https://doi.org/10.1042/BST20180136
https://doi.org/10.1016/j.bbcan.2021.188639
https://doi.org/10.3389/fonc.2021.652378
https://doi.org/10.3389/fonc.2021.652378
https://doi.org/10.4049/jimmunol.176.3.1375
https://doi.org/10.4049/jimmunol.178.11.6867
https://doi.org/10.1158/0008-5472.CAN-07-0520
https://doi.org/10.1038/ncomms11150
https://doi.org/10.3390/biomedicines9091257
https://doi.org/10.3390/cells9040814
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

132. Sanchez-Barrientos G, Vega-Memije E, Garcia-Corona C, Cuevas-Gonzalez JC,
Zavaleta-Villa B, Ibarra-Arce A, et al. Human leukocyte antigens -DQA1 and -DQB1
alleles in patients with common warts. Cureus (2021) 13(10):e18933. doi: 10.7759/
cureus.18933

133. Ying Z, Li X, Dang H, Yin N, Gao C. Molecular immune mechanisms of HPV-
infected HaCaT cells in vitro based on toll-like receptors signaling pathway. J Clin Lab
Anal (2020) 34(3):e23101. doi: 10.1002/jcla.23101

134. Characiejus D. Cancer immunotherapy: Benefit and harm? Oncoimmunology
(2012) 1(2):232-3. doi: 10.4161/0nci.1.2.18183

135. Zhang C, Tan Z, Tian F. Impaired consciousness and decreased glucose
concentration of CSF as prognostic factors in immunocompetent patients with
cryptococcal meningitis. BMC Infect Dis (2020) 20(1):69. doi: 10.1186/s12879-020-
4794-5

136. Mai HL, Degauque N, Le Bot S, Rimbert M, Renaudin K, Danger R, et al.
Antibody-mediated allograft rejection is associated with an increase in peripheral
differentiated CD28-CD8+ T cells - analyses of a cohort of 1032 kidney transplant
recipients. EBioMedicine (2022) 83:104226. doi: 10.1016/j.ebiom.2022.104226

137. Thieme CJ, Weist BJD, Mueskes A, Roch T, Stervbo U, Rosiewicz K, et al. The
TreaT-assay: A novel urine-derived donor kidney cell-based assay for prediction of kidney
transplantation outcome. Sci Rep (2019) 9(1):19037. doi: 10.1038/s41598-019-55442-x

138. Li J, Zhang Y, Luo B. Effects of exosomal viral components on the tumor
microenvironment. Cancers (Basel) (2022) 14(14):3552. doi: 10.3390/cancers14143552

139. Wang B, Wang Y, Sun X, Deng G, Huang W, Wu X, et al. CXCR6 is required for
antitumor efficacy of intratumoral CD8(+) T cell. J Immunother Cancer (2021) 9(8):
€003100. doi: 10.1136/jitc-2021-003100

140. Duhen T, Duhen R, Montler R, Moses J, Moudgil T, de Miranda NF, et al. Co-
Expression of CD39 and CD103 identifies tumor-reactive CD8 T cells in human solid
tumors. Nat Commun (2018) 9(1):2724. doi: 10.1038/s41467-018-05072-0

141. Van Hoecke L, Verbeke R, Dewitte H, Lentacker I, Vermaelen K, Breckpot K,
et al. mRNA in cancer immunotherapy: beyond a source of antigen. Mol Cancer (2021) 20
(1):48. doi: 10.1186/s12943-021-01329-3

142. Yang Z, Wang W, Zhao L, Wang X, Gimple R. C, Xu L, et al. Plasma cells shape
the mesenchymal identity of ovarian cancers through transfer of exosome-derived
microRNAs. Sci Adv (2021) 7(9):eabb0737. doi: 10.1126/sciadv.abb0737

143. Zhu X, Shen H, Yin X, Yang M, Wei H, Chen Q, et al. Macrophages derived
exosomes deliver miR-223 to epithelial ovarian cancer cells to elicit a chemoresistant
phenotype. ] Exp Clin Cancer Res (2019) 38(1):81. doi: 10.1186/s13046-019-1095-1

144. Kanlikilicer P, Rashed MH, Bayraktar R, Mitra R, Ivan C, Aslan B, et al.
Ubiquitous release of exosomal tumor suppressor miR-6126 from ovarian cancer cells.
Cancer Res (2016) 76(24):7194-207. doi: 10.1158/0008-5472.CAN-16-0714

145. Qiu YR, Zhao MY, Sun L, Yang BC, Hei KW, Du X, et al. Expression of IncRNA
UCAL in ovarian cancer and its clinical significance. Eur ] Gynaecol Oncol (2017) 38
(2):191-5.

146. Tripathi MK, Doxtater K, Keramatnia F, Zacheaus C, Yallapu MM, Jaggi M, et al.
Role of IncRNAs in ovarian cancer: defining new biomarkers for therapeutic purposes.
Drug Discovery Today (2018) 23(9):1635-43. doi: 10.1016/j.drudis.2018.04.010

147. Sabol M, Calleja-Agius J, Di Fiore R, Suleiman S, Ozcan S, Ward MP, et al. (In)
Distinctive role of long non-coding RNAs in common and rare ovarian cancers. Cancers
(Basel) (2021) 13(20):5040. doi: 10.3390/cancers13205040

148. Buttarelli M, De Donato M, Raspaglio G, Babini G, Ciucci A, Martinelli E, et al.
Clinical value of IncRNA MEG3 in high-grade serous ovarian cancer. Cancers (Basel)
(2020) 12(4):966. doi: 10.3390/cancers12040966

149. Chai Y, Liu J, Zhang Z, Liu L. HuR-regulated IncRNA NEAT1 stability in
tumorigenesis and progression of ovarian cancer. Cancer Med (2016) 5(7):1588-98. doi:
10.1002/cam4.710

150. Huang R, Zhu L, Zhang Y. XIST lost induces ovarian cancer stem cells to acquire
taxol resistance via a KMT2C-dependent way. Cancer Cell Int (2020) 20:436. doi: 10.1186/
512935-020-01500-8

151. Chen H, Mao M, Jiang J, Zhu D, Li P. Circular RNA CDRlas acts as a sponge of
miR-135b-5p to suppress ovarian cancer progression. Onco Targets Ther (2019) 12:3869-
79. doi: 10.2147/0TT.S207938

152. An Q, Liu T, Wang MY, Yang Y], Zhang ZD, Lin ZJ, et al. circKRT7-miR-29a-3p-
COL1A1 axis promotes ovarian cancer cell progression. Onco Targets Ther (2020)
13:8963-76. doi: 10.2147/0TT.5259033

153. Zhang L, Zhou Q, Qiu Q, Hou L, Wu M, LiJ, et al. CircPLEKHM3 acts as a tumor
suppressor through regulation of the miR-9/BRCA1/DNAJB6/KLF4/AKT1 axis in
ovarian cancer. Mol Cancer (2019) 18(1):144. doi: 10.1186/s12943-019-1080-5

154. Zhang S, Cheng J, Quan C, Wen H, Feng Z, Hu Q, et al. circCELSR1
(hsa_circ_0063809) contributes to paclitaxel resistance of ovarian cancer cells by
regulating FOXR2 expression via miR-1252. Mol Ther Nucleic Acids (2020) 19:718-30.
doi: 10.1016/j.omtn.2019.12.005

155. Ghafouri-Fard S, Khoshbakht T, Hussen BM, Taheri M, Samsami M. Emerging
role of circular RNAs in the pathogenesis of ovarian cancer. Cancer Cell Int (2022) 22
(1):172. doi: 10.1186/512935-022-02602-1

156. Goebel G, Berger R, Strasak AM, Egle D, Miiller-Holzner E, Schmidt S, et al.
Elevated mRNA expression of CHACI splicing variants is associated with poor outcome
for breast and ovarian cancer patients. Br | Cancer (2012) 106(1):189-98. doi: 10.1038/
bjc.2011.510

Frontiers in Immunology

18

10.3389/fimmu.2022.1089410

157. Yang X, Zhu S, Li L, Zhang L, Xian S, Wang Y, et al. Identification of differentially
expressed genes and signaling pathways in ovarian cancer by integrated bioinformatics
analysis. Onco Targets Ther (2018) 11:1457-74. doi: 10.2147/OTT.S152238

158. Li H, Zhang H, Zhao S, Shi Y, Yao J, Zhang Y, et al. Overexpression of MACC1
and the association with hepatocyte growth factor/c-met in epithelial ovarian cancer.
Oncol Lett (2015) 9(5):1989-96. doi: 10.3892/01.2015.2984

159. Tong X, Zhao J, Zhang Y, Mu P, Wang X. Expression levels of MRP1, GST-m, and
GSK3B in ovarian cancer and the relationship with drug resistance and prognosis of
patients. Oncol Lett (2019) 18(1):22-8. doi: 10.3892/01.2019.10315

160. Mi S, Zhang L, Li M, Dong Z, Tian C, Fu M. Expression of enhancer-binding
protein CEBPA mRNA and protein in ovarian cancer and its relationship with
pathobiological characteristics. Front Surg (2022) 9:842823. doi: 10.3389/
fsurg.2022.842823

161. Mo Z, LiuJ, Zhang Q, Chen Z, Mei ], Liu L, et al. Expression of PD-1, PD-L1 and
PD-L2 is associated with differentiation status and histological type of endometrial cancer.
Oncol Lett (2016) 12(2):944-50. doi: 10.3892/01.2016.4744

162. Zhang W, Gao L, Wang C, Wang S, Sun D, Li X, et al. Combining bioinformatics
and experiments to identify and verify key genes with prognostic values in endometrial
carcinoma. J Cancer (2020) 11(3):716-32. doi: 10.7150/jca.35854

163. Larabi A, Barnich N, Nguyen HTT. Emerging role of exosomes in diagnosis and
treatment of infectious and inflammatory bowel diseases. Cells (2020) 9(5):1111. doi:
10.3390/cells9051111

164. Calvo V, Izquierdo M. Inducible polarized secretion of exosomes in T and b
lymphocytes. Int ] Mol Sci (2020) 21(7):2631. doi: 10.3390/ijms21072631

165. Andreola G, Rivoltini L, Castelli C, Huber V, Perego P, Deho P, et al. Induction of
lymphocyte apoptosis by tumor cell secretion of FasL-bearing microvesicles. ] Exp Med
(2002) 195(10):1303-16. doi: 10.1084/jem.20011624

166. Armstrong DG, Lavery LA, Wunderlich RP, Boulton AJ. 2003 William j. stickel
silver award. skin temperatures as a one-time screening tool do not predict future diabetic
foot complications. ] Am Podiatr Med Assoc (2003) 93(6):443-7. doi: 10.7547/87507315-
93-6-443

167. Abrahams VM, Straszewski SL, Kamsteeg M, Hanczaruk B, Schwartz PE,
Rutherford TJ, et al. Epithelial ovarian cancer cells secrete functional fas ligand. Cancer
Res (2003) 63(17):5573-81.

168. Cho S, Tai JW, Lu LF. MicroRNAs and their targetomes in tumor-immune
communication. Cancers (Basel) (2020) 12(8):2025. doi: 10.3390/cancers12082025

169. Shao Y, Pan X, Fu R. Role and function of T cell-derived exosomes and their
therapeutic value. Mediators Inflamm 2021 (2021) p:8481013. doi: 10.1155/2021/8481013

170. LiL, Jay SM, Wang Y, Wu SW, Xiao Z. IL-12 stimulates CTLs to secrete exosomes
capable of activating bystander CD8(+) T cells. Sci Rep (2017) 7(1):13365. doi: 10.1038/
541598-017-14000-z

171. Kim SB. Function and therapeutic development of exosomes for cancer therapy.
Arch Pharm Res (2022) 45(5):295-308. doi: 10.1007/s12272-022-01387-1

172. Roche PA, Cresswell P. Antigen processing and presentation mechanisms in
myeloid cells. Microbiol Spectr (2016) 4(3):10. doi: 10.1128/microbiolspec. MCHD-0008-
2015

173. Shen J, Zhang M, Peng M. Progress of exosome research in systemic lupus
erythematosus. Cytokine X (2022) 4(2-3):100066. doi: 10.1016/j.cytox.2022.100066

174. Fu W, Lei C, Liu S, Cui Y, Wang C, Qian K, Li T, et al. CAR exosomes derived
from effector CAR-T cells have potent antitumour effects and low toxicity. Nat Commun
(2019) 10(1):4355. doi: 10.1038/s41467-019-12321-3

175. Li YR, Zhou Y, Kramer A, Yang L. Engineering stem cells for cancer
immunotherapy. Trends Cancer (2021) 7(12):1059-73. doi: 10.1016/j.trecan.2021.08.004

176. Huda MN, Nurunnabi M. Potential application of exosomes in vaccine
development and delivery. Pharm Res (2022) 39(11):2635-71. doi: 10.1007/s11095-021-
03143-4

177. Ivica NA, Young CM. Tracking the CAR-T revolution: Analysis of clinical trials
of CAR-T and TCR-T therapies for the treatment of cancer (1997-2020). Healthcare
(Basel) (2021) 9(8):1062. doi: 10.3390/healthcare9081062

178. Fang Z, Ding Y, Xue Z, Li P, Li ], Li F. Roles of exosomes as drug delivery systems
in cancer immunotherapy: a mini-review. Discovery Oncol (2022) 13(1):74. doi: 10.1007/
512672-022-00539-5

179. Zheng M, Yu L, Hu J, Zhang Z, Wang H, Lu D, et al. Efficacy of B7-H3-Redirected
BiTE and CAR-T immunotherapies against extranodal nasal natural Killer/T cell
lymphoma. Transl Oncol (2020) 13(5):100770. doi: 10.1016/j.tranon.2020.100770

180. Pant A, Jackson CM. Supercharged chimeric antigen receptor T cells in solid
tumors. J Clin Invest (2022) 132(16):e162322. doi: 10.1172/JCI162322

181. Dholaria BR, Bachmeier CA, Locke F. Mechanisms and management of chimeric
antigen receptor T-cell therapy-related toxicities. BioDrugs (2019) 33(1):45-60. doi:
10.1007/s40259-018-0324-z

182. Zmievskaya E, Valiullina A, Ganeeva I, Petukhov A, Rizvanov A, Bulatov E.
Application of CAR-T cell therapy beyond oncology: Autoimmune diseases and viral
infections. Biomedicines (2021) 9(1):59. doi: 10.3390/biomedicines9010059

183. Neelapu SS, Tummala S, Kebriaei P, Wierda W, Gutierrez C, Locke FL, et al.
Chimeric antigen receptor T-cell therapy - assessment and management of toxicities. Nat
Rev Clin Oncol (2018) 15(1):47-62. doi: 10.1038/nrclinonc.2017.148

184. Petty AJ, Heyman B, Yang Y. Chimeric antigen receptor cell therapy: Overcoming
obstacles to battle cancer. Cancers (Basel) (2020) 12(4):842. doi: 10.3390/cancers12040842

frontiersin.org


https://doi.org/10.7759/cureus.18933
https://doi.org/10.7759/cureus.18933
https://doi.org/10.1002/jcla.23101
https://doi.org/10.4161/onci.1.2.18183
https://doi.org/10.1186/s12879-020-4794-5
https://doi.org/10.1186/s12879-020-4794-5
https://doi.org/10.1016/j.ebiom.2022.104226
https://doi.org/10.1038/s41598-019-55442-x
https://doi.org/10.3390/cancers14143552
https://doi.org/10.1136/jitc-2021-003100
https://doi.org/10.1038/s41467-018-05072-0
https://doi.org/10.1186/s12943-021-01329-3
https://doi.org/10.1126/sciadv.abb0737
https://doi.org/10.1186/s13046-019-1095-1
https://doi.org/10.1158/0008-5472.CAN-16-0714
https://doi.org/10.1016/j.drudis.2018.04.010
https://doi.org/10.3390/cancers13205040
https://doi.org/10.3390/cancers12040966
https://doi.org/10.1002/cam4.710
https://doi.org/10.1186/s12935-020-01500-8
https://doi.org/10.1186/s12935-020-01500-8
https://doi.org/10.2147/OTT.S207938
https://doi.org/10.2147/OTT.S259033
https://doi.org/10.1186/s12943-019-1080-5
https://doi.org/10.1016/j.omtn.2019.12.005
https://doi.org/10.1186/s12935-022-02602-1
https://doi.org/10.1038/bjc.2011.510
https://doi.org/10.1038/bjc.2011.510
https://doi.org/10.2147/OTT.S152238
https://doi.org/10.3892/ol.2015.2984
https://doi.org/10.3892/ol.2019.10315
https://doi.org/10.3389/fsurg.2022.842823
https://doi.org/10.3389/fsurg.2022.842823
https://doi.org/10.3892/ol.2016.4744
https://doi.org/10.7150/jca.35854
https://doi.org/10.3390/cells9051111
https://doi.org/10.3390/ijms21072631
https://doi.org/10.1084/jem.20011624
https://doi.org/10.7547/87507315-93-6-443
https://doi.org/10.7547/87507315-93-6-443
https://doi.org/10.3390/cancers12082025
https://doi.org/10.1155/2021/8481013
https://doi.org/10.1038/s41598-017-14000-z
https://doi.org/10.1038/s41598-017-14000-z
https://doi.org/10.1007/s12272-022-01387-1
https://doi.org/10.1128/microbiolspec.MCHD-0008-2015
https://doi.org/10.1128/microbiolspec.MCHD-0008-2015
https://doi.org/10.1016/j.cytox.2022.100066
https://doi.org/10.1038/s41467-019-12321-3
https://doi.org/10.1016/j.trecan.2021.08.004
https://doi.org/10.1007/s11095-021-03143-4
https://doi.org/10.1007/s11095-021-03143-4
https://doi.org/10.3390/healthcare9081062
https://doi.org/10.1007/s12672-022-00539-5
https://doi.org/10.1007/s12672-022-00539-5
https://doi.org/10.1016/j.tranon.2020.100770
https://doi.org/10.1172/JCI162322
https://doi.org/10.1007/s40259-018-0324-z
https://doi.org/10.3390/biomedicines9010059
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.3390/cancers12040842
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

185. Liu M, Wang X, Li W, Yu X, Flores-Villanueva P, Xu-Monette ZY, et al. Targeting
PD-L1 in non-small cell lung cancer using CAR T cells. Oncogenesis (2020) 9(8):72. doi:
10.1038/541389-020-00257-z

186. Zhao Y, Liu L, Sun R, Cui G, Guo S, Han S, et al. Exosomes in cancer
immunoediting and immunotherapy. Asian ] Pharm Sci (2022) 17(2):193-205. doi:
10.1016/j.ajps.2021.12.001

187. Schubert A, Boutros M. Extracellular vesicles and oncogenic signaling. Mol Oncol
(2021) 15(1):3-26. doi: 10.1002/1878-0261.12855

188. Tang XJ, Sun XY, Huang KM, Zhang L, Yang ZS, Zou DD, et al. Therapeutic
potential of CAR-T cell-derived exosomes: a cell-free modality for targeted cancer
therapy. Oncotarget (2015) 6(42):44179-90. doi: 10.18632/oncotarget.6175

189. Durgeau A, Virk Y, Corgnac S, Mami-Chouaib F. Recent advances in targeting
CD8 T-cell immunity for more effective cancer immunotherapy. Front Immunol (2018)
9:14. doi: 10.3389/fimmu.2018.00014

190. Calvo V, Izquierdo M. T Lymphocyte and CAR-T cell-derived extracellular
vesicles and their applications in cancer therapy. Cells (2022) 11(5):790. doi: 10.3390/
cells11050790

191. Anel A, Gallego-Lleyda A, de Miguel D, Naval ], Martinez-Lostao L. Role of
exosomes in the regulation of T-cell mediated immune responses and in autoimmune
disease. Cells (2019) 8(2):154. doi: 10.3390/cells8020154

192. Huda MN, Nafiujjaman M, Deaguero IG, Okonkwo J, Hill ML, Kim T, et al.
Potential use of exosomes as diagnostic biomarkers and in targeted drug delivery: Progress
in clinical and preclinical applications. ACS Biomater Sci Eng (2021) 7(6):2106-49. doi:
10.1021/acsbiomaterials.1c00217

193. Onoyama T, Ishikawa S, Isomoto H. Gastric cancer and genomics: review of
literature. J Gastroenterol (2022) 57(8):505-16. doi: 10.1007/s00535-022-01879-3

194. Terceiro LEL, Edechi CA, Tkeogu NM, Nickel BE, Hombach-Klonisch S, Sharif T,
et al. The breast tumor microenvironment: A key player in metastatic spread. Cancers
(Basel) (2021) 13(19):4798. doi: 10.3390/cancers13194798

195. Romeo E, Caserta CA, Rumio C, Marcucci F. The vicious cross-talk between
tumor cells with an EMT phenotype and cells of the immune system. Cells (2019) 8
(5):460. doi: 10.3390/cells8050460

196. Shibad V, Bootwala A, Mao C, Bader H, Vo H, Landesman-Bollag E, et al. L2pB1
cells contribute to tumor growth inhibition. Front Immunol (2021) 12:722451. doi:
10.3389/fimmu.2021.722451

197. Zou J, Peng H, Liu Y. The roles of exosomes in immunoregulation and
autoimmune thyroid diseases. Front Immunol (2021) 12:757674. doi: 10.3389/
fimmu.2021.757674

198. Sun YZ, Ruan JS, Jiang ZS, Wang L, Wang SM. Extracellular vesicles: A new
perspective in tumor therapy. BioMed Res Int 2018 (2018) p:2687954. doi: 10.1155/2018/
2687954

199. Kundu K, Ghosh S, Sarkar R, Edri A, Brusilovsky M, Gershoni-Yahalom O, et al.
Inhibition of the NKp44-PCNA immune checkpoint using a mAb to PCNA. Cancer
Immunol Res (2019) 7(7):1120-34. doi: 10.1158/2326-6066.CIR-19-0023

200. ChiH, Xie X, Yan Y, Peng G, Strohmer DF, Lai G, et al. Natural killer cell-related
prognosis signature characterizes immune landscape and predicts prognosis of HNSCC.
Front Immunol (2022) 13:1018685. doi: 10.3389/fimmu.2022.1018685

201. Dosil SG, Lopez-Cobo S, Rodriguez-Galan A, Fernandez-Delgado I, Ramirez-Huesca
M, Milan-Rois P, et al. Natural killer (NK) cell-derived extracellular-vesicle shuttled
microRNAs control T cell responses. Elife (2022) 11:¢76319. doi: 10.7554/eLife.76319.sa2

202. Pfefferle A, Huntington ND. You have got a fast CAR: Chimeric antigen receptor NK
cells in cancer therapy. Cancers (Basel) (2020) 12(3):706. doi: 10.3390/cancers12030706

203. Lawrence DW, Willard PA, Cochran AM, Matchett EC, Kornbluth J. Natural
killer lytic-associated molecule (NKLAM): An E3 ubiquitin ligase with an integral role in
innate immunity. Front Physiol (2020) 11:573372. doi: 10.3389/fphys.2020.573372

204. Fais S. NK cell-released exosomes: Natural nanobullets against tumors.
Oncoimmunology (2013) 2(1):e22337. doi: 10.4161/onci.22337

205. Choi JW, Lim S, Kang JH, Hwang SH, Hwang KC, Kim SW, et al. Proteome
analysis of human natural killer cell derived extracellular vesicles for identification of
anticancer effectors. Molecules (2020) 25(21):5216. doi: 10.3390/molecules25215216

206. Garofalo C, De Marco C, Cristiani CM. NK cells in the tumor microenvironment
as new potential players mediating chemotherapy effects in metastatic melanoma. Front
Oncol (2021) 11:754541. doi: 10.3389/fonc.2021.754541

207. Shen Z, Zhao H, Yao H, Pan X, Yang J, Zhang S, et al. Dynamic metabolic change
of cancer cells induced by natural killer cells at the single-cell level studied by label-free
mass cytometry. Chem Sci (2022) 13(6):1641-7. doi: 10.1039/D1SC06366A

208. Alcantara-Quintana LE, Gonzalez-Pérez ME, Loyola-Leyva A, Teran-Figueroa Y.
Effect of exosomes from patients with grade one cervical intraepithelial neoplasia on cell
cultures: A preliminary study. Cancer Manag Res (2022) 14:2225-33. doi: 10.2147/
CMAR.S355689

209. Li H, Yang BB. Friend or foe: the role of microRNA in chemotherapy resistance.
Acta Pharmacol Sin (2013) 34(7):870-9. doi: 10.1038/aps.2013.35

210. Carlsten M, Jards M. Natural Killer Cells in Myeloid Malignancies: Immune
Surveillance, NK Cell Dysfunction, and Pharmacological Opportunities to Bolster the
Endogenous NK Cells. Front Immunol (2019) 10:2357. doi: 10.3389/fimmu.2019.02357

211. Wu ], Li S, Zhang P. Tumor-derived exosomes: immune properties and clinical
application in lung cancer. Cancer Drug Resist (2022) 5(1):102-13. doi: 10.20517/
cdr.2021.99

Frontiers in Immunology

19

10.3389/fimmu.2022.1089410

212. Guo W, Qiao T, Dong B, Li T, Liu Q, Xu X. The effect of hypoxia-induced
exosomes on anti-tumor immunity and its implication for immunotherapy. Front
Immunol (2022) 13:915985. doi: 10.3389/fimmu.2022.915985

213. Ng W, Gong C, Yan X, Si G, Fang C, Wang L, et al. Targeting CD155 by
rediocide-a overcomes tumour immuno-resistance to natural killer cells. Pharm Biol
(2021) 59(1):47-53. doi: 10.1080/13880209.2020.1865410

214. Vogler M, Shanmugalingam S, Sirchen V, Reindl LM, Gréze V, Buchinger L, et al.
Unleashing the power of NK cells in anticancer immunotherapy. ] Mol Med (Berl) (2022)
100(3):337-49. doi: 10.1007/s00109-021-02120-z

215. Di Pace AL, Tumino N, Besi F, Alicata C, Conti LA, Munari E, et al.
Characterization of human NK cell-derived exosomes: Role of DNAMI receptor in
exosome-mediated cytotoxicity against tumor. Cancers (Basel) (2020) 12(3):661. doi:
10.3390/cancers12030661

216. Fabbri M. Natural killer cell-derived vesicular miRNAs: A new anticancer
approach? Cancer Res (2020) 80(1):17-22. doi: 10.1158/0008-5472.CAN-19-1450

217. Jong AY, Wu CH, LiJ, Sun ], Fabbri M, Wayne AS, et al. Large-Scale isolation and
cytotoxicity of extracellular vesicles derived from activated human natural killer cells. J
Extracell Vesicles (2017) 6(1):1294368. doi: 10.1080/20013078.2017.1294368

218. Kang YT, Niu Z, Hadlock T, Purcell E, Lo TW, Zeinali M, et al. On-chip
biogenesis of circulating NK cell-derived exosomes in non-small cell lung cancer exhibits
antitumoral activity. Adv Sci (Weinh) (2021) 8(6):2003747. doi: 10.1002/advs.202003747

219. Chiriaco MS, Bianco M, Nigro A, Primiceri E, Ferrara F, Romano A, et al. Lab-on-
Chip for exosomes and microvesicles detection and characterization. Sensors (Basel)
(2018) 18(10):3175. doi: 10.3390/s18103175

220. Keller S, Kénig AK, Marmé F, Runz S, Wolterink S, Koensgen D, et al. Systemic
presence and tumor-growth promoting effect of ovarian carcinoma released exosomes.
Cancer Lett (2009) 278(1):73-81. doi: 10.1016/j.canlet.2008.12.028

221. Vulpis E, Loconte L, Peri A, Molfetta R, Caracciolo G, Masuelli L, et al. Impact on
NK cell functions of acute versus chronic exposure to extracellular vesicle-associated
MICA: Dual role in cancer immunosurveillance. ] Extracell Vesicles (2022) 11(1):e12176.
doi: 10.1002/jev2.12176

222. Clayton A, Mitchell JP, Court J, Mason MD, Tabi Z. Human tumor-derived
exosomes selectively impair lymphocyte responses to interleukin-2. Cancer Res (2007) 67
(15):7458-66. doi: 10.1158/0008-5472.CAN-06-3456

223. Gottfried E, Kreutz M, Mackensen A. Tumor-induced modulation of dendritic
cell function. Cytokine Growth Factor Rev (2008) 19(1):65-77. doi: 10.1016/
j.cytogfr.2007.10.008

224. Tickner JA, Urquhart AJ, Stephenson SA, Richard DJ, O'Byrne K]J. Functions and
therapeutic roles of exosomes in cancer. Front Oncol (2014) 4:127. doi: 10.3389/
fonc.2014.00127

225. Segura E, Amigorena S, Théry C. Mature dendritic cells secrete exosomes with
strong ability to induce antigen-specific effector immune responses. Blood Cells Mol Dis
(2005) 35(2):89-93. doi: 10.1016/j.bcmd.2005.05.003

226. Hedlund M, Nagaeva O, Kargl D, Baranov V, Mincheva-Nilsson L. Thermal- and
oxidative stress causes enhanced release of NKG2D ligand-bearing immunosuppressive
exosomes in leukemia/lymphoma T and b cells. PloS One (2011) 6(2):e16899. doi:
10.1371/journal.pone.0016899

227. Wolfers ], Lozier A, Raposo G, Regnault A, Thery C, Masurier C, et al. Tumor-
derived exosomes are a source of shared tumor rejection antigens for CTL cross-priming.
Nat Med (2001) 7(3):297-303. doi: 10.1038/85438

228. Li QL, Bu N, Yu YC, Hua W, Xin XY. Exvivo experiments of human ovarian
cancer ascites-derived exosomes presented by dendritic cells derived from umbilical cord
blood for immunotherapy treatment. Clin Med Oncol (2008) 2:461-7. doi: 10.4137/
CMO.S776

229. Wang C, Huang X, Wu Y, Wang J, Li F, Guo G. Tumor cell-associated exosomes
robustly elicit anti-tumor immune responses through modulating dendritic cell vaccines
in lung tumor. Int J Biol Sci (2020) 16(4):633-43. doi: 10.7150/ijbs.38414

230. Jung NC, Lee JH, Chung KH, Kwak YS, Lim DS. Dendritic cell-based
immunotherapy for solid tumors. Transl Oncol (2018) 11(3):686-90. doi: 10.1016/
j.tranon.2018.03.007

231. Wang H, Lu Z, Zhao X. Tumorigenesis, diagnosis, and therapeutic potential of
exosomes in liver cancer. ] Hematol Oncol (2019) 12(1):133. doi: 10.1186/s13045-019-
0806-6

232. Park K, Veena MS, Shin DS. Key players of the immunosuppressive tumor
microenvironment and emerging therapeutic strategies. Front Cell Dev Biol (2022)
10:830208. doi: 10.3389/fcell.2022.830208

233. Zitvogel L, Regnault A, Lozier A, Wolfers J, Flament C, Tenza D, et al. Eradication
of established murine tumors using a novel cell-free vaccine: dendritic cell-derived
exosomes. Nat Med (1998) 4(5):594-600. doi: 10.1038/nm0598-594

234. Li Q, Wang H, Peng H, Huyan T, Cacalano NA. Exosomes: Versatile nano
mediators of immune regulation. Cancers (Basel) (2019) 11(10):1557. doi: 10.3390/
cancers11101557

235. Morse MA, Garst J, Osada T, Khan S, Hobeika A, Clay TM, et al. A phase I study
of dexosome immunotherapy in patients with advanced non-small cell lung cancer. J
Transl Med (2005) 3(1):9. doi: 10.1186/1479-5876-3-9

236. Czystowska-Kuzmicz M, Sosnowska A, Nowis D, Ramji K, Szajnik M,
Chlebowska-Tuz J, et al. Small extracellular vesicles containing arginase-1 suppress T-

cell responses and promote tumor growth in ovarian carcinoma. Nat Commun (2019) 10
(1):3000. doi: 10.1038/s41467-019-10979-3

frontiersin.org


https://doi.org/10.1038/s41389-020-00257-z
https://doi.org/10.1016/j.ajps.2021.12.001
https://doi.org/10.1002/1878-0261.12855
https://doi.org/10.18632/oncotarget.6175
https://doi.org/10.3389/fimmu.2018.00014
https://doi.org/10.3390/cells11050790
https://doi.org/10.3390/cells11050790
https://doi.org/10.3390/cells8020154
https://doi.org/10.1021/acsbiomaterials.1c00217
https://doi.org/10.1007/s00535-022-01879-3
https://doi.org/10.3390/cancers13194798
https://doi.org/10.3390/cells8050460
https://doi.org/10.3389/fimmu.2021.722451
https://doi.org/10.3389/fimmu.2021.757674
https://doi.org/10.3389/fimmu.2021.757674
https://doi.org/10.1155/2018/2687954
https://doi.org/10.1155/2018/2687954
https://doi.org/10.1158/2326-6066.CIR-19-0023
https://doi.org/10.3389/fimmu.2022.1018685
https://doi.org/10.7554/eLife.76319.sa2
https://doi.org/10.3390/cancers12030706
https://doi.org/10.3389/fphys.2020.573372
https://doi.org/10.4161/onci.22337
https://doi.org/10.3390/molecules25215216
https://doi.org/10.3389/fonc.2021.754541
https://doi.org/10.1039/D1SC06366A
https://doi.org/10.2147/CMAR.S355689
https://doi.org/10.2147/CMAR.S355689
https://doi.org/10.1038/aps.2013.35
https://doi.org/10.3389/fimmu.2019.02357
https://doi.org/10.20517/cdr.2021.99
https://doi.org/10.20517/cdr.2021.99
https://doi.org/10.3389/fimmu.2022.915985
https://doi.org/10.1080/13880209.2020.1865410
https://doi.org/10.1007/s00109-021-02120-z
https://doi.org/10.3390/cancers12030661
https://doi.org/10.1158/0008-5472.CAN-19-1450
https://doi.org/10.1080/20013078.2017.1294368
https://doi.org/10.1002/advs.202003747
https://doi.org/10.3390/s18103175
https://doi.org/10.1016/j.canlet.2008.12.028
https://doi.org/10.1002/jev2.12176
https://doi.org/10.1158/0008-5472.CAN-06-3456
https://doi.org/10.1016/j.cytogfr.2007.10.008
https://doi.org/10.1016/j.cytogfr.2007.10.008
https://doi.org/10.3389/fonc.2014.00127
https://doi.org/10.3389/fonc.2014.00127
https://doi.org/10.1016/j.bcmd.2005.05.003
https://doi.org/10.1371/journal.pone.0016899
https://doi.org/10.1038/85438
https://doi.org/10.4137/CMO.S776
https://doi.org/10.4137/CMO.S776
https://doi.org/10.7150/ijbs.38414
https://doi.org/10.1016/j.tranon.2018.03.007
https://doi.org/10.1016/j.tranon.2018.03.007
https://doi.org/10.1186/s13045-019-0806-6
https://doi.org/10.1186/s13045-019-0806-6
https://doi.org/10.3389/fcell.2022.830208
https://doi.org/10.1038/nm0598-594
https://doi.org/10.3390/cancers11101557
https://doi.org/10.3390/cancers11101557
https://doi.org/10.1186/1479-5876-3-9
https://doi.org/10.1038/s41467-019-10979-3
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

237. Shi Y, Du L, Lv D, Li H, Shang J, Lu J, et al. Exosomal interferon-induced
transmembrane protein 2 transmitted to dendritic cells inhibits interferon alpha pathway
activation and blocks anti-hepatitis b virus efficacy of exogenous interferon alpha.
Hepatology (2019) 69(6):2396-413. doi: 10.1002/hep.30548

238. Tian Y, Cheng C, Wei Y, Yang F, Li G. The role of exosomes in inflammatory
diseases and tumor-related inflammation. Cells (2022) 11(6):1005. doi: 10.3390/
cells11061005

239. Tian N, Wu D, Zhu L, Zeng M, Li ], Wang X. A predictive model for recurrence
after upfront surgery in patients with resectable pancreatic ductal adenocarcinoma
(PDAC) by using preoperative clinical data and CT characteristics. BMC Med Imaging
(2022) 22(1):116. doi: 10.1186/5s12880-022-00823-4

240. Wu L, Saxena S, Singh RK. Neutrophils in the tumor microenvironment. Adv Exp
Med Biol 2020 (1224) p:1-20. doi: 10.1007/978-3-030-35723-8_1

241. Garcia JS, Nowosh V, Lopez RVM, Massoco CO. Association of systemic
inflammatory and immune indices with survival in canine patients with oral
melanoma, treated with experimental immunotherapy alone or experimental
immunotherapy plus metronomic chemotherapy. Front Vet Sci (2022) 9:888411. doi:
10.3389/fvets.2022.888411

242. Tien JC, Xu J. Steroid receptor coactivator-3 as a potential molecular target for
cancer therapy. Expert Opin Ther Targets (2012) 16(11):1085-96. doi: 10.1517/
14728222.2012.718330

243. Li L, Zuo X, Xiao Y, Liu D, Luo H, Zhu H. Neutrophil-derived exosome from
systemic sclerosis inhibits the proliferation and migration of endothelial cells. Biochem
Biophys Res Commun (2020) 526(2):334-40. doi: 10.1016/j.bbrc.2020.03.088

244. Zhang X, Shi H, Yuan X, Jiang P, Qian H, Xu W. Tumor-derived exosomes
induce N2 polarization of neutrophils to promote gastric cancer cell migration. Mol
Cancer (2018) 17(1):146. doi: 10.1186/s12943-018-0898-6

245. Domenis R, Cifu A, Marino D, Fabris M, Niazi KR, Soon-Shiong P, et al. Toll-like
receptor-4 activation boosts the immunosuppressive properties of tumor cells-derived
exosomes. Sci Rep (2019) 9(1):8457. doi: 10.1038/s41598-019-44949-y

246. Larionova I, Tuguzbaeva G, Ponomaryova A, Stakheyeva M, Cherdyntseva N,
Pavlov V, et al. Tumor-associated macrophages in human breast, colorectal, lung, ovarian
and prostate cancers. Front Oncol (2020) 10:566511. doi: 10.3389/fonc.2020.566511

247. Tu W, Gong J, Zhou Z, Tian D, Wang Z. TCF4 enhances hepatic metastasis of
colorectal cancer by regulating tumor-associated macrophage via CCL2/CCR2 signaling.
Cell Death Dis (2021) 12(10):882. doi: 10.1038/s41419-021-04166-w

248. Ma X. The omentum, a niche for premetastatic ovarian cancer. ] Exp Med (2020)
217(4):€20192312. doi: 10.1084/jem.20192312

249. Srivastava A, Rathore S, Munshi A, Ramesh R. Extracellular vesicles in oncology:
from immune suppression to immunotherapy. AAPS ] (2021) 23(2):30. doi: 10.1208/
$12248-021-00554-4

250. Yang Y, Guo Z, Chen W, Wang X, Cao M, Han X, et al. M2 macrophage-derived
exosomes promote angiogenesis and growth of pancreatic ductal adenocarcinoma by
targeting E2F2. Mol Ther (2021) 29(3):1226-38. doi: 10.1016/j.ymthe.2020.11.024

251. Ma YS, Wu TM, Ling CC, Yu F, Zhang J, Cao PS, et al. M2 macrophage-derived
exosomal microRNA-155-5p promotes the immune escape of colon cancer by
downregulating ZC3H12B. Mol Ther Oncolytics (2021) 20:484-98. doi: 10.1016/
j.omto.2021.02.005

252. LuL, Ling W, Ruan Z. TAM-derived extracellular vesicles containing microRNA-
29a-3p explain the deterioration of ovarian cancer. Mol Ther Nucleic Acids (2021) 25:468-
82. doi: 10.1016/j.0mtn.2021.05.011

253. Li M, Zhao ], Cao M, Liu R, Chen G, Li S, et al. Mast cells-derived MiR-223
destroys intestinal barrier function by inhibition of CLDNS8 expression in intestinal
epithelial cells. Biol Res (2020) 53(1):12. doi: 10.1186/s40659-020-00279-2

254. 1i Y, Yin Z, Fan ], Zhang S, Yang W. The roles of exosomal miRNAs and
IncRNAs in lung diseases. Signal Transduct Target Ther (2019) 4:47. doi: 10.1038/s41392-
019-0080-7

255. Yin Y, Shelke GV, Lisser C, Brismar H, Lotvall J. Extracellular vesicles from mast
cells induce mesenchymal transition in airway epithelial cells. Respir Res (2020) 21(1):101.
doi: 10.1186/s12931-020-01346-8

256. Inagaki Y, Hookway E, Williams K. A, Hassan AB, Oppermann U, Tanaka Y,
et al. Dendritic and mast cell involvement in the inflammatory response to primary
malignant bone tumours. Clin Sarcoma Res (2016) 6:13. doi: 10.1186/513569-016-0053-3

257. Moon B, Chang S. Exosome as a delivery vehicle for cancer therapy. Cells (2022)
11(3):316. doi: 10.3390/cells11030316

258. Narang P, Shah M, Beljanski V. Exosomal RNAs in diagnosis and therapies.
Noncoding RNA Res (2022) 7(1):7-15. doi: 10.1016/j.ncrna.2022.01.001

259. Fatima F, Nawaz M. Stem cell-derived exosomes: roles in stromal remodeling,
tumor progression, and cancer immunotherapy. Chin J Cancer (2015) 34(12):541-53. doi:
10.1186/s40880-015-0051-5

260. Wang M, Zhao C, Shi H, Zhang B, Zhang L, Zhang X, et al. Deregulated
microRNAs in gastric cancer tissue-derived mesenchymal stem cells: novel biomarkers
and a mechanism for gastric cancer. Br J Cancer (2014) 110(5):1199-210. doi: 10.1038/
bjc.2014.14

261. Grange C, Tapparo M, Collino F, Vitillo L, Damasco C, Deregibus MC, et al.
Microvesicles released from human renal cancer stem cells stimulate angiogenesis and
formation of lung premetastatic niche. Cancer Res (2011) 71(15):5346-56. doi: 10.1158/
0008-5472.CAN-11-0241

Frontiers in Immunology

10.3389/fimmu.2022.1089410

262. Reza A, Choi Y], Yasuda H, Kim JH. Human adipose mesenchymal stem cell-
derived exosomal-miRNAs are critical factors for inducing anti-proliferation signalling to
A2780 and SKOV-3 ovarian cancer cells. Sci Rep (2016) 6:38498. doi: 10.1038/srep38498

263. Zhou L, Zou M, Xu Y, Lin P, Lei C, Xia X. Nano drug delivery system for tumor
immunotherapy: Next-generation therapeutics. Front Oncol (2022) 12:864301. doi: 10.3389/
fonc.2022.864301

264. de Klerk E, Hebrok M. Stem cell-based clinical trials for diabetes mellitus. Front
Endocrinol (Lausanne) (2021) 12:631463. doi: 10.3389/fendo.2021.631463

265. Cheng L, Wu S, Zhang K, Qing Y, Xu T. A comprehensive overview of exosomes
in ovarian cancer: emerging biomarkers and therapeutic strategies. ] Ovarian Res (2017)
10(1):73. doi: 10.1186/s13048-017-0368-6

266. Nakamura K, Sawada K, Kobayashi M, Miyamoto M, Shimizu A, Yamamoto M,
et al. Role of the exosome in ovarian cancer progression and its potential as a therapeutic
target. Cancers (Basel) (2019) 11(8):1147. doi: 10.3390/cancers11081147

267. GrassoL, Wyss R, Weidenauer L, Thampi A, Demurtas D, Prudent M, et al. Molecular
screening of cancer-derived exosomes by surface plasmon resonance spectroscopy. Anal
Bioanal Chem (2015) 407(18):5425-32. doi: 10.1007/s00216-015-8711-5

268. Cai DL, Jin LP. Immune cell population in ovarian tumor microenvironment. J
Cancer (2017) 8(15):2915-23. doi: 10.7150/jca.20314

269. Rodriguez GM, Galpin KJC, McCloskey CW, Vanderhyden BC. The tumor
microenvironment of epithelial ovarian cancer and its influence on response to
immunotherapy. Cancers (Basel) (2018) 10(8):242. doi: 10.3390/cancers10080242

270. De Toro ], Herschlik L, Waldner C, Mongini C. Emerging roles of exosomes in
normal and pathological conditions: new insights for diagnosis and therapeutic
applications. Front Immunol (2015) 6:203. doi: 10.3389/fimmu.2015.00203

271. Wu K, Xing F, Wu SY, Watabe K. Extracellular vesicles as emerging targets in
cancer: Recent development from bench to bedside. Biochim Biophys Acta Rev Cancer
(2017) 1868(2):538-63. doi: 10.1016/j.bbcan.2017.10.001

272. Jochems C, Schlom J. Tumor-infiltrating immune cells and prognosis: the
potential link between conventional cancer therapy and immunity. Exp Biol Med
(Maywood) (2011) 236(5):567-79. doi: 10.1258/ebm.2011.011007

273. Yang Y, Yang Y, Yang J, Zhao X, Wei X. Tumor microenvironment in ovarian
cancer: Function and therapeutic strategy. Front Cell Dev Biol (2020) 8:758. doi: 10.3389/
fcell.2020.00758

274. Segura E, Nicco C, Lombard B, Véron P, Raposo G, Batteux F, et al. ICAM-1 on
exosomes from mature dendritic cells is critical for efficient naive T-cell priming. Blood
(2005) 106(1):216-23. doi: 10.1182/blood-2005-01-0220

275. Jaiswal R, Sedger LM. Intercellular vesicular transfer by exosomes, microparticles
and oncosomes - implications for cancer biology and treatments. Front Oncol (2019)
9:125. doi: 10.3389/fonc.2019.00125

276. Panigrahi AR, Srinivas L, Panda J. Exosomes: Insights and therapeutic
applications in cancer. Transl Oncol (2022) 21:101439. doi: 10.1016/j.tranon.2022.101439

277. Saumell-Esnaola M, Delgado D, Garcia Del Cafio G, Beitia M, Sallés J, Gonzalez-
Burguera [, et al. Isolation of platelet-derived exosomes from human platelet-rich plasma:
Biochemical and morphological characterization. Int ] Mol Sci (2022) 23(5):2861. doi:
10.3390/ijms23052861

278. Navabi H, Croston D, Hobot ], Clayton A, Zitvogel L, Jasani B, et al. Preparation
of human ovarian cancer ascites-derived exosomes for a clinical trial. Blood Cells Mol Dis
(2005) 35(2):149-52. doi: 10.1016/j.bcmd.2005.06.008

279. Adams M, Navabi H, Croston D, Coleman S, Tabi Z, Clayton A, et al. The
rationale for combined chemo/immunotherapy using a toll-like receptor 3 (TLR3) agonist
and tumour-derived exosomes in advanced ovarian cancer. Vaccine (2005) 23(17-
18):2374-8. doi: 10.1016/j.vaccine.2005.01.014

280. Guerra N, Tan YX, Joncker NT, Choy A, Gallardo F, Xiong N, et al. NKG2D-
deficient mice are defective in tumor surveillance in models of spontaneous malignancy.
Immunity (2008) 28(4):571-80. doi: 10.1016/j.immuni.2008.02.016

281. Klibi J, Niki T, Riedel A, Pioche-Durieu C, Souquere S, Rubinstein E, et al. Blood
diftusion and Thl-suppressive effects of galectin-9-containing exosomes released by
Epstein-Barr virus-infected nasopharyngeal carcinoma cells. Blood (2009) 113(9):1957-
66. doi: 10.1182/blood-2008-02-142596

282. Taylor DD, Gergel-Taylor C. Tumour-derived exosomes and their role in cancer-
associated T-cell signalling defects. Br ] Cancer (2005) 92(2):305-11. doi: 10.1038/sj.bjc.6602316

283. Friangsmyr L, Baranov V, Nagaeva O, Stendahl U, Kjellberg L, Mincheva-Nilsson
L. Cytoplasmic microvesicular form of fas ligand in human early placenta: switching the
tissue immune privilege hypothesis from cellular to vesicular level. Mol Hum Reprod
(2005) 11(1):35-41. doi: 10.1093/molehr/gah129

284. Zhang W, Peng P, Ou X, Shen K, Wu X. Ovarian cancer circulating extracelluar
vesicles promote coagulation and have a potential in diagnosis: an iTRAQ based
proteomic analysis. BMC Cancer (2019) 19(1):1095. doi: 10.1186/s12885-019-6176-1

285. Kerr MD, McBride DA, Chumber AK, Shah NJ. Combining therapeutic vaccines
with chemo- and immunotherapies in the treatment of cancer. Expert Opin Drug
Discovery (2021) 16(1):89-99. doi: 10.1080/17460441.2020.1811673

286. Park W, Heo YJ, Han DK. New opportunities for nanoparticles in cancer
immunotherapy. Biomater Res (2018) 22:24. doi: 10.1186/540824-018-0133-y

287. Reynolds CR, Tran S, Jain M, Narendran A. Neoantigen cancer vaccines:
Generation, optimization, and therapeutic targeting strategies. Vaccines (Basel) (2022)
10(2):196. doi: 10.3390/vaccines10020196

frontiersin.org


https://doi.org/10.1002/hep.30548
https://doi.org/10.3390/cells11061005
https://doi.org/10.3390/cells11061005
https://doi.org/10.1186/s12880-022-00823-4
https://doi.org/10.1007/978-3-030-35723-8_1
https://doi.org/10.3389/fvets.2022.888411
https://doi.org/10.1517/14728222.2012.718330
https://doi.org/10.1517/14728222.2012.718330
https://doi.org/10.1016/j.bbrc.2020.03.088
https://doi.org/10.1186/s12943-018-0898-6
https://doi.org/10.1038/s41598-019-44949-y
https://doi.org/10.3389/fonc.2020.566511
https://doi.org/10.1038/s41419-021-04166-w
https://doi.org/10.1084/jem.20192312
https://doi.org/10.1208/s12248-021-00554-4
https://doi.org/10.1208/s12248-021-00554-4
https://doi.org/10.1016/j.ymthe.2020.11.024
https://doi.org/10.1016/j.omto.2021.02.005
https://doi.org/10.1016/j.omto.2021.02.005
https://doi.org/10.1016/j.omtn.2021.05.011
https://doi.org/10.1186/s40659-020-00279-2
https://doi.org/10.1038/s41392-019-0080-7
https://doi.org/10.1038/s41392-019-0080-7
https://doi.org/10.1186/s12931-020-01346-8
https://doi.org/10.1186/s13569-016-0053-3
https://doi.org/10.3390/cells11030316
https://doi.org/10.1016/j.ncrna.2022.01.001
https://doi.org/10.1186/s40880-015-0051-5
https://doi.org/10.1038/bjc.2014.14
https://doi.org/10.1038/bjc.2014.14
https://doi.org/10.1158/0008-5472.CAN-11-0241
https://doi.org/10.1158/0008-5472.CAN-11-0241
https://doi.org/10.1038/srep38498
https://doi.org/10.3389/fonc.2022.864301
https://doi.org/10.3389/fonc.2022.864301
https://doi.org/10.3389/fendo.2021.631463
https://doi.org/10.1186/s13048-017-0368-6
https://doi.org/10.3390/cancers11081147
https://doi.org/10.1007/s00216-015-8711-5
https://doi.org/10.7150/jca.20314
https://doi.org/10.3390/cancers10080242
https://doi.org/10.3389/fimmu.2015.00203
https://doi.org/10.1016/j.bbcan.2017.10.001
https://doi.org/10.1258/ebm.2011.011007
https://doi.org/10.3389/fcell.2020.00758
https://doi.org/10.3389/fcell.2020.00758
https://doi.org/10.1182/blood-2005-01-0220
https://doi.org/10.3389/fonc.2019.00125
https://doi.org/10.1016/j.tranon.2022.101439
https://doi.org/10.3390/ijms23052861
https://doi.org/10.1016/j.bcmd.2005.06.008
https://doi.org/10.1016/j.vaccine.2005.01.014
https://doi.org/10.1016/j.immuni.2008.02.016
https://doi.org/10.1182/blood-2008-02-142596
https://doi.org/10.1038/sj.bjc.6602316
https://doi.org/10.1093/molehr/gah129
https://doi.org/10.1186/s12885-019-6176-1
https://doi.org/10.1080/17460441.2020.1811673
https://doi.org/10.1186/s40824-018-0133-y
https://doi.org/10.3390/vaccines10020196
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Gong et al.

288. Bai Y, Guo J, Liu Z, Li Y, Jin S, Wang T. The role of exosomes in the female
reproductive system and breast cancers. Onco Targets Ther (2020) 13:12567-86. doi:
10.2147/OTT.S281909

289. Whiteside TL. Tumor-derived exosomes and their role in cancer progression. Adv
Clin Chem (2016) 74:103-41. doi: 10.1016/bs.acc.2015.12.005

290. Xie S, Zhang Q, Jiang L. Current knowledge on exosome biogenesis, cargo-sorting
mechanism and therapeutic implications. Membranes (Basel) (2022) 12(5):498. doi:
10.3390/membranes12050498

291. WangX, Han L, Zhou L, Wang L, Zhang LM. Prediction of candidate RNA signatures
for recurrent ovarian cancer prognosis by the construction of an integrated competing
endogenous RNA network. Oncol Rep (2018) 40(5):2659-73. doi: 10.3892/0r.2018.6707

292. Sun Z, Yang S, Zhou Q, Wang G, Song J, Li Z, et al. Emerging role of exosome-

derived long non-coding RNAs in tumor microenvironment. Mol Cancer (2018) 17(1):82.
doi: 10.1186/s12943-018-0831-z

Frontiers in Immunology

21

10.3389/fimmu.2022.1089410

293. Zhao L, Hu C, Zhang P, Jiang H, Chen J. Genetic communication by extracellular
vesicles is an important mechanism underlying stem cell-based therapy-mediated protection
against acute kidney injury. Stem Cell Res Ther (2019) 10(1):119. doi: 10.1186/s13287-019-1227-8

294. Li X, Tang M. Exosomes released from M2 macrophages transfer miR-221-3p
contributed to EOC progression through targeting CDKNIB. Cancer Med (2020) 9
(16):5976-88. doi: 10.1002/cam4.3252

295. Deng W, Wang L, Pan M, Zheng J. The regulatory role of exosomes in leukemia and their
clinical significance. ] Int Med Res (2020) 48(8):300060520950135. doi: 10.1177/0300060520950135

296. Lima LG, Ham S, Shin H, Chai EPZ, Lek ESH, Lobb RJ, et al. Tumor
microenvironmental cytokines bound to cancer exosomes determine uptake by
cytokine receptor-expressing cells and biodistribution. Nat Commun (2021) 12(1):3543.
doi: 10.1038/s41467-021-23946-8

297. Sun W, Ren Y, Lu Z, Zhao X. The potential roles of exosomes in pancreatic cancer
initiation and metastasis. Mol Cancer (2020) 19(1):135. doi: 10.1186/s12943-020-01255-w

frontiersin.org


https://doi.org/10.2147/OTT.S281909
https://doi.org/10.1016/bs.acc.2015.12.005
https://doi.org/10.3390/membranes12050498
https://doi.org/10.3892/or.2018.6707
https://doi.org/10.1186/s12943-018-0831-z
https://doi.org/10.1186/s13287-019-1227-8
https://doi.org/10.1002/cam4.3252
https://doi.org/10.1177/0300060520950135
https://doi.org/10.1038/s41467-021-23946-8
https://doi.org/10.1186/s12943-020-01255-w
https://doi.org/10.3389/fimmu.2022.1089410
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Exosomes: A potential tool for immunotherapy of ovarian cancer
	1 Background
	2 Exosomes in tumor diagnosis
	2.1 Exosomes in ascites
	2.2 Exosomes in serum
	2.3 Exosomes in plasma
	2.4 Exosomes in urine

	3 Roles of exosomes in the TME
	3.1 Exosomes released by tumors
	3.2 Exosomes derived from T cells
	3.2.1 CD8+ T cell-derived exosomes
	3.2.2 CD4+ T cell-derived exosomes
	3.2.3 CAR-T immunotherapy

	3.3 Exosomes derived from B cells
	3.4 Exosomes derived from NK cells
	3.5 Exosomes derived from dendritic cells
	3.6 Exosomes derived from neutrophils
	3.7 Exosomes derived from macrophages
	3.8 Exosomes derived from mast cells

	4 Exosomes as immunotherapy for ovarian cancer
	5 Discussion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


