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Renal cancer is one of the most extensively studied human tumors today, with
clear cell renal cell carcinoma accounting for approximately 80% of all cases.
Despite recent advances in research on clear cell renal cell carcinoma,
advanced distant metastasis of the disease, delay in diagnosis, as well as drug
resistance remain major problems. In recent years, as an important mediator of
material and information exchange between cells in the tumor
microenvironment, exosomes have attracted widespread attention for their
role in tumor development. It has been reported that tumor-derived exosomes
may act as regulators and have an important effect on the metastasis, drug
resistance formation, and providing targets for early diagnosis of clear cell renal
cell carcinoma. Therefore, the extensive study of tumour-derived exosomes
will provide a meaningful reference for the development of the diagnostic and
therapeutic field of clear cell renal cell carcinoma. This article reviews the
biological role and research progress of tumor-derived exosomes in different
aspects of premetastatic niche formation, tumor angiogenesis, and epithelial-
mesenchymal transition during the progression of clear cell renal cell
carcinoma. In addition, the role of tumor-derived exosomes in the
development of drug resistance in clear cell renal cell carcinoma is also
addressed in this review. Furthermore, recent studies have found that
cargoes of exosomes in serum and urine, for example, a series of miRNAs,
have the potential to be biological markers of clear cell renal cell carcinoma
and provide meaningful targets for early diagnosis and monitoring of tumors,
which is also covered in this article.
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1 Introduction

Kidney cancer is the third most common cancer of the urinary
system. According to the World Health Organization, renal
cancer ranked 16th among all cancers worldwide in terms of
new cases and deaths in 2020 (1). Clear cell renal cell carcinoma
(ccRCC), a renal cortical tumor characterized by malignant
epithelial cells, is the most common type of kidney cancer,
accounting for 80% of total cases, and other subtypes are mainly
papillary renal cell carcinoma, suspicious cell carcinoma, clear cell
papillary renal cell carcinoma, and MIT family translocation-
associated renal cell carcinoma (2). At present, the global
morbidity and mortality of ccRCC continue to rise, and
although recent progress has been made in the study of ccRCC,
its prognosis is still poor. The diagnosis and treatment of ccRCC
also involves many social factors, such as racial imbalances, like
the racial disparities that exist among patients undergoing robotic
radical nephrectomy (3). In fact, more than 60% of ccRCCs are
found incidentally. Despite improvements in imaging techniques,
more than 30% of patients have already been found to have tumor
metastases, especially bone metastases, lung metastases,
accounting for approximately 15% of total cases at the time of
diagnosis (4-6). At the same time, the drug resistance of ccRCC is
also one of the main reasons for their clinical treatment failure,
especially metastatic ccRCC. For example, vascular endothelial
growth factor (VEGF), mammalian target of rapamycin (mTOR)
inhibitors, and RAF kinase have been used to treat ccRCC (7), but
these drugs often encounter the problem of drug resistance in
clinical application. Therefore, if ccRCC can be diagnosed and
monitored early, it is beneficial to improve the clinical
management of ccRCC, perform medical or surgical
intervention before tumor cell metastasis, and prolong the
overall survival of ccRCC patients. There are no specific
molecular markers for ccRCC for clinical use (8). However, it
has been found that tumor-released extracellular vesicles, for
example, exosomes, may represent a new class of biomarkers for
liquid biopsy, providing a meaningful target for the early diagnosis
and monitoring of ccRCC (9).

Abbreviations: ccRCC, Clear cell renal cell carcinoma; VEGF, Vascular
endothelial growth factor; mTOR, Mammalian target of rapamycin; EVs,
Extracellular vesicles; PMN, premetastatic niche; TSF, Tumor-secreted factor;
TSE, Tumor-secreted exosome; CRC, Colorectal cancer; CSC, Cancer stem
cells; CAFS, Cancer-associated fibroblasts; SFRP1, Secreted frizzled-related
protein 1; TNF-o, Tumor necrosis factor-alpha; ApoCl1, Apolipoprotein Cl;
CA9, Carbonic anhydrase 9; TKI, Tyrosine kinase inhibitor; HIF1c, Hypoxia-
inducible factor 1 alpha; EMT, Epithelial-mesenchymal transition; GGT, -
glutamyltransferase; HSPA5, Heat shock protein 5; PTRF, Polymerase I and
transcription release factor; EGFR, Epidermal growth factor receptor;
PDGFR-B, PDGF-B-receptor; Flt-3, FMS-like tyrosine kinase 3; KTZ,

Ketoconazole; MCF-7/ADM, Human breast cancer enamycin-resistant cells.
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Extracellular vesicles (EVs) are a collective term for various
vesicular structures with membrane structures released by cells.
According to their different diameters, they can be divided into
three types: exosomes, microvesicles, and apoptotic bodies (10).
Among them, exosomes are goblet extracellular vesicles with a
diameter of 40-100 nm, surrounded by a lipid bilayer membrane,
which is currently a research hotspot. Exosomes were found in
nearly all body fluids, including serum, urine, cerebrospinal fluid,
saliva, and tears. Human normal cells as well as tumor cells can
secrete exosomes, which play an important role in intercellular
communication, and the cargo transported by them includes
proteins, mRNAs, miRNAs and signaling molecules. Exosomes
regulate the physiological state of cells by carrying and transmitting
signaling molecules and are involved in antigen presentation, cell
differentiation, growth, tumor immune response, and migration
and invasion of tumor cells (11). Many researches have shown that
tumor-derived exosomes play an important role in the occurrence,
progression and metastasis, immune escape, drug resistance and
early diagnosis of ccRCC by transporting different cargoes and
mediating related signaling pathways (12-16), and these findings
provide us with meaningful targets for further study of ccRCC
(shown in Figure 1).

2 Tumor-derived exosomes
promote metastasis of ccRCC

2.1 Involved in the formation of
premetastatic niches

Paget first proposed the’seed and soil’ theory in 1889, which
likens metastatic tumor cells as seeds and potential metastatic sites
as soil to explain that tumor metastasis has organ tropism (17).
There is increasing evidence that primary tumors can remotely
regulate the formation of the tumor microenvironment in
secondary organs by secreting a variety of cytokines, allowing
tumor cells to colonize the circulation. This local tumor
microenvironment is known as the premetastatic niche (PMN)
(18). The establishment of PMN is closely related to the release of
tumor-secreted factor (TSF) and tumor-secreted exosome (TSE)
from the primary tumor, and TSE is considered to be the main
driver of PMN formation. A key step in the process of promoting
the dissemination of tumor cells from the primary site to the
metastatic site is the enhancement of vascular permeability. A
study by Zeng showed that exosomes secreted by colorectal cancer
(CRQC) cells are rich in miR-25-3p, which can disrupt the tight
junctions of vascular endothelial cells by targeting the
transcription factors KLF2 and KLF4, leading to tumor
angiogenesis increased permeability, thereby promoting tumor
metastasis (19).

In ccRCC, the ability to promote PMN formation mainly
comes from EVs secreted by cancer stem cells (CSC). Renal CSC
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in ccRCC.

EVs contain a variety of miRNAs, which may be involved in
biological pathways related to cell growth and cell matrix
adhesion (20). Studies have shown that CSC exosomes from
metastatic ccRCC patients accelerate ccRCC cell proliferation
and lung metastasis. Especially CSC exosomes expressing
integrin CD103. Wang et al. found that the proportion of
exosomes in the blood of metastatic ccRCC patients to total
exosomes was significantly higher than that of non-metastatic
ccRCC patients. CSC exosomes are more organotropic than CSC
exosomes and play an important role in targeting distant organs
and forming PMN (13).

Furthermore, in the PMN of ccRCC, besides tumor cells, there
are a large number of stromal cells and immune cells. Among them,
cancer-associated fibroblasts (CAFS) are the main stromal
components in the ccRCC tumor microenvironment and are
closely related to tumor progression (21). Liu et al. found that
miR-224-5p was enriched in CAFS-derived exosomes in PMN, and
miR-224-5p could be transferred from CAFS-derived exosomes
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into ccRCC cells, and then further secreted in the form of exosomes.
After upregulation of miR-224-5p, the number of ccRCC cells
undergoing migration and invasion was significantly increased (22).
Fu also found that in the process of ccRCC metastasis, CAFS-
derived exosomes can enter ccRCC cells through internalization,
inhibit tumor cell apoptosis and regulate cell cycle, and promote the
progression of ccRCC (12). A new study found that CAFS-derived
exosomes directly inhibit ring finger protein 43 (RNF43) expression
and activate the Wnt/B-catenin signaling pathway by delivering
miR-181d-5p, thereby promoting RCC stemness and progression
(23). Additionally, Huang et al. found that circSAFB2 delivered by
ccRCC-derived exosomes mediates the polarization of M2
macrophages via the miR-620/JAK1/STAT3 axis, thereby
remodeling the tumor microenvironment and ultimately
promoting ccRCC metastasis (24).

In conclusion, tumor-associated exosomes are involved in
the formation of PMN, providing suitable environmental
conditions for the metastasis of ccRCC.
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2.2 Involved in angiogenesis of ccRCC

It is well known that tumor angiogenesis is an important step
in the metastatic progression of malignant tumors. Relevant
studies have shown that tumor-derived exosomes play an
important role in tumor angiogenesis. For example, Yang et al.
demonstrated that exosomal miR-130a promoted gastric cancer
angiogenesis by targeting C-MYB in vascular endothelial cells,
thereby promoting tumor metastasis (25). Huang et al. found
that exosomes derived from liver cancer cells participate in the
angiogenesis of liver cancer by carrying circRNA-100,338, and
then promote the lung metastasis of liver cancer (26). In
addition, exosomal miR-27a from pancreatic cancer cells can
participate in the angiogenesis of human microvascular
endothelial cells by targeting BTG2 (27).

In ¢cRCC, tumor-derived exosomes can also participate in
tumor angiogenesis by delivering a variety of miRNA and protein
molecules. A recent study found that gene secreted frizzled-related
protein 1 (SFRP1) was underexpressed and miR-27a was
overexpressed in ccRCC cells. Grange et al. have proved that
miR-27a acts as an oncomiR. CcRCC cell-derived exosomes
accelerate tumor growth and angiogenesis in vivo by delivering
miR-27a, downregulating the expression of the tumor suppressor
gene SFRP1, while increasing the expression levels of vascular
endothelial growth factor and tumor necrosis factor-alpha (TNF-
o) (28). According to the Oncomine database, we found that
among all cancer types, the greatest upregulation of
apolipoprotein Cl1 (ApoCl) was observed in kidney cancer
samples. Li et al. demonstrated that ccRCC-derived exosomes can
mediate the transfer of ApoCl1 from ccRCC cells to tumor vascular
endothelial cells, which in turn promotes angiogenesis by activating
the transcription factor STAT3, and promotes the metastasis of
ccRCC cells (29). In addition, studies have also shown that carbonic
anhydrase 9 (CA9) in exosomes released from hypoxic ccRCC cells
can enhance angiogenesis in the tumor microenvironment, thereby
promoting cancer progression (30). Interestingly, miRNAs
delivered by tumor-derived exosomes may also play a role in
inhibiting c«cRCC angiogenesis. Xuan et al. found that miR-549a
expression was lower in tyrosine kinase inhibitor (TKI)-resistant
ccRCC cells and their derived exosomes. They demonstrated that
exosomal miR-549a could reduce the expression level of hypoxia-
inducible factor 1 alpha subunit (HIF1c) by binding to the 3>-UTR
region of HIFlao mRNA, which in turn attenuate tumor
angiogenesis and endothelial cell migration in ccRCC (31). A new
study found that ccRCC-derived exosomes can activate the miR34/
miR449-STATS3 signaling pathway by delivering IncARSR, which in
turn promotes the transformation of M1 macrophages to M2 and
enhances the phagocytic ability of macrophages, which in turn
induces angiogenesis and ultimately promotes the development and
progression of tumors (32). In summary, ccRCC cell-derived
exosomes participate in tumor angiogenesis by delivering a
variety of miRNA and protein molecules, thereby affecting the
metastasis process of ccRCC.
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2.3 Involved in EMT of ccRCC

Epithelial-mesenchymal transition (EMT) is the process by
which epithelial cells (E cells) lose their polarity and transform
into mesenchymal cells (M cells). EMT is widely recognized as a
key event in tumor invasion and distant metastasis. In part, this
process occurs through the degradation of cell adhesion junctions
and changes in gene expression, resulting in an enhanced ability of
tumor cells to invade tissues and metastasize (33). At present, a
large number of studies have shown that tumor-derived exosomes
can mediate EMT of tumor cells by delivering a variety of miRNA
and protein molecules, and promote the ability of tumor cells to
invade and migrate. For example, He et al. found that exosomes
derived from non-small cell lung cancer cells, targeting the mTOR
pathway by delivering miR-499a-5p, could promote the EMT
process of lung adenocarcinoma (34). You et al. also demonstrated
that exosomes derived from cervical cancer cells, stimulated by
TGF-B1, can deliver miR-663b targeting MGAT3 to promote
EMT and metastasis of cervical cancer (35).

In ccRCC, the relationship between tumor-derived exosomes
and EMT has also received attention. Li et al. demonstrated that
miR-15a was upregulated in exosomes derived from ccRCC cells.
Furthermore, exosomal miR-15a can enhance EMT activity in
ccRCC by downregulating BTG2 gene and promoting PI3K/AKT
signaling pathway activity (36). Wang et al. demonstrated that in
metastatic ccRCC patients, CSC exosomes induced EMT by
transporting miR-19b-3p to cancer cells and inhibiting the
expression of PTEN gene (13). Hu et al. found that IncHILAR
was abundant in the cytoplasm of ccRCC cells, and exosomes were
its main carrier. At the same time, they found that exosomal
IncHILAR was associated with EMT gene bank markers through
gene enrichment analysis. Under normoxia and hypoxia,
knockdown of IncHILAR could reverse EMT, indicating that
exosomal IncHILAR could promote ccRCC metastasis by
inducing EMT (37). Li et al. also found that the overexpression
of exosomal ApoCl increased the mRNA levels of Smad3 and N-
cadherin on ccRCC cells, which in turn promoted the EMT
process and increased the migration and invasion abilities of
ccRCC (29). In conclusion, ccRCC cell-derived exosomes can
promote the EMT process of ccRCC by delivering various cargos,
especially miRNA, and then promote the metastasis of ccRCC.

3 Tumor-derived exosomes
promote drug resistance in ccRCC

As mentioned above, tumor-derived exosomes do play a
non-negligible role in the metastasis of ccRCC. Moreover,
tumor-derived exosomes can further cause drug resistance and
immune escape of tumor cells on this basis. The development of
drug resistance is one of the main causes of clinical treatment
failure in tumors. At present, renal cancer is not sensitive to
radiotherapy and chemotherapy, and patients with advanced
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renal cancer treated with targeted agents have a low rate of
complete remission. In most patients with advanced or
metastatic ccRCC, systemic first-line therapy mainly includes
immune checkpoint inhibitors, TKIs, and mTOR inhibitors (38).
Among them, TKI is one of the first-line therapies for advanced
ccRCC, and most patients will eventually develop TKI-resistant
ccRCC and then develop metastasis after 6-15 months (39).
Numerous studies have shown that drug-resistant tumor cells
secrete exosomes containing genetic information of multiple
drug-resistance-related proteins, which in turn leads to the
acquisition of drug resistance by other drug-sensitive tumor
cells (40). In addition, tumor-specific exosomes have also been
found to play an important role in immunosuppression (41, 42).
For example, exosomes secreted by kidney cancer cells can
induce immune responses in T cells to trigger apoptosis of
activated T lymphocytes by activating the caspase pathway
(16). In ccRCC patients, tumor-derived exosomes play an
important role in the formation of drug resistance in ccRCC,
and exosomes can mediate drug resistance by delivering miRNA,
IncRNA, and protein molecules. The role of tumor-derived
exosomes in drug resistance in ccRCC is specifically addressed
in the following section.

3.1 Exosomal miRNAs mediate ccRCC
drug resistance

Sorafenib is an oral multikinase inhibitor that targets growth
signaling and angiogenesis in ccRCC by blocking VEGF-2-
receptor (VEGFR-2), VEGF-3-receptor (VEGFR-3), PDGF-3-
receptor (PDGFR-f3), RAF- 1, c-Kit protein (c-Kit), and FMS-
like tyrosine kinase 3 (Flt-3) (43). He et al. found that tumor-
derived exosomes transferred drug resistance information from
sorafenib-resistant ccRCC cells to non-resistant ccRCC cells by
delivering miR-31-5p (44). At the same time, they further
demonstrated that miR-31-5p promotes sorafenib resistance
by targeting the 3’-UTR region of the MLH1 gene. But
interestingly, Xuan et al. found that miR-549a expression was
lower in TKI-resistant ccRCC cells and their derived exosomes
compared with TKI-sensitive ccRCC, and they suggested that
delivery of miR-549a to TKI-resistant renal cancer cells may
reverse their own TKI resistance (31).

3.2 Exosomal IncRNA mediate ccRCC
drug resistance

LncRNAs are noncoding RNAs greater than 200 nucleotides
in length that have been found to be aberrantly expressed in
various human cancer types and play important roles in
tumorigenesis, metastasis, and drug resistance (45-47).
Sunitinib, an oral multi-targeted TKI with a strong anti-
angiogenic effect, is the first-line treatment for advanced
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ccRCC, but it is ineffective in a quarter of ccRCC patients, and
most patients will relapse after 1 year of treatment (48, 49). Qu
et al. found that an uncharacterized IncRNA was abundant in
sunitinib-resistant ccRCC cell lines and their exosomes, and
named it IncARSR. LncARSR can be secreted from resistant cells
through exosomes to convert sunitinib-sensitive cells into
resistant cells, thereby spreading drug resistance (50).
Furthermore, they proved that IncARSR promotes sunitinib
resistance by competitively binding to miR-34 and miR-449,
leading to the upregulation of AXL/c-MET and activation of
STAT3, AKT and ERK signaling pathways. In turn, activated
AKT promotes IncARSR expression by inhibiting transcription
factors FOXO1 and FOXO3a, forming a positive feedback loop.
Greenberg et al. demonstrated that ketoconazole (KTZ) can
reduce tumor-specific exosomes by inhibiting the protein
expression of Alix, nSMase and Rab27a related to exosome
biogenesis and secretion in ccRCC cells,reducing the delivery
of substances from exosomes, which in turn enhances the
efficacy of sunitinib and reduces the development of drug
resistance (51).

3.3 Exosomal protein molecule mediate
ccRCC drug resistance

It has been found that tumor-derived exosomes can mediate
targeted drug resistance by delivering related protein molecules.
Studies have shown that in breast cancer, exosomes derived from
human breast cancer enamycin-resistant cells (MCF-7/ADM)
are rich in P-gp and UCH-LI proteins. MCF-7/ADM-derived
exosomes can induce drug resistance in drug sensitive cells by
internalizing and delivering P-gp and UCH-LI to drug sensitive
cells (52, 53). In ccRCC patients, Tsuruda et al. found that the
protein expression level of RAB27B was significantly increased
in sunitinib-resistant ¢ccRCC cell lines. RAB27B is one of the
main proteins involved in exosome secretion, and RAB27B may
be involved in the formation of drug resistance through MAPK
and VEGF signaling pathways (54). Wang et al. found that
ccRCC cell-derived exosomes can help tumor cells evade
immune killing and develop drug resistance through the
mTOR-ERK-STAT-NF-kB protein signaling pathway (14).

4 Exosomes offer potential targets
for early diagnosis of ccRCC

As the study of tumor-derived exosomes in ccRCC progresses,
the value of tumor-derived exosomes as potential targets in the
diagnosis of ccRCC is becoming increasingly evident. With the
widespread application of imaging techniques, advances in
surgical techniques, and improvements in pathological
examinations, the early diagnosis of ccRCC has increased, and
the prognosis of ccRCC has also improved (55). Although new or
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recurrent tumors can be diagnosed clinically by abdominal and
chest CT, 30% of patients with ccRCC, when detected, already
develop metastases (4-6). Once metastasis occurs, the cure rate of
ccRCC will be greatly reduced, which is one of the important
reasons hindering the further improvement of the cure rate of
ccRCC. Therefore, there is a great need to have specific
biomarkers suitable for ccRCC screening and monitoring as a
supplement to imaging diagnosis. From a clinical standpoint,
liquid biopsies are preferred over tissue biopsies because they are
less invasive. Therefore, screening candidate biomarkers from
body fluids such as serum or urine is crucial. A previous study
reported that VEGF, VEGFR2, and CA9 regulated by HIF-1o
were important biomarkers in liquid biopsies of ccRCC (56). In
recent years, exosomes have become a new source of non-invasive
tumor biomarkers. The bilayer membrane structure of the
exosome is able to resist exogenous RNases and proteases,
which produce more stable mRNAs, miRNAs, and intracellular
functional proteins, making the exosome a sensitive marker for
disease diagnosis (57). Additionally, exosomes derived from
tumor cells are abundant in blood, urine and other body fluids,
and have the advantages of easy access, non-invasive examination
and tumor specificity (58). Studies have demonstrated the
potential of exosomes as diagnostic markers for bladder cancer,
pancreatic cancer, liver cancer and other tumors (59-61). In the
serum and urine of ccRCC patients, the cargo of tumor-derived
exosomes, for example, a series of miRNAs, can also be used as

10.3389/fonc.2022.1066288

biological markers of ccRCC to provide meaningful targets for the
early diagnosis and monitoring of ccRCC (Table 1).

4.1 Exosomal biomarkers in serum

Exosomes in the serum of ccRCC patients can serve as a new
source of ccRCC biomarkers. Zhang et al. found that ccRCC
patients with different TNM stages had significantly higher
expression levels of exosomal miR-210 and miR-1233 in their
serum than healthy controls, and significantly lower expression
levels of exosomal miR-210 and miR-1233 after surgery. They
demonstrated that exosomal miR-210 and miR-1233 in serum
may be used for liquid biopsy and contribute to the diagnosis and
monitoring of ccRCC patients (15). Wang et al. also demonstrated
that serum exosomal miR-210 was upregulated in ccRCC,
especially in patients with advanced tumor stage, high Fuhrman
grade, and metastases. Patients with ccRCC overexpressing miR-
210 have a shorter chance of disease recurrence and survival time.
Meanwhile, they found that exosomal miR-210 was superior to
serum miR-210 in detecting ccRCC and was a good prognostic
biomarker (62). Fujii et al. found that high levels of exosomal miR-
224 in the serum of ccRCC patients were associated with poor
patient prognosis (63). They demonstrated that exosomal miR-
224 in the serum of ccRCC patients may be a promising
prognostic biomarker for detecting microinvasion or tumor

TABLE 1 List of some original articles cited in this section, with the main results summarized.

Reference  Evaluationmethods Number of patient

samples

Zhang et al. | qRT-PCR Serum of 82 ccRCC patients Exosomal miR-210 and exosomal miR-1233 significantly higher in each stage of
(15) and 80 healthy controls ccRCC compared to controls
Wang et al. qRT-PCR Serum of 45 ccRCC patients Exosomal miR-210 is upregulated in ccRCC, especially in patients with advanced
(62) (including 5 patients with lung = tumor stage, high Fuhrman grade and metastases.
metastases) and 30 healthy
controls
Fujii et al. qRT-PCR Serum of 108 ccRCC patients Exosomal miR-224 is highly expressed in ccRCC and is associated with poor
(63) prognosis.
Horie et al. Western Blot Serum of 28 RCC patients Serum exosomal GGT activity was significantly increased in patients with advanced
(64). RCC and in patients with microvascular invasion.
Butz et al. RT-PCR Urine of 81 ccRCC patients, Combination of exosomal miR-126-3p and miR-449a in urine can discriminate
(65) 24 patients with benign healthy and ccRCC patients with high sensitivity.
lesions, and 33 healthy
controls
Song et al. qRT-PCR Urine of 70 early-stage The expression level of miR-30c-5p in urinary exosomes of ccRCC patients was
(66) (T1aNOMO) ccRCC patients significantly lower than that of controls, and the overexpression of miR-30c-5p
and 30 healthy controls inhibited ccRCC progression in vitro and in vivo.
Zhao et al. qRT-PCR/Western Blot Gene expression samples were PTREF could be detected in the exosomes of the urine samples of ccRCC patients,
(67) obtained from 533 ccRCC which was significantly higher than that of the normal control group, and the
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samples of The Cancer
Genome Atlas (TCGA).
Blood, urine and tumor tissue
samples were collected from 4
ccRCC patients.

expression of PTRF was significantly decreased after surgery. PTRF is regulated by
the SHC1 gene through the EGFR pathway.
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metastasis after surgery in ccRCC patients. In addition, studies
have found that y-glutamyltransferase (GGT) activity in serum
exosomes is significantly elevated in patients with advanced RCC
and distant metastases, as well as in patients with microvascular
invasion (64). Exosomal GGT activity in serum may be a clinically
useful marker for advanced ccRCC patients, and its combined use
with conventional diagnostic modalities may improve the
diagnosis of ccRCC patients. In a recent study, exosomal
MYO15A was found to be significantly elevated in the serum of
ccRCC patients, associated with a poorer prognosis, and may be a
diagnostic target for ccRCC (68).

4.2 Exosomal biomarkers in urine

Exosomes in the urine of ccRCC patients can also serve as a
new source of ccRCC biomarkers. A urine sample is preferable to
a blood sample because it is anatomically close to the kidney and is
one of the most readily available body fluids. Butz et al. found that
the combination of exosomal miR-126-3p and miR-449a in urine
can discriminate healthy people from ccRCC patients with high
sensitivity. They demonstrated the potential utility of urinary
exosomal miRNAs as a potential diagnostic tool for ccRCC,
especially for small renal masses (65). Some studies have found
that in ccRCC patients, urinalysis of exosomal miRNAs may be
more suitable for selecting down-regulated miRNAs as
biomarkers. Many of these down-regulated miRNAs, such as
miR-205, may have large differences in expression levels
between tumor and non-tumor cells, which helps make ccRCC
easier to detect (69). Song et al. found that the expression level of
miR-30c-5p in urinary exosomes of ccRCC patients was
significantly lower than that in healthy controls. Furthermore,
they discovered that miR-30c-5p could inhibit the progression of
ccRCC by targeting heat shock protein 5 (HSPA5). Their study
further demonstrated that urinary exosomal miR-30c-5p could be
used as a highly specific and sensitive biomarker for the diagnosis
and monitoring of ccRCC progression (66). Zhao et al. found that
polymerase I and transcription release factor (PTRF) in urinary
exosomes may also be potential biomarkers for ccRCC (67). PTRF
could be detected in exosomes in urine samples of ccRCC patients,
and was significantly higher than that in normal individuals. At
the same time, the expression of PTRF was significantly decreased
after operation. They demonstrated that PTRF is regulated by the
SHCI gene through the epidermal growth factor receptor (EGFR)
pathway. By high-throughput sequencing, MB et al. found five
novel mRNAs specific for stage I ccRCC in urinary exosomes,
namely NME2, AAMP, CAPNS1, VAMPS, and MYL12B (70). In
addition, a pilot study on the development of a reliable technique
to detect exosomal CA9 in the urine of CCRCC patients for
molecular diagnosis of CCRCC is underway in France (71).
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5 Conclusion and prospect

Tumor-derived exosomes have received increasing
attention in tumor research due to their role in intracellular
communication during tumor progression. But compared with
other cancer types, ccRCC has been relatively neglected in this
research hotspot. In this review, we introduced the biological
roles and research progress of tumor-derived exosomes in
different aspects such as PMN formation, tumor
angiogenesis, and EMT in the progression of ccRCC
metastasis. Meanwhile, tumor-derived exosomes also play an
important role in the development of ccRCC drug resistance.
In ccRCC patients, tumor-derived exosomes can mediate drug
resistance by delivering miRNA, IncRNA, and protein
molecules. However, it is worth noting that the detailed
mechanism of action of tumor-derived exosomes in ccRCC
metastasis and drug resistance development remains to be
further elucidated. In addition, the application of tumor-
derived exosomes in ccRCC liquid biopsy holds great
promise. Due to the encapsulation of the lipid bilayer
membrane, the bioactive molecules within exosomes are not
degraded by exogenous nucleases or proteases and are stable in
biological fluids (72). A series of cargoes delivered by
exosomes, especially a series of miRNAs, can be used as
biomarkers of ccRCC, providing meaningful targets for early
diagnosis and monitoring of ccRCC. Of course, the molecular
characterization of each specific subtype of diagnostic markers
is relevant and should be acknowledged like it has be done for
urothelial malignancies (73). Meanwhile, miRNAs with high
specificity and sensitivity in urinary exosomes need to be
further discovered and identified, and simple biological tests
for the diagnosis and monitoring of ¢ccRCC need to be
developed. At present, there are few studies on tumor-
derived exosomes in the early monitoring and drug
resistance development of ccRCC. In the future, more and
more studies will focus on the application of tumor-derived
exosomes in ccRCC liquid biopsy and treatment. In
conclusion, a lot of work needs to be done to better
understand the role of tumor-derived exosomes in ccRCC
metastasis, drug resistance and diagnosis, and to make the
potential clinical utility of tumor-derived exosomes in ccRCC
a reality.
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