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Abstract: Exosomes are nanometer-sized vesicles that contain various types of biologically active components, including
proteins, nucleic acids, carbohydrates, and lipids, which vary with the type and physiological state of the cell. In recent years,
several studies have showed that exosomes can provide new non-invasive diagnostic and prognostic biomarkers in patients
affected by cancers, including bladder cancer (BC), and the lipid bilayer membrane structure makes exosomes as promising
delivery vehicles for therapeutic applications. Exosomes have the characteristics of high abundance, high stability, tissue
specificity, and wide distribution in body fluids, and are secreted as various types by cells in different states, thereby possessing
great potential as biomarkers for BC. Herein, we briefly summarize the functions and roles of exosomes in the occurrence and
development of BC and the current progress of research on exosomes in BC, while focusing on potential clinical applications of
the diagnosis, treatment, and prognosis of BC.
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1 Introduction

Bladder cancer (BC) is the second most malig‐
nant tumor of the urinary tract, and the fifth most
common cancer worldwide (Liang et al., 2017; Chris‐
tensen et al., 2019). It has a significant incidence and
mortality rate with annually 80 470 new cases diag‐
nosed and 17 670 deaths recorded worldwide (Li et al.,
2019; Siegel et al., 2019). The cancer in approximately
75% of newly diagnosed BC patients is of the non-
muscle invasive type, of which about 70% of cases
are confined to the mucosa, 20% involve the submu‐
cosa, and 10% are carcinoma in situ. Nevertheless,
1%–45% of non-muscle invasive patients will still de‐
velop muscle invasive BC (Mearini et al., 2017). In

addition, BC has the characteristics of high relapse
rate, rapid progress, and poor prognosis (Wang et al.,
2018). The risks of recurrence and malignant progres‐
sion of BC were found to increase with tumor stage,
degree of malignancy, pathological changes, and the
presence of carcinoma in situ (Mearini et al., 2017).
Early diagnosis and monitoring is the key to improve
the therapeutic effect in BC. Current BC diagnosis and
monitoring techniques usually involve a combination
of cystoscopy, histological evaluation, and urine cytology
(Miyamoto et al., 2018; Wang et al., 2018). These
methods, however, are uncomfortable, invasive and
costly, and have low patient acceptance. Also, due to
the lack of sensitivity and specificity, the early diag‐
nostic application value of BC is limited (Li et al.,
2019; Zhang et al., 2019). For example, urine cytology
has a weakness of low sensitivity (about 30%–92%),
which is even lower (only 30%–40%) for low-grade
tumors. The other most common diagnostic method is
cystoscopy, which is invasive, painful, and potentially
infectious (Poli et al., 2015, 2017). All of these defi‐
ciencies of current techniques highlight the urgent
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need to develop novel non-invasive methods and more
sensitive biomarkers for BC diagnosis and treatment.

The concept of “liquid biopsy” was proposed to
characterize the utility of circulating cancer cells as
non-invasive cancer biomarker candidates (Pantel and
Alix-Panabières, 2010). The significance of this novel
approach lies in the fact that it was also found to in‐
volve the analysis of circulating subcellular structures,
such as exosomes, cell-free DNA, and other substances
(de Palma et al., 2019). These exosomes, as extracel‐
lular vesicles that can be secreted by almost all cells,
have attracted increased attention in tumor diagnosis
and treatment in recent years.

Exosomes are nanometer-sized vesicles sized 30–
150 nm that contain a variety of active components,
including proteins, nucleic acids, carbohydrates, and
lipids, which vary with the type and the physiological
state of the cell that secretes the exosome (Chen et al.,
2020). Exosomes have lipid bilayer membranes to protect
these active components from RNases and proteases
(Pegtel and Gould, 2019). It has been reported that the
proteins and lipids on the surface of exosomes may
vary according to the type of cell of origin, which
makes it possible to further isolate and recognize bladder
cell-derived exosomes (Street et al., 2014). More im‐
portantly, exosomes have been shown to be involved
in cellular communication and cancer progression by
interacting with target cells and delivering exosomal
cargo into target cells (Franzen et al., 2016). The pos‐
sibility to isolate exosomes from body fluids, such as
blood and urine, provides a new non-invasive bio‐
marker diagnostic tool in cancer patients, and the lipid
bilayer membrane makes exosomes as promising
delivery vehicles for therapeutic applications (Fran‐
zen et al., 2016). In addition, exosomes carry certain
substances such as specific microRNAs (miRNAs),
long non-coding RNAs (lncRNAs), circular RNAs
(circRNAs), and proteins, which increase the diagnostic
sensitivity and specificity of tumor markers, including
those of BC.

2 Role of exosomes in the occurrence and
progression of BC

In recent years, exosomes have attracted much
attention as important messengers of cancer-related in‐
tercellular communication. They carry proteins, lipids,

nucleic acids, and other biomolecules, such as surface
molecules that can induce signal transduction through
a receptor‒ligand interaction. In addition, exosomes
can be internalized through endocytosis and/or phago‐
cytosis, or even fuse with the target cell membrane to
transport their contents into the cytoplasm (Lin et al.,
2020). Exosomes play a key role in the transmission
of proteomics and genetic information to target cells.
Evidence has been accumulating to highlight that exo‐
somes from donor cells can alter the state of recipient
cells and may play a crucial role in the process of tumor
formation and development (el Andaloussi et al.,
2013; Lin et al., 2020).

Several reports have shown that exosomes are
highly important in tumorigenesis, progression, and
metastasis for their role of transferring carcinogenic
molecules (Zhan et al., 2018; Yoshida et al., 2019).
The prognosis of BC patients with clinical lymph
node metastasis is extremely poor. Exosomal lncRNA
LNMAT2 secreted by BC cells was internalized by
human lymphatic endothelial cells, triggering the epi‐
genetic upregulation of Prox1 expression through
hnRNPA2B1 recruitment and the increase of H3K4
trimethylation in the Prox1 promoter, which eventually
leads to lymphangiogenesis and lymphatic metastasis
in BC cells (Chen et al., 2020). Progressive and meta‐
static invasive BC generally has a poor prognosis. Exo‐
somal cysteine-rich receptor-like kinase (CRK) receptors
secreted by BC cells increase epidermal growth factor
receptor 2/3 (ErbB2/3) expression in other BC cells.
These kinases/adaptors transfer from host BC cells to
recipient cells through exons, inducing vascular leakage
and proliferation, and leading to distant metastasis
(Yoshida et al., 2019). Intratumoral hypoxia is a tumor
microenvironment that is not conducive to the rapid
expansion of tumors. However, cancer cells can reshape
the surrounding microenvironment, maintain survival
and growth, and subsequently promote invasion and
metastasis. Hypoxic BC cells were demonstrated to
secrete lncRNA urothelial cancer associated 1 (UCA1)-
enriched exosomes to reshape the tumor microenvi‐
ronment and promote tumor growth and progress
(Xue et al., 2017). Exosomal lncRNA UCA1 in human
serum can potentially be used as a diagnostic bio‐
marker for BC. As a new type of non-coding RNAs,
circRNAs have received a lot of attention in the
pathogenesis of BC and other tumors in recent years.
For example, Chen et al. (2018) found that circPRMT5

342



J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2021 22(5):341-347 |

expression was increased in serum and urine exosomes
of BC patients, and was significantly associated with
BC metastasis.

Exosomes secreted by cancer cells can also affect
normal cell function, thereby promoting the occur‐
rence of BC. Wu et al. (2019) showed that long-term
exposure to cancer-derived exosomes induces the
malignant transformation of urothelial cells. These
transformed cells not only have a range of carcinogenic
properties, such as increased genomic instability and
invasiveness or loss of cell‒cell contact inhibition, but
also show changes in morphology and cell structure,
including cytoplasmic enlargement, small volume
fusion of mitochondria, and others (Wu et al., 2019).
Franzen et al. (2015) reported that the expression of
mesenchymal markers (including α-smooth muscle
actin (α-SMA), S100A4, and Snail) was increased and
the expression of epithelial markers (such as E-cadherin
and β-catenin) was decreased in urothelial cells treated
by BC-derived exosomes, and further showed that
BC-derived exosomes increased the migration and
invasion characteristics of urothelial cells.

Exosomes also can inhibit or delay tumorigenesis
and progression by transporting tumor suppressor mole‐
cules. MiRNAs can be packaged into exosomes to me‐
diate cell-to-cell communication, affecting cancer cell
proliferation, metastasis, and apoptosis. Li et al. (2020)
demonstrated that exosomal miR-375-3p from BC cells
inhibits cell proliferation and metastasis, and promotes
cell apoptosis both in in vivo and in vitro models as a
suppressor of BC, which can be used as a potential
therapeutic approach for BC. The malignant prolifera‐
tion and migration ability of BC cells plays a crucial
role in the occurrence and development of BC. It was re‐
ported that miR-133b plays an important role in inhibit‐
ing the proliferation and promoting the apoptosis of
BC cells by upregulating dual-specificity phosphatase 1
(DUSP1) expression, and this finding is expected to
provide a new direction for BC treatment (Cai et al., 2020).

Exosomes secreted by other cell types have also
been found to play a key role in BC occurrence and
progression. Exosomes secreted by bone marrow mes‐
enchymal stem cells, for example, significantly con‐
tribute to the occurrence and development of BC. Cai
et al. (2019) found that exosomal miR-9-3p derived
from bone marrow mesenchymal stem cells inhibits
the progression of BC by downregulating endothelial
cell-specific molecule 1 (ESM1), which may point to

a new potential target for the treatment of BC. Fibroblast
cells, as tumor microenvironment cells that respond to
cancer cells, are activated and exhibit the characteristics
of myofibroblasts, which is favorable for aggressive
growth and metastasis. Ringuette Goulet et al. (2018)
demonstrated that BC cells trigger the differentiation
of fibroblasts to cancer-associated fibroblasts by
exosome-mediated transforming growth factor-β
(TGF-β) transfer and the activation of Sma- and
Mad-related protein (SMAD) pathway, which plays
a key role in the progression of BC.

Exosomes play a highly important role in the oc‐
currence and development of BC, as demonstrated by
various studies (Table 1). An increasing number of
studies are focused on the relationship between exosomes
and BC, aiming to determine specific mechanisms of
action (Beckham et al., 2014; Berrondo et al., 2016;
Huang et al., 2020; Yin et al., 2020); relevant results
will be beneficial for BC diagnosis, treatment, and
prognostic judgment.

3 Application of exosomes in the diagnosis
and prognosis of BC

As discussed above, exosomes contain essential
functional components, including proteins, lipids,
nucleic acids, and transcription factors. These func‐
tional biomolecules are not randomly packaged in
exosomes, but depend on characteristic motifs deter‐
mining the carried active components under different
conditions or in different cell types (Zhan et al., 2018;
Chen et al., 2020). Studies have confirmed that exosomes
secreted by BC cells can be found in the blood and
the urine, and functional components, such as proteins
and nucleic acids, are stably present in these exosomes
(Zhan et al., 2018). Therefore, the analysis of exosomes
and their components in body fluids is expected to
provide valuable clues for BC diagnosis.

Exosomes play a role in BC progression by en‐
capsulating lncRNAs to mediate extracellular commu‐
nication, and thus can be used as potential non-invasive
biomarkers for BC detection. The diagnostic accuracy
of lncRNA phosphatase and tensin homolog pseudo‐
gene 1 (PTENP1) was evaluated by the area under the
curve (AUC) of the receiver operating characteristic
curve. Specifically, Zheng et al. (2018) found that
exosomal lncRNA PTENP1 could relatively correctly
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distinguish BC patients from healthy controls with an
AUC value of 0.743; it was further discovered in the
study that exosomes secreted by normal cells can
transfer lncRNA PTENP1 to BC cells, which inhibit
the invasion and migration capabilities, increase the
apoptosis, and reduce the malignant biological behavior
of BC cells in vitro. Zhan et al. (2018) established a
group composed of three different expressed lncRNAs
(metastasis-associated lung denocarcinoma transcript
1 (MALAT1), prostate cancer-associated non-coding
RNA transcript-1 (PCAT-1), and SPRY4-intronic tran‐
script 1 (SPRY4-IT1)) in urine for BC diagnosis, with
an AUC value of 0.854, which was significantly higher
than that of urine cytology, and in addition these results
also demonstrated that exosomal lncRNA PCAT-1 may
be an independent prognostic indicator of BC. Zhang
et al. (2019) identified a panel of three lncRNAs (PCAT-
1, up-regulated in bladder cancer 1 (UBC1), and small
nucleolar RNA host gene 16 (SNHG16)) providing
high diagnostic accuracy for BC, with the AUC of
training set and verification set at 0.857 and 0.826, re‐
spectively, which were significantly higher than those
of urine cytology. The corresponding AUC values of
Ta, T1, and T2‒T4 in the panel for BC patients were
0.760, 0.827, and 0.878, respectively. It was also
found that recurrence free survival was significantly
lower in non-muscle invasive BC patients with higher
lncRNA UBC1 expression (Zhang et al., 2019). The

clinical significance of urine exosomal antisense non-
coding RNA in the INK4 locus (ANRIL) and PCAT-1
as biomarkers was evaluated in BC patients classified
as T1 or T2 by Abbastabar et al. (2020). Compared
with normal subjects, the expression of ANRIL and
PCAT-1 in BC patient urine exosomes was significantly
higher, and the diagnostic efficacies of ANRIL and
PCAT-1 detected by AUC were 0.7229 and 0.7292, re‐
spectively. The above results suggest that body fluid
exosomes may be used as potential important bio‐
markers for the diagnosis and prognosis of BC.

Exosomes are regarded as emerging tools for
cancer diagnosis; more and more research is conducted
on the application of exosomes in the diagnosis,
prognosis, and risk assessment of BC (Yazarlou et al.,
2018a, 2018b; Elsharkawi et al., 2019; Poli et al.,
2020). These studies elaborate on cancer-testis antigens,
the secretion of exosomes at different stages of BC,
and the active molecules in exosomes such as nucleic
acids and proteins, all providing new strategies for
BC diagnosis and treatment.

4 Current challenges and future prospects

Exosomes provide the possibility of non-invasive
observation of bladder cells, enhancing the potential
to establish the occurrence and development stage of

Table 1 Role of exosomes in the occurrence and progression of BC

Sample

BC cell exosomes

BC cell exosomes

BC cell exosomes; serum exosomes
from BC patients

Serum and urine exosomes from
BC patients

Urine exosomes from BC patients
BC cell exosomes
BC cell exosomes; urine exosomes

from BC patients
BC cell exosomes
BC cell exosomes
Bone marrow-derived mesenchymal

stem cell exosomes
BC cell exosomes

Role in BC

Induce lymphangiogenesis and lymphatic metastasis

Induce vascular growth in premetastatic niches and
promote metastasis

Remodel tumor microenvironment; promote tumor
growth and development

Be correlated with tumor metastasis

Promote cancer progression
Induce malignant transformation of SV-HUC cells
Induce EMT and promote invasion in urothelial cells

Inhibit proliferation and metastasis; promote apoptosis
Inhibit proliferation and promote apoptosis
Inhibit BC cell viability, migration, and invasion;

induce apoptosis
Trigger the differentiation of fibroblasts to cancer-

associated fibroblasts

Functional
component

LncRNA
LNMAT2

ErbB2 and
CRK

LncRNA
UCA1

CircPRMT5

EDIL-3

miR-375-3p
miR-133b
miR-9-3p

TGF-β

Reference

Chen et al., 2020

Yoshida et al., 2019

Xue et al., 2017

Chen et al., 2018

Beckham et al., 2014
Wu et al., 2019
Franzen et al., 2015

Li et al., 2020
Cai et al., 2020
Cai et al., 2019

Ringuette Goulet
et al., 2018

BC: bladder cancer; LncRNA: long non-coding RNA; ErbB2: epidermal growth factor receptor 2; CRK: cysteine-rich receptor-like kinase;
UCA1: urothelial cancer associated 1; EDIL-3: endothelial locus 3; SV-HUC: SV-40 immortalized human ureteral epithelial cells; EMT:
epithelial-mesenchymal transition; TGF-β: transforming growth factor-β.
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BC (Fig. 1). At present, however, the vast majority of
exosomal biomarkers are only used as research tools.
In order to reach the level of their successful clinical
application, it is necessary to utilize the experience of
establishing mature biomarkers, focus on supporting
decision making in the nursing of BC patients, and
eliminate the obstacles of clinical application (Street
et al., 2014).

Despite the prospect of exosomes being utilized
in fields of BC diagnosis, prognosis, and risk assessment
research, many unresolved questions remain in experi‐
mental and clinical research. Firstly, there is a shortage
of efficient and standardized exosome extraction and
identification methods. Secondly, the packaging mecha‐
nism of active molecules carried by BC-related exo‐
somes is still unclear. Thirdly, the number of functional
components carried in exosomes with known biological
function and mechanism of action is limited in BC.
Furthermore, the conditions under which exosomes play
a cancer‒promoting effect or a cancer-suppressing
effect are yet to be investigated. It is also unclear
whether exosomes can influence the BC cell microen‐
vironment and thus play a role in BC progression.

Nevertheless, the successful clinical application
of exosomes as targets or drug delivery vehicles in
BC requires more detailed and complete experimental
data, such as that on safety, targeting ability, efficacy,
and many other aspects; a systematic assessment in‐
cluding the cost, accuracy, and repeatability of exo‐
somal biomarker analysis in a large number of BC
samples, is also lacking.

5 Conclusions

Exosomes contain various types of biologically
active components, including proteins, nucleic acids,
carbohydrates, and lipids, and have been regarded as
emerging tools for cancer diagnosis. The analysis of
exosomes and their components from body fluids has
a great potential to provide valuable clues for the diag‐
nosis and prognosis of BC. In the current stage, however,
knowledge on exosomes regarding the precise mecha‐
nisms of secretion, selective transport of functional
components, and biological function in BC, is still
limited. Nevertheless, we consider that these constraints
will eventually be resolved, and novel diagnosis and
treatment strategies based on exosomes carrying
active molecules will be established to provide effi‐
cient tools for BC clinical diagnosis, prognosis, and
treatment tasks.
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