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Introduction

Bladder cancer is one of the 8 most common malignant 
tumors in the human body, and its incidence rate is the first in 
urological malignancies. Its causes mainly involve genetic factors, 
environmental factors, living habits and infections. Because the 
incidence of bladder cancer is concealed, there is no special 
discomfort in the early stage and the recurrence rate is high [1]. 
Therefore, early detection and early treatment are advocated. 
Exosomes have been in existence for more than 30 years since their 
discovery and were originally thought to be the “waste” of cells [2]. 
It was later discovered that exosomes are secretory macrovesicles 
that are functionally active and capable of intercellular 
communication [3]. At present, exosomes are found in many types 
of cells, and tumor cell derived exosome has become a research 
hotspot in the field of cancer. Studies have shown that differential 
proteins in urine exosomes of patients with bladder cancer can be 
used for early diagnosis of bladder cancer, and it is confirmed that 
there is a high correlation. These have brought new ideas to the 
early detection of bladder cancer.

 
Protein in Exosomes may be an Important Indicator for 
Early Diagnosis of Bladder Cancer

Exosomes are vesicle-like bodies that are actively secreted 
extracellularly by a variety of living cells. Proteomics is a systematic 
biology study of processes such as disease development and cellular 
metabolism at the protein level. To elucidate the mechanism of 
exosomes in forming and maintaining microenvironment of tumor 
cell survival, proliferation and metastasis, and inducing tumor cell 
proliferation, we can study the tumor cells derived exosomes by 
proteomics technology platform, some progress has been made in 
the field of tumor biomarkers, which has shown good prospects for 
the application of exosomes in clinical diagnosis and treatment. The 
basic research found that: the exogenous proteome of the rat lung 
tissue and liver tissue metastasis T24 allele SLT4 and FL3 cell lines 
compared with non-metastatic bladder cancer T24 cells, Vimentin, 
liver cancer-derived growth factor and casein kinase IIα, membrane 
raft protein A2 and other epithelial mesenchymal cell migration-
related proteins are only present in two exosomes with metastatic 
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cell lines [4], revealing that malignant tumor-derived exosomes 
play a role in maintaining the function of tumor cells invading 
the microenvironment. Some scholars have shown that exosomes 
secreted by bladder cancer cells contain some important proteins 
that affect tumor progression [4-7], and these exosomes inhibit 
apoptosis of bladder cancer cells through Akt and ERK metabolic 
pathways [8].

MicroRNAs (miRNAs) in Exosomes can be a Therapeutic 
Target for Bladder Cancer

MicroRNAs (miRNAs) are endogenous, single-stranded, non-
coding microRNAs that specifically bind to the 3’ untranslatable 
region (3’UTR) of a target mRNA to induce degradation or inhibit 
translation, thereby effectively silencing protein expression of the 
target gene at the post-transcriptional level. Because miRNAs can 
regulate the expression of oncogenes or tumor suppressor genes in 
the above manner, they are widely implicated in the development of 
tumors. MiRNAs are typically 19 to 23 nt in length and have long been 
taken into account a by-product of transcription. Current research 
indicates that miRNAs have important functional significance in 
physiological and pathological processes, and involved in almost 
all related processes of tumorigenesis, such as cell growth, 
differentiation, proliferation, angiogenesis, apoptosis, invasion and 
metastasis [9]. Recent studies have shown that miRNAs released 
by active cells can be measured in body fluids. These miRNAs are 
collectively referred to as extracellular miRNAs and are usually 
stably present in microvesicles, especially exosomes. Exosomes is 
a major protective mechanism of extracellular miRNAs and plays 
an important role in intercellular communication [10], which is 
used as a promising disease diagnosis and prognostic biomarker 
in urinary malignancy. Intracellular miRNAs is divided into two 
different subpopulations, endogenous and exogenous. In the 
cytosol, pre-miRNAs were further trimmed by Dicer into mature 
miRNAs with a length of 19 to 23 nt [11]. 

The miRNAs produced by the above pathways constitute 
most of the miRNAs in the cell. Another source of intracellular 
miRNAs is the extracellular environment. Researchers generally 
believe that cells may release complexes containing miRNAs into 
biological fluids such as blood, saliva, urine, and milk [12]. These 
complexes include miRNAs-binding proteins [13] and high-density 
lipoproteins (HDL) [14], or microvesicles. When these complexes 
circulate in the blood, they may be captured by distant cells, enabling 
miRNAs-mediated intercellular communication. Mature mi RNAs 
have a significant impact on cellular function by modulating target 
mRNAs. The miRNAs form a RNA-induced silencing complex (RISC) 
with Ago 2 and then bind to the 3’ non-coding region (3’UTR) of 
the target mRNAs in a complete or incomplete pairing manner. 
If miRNAs are perfectly paired with mRNAs, the target mRNAs is 
cleaved by endonucleases; if they do not match exactly, translation 
of the target mRNAs is inhibited. It estimates that approximately 
1000 miRNAs regulate more than 30% of human genes [15]. 
Studies have shown that exosomes are released in large quantities 
in biological fluids, including blood, urine, cerebrospinal fluid, 
malignant hydrothorax and ascites, amniotic fluid and synovial 
fluid [16]. Exosomes are capable of carrying miRNAs circulating in 

the blood for long-distance intercellular communication. In view of 
this we can extract exosomal miRNAs from various body fluids as a 
diagnostic and prognostic marker for disease. 

Ideal biomarkers for diagnosis and prognosis should comply 
with the following criteria: easy to obtain through non-invasive 
methods, high sensitivity and specificity, ability to detect early 
stages of disease, longer half-life of samples, and fast and accurate 
detection. Among them, the non-invasive method is the most basic 
acquisition requirement. The common biological fluids collected 
by non-invasive methods are serum and plasma, and circulating 
miRNAs have attracted much attention in recent years. Compared 
with mRNAs, circulating miRNAs are stable enough to stand 
physical degradation such as storage and freeze-thaw cycles, and 
are also resistant to biochemical degradation such as ribonuclease 
(RNAse) and RNAseA in vitro [17]. In the blood-rich environment 
of RNAse, many mechanisms protect circulating miRNAs, of which 
exosomes are thought to be a major protective mechanism [18]. 
The outer membrane of the exosomes provides comprehensive 
RNA protection, which will be separated from the extracellular 
environment that is easily digested. Another common biological 
fluid collected in a non-invasive manner is urine. Urine is not only 
easy to obtain, but also easy to collect, non-invasive, and large 
quantity. Therefore, urine is an ideal liquid for reflecting potential 
miRNAs in urinary system diseases. Because urine passes through 
the urinary malignant tumor before excretion, its miRNAs often 
reflect the state of the disease. The protective mechanisms of 
miRNAs present in urine are similar to those of circulating miRNAs, 
but due to the complex composition of urine and the large amount 
of RNAse activity in the urinary system, naked miRNAs in urine 
are more susceptible to degradation, so the research stems from 
exosome miRNAs are more realistic. Urine exosomes can be derived 
from urinary tract tumors (such as prostate cancer, bladder cancer, 
and kidney cancer), normal urinary epithelium, glomeruli, or renal 
tubules. In a kidney disease study, RNase A was used to deal with 
urine sediment before urinary exosomal RNA extraction. The 
results showed that both AQP2 and CD24 were stably expressed in 
the treated and untreated groups, and there were no significantly 
difference of the Ct values were between the two groups [19]. 

In another study, RNA was extracted from whole urine, urinary 
deposit, cell-free urine, exosomal urine supernatant, and urine 
exosomes, and miRNAs of length <200 nt were analyzed. As a result, 
enriched intact miRNAs were found only in urine exosomes [20]. 
Although a certain number of miRNAs are contained in the urine 
cell pellet, most of them have degraded. Further studies showed 
that 184 exosomal-associated miRNAs were detected by high-
throughput deep sequencing in 3 urine samples from separate 
subjects, and only 7 of these miRNAs were shared with cell-free 
urine. The above results indicates that urine exosomes are not only 
rich in intact miRNAs, but also have a good protective effect on 
RNAs. Most of the miRNAs markers for the diagnosis and prognosis 
of bladder cancer use urine. Hanke et al. [21] identified 157 
miRNAs expression profiles in the urine of bladder cancer patients, 
and identified a significant increase in the expression levels of 
miRNA-126, miRNA-182 and miRNA-199a, as well as miRNA-126 
in urine. 
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The ratio of miRNA-152 was able to detect bladder cancer, with 
sensitivity, specificity, and area under the curve of 72%, 82%, and 
0.768, respectively. Recently, studies have found that miRNA-145, 
miRNA-143, and miRNA-125b are significantly down-regulated 
in bladder cancer tissues, but miRNA-183, miRNA-96, miRNA-17-
5p, and miRNA-20a are significantly up-regulated [22], another 
study showed that miRNA-96 and miRNA-183 in urine have high 
sensitivity and specificity in distinguishing bladder cancer from 
non-cancer patients, miRNA-96 is 71.0% and 89.2%, miRNA-183 
was 74.0% and 77.3%, respectively. In this study, the expression 
levels of miRNA-96 and miRNA-183 in urine of bladder cancer 
patients were significantly higher than those in healthy controls, 
but the expression levels of the above two miRNAs in urine were 
significantly decreased after surgery. 

When miRNA-96 bind to urine cytology, the sensitivity of urine 
cytology can be increased from 43.6% to 78.2%, so miRNA-96 
can be used as an excellent diagnostic marker [23]. Wang et al. 
[24] performed urine microcentrifugation on urine sediment 
and supernatant of bladder cancer patients, and miRNA-200 
family, miRNA-192 and miRNA-155 in urine sedimentation. 
Low expression of mi RNA-192 in urine supernatant, but high 
expression of mi RNA-155. The expression of the miRNA-200 family 
was increased in urine sediment after tumor tissue resection in 
this study. The above findings indicates the potential of miRNAs as 
a non-invasive biomarker for bladder cancer in urine. Because of 
the different outcomes of the study subjects and methods, patient 
recruitment, sample collection, miRNAs extraction, and quantitative 
standardization are essential. The current study is generally based 
on small sample patients, and large-scale multicenter studies are 
urgently needed.

Exosomes can be Used as an Important Entry Point 
to Study the Microenvironmental Changes of Bladder 
Cancer

Exosomes are a new information transmission carrier. 
The exchange of cells with the external environment is not 
only active transport, passive transport [25], but also other 
molecular mechanisms. Among them, membrane transport is 
particularly prominent, especially exosome regulated substances. 
Transportation is getting more and more attention [26]. Exosomes 
are not just involved in the transport of substances, but also play 
an important role in cell-cell or intracellular communication [27], 
such as mediating the transfer of tumor cell antigens, activation 
of dendritic cells [28]. The information exchange mechanism of 
exosomes [29] mainly includes: 

a) Exosomes recognize and fuse with target cells through 
their membrane proteins; 

b) Lipids contained in exosomes can be transported to 
recipient cells via Notch signal. The pathway promotes 
apoptosis of cells; 

c) Exosome-derived transcription factor receptors are 
involved in regulating the transcription of recipient cells; 

d) Exosome-derived microRNAs can be involved in binding 
to RNA-induced silencing complex (RISC). 

After post-transcriptional regulation of somatic cells, tumor 
cells promote the proliferation and invasion of tumor cells through 
information exchange with their own microenvironment [30], and 
exosomes can act as such information carriers. When a gene mutation 
occurs in a cell, the exosomes transmit this mutation information to 
other normal cells through membrane fusion, resulting in activation 
of the proto-oncogene, expression of anti-apoptotic genes, and an 
increase in anchor-independent growth ability. To make tumor cells 
obtain the characteristics of hyperplasia [31]. Tumor cell-derived 
exosomes promote the immune escape of tumor cells by directly 
inhibiting immune cells or regulating the expression of related 
cytokines, and creating conditions for tumor cells to grow in vivo. 
For example, bladder cancer cell-derived exosomes can inhibit 
apoptosis in bladder cancer cells [32]. Despite the fact that surgery 
is the mainstay, combined with comprehensive treatment, many 
tumors have achieved good therapeutic effects, but the prognosis of 
many solid tumors is still poor, because the occurrence, evolution 
and recurrence mechanism of tumors are still unclear. Studies have 
shown that tumor stem cells (CSCs) are found in tumors, which 
are the root cause of tumorigenesis, recurrence and metastasis. 
Therefore, CSCs are expected to be an ideal target for cancer 
treatment, and in-depth study of its biological characteristics is of 
great significance in improving the level of tumor prevention and 
treatment. CSCs possess certain biological properties, including 
self-renewal capacity, high proliferative activity, and multi-
directional differentiation potential, which can be called “dry” and 
are key factors in the malignant behavior of CSCs. After exosomes 
are secreted from tumor cells, the microenvironment before tumor 
metastasis is regulated by secretory proteins in a novel environment, 
and this microenvironmental change will significantly affect the 
dryness of tumor cells [33]. A series of studies have shown that 
exosomes can reflect the hypoxic state of tumor cells [34], and the 
hypoxic microenvironment maintains the self-renewal and multi-
directional differentiation potential of tumor cells. Exosomes 
affect the dryness of tumor cells by up-regulating various signaling 
pathways such as Notch and Wnt. As mentioned above, a large body 
of evidence indicates that exosomes promote tumorigenesis and 
development. However, the mechanic is still unclear and large-scale 
clinical trials are needed to clarify their intrinsic links. Application 
techniques of exosomes will bring revolutionary progress in the 
diagnosis and treatment of bladder cancer in the future.
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