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Objective: The objective of this study was to assess the possibility of using urinary 
exosomal CA9 mRNA as a novel liquid biopsy for the molecular diagnosis of bladder cancer.
Patients and Methods: A total of 168 bladder cancer patients and 90 control subjects were 
included in the study. An isolation kit was used to isolate urinary exosomes. Transmission 
electron microscopy (TEM) was used to examine the presence of exosomes. Flow cytometry 
was used to examine the exosomal marker CD63. The expression level of exosomal CA9 
mRNA was detected by RT-qPCR. The diagnostic performance of urinary urinary exosomal 
CA9 mRNA was evaluated.
Results: TEM confirmed the enriched exosomes from urinary bladder patients. Flow 
cytometry indicated a strong positive expression of exosome marker CD63. Successful 
extraction of RNA was performed from exosome samples. The level of urinary exosomal 
CA9 mRNA was significantly higher in bladder cancer group than in control group 
(p<0.001). The area under the ROC curve was 0.837 (95% CI: 0.743–0.859) with 
a sensitivity of 85.18% and a specificity of 83.15% for the diagnosis of bladder cancer.
Conclusion: We found that the urinary exosomes were abundant in the urine of bladder 
cancer patients. CA9 mRNA could be detectable in urinary exosomes. The urinary exosomal 
CA9 mRNA may present a new liquid biopsy for the diagnosis of bladder cancer.
Keywords: urinary bladder cancer, urinary exosome, CA9, liquid biopsy

Introduction
Despite of the technique advances, bladder cancer remains a severe health problem. 
Bladder cancer is the ninth common malignant disease worldwide.1 About 75% of 
newly diagnosed cases are non-muscle-invasive bladder cancer (NMIBC).2 The 
treatment of NMIBC involves transurethral resection of bladder tumor. These 
tumors frequently recur. Approximately 30% of bladder cancer patients have 
muscle-invasive bladder cancer (MIBC) at diagnosis.2,3 Thirty percent of patients 
with MIBCs are initially diagnosed with NMIBC. The high rate of recurrence and 
the high risk of disease progression enforce the regular surveillance to bladder 
cancer patients.4 All these facts indicate that the search for new and non-invasive 
methods to detect and monitor bladder cancer is of maximum interest.

Exosomes are membrane-bound nanoparticles secreted by cells into the extra-
cellular space.5 It has been proved that exosomes play a significant role in 
physiological and pathological processes.6 Numerous studies have shown that 
exosomes participate in cancer oncogenesis and cancer progression.7,8 Exosomes 
have become recently a hot topic in the research area of biomarkers because 
exosomes carry specific proteins, lipids and nucleic acids of their origins. More 
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importantly, exosomes provide a convenient source of 
potential disease biomarkers because exosomes are abun-
dant in accessible body fluids.9–11 In fact, exosome is 
generally considered as a major source of liquid biopsy. 
Urine contains a large number of exosomes. Carbonic 
anhydrase 9 (CA9) is a transmembrane member of the 
carbonic anhydrase family. It catalyses the reversible 
hydration of carbon dioxide into bicarbonate and 
a proton, thus enabling tumor cells to keep a neutral 
pH despite of an acidic microenvironment. CA9 is over-
expressed in urinary bladder cancer and is considered as 
a new promising marker for urinary bladder cancer.12 We 
hypothesize that urine from bladder cancer patients may 
contain tumoral exosomes that carry CA9 marker. These 
exosomes may serve as a new source of liquid biopsy for 
the detection of bladder cancer.

Patients and Methods
Patients
Inclusion criteria included patients with the suspicion of 
bladder cancer due to the occurrence of hematuria or on 
the basis of initial findings during cystoscopy or during 
imaging examinations. In total, 168 patients undergoing 
surgical resection were included. Histopathological exam-
ination of the resected bladder specimens served as the 
final diagnosis. The patients’ characteristics were summar-
ized in Table 1. Urine samples from patients without 
urinary bladder cancer were used as controls. Ninety 
urine samples were obtained as controls. There was no 
significant difference in average ages between the two 

groups of cancer patients and control subjects. The diag-
nosis of bladder cancer was based on pathology or biopsy 
analysis. The tumor stage and grade were based respec-
tively according to the tumor-node metastasis (TNM) sta-
ging system and the WHO 2004 grading system. This 
study was reviewed and approved by Peking Union 
Medical College Hospital review board/ethics committee 
(G20190001645). All participants got necessary informa-
tion and a written informed consent form was given to 
each participant. The written informed consent was 
obtained from all participants. This study was conducted 
in accordance with the Declaration of Helsinki.

Isolation of Urinary Exosomes
The urine was collected before surgery. A total of about 
50–100 mL morning urine was collected in a sterile cup. 
Urine samples were put in a refrigerator and processed 
within 12 hours. Centrifugation was performed at 
3000 rpm at 4°C for 15 minutes to remove cells and 
large debris. Twenty-milliliter urine was used to isolate 
the urinary exosomes by using a urinary exosome isolation 
solution (Hope Tech Biotechnology, Guangzhou). Briefly, 
4 mL isolation solution was added into urine. The mixture 
of solution was vortexed. Then the mixture was put in the 
refrigerator overnight. The mixture was centrifuged at 
3000 rpm at 4°C for 30 minutes to recover the urinary 
exosomes.

Transmission Electron Microscopy (TEM) 
of Exosomes
TEM was performed on the pellet of exosomes suspended 
in 50 µL PBS. Ten microliters of exosome solution was 
placed on a 200 mesh-copper grid and left to adhere for 20 
minutes. The grids were washed three times in distilled 
water. The exosomes were negatively stained with uranyl 
acetate and observed at an accelerating voltage value of 
100 kV using a Hitachi electron microscopy.

Flow Cytometry of Exosome Marker
CD63 is frequently used as an exosomal marker.13 We 
used flow cytometry to study urinary exosomal CD63. 
We added 1 µL of Aldehyde/sulphate latex beads 
(A37304, ThermoFisher) to 100 µL of exosome suspen-
sion, and mixed well. Nine hundred microliters of PBS 
was then added, and the mixture was left to incubate for 2 
hours at room temperature on a rotary wheel. One hundred 
microliters of 100 mM glycine was then added and the 

Table 1 The Patients’ Characteristics

Bladder Cancer N (%) Control N (%)

Gender 168 90

Male 117 (69.6) 59 (65.6)

Female 51 (30.4) 31 (34.4)

Age, year (range) 68.3 (36.5–82.3) 65.3 (38.2–80.5)

Tumor stage

Tis 5 (2.9)

Ta 41 (24.4)
T1 84 (50.0)

>T2 38 (22.7)

Grade

Low grade 92 (54.8)

High grade 76 (45.2)
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mixture incubated at room temperature for 30 minutes to 
block binding. The beads were then pelleted by centrifu-
gation at 2650 g for 5 minutes, and the supernatant 
removed. The pellet was washed by addition of 1mL 
PBS and centrifugation at 2650 g for 5 minutes. Finally, 
the pellet was resuspended in PBS and the antibody of 
anti-human CD63-FITC FITC (IM1165U, Beckman 
Coulter) or the antibody of isotype control (A07795, 
Beckman Coulter) was added according to standard flow 
cytometry protocol. The antibody was incubated for 
30 minute at dark. After twice washing with PBS, the 
staining was observed by using a conventional flow cyto-
metry. Data were analyzed by using the NaviosTM soft-
ware (Beckman-Coulter, CA).

Extraction of RNA
Total RNA extraction was performed by using miRNeasy 
Micro Kit according to the manufacturer indications with 
some modifications (Qiagen S.A.). Briefly, 500 µL Qiazol 
solution (GITC-containing buffer) was used to dissolve the 
urinary exosomes. One hundred-microliter Chloroform 
was added. The mixture was vortexed and centrifuged at 
14,000 rpm at 4°C for 15 minutes. The supernatant was 
obtained and 1.5 volume of 100% ethanol was added. The 
mixture was centrifuged by the extraction column (Qiagen 
S.A.). The column was washed respectively by RWT 
buffer and by REP buffer. The RNA was eluted in 20 µL 
RNase free water and then quantified by using Nanodrop. 
The RNA specimens were stored in –80°C until RT-PCR.

RT-qPCR
Complementary DNA (cDNA) was synthesized from total 
RNA using TaqMan Reverse Transcription Kit (Invitrogen). 
For RT reactions, 100–500 ng of RNA extract, 4 µL of RT 
Buffer and 1 µL of reverse transcription mix were used. 
Reaction mixture was incubated at 37°C for 60 minutes, at 
95°C for 5 minutes and then held at 4°C. The cDNA speci-
mens were stored at −20°C until PCR. For PCR detection, we 
used the TaqMan technique. PCR was performed in 25 µL 
reaction mixture containing 2 µL cDNA product, 1 µL of 
sense and antisense primers and 12.5 µL PCR Master MIX 
(Applied Biosystems). After a denaturing temperature at 95°C 
for 10 minutes, 40 cycles were performed with denaturing 
temperature at 95°C for 15 seconds, annealing temperature at 
60°C for 20 seconds and extension at 72°C for 34 seconds. 
A final dissociation cycle was performed at 95°C for 15 
seconds, 60°C for 1 minute and 95°C for 15 seconds. 
A positive and negative (PCR mix without cDNA) controls 

were included in each round of PCR. To check the quality of 
extracted RNA, we examined the GAPDH gene expression. 
We designed GAPDH primers as follows: sense primer 5ʹ- 
CACATGGCCTCCAAGGAGTAA −3ʹ and antisense primer 
5ʹ- TGAGGGTCTCTCTCTTCCTCTTGT −3ʹ. The TaqMan 
probe of GAPDH was 5ʹ-FAM-CTGGACCACCAG 
CCCCAGCAAG-3ʹ-TAMRA. The primers for CA9 were as 
follows: sense primer 5ʹ- CATCCTAGCCCTGGTTTTTGG 
−3ʹ and antisense primer 5ʹ- CCTTCTGTGCT 
GCCTTCTCAT −3ʹ. The TaqMan probe of CA9 was 5ʹ- 
FAM- CTGTCACCAGCGTCGCGTTCCTT-3ʹ-TAMRA. 
The primers were designed to span the exons to avoid the 
genomic contamination. The cycle threshold (Ct) value was 
established by using the detection software SDS v2.0.1 
(Applied Biosystems). GAPDH was used as the housekeeping 
gene and the relative quantification of urinary exosomal CA9 
mRNA was calculated by comparative Ct method (2−Δct).

Statistical Analysis
Statistical analyses were based on SPSS v13 software 
package. The Mann–Whitney U-test was used to check 
the difference of urinary exosomal CA9 mRNA levels 
between the bladder cancer group and control group. The 
chi-square test was used to study the differences of posi-
tive numbers between the different tumor grades and 
tumor stages. Significant difference was established when 
p<0.05. ROC curve and the area under the ROC curve 
(AUC) were used to evaluate the diagnostic value.

Results
Analysis of Exosomes by TEM and Flow 
Cytometry
The isolation kit was effective for the isolation of urinary 
exosomes. TEM analysis confirmed that the isolated exo-
somes were within the expected size range (30 to 150 nm) 
and presented with a general exosome-like morphology 
(Figure 1). Typical cup-shaped exosomes were observed, 
along with aggregated exosomal vesicles. The lipid bilayer 
membrane was clearly visible. Three experiments were 
performed with similar results. As shown in Figure 2, 
flow cytometry indicated that the exosomes showed 
a strong positive for exosome marker CD63.

RT-qPCR of Exosomal CA9 mRNA
Figure 3 shows the distribution of relative expression levels 
of urinary exosomal CA9 mRNA. The average level of 
urinary exosomal CA9 mRNA was significantly higher in 
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bladder cancer group (8.35, 0.04–186.6) than in control group 
(0.32, 0.03–3.45) (p<0.001). Among the patients with Ta and 
T1 of NMIBCs, the positive percentage of urinary exosomal 

CA9 was greater in low-grade cancers (89.2%) than in high- 
grade cancers (83.3%), but without statistical significance 
(p>0.05). Among those with detectable urinary exosomal 
CA9, the positive percentage was higher in NMIBCs than 
in MIBCs (86.2% versus 81.6%, p>0.05).

To evaluate the diagnostic value of urinary exosomal 
CA9 mRNA, we performed the ROC curve analysis 
(Figure 4). The AUC of ROC curve was 0.837 (95% CI: 
0.743–0.859). With an optimal cutoff of 0.418, the sensi-
tivity was 85.18% and the specificity was 83.15% for the 
diagnosis of bladder cancer.

Discussion
Currently, cystoscopy and cytology are considered as the 
standards for the diagnosis and surveillance of bladder 
cancer.2,3 Cystoscopy is an invasive examination which 
can cause the discomfort and possible complications for 
the patients such as haematuria or urinary tract infections. 
Cytology is a non-invasive examination with a high 
specificity,14 but the major problem with cytology is its 
low sensitivity because urine samples often lack the tumoral 

Figure 1 The urinary exosomes observed by TEM. Typical urinary exosomes were 
observed at an accelerating voltage value of 100 kV with a 60,000 magnification. Typical 
morphology of exosomes was observed. The lipid bilayer membrane was clearly visible.

Figure 2 Flow cytometry analysis of exosome marker CD63. The left histograms indicate the isotype control and the right histograms indicate the marker CD63. The 
exosomes showed a strong positive for exosome marker CD63.
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cells. Therefore, the search for urine markers has always 
been a research subject.15

It is now believed that exosomes play important roles 
in normal and pathological conditions and can serve as 
useful biomarkers for cancer diagnosis.16 Exosomes from 

bladder tumor cells accumulate in the urine, where they 
are stable and easily accessible. Urine can be non- 
invasively accessible, making it the most attractive source 
of liquid biopsy. Many mRNA markers have been found to 
be useful.17–20 However, the urine markers depend on 
urinary tumor cells. This hinders the sensitivity of urine 
markers. The supernatant of urine is usually discarded. In 
this study, we found that abundant exosomal RNAs existed 
in urinary supernatant.

We used an isolation kit that is easily implanted into 
clinical laboratory. The study of electron microscopy indi-
cated the success of isolation of urinary exosomes. Recently, 
the mRNA markers in urinary exosomes are successfully 
used as a source of liquid biopsy of prostate cancer.21 In this 
study, we tested if CA9 mRNA markers can be detected in 
urinary exosomes to serve as a new source of liquid biopsy 
for bladder cancer. Compared to the control group, the 
average level of urinary exosomal CA9 was significantly 
elevated in bladder cancer patients. Urinary cellular CA9 
was recently studied as a urine marker for the diagnosis of 
bladder cancer.12 In that study, the sensitivity and specificity 

Figure 3 The expression levels of urinary exosomal CA9 mRNA. The average level 
of urinary exosomal CA9 was significantly higher in the cancer group than in the 
control group (p<0.001). RQ stands for relative quantity.

Figure 4 The ROC curve analysis of urinary exosomal CA9 mRNA. The AUC of ROC curve was 0.837 (95% CI: 0.743–0.859). With an optimal cutoff, the sensitivity and 
the specificity were respectively 85.18% and 83.15%.
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for bladder cancer detection were respectively 86.2% and 
95.1%. However, the informative urine specimen rate was 
85% in that study. About 15% urine samples were without 
urinary cells and were excluded from that study when urin-
ary cellular CA9 was studied.12 In the present study, we 
showed the feasibility of the detection of tumoral CA9 in 
urinary exosomes. The urinary exosomal CA9 mRNA may 
produce an acceptable sensitivity and specificity for the 
detection of bladder cancer. To our knowledge, it is the 
first article to deal with urinary exosomal CA9 mRNA for 
the diagnosis of bladder cancer. This strategy can enlarge the 
use of urinary mRNA markers such as CA9 for the detection 
or surveillance of bladder cancer, which depends solely on 
urinary cells. For example, when tumor cells cannot be 
found in the urine of many cancer patients, the urinary 
exosomal CA9 may be useful. Now we proved that urinary 
supernatant contained abundant tumor exosomes. We antici-
pate that urinary exosomes from the tumor cells may be 
abundant even at the early stage. We believe that urinary 
exosomes will become a new source of liquid biopsy for 
bladder cancer. We admit that it is a pilot study. The next 
step is to evaluate its clinical use. It will be interesting to 
study how this technique can improve the urinary cytology 
or urinary cellular mRNA markers as a diagnostic and 
surveillance method for bladder cancer.

In conclusion, we found that the urinary exosomes 
were abundant in the urine of bladder cancer patients. 
Tumoral CA9 mRNA can be detectable in urinary exo-
somes. Urinary exosomal CA9 mRNA may provide a new 
liquid biopsy for the detection of bladder cancer.

Disclosure
Yang Zhang is an employee of Guangzhou HopeTech 
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other potential conflicts of interest for this work.
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