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Abstract

Objective To detect the expression level of urinary exosomal IncRNA SNHG16 in patients with bladder cancer and healthy
individuals and explore its clinical application value in the diagnosis of bladder cancer.

Methods Urine samples were collected from 42 patients with bladder cancer and 42 healthy volunteers who visited Lu’an
Hospital of Anhui Medical University and the Second Hospital of Tianjin Medical University from January 2020 to Decem-
ber 2022. The expression levels of IncRNA SNHG16 in urinary exosomes of the two groups were detected by RT—qPCR,
and their correlation with clinical pathological parameters of bladder cancer patients was analysed. An Receiver Operating
Characteristic(ROC) curve was drawn to analyse the diagnostic value of urinary exosomal IncRNA SNHG16 for bladder
cancer and compared with urinary cytology.

Results The expression of urinary exosomal IncRNA SNHG16 in patients with bladder cancer was significantly higher
(P<0.05), and the expression level had no correlation with the age, sex, pathological T stage, pathological grade, or tumour
size of bladder cancer patients (P> 0.05). The Area Under Curve(AUC) of urinary exosomal IncRNA SNHG16 in diagnosing
bladder cancer was 0.791, which was superior to that of urinary cytology (AUC =0.597).

Conclusion Urinary exosomal IncRNA SNHG16 with high expression can serve as a potential diagnostic biological marker
for bladder cancer.
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Bladder cancer is a highly prevalent malignant tumour
worldwide, accounting for 90-95% of urothelial carcino-
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[5-10]. However, it is relatively ineffective in identifying
low-grade bladder tumours. Imaging methods, such as CT
and ultrasound, are easy to use to judge large-volume occu-
pying lesions, but at this point, the patient is already in the
middle and late stages, missing the optimal timing for treat-
ment. CT and ultrasound are prone to miss small lesions,
which is not conducive to the early detection and treatment
of tumours [11, 12]. Therefore, it is urgent to find reliable
and noninvasive biomarkers to assist in the early diagnosis
of bladder cancer.

LncRNAs are a family of noncoding RNAs defined as
transcripts larger than 200 nucleotides. Increasing evi-
dence suggests that the expression of IncRNAs changes in
response to tumour development, which can be used for the
diagnosis, progression, and prognosis of cancer. However,
naked IncRNAs are susceptible to degradation by ribonucle-
ases in bodily fluids and require protection from extracellu-
lar vesicles. Exosomes are cell-derived microvesicles with
a diameter of approximately 30—150 nm that are present in
almost all body fluids. Exosomal vesicles act as “carriers”
and “protective shields” that wrap around IncRNAs, pre-
venting their degradation by ribonucleases in bodily fluid
circulation [13, 14]. However, the functional contents of
these vesicles are not randomly loaded but rather produced
differentially according to various pathological conditions
[15]. Numerous studies have shown that the expression of
IncRNAs in exosomes from the blood or urine of different
cancer patients is correspondingly upregulated or downreg-
ulated and may be related to tumour staging and prognosis
[16-20], making them potential noninvasive biomarkers.
SNHG16, as a protumor IncRNA, is upregulated in various
human cancers, such as lung cancer, breast cancer, colorec-
tal cancer, and cervical cancer [21-27]. In this study, we
explored the predictive value of urinary exosome-derived
IncRNA SNHGI16 in the diagnosis of bladder cancer.

Data and methods
Collection of urine specimens

Urinary specimens were collected from 42 patients with
bladder cancer and 42 healthy volunteers who underwent
physical examinations at Lu’an Hospital of Anhui Medical
University and the Second Hospital of Tianjin Medical Uni-
versity between January 2020 and December 2022, defined
as the bladder cancer group and control group, respectively.
Informed consent was obtained from all participants, and
the study was approved by the ethics committee of the Sec-
ond Hospital of Tianjin Medical University. Inclusion crite-
ria: [1] all subjects were clinically diagnosed with bladder
cancer by a physician and confirmed by surgical pathology
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or cystoscopy biopsy; [2] had no history of radiotherapy,
chemotherapy or other anticancer treatments. The exclusion
criteria were as follows: [1] patients with other organ dys-
functions, such as heart, lung, liver, or kidney dysfunction;
[2] patients with heart disease, diabetes, hypertension, men-
tal disorders, organ failure, immune diseases, and traumatic
diseases; and [3] patients with other systemic tumours.
Tumour grading and TNM staging were performed accord-
ing to the WHO staging criteria. After collecting 100 ml of
urine sample for each case, preprocessing was performed
within two hours, followed by centrifugation at 3000xg for
20 min to obtain the supernatant, which was stored at -80 °C
for exosome extraction. The centrifugal precipitate was sent
to the pathology department for urine cytology testing.

Cell culture

Human Bladder cancer cell T24 (ATCC) and Benign urothe-
lial cell SV-HUC-1 (ATCC) were cultured, subcultured and
cryo-preserved in Tianjin Institute of Urology. All the cells
were cultured in a saturated humidity incubator at 37°C and
5% CO,.

Enrichment of urinary extracellular vesicles

The preprocessed urine samples were subjected to differ-
ential centrifugation using an ultrahigh-speed centrifuge
(Beckman Coulter, USA) at 4 °C and 17,000 X g for 30 min.
The supernatant was collected and subjected to a second
centrifugation at 4 °C and 200,000 X g for 70 min. The
supernatant was discarded, and 100 pl of PBS was added to
resuspend the extracellular vesicles. The resuspended solu-
tion was aliquoted and stored at -80 °C for further analysis.

Extraction and reverse transcription of extracellular
vesicle RNA

Total RNA was extracted from extracellular vesicles using
the Exosome RNA Isolation Kit (Rengen Biosciences
Co., Ltd, China). The concentration and integrity of total
RNA were evaluated using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA). Purified
RNA was reverse transcribed into cDNA according to the
manufacturer’s instructions of the US EVERBRIGHT INC
kit. The 20 pl reaction mixture contained 500 ng of template
RNA, 4 pl of 5xUEIris II RT MasterMix, 1 pl of dsDNase,
and RNase-free ddH20. The mixture was briefly centri-
fuged and then incubated at 37 °C for 2 min, followed by
incubation at 55 °C for 10 min and at 85 °C for 10 s. The
reaction product was immediately stored at -20 °C for sub-
sequent experiments.
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RT-qPCR analysis

The cDNA templates were then subjected to qPCR using
SYBR Green Master (Roche, Switzerland). The fol-
lowing primers were designed by primer 5 and synthe-
sized by GenePharma(China):SNHG16 forward primer:
5’-AATCGCCATGCGTTCTTTGG-3’; SNHGI16 reverse
primer: 5’-CAATCCTTGCAGTCCCATCG-3’; 18 S for-
ward primer: 5’-GTAACCCGTTGAACCCCATT-3’; 18 S
reverse primer: S5'CCATCCAATCGGTAGTAGCG-3’;
18 S was used as a reference gene. The 2 —AACt method
was used to calculate the relative expression level. Experi-
ments were repeated 3 times.

Urine cytology

Urine samples were collected before cystoscopic examina-
tion and any other treatments, and centrifuged at 1300 g for
10 min. The sediments were used for cytological analysis,
and the diagnosis was confirmed by two cytopathologists.

Transmission electron microscopy (TEM)

Transmission electron microscopylsolated exosomes were
first resuspended in PBS, and then a 15 pL aliquot was
absorbed onto carbon-coated Cu grids for 1 min.Subse-
quently, the grids were dyed using 15 p L of 2.0% uranyl
acetate for 1 min and allowed to dry for 15 min. The mor-
phologyof isolated exosomes was identified by transmission
electron microscopy (TEM; G2 spititi FEI; Tecnai).

Nanoparticle tracking analysis(NTA)

The size distribution of exosomes was determined usinga
Delsa Nano Analyzer (DelsaNano, Beckman Coulter,Brea,
CA, USA). The capture settings and analysis settings
were performed manually according to the manufacturer’s
instructions.

Western blots

Protein were prepared with a detergent buffer, and the
protein concentration was determined using the bicincho-
ninic acid (BCA) protein assay (Solarbio, Beijin, China).
Equal amounts of protein samples were separated by a
12% gel using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis(SDS-PAGE) and transferred onto PVDF
membranes (Millipore, Billerica, MA, USA). The mem-
branes were probed with anti-TSG101 (GeneTex, USA),
anti-CD63 (Immunoway,USA) antibodies overnight at 4°C.
Immune complexes were detected by enhanced chemilumi-
nescence (Proteintech, Chicago,USA).

Statistical analysis

All statistical analyses, ROC curve plotting and graphing
were performed using SPSS 17.0 (IBM, SPSS, Chicago,
IL, USA) and GraphPad Prism 5.0 (GraphPad Software,
La Jolla, CA, USA). The Kolmogorov—Smirnov test was
used to analyse the distribution of each group of samples.
Since the data did not follow a normal distribution, they
are presented as the median (interquartile range). The non-
parametric Mann—Whitney U test was used to compare the
expression levels of IncRNAs between the two groups. A
two-sided P value of less than 0.05 was considered statisti-
cally significant.

Results
Identification of urinary exosomes in bladder cancer

TEM showed exosomes have a diameter of 30-150 nm
with a cup-shaped membrane (Fig. 1a). NTA detected exo-
some particle size distribution, and the results showed that
the highest particle size distribution peak in the exosome
suspension was 123 nm (Fig. 1b). Western blot analysis of
exosome marker proteins showed clear CD63 and TSG101
protein bands, but no protein expression was found in the
exosome-depleted supernatant(EDS) (Fig. 1c). All the above
results suggested that the enriched extracellular vesicles had
the characteristics of exosomes.

Differential Analysis of IncRNA SNHG16 expression
in urine exosomes between the two groups

To determine whether there is a difference in the expression
of IncRNA SNHGI16 in urine exosomes between patients
with bladder cancer and healthy controls, we first used
RT—gPCR to compare the differences in IncRNA SNHG16
expression between the bladder cancer cell line T24 and the
benign urinary tract epithelial cell line SV-HUC-1, as well
as between exosomes derived from these two cell sources.
The results show that the expression of IncRNA SNHG16
was higher in T24 cells than in SV-HUC-1 cells (Fig. 2a)
and higher in exosomes derived from T24 cells than in
exosomes derived from SV-HUC-1 cells (Fig. 2b). Since
bladder tumours originate from the urinary tract epithelium
and the tumour is directly exposed to urine, we hypothesize
that exosomes secreted by the tumour with high expression
of IncRNA SNHG16 will directly enter urine. Therefore,
the expression of IncRNA SNHGI16 in urine exosomes of
bladder cancer patients may be higher than that of healthy
controls. Next, we used RT-qPCR to detect the relative
expression levels of urine exosomal IncRNA SNHG16 in
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Fig. 1 The identification of exosomes was performed as follows: TEM (a), NTA (b), and Western blot (¢). Exo-1 and Exo-2 represent urinary

exosomes of bladder cancer group and control group, respectively

a

=

.S 54

z *

£ 4-

2

[0

© 3

g

Z 2

w2

2 1]

=

& 0- T
T24 SV-HUC-1

C
30 *

8 Aa

a

% 201 WA

& y A

O v A

an v A

Z

Z 10 v —m—

.g v'v v :AAA

2 o : AﬁzﬁA
Control BC

Fig. 2 Differential expression analysis of urinary exosomal IncRNA
SNHGI16 in the two groups. The expression of IncRNA SNHG16 was
higher in T24 cells than in SV-HUC-1 cells (a), higher in exosomes
derived from T24 cells than in those derived from SV-HUC-1 cells

the two groups. The results show that the expression levels
of IncRNA SNHG16 in urine exosomes of the bladder can-
cer group and control group were 3.49 (2.17,4.77) and 1.54
(0.86,2.49), respectively, and the difference was statistically
significant (P <0.001, Fig. 2c), which means that urine exo-
somal IncRNA SNHG16 may become a potential diagnostic

@ Springer

b

[oe]
)

(@)}
1

~
1

[\9]
1

o
1

Relative SNHG16 expression

EXO-T24  EXO-SV-HUC-1

[u—
(9,
J

—
)
1

=
W
L

Relative SNHG16 expression

=
(=)
1

RNaseA RNaseA+Triton X-100

NC

(b), and higher in exosomes from bladder cancer patients than in the
control group (¢). RT-qPCR showed that IncRNA SNHG16 was stably
expressed in exosome vesicles (d). *, P value<< 0.05

biomarker for bladder cancer. Finally, to investigate whether
the expression of IncRNA SNHG16 in exosomes was stable,
we performed an experiment using RT—-qPCR. The enriched
urine exosome suspension was divided into three groups:
the first group was the negative control group, the second
group was treated with 5 pg RNaseA, and the third group
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was treated with 5% Triton X-100 and 5 pg RNaseA. The
results show that compared with the control group, the
expression of IncRNA SNHG16 in the RNaseA group did
not change significantly, possibly due to the protection of
exosomes. However, in the RNaseA+ 5% Triton X-100
group, Triton X-100 destroyed the exosome membrane
structure, leading to RNA degradation by RNaseA and a
sharp decrease in IncRNA SNHG16 expression (Fig. 2d).
Therefore, we believe that IncRNA SNHG16 mainly exists
stably inside the exosome vesicles, with exosome vesicles
as a “protective umbrella”. Therefore, urine exosomal
IncRNA SNHG16 may be a stable diagnostic biomarker for
bladder cancer.

Relationship between urinary exosomal
IncRNA SNHG16 levels and clinical pathological
characteristics of bladder cancer patients

According to the different clinical pathological charac-
teristics of the tumours, the bladder cancer patients were
grouped by age, sex, tumour T stage, pathological grade,
and maximum tumour diameter, and the expression lev-
els of urinary exosomal IncRNA SNHG16 were compared
and analysed for differences in these clinical pathological
parameters. The results showed no significant differences
among the groups (P> 0.05) (Table 1).

Diagnostic value of the urinary exosomal IncRNA
SNHG16 expression level for bladder cancer

Currently, noninvasive detection methods used for bladder
cancer diagnosis in clinical practice mostly involve urinary
cytology. Therefore, we compared the results of urinary

Table 1 Correlations between exosomal IncRNA concentrations and
clinicopathological characteristics of patients with BC [median (inter-

quartile range)]
Parameters Total Expression level P-value
cases

Age
<60 11 2.81(1.14,4.58) 0.350
>60 31 4.13(2.45,4.88)

Sex
Male 33 3.11(2.17,4.66) 0.587
Female 9 4.13(2.34,5.55)

Tumour stage
NMIBC(Ta-T1) 18 3.1(1.91,4.25) 0.232
MIBC(T2-T4) 24 4.33(2.48,5.63)

Tumour grade
Low grade 13 2.81(1.81,5.41) 0.936
High grade 29 3.84(2.48,4.66)

Tumor size(cm)
<3.0 19 3.84(2.04,4.88) 0.870
>3.0 23 3.14(2.50,4.73)

cytology in the two groups and used ROC curve analy-
sis to evaluate the diagnostic efficacy of urinary cytology
for bladder cancer, which showed an AUC of 0.597 (95%
CI: 0.475-0.719, sensitivity =21.40%, specificity =97.6%,
Fig. 3a). Further analysis showed that the AUC of urinary
exosomal IncRNA SNHG16 for diagnosing bladder can-
cer was 0.791 (95% CI: 0.695-0.887, sensitivity =61.90%,
specificity =83.3%, Fig. 3b), which was significantly better
than that of urinary cytology.

Discussion

IncRNAs can serve as potential diagnostic, metastatic, and
prognostic markers for bladder cancer. For example, the
expression of IncRNAs such as TUC338 and PVT1 can be
used as biomarkers for early diagnosis of bladder cancer [28,
29], while the expression of PCAT6, NRON, GAS6-AS2,
SNHG3, IncRNA TP73-AS1, and LINC00641 can pre-
dict poor prognosis of bladder cancer [30-35]. In addition,
IncRNAs can also serve as potential biomarkers for bladder
cancer metastasis, such as DLX6-AS1, which is upregulated
in bladder cancer tissue and cell lines and is associated with
TNM stage progression, lymph node metastasis, and distant
metastasis [36]. IncRNA SNHG16 is located on chromo-
some 17g25.1 and was first identified as an oncogene of
neuroblastoma [37]. Cao [38] confirmed that the expression
of IncRNA SNHGI16 is significantly higher in bladder can-
cer tissue than in adjacent normal tissue and is associated
with tumour metastasis, pathological staging, and overall
survival of patients. Inhibition of SNHG16 expression can
significantly suppress the proliferation, migration, and inva-
sion of bladder cancer cells, and promote cell apoptosis,
possibly through inhibition of the Wnt/B-catenin pathway
[39].

LncRNA is susceptible to degradation by ribonucleases
in bodily fluids and is typically found free-floating through-
out the body through exosome transport. Exosome-carried
IncRNAs have many advantages as tumour markers, includ-
ing: (1) good specificity, sensitivity, and noninvasiveness;
(2) noncoding RNAs packaged in exosomes can escape
degradation by ribonucleases, making them stable; and
(3) convenient sampling, with blood and urine being the
most common sources of exosomes. Studies have reported
that the expression of exosome-IncRNA H19 in serum of
bladder cancer patients is upregulated [16], and exosome-
IncRNA PTENPI in plasma is downregulated [40], both of
which can serve as good tumour markers for bladder can-
cer diagnosis. However, obtaining urine samples is more
convenient and less painful for patients compared to blood
samples. Research has shown that bladder cancer cells can
secrete exosomes into urine, and stable IncRNA has been

@ Springer
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Fig. 3 Diagnostic value of the urine extracellular vesicle IncRNA
SNHGI16 expression level in bladder cancer. ROC curve analysis was
performed to evaluate the diagnostic performance of urine cytology in

found in exosomes [41]. Zhan et al. [19] proposed a combi-
nation of IncRNAs derived from urine exosomes for bladder
cancer diagnosis and recurrence prediction. The combina-
tion of three IncRNAs (MALATI1, PCAT-1, and SPRY4-
IT1) had an area under the ROC curve (AUC) of 0.854 for
bladder cancer diagnosis, which was significantly higher
than that for urine cytology (0.619). In addition, the upregu-
lation of PCAT-1 and MALAT1 was correlated with poor
nonmuscle invasive bladder cancer-free survival. Another
study showed that exosome-IncRNAs ANRIL and PCAT-1
in urine could serve as potential diagnostic biomarkers for
bladder cancer, with AUCs of 0.7229 (sensitivity of 46.67%
and specificity of 87.5%) and 0.7292 (sensitivity of 43.33%
and specificity of 87.5%), respectively [42].

Currently, research has reported that the IncRNA SNHG16
is highly expressed in the serum exosomes of bladder cancer
patients and can be used to differentiate between bladder
cancer cases and healthy individuals [43]. This project aimed
to investigate the feasibility of urinary exosomal SNHG16
as a diagnostic biomarker for bladder cancer. The results
show that the expression of IncRNA SNHG16 was higher
in T24 cells than in SV-HUC-1 cells, and its expression in
exosomes derived from T24 cells was also higher than that
from SV-HUC-1 cells. Since bladder cancer tumours are
directly exposed to urine, it is inferred that exosomes with
high expression of IncRNA SNHG16 secreted by bladder
cancer may directly enter urine. Therefore, the expression
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of IncRNA SNHG16 in urinary exosomes of bladder cancer
patients may be higher than that of healthy individuals. Fur-
ther research showed that there was a statistically signifi-
cant difference in the expression level of urinary exosomal
IncRNA SNHG16 between the bladder cancer group and the
control group (P<0.001). This suggests that urinary exo-
somal IncRNA SNHG16 may be a noninvasive and stable
diagnostic biomarker for bladder cancer. Finally, we used
the relative expression value of RT—-qPCR to plot the ROC
curve, and the results show that the diagnostic performance
of urinary exosomal IncRNA SNHG16 for bladder cancer
(AUC=0.791, 95% CI: 0.695-0.887, sensitivity=61.90%,
specificity = 83.3%) was better than that of urinary cytology
(AUC=0.597, 95% CI: 0.475-0.719, sensitivity =21.40%,
specificity =97.6%). In the data analysis, we did not find
any correlation between the expression level of urinary exo-
somal IncRNA SNHG16 and age, sex, pathological T stage,
pathological grade, or tumour size of bladder cancer patients
(P>0.05), which may require analysis of more samples to
uncover hidden associations.

Conclusion

In summary, we believe that urinary exosomal IncRNA
SNHG16 can serve as a noninvasive and reliable diagnos-
tic biomarker for bladder cancer, but further large-scale and
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multicentre studies are still needed to discover whether the
expression of urinary exosomal IncRNA SNHG16 is associ-
ated with the survival prognosis, pathological staging, and
distant metastasis of bladder cancer patients.

Abbreviations

AUC Transmission electron microscopy
TEM Transmission electron microscopy
NTA  Nanoparticle tracking analysis
ROC Receiver Operating Characteristic
EDS  Exosome-depleted supernatant
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