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Purpose: Chromosomal copy number aberrations (CNAs) are a hallmark of bladder cancer
and a useful target for diagnostic explorations. Here we constructed a low-coverage whole-
genome sequencing method for the detection of CNAs in urine sediment DNA from patients
with bladder cancer.

Patients and Methods: We conducted a prospective study using urine sediment samples
from 65 patients with bladder tumors, including 54 patients with bladder cancer and 11
patients with benign bladder tumors. Forty-three healthy individuals were included as normal
controls. DNA was extracted from urine sediments and analyzed by low-coverage whole-
genome sequencing to compare differences in CNAs among these three groups. CNAs are
defined by arbitrary R values (normal range + 2). When these values exceed + 0.2 of normal
range, gain/duplication or loss/deletion are suspected.

Results: With this method, CNAs were detected in 39 of 51 patients with bladder cancer, 2
of 10 patients with benign bladder tumors, and 8 of 39 normal controls. The lengths of DNA
deletion and duplication were significantly larger in patients with bladder cancer than in
patients with benign tumors or normal controls (P < 0.05). Bladder cancer duplicate CNAs
mainly occurred on chromosomes 1q, 5p, 6p, 7p, 8q, and 13q, while deletions mainly
occurred on 2q, 8p, 9q, 9p, and 11p. Those regions contained bladder cancer tumor-related
genes, such as STK3, COX6C, SPAG1, CDKALI, C9orf53, CDKN2A, CDKN2B, MIR31,
and IFNA1. The number of CNAs detected in urine sediment DNA during the follow-up
period was significantly reduced.

Conclusion: Our sequencing method is highly sensitive and can detect a minimal chromo-
some repeat/microdeletion change of 0.15 Mb. The use of 0.1~0.3% low-coverage whole-
genome sequencing can be used to detect bladder cancer CNAs in urine sediment DNA. This
method provides a promising method for noninvasive diagnosis of bladder cancer, but still
needs further verification in a larger sample size.

Keywords: bladder cancer, urine sediment DNA, next-generation sequence, copy number
aberrations

Introduction

Bladder cancer is the ninth most common cancer worldwide, and its incidence has
increased in recent years. Notably, noninvasive bladder cancer has a recurrence rate
more than 30%, and the 5-year survival rate is less than 50%.'” According to the
national Comprehensive Cancer Network bladder cancer guidelines published in
2018, the diagnosis of bladder cancer mainly relies on urinary bladder tumor
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resection to remove diseased tissue for pathological
examination.>> However, this method requires invasive
examination, depending on the surgeon’s judgment and
experience, which may lead to missed diagnosis.
Moreover, the high cost of laparoscopic surgery causes
a financial burden for patients. Therefore, the development
of a noninvasive, accurate preoperative examination
method may reduce diagnostic dependence on invasive
examinations (eg, cystoscopy) and aid in the selection of
an appropriate treatment plan before surgery.

Malignant cells typically exhibit genomic instability,
manifested as copy number amplification or partial/com-
plete deletion of the entire chromosome (ie, aneuploidy or
copy number aberrations [CNAs]), which may lead to cell
malignant transformation through alterations related to
proliferation, invasion, and metastasis.* The bladder can-
cer genome possesses considerable characteristics of geno-
mic instability, which lead to a heavy mutation burden and
extensive CNAs affecting multiple chromosomes.™® These
factors contribute to the development and progression of
bladder cancer. Cytogenetic and heterozygous deletion
studies of bladder cancer and cell lines have revealed
many recurrent genetic aberrations. Examples include
deletions of 9p and 9q in early bladder urothelial
tumors;” amplification of 1q, 3p, 6p, 8q, 10p, 17q, 20q,
and deletions of 2q, 5q, 8p, 10q, 1q, 13q, 14q, 17p in T1-
and T2-stage tumors; and the loss of 6q, as well as ampli-
fication of 7p and Xq, in T2-T4-stage tumors.”* Some of
these aberrations are associated with pathological stages or
outcomes of bladder cancer, which implies that they are
suitable targets for use in the diagnosis of bladder
cancer.”'”

Current methods for the detection of chromosomal
aberrations involve the use of DNA from urine supernatant
or urinary exfoliated cells. These methods include fluores-
cence in situ hybridization, real-time polymerase chain
reaction (PCR), and microarray comparative genomic

11-15 etc.

hybridization, genome-wide bisulfite sequencing,
Although these methods are noninvasive, they have low
sensitivity, low throughput, poor efficiency, high cost, and
still need multi-center validation to further develop stan-
dardized methods. Which results in limited diagnostic
value, especially for early and low-grade tumors.
Therefore, the high-

sensitivity, and specific detection methods is an urgent

investigation of noninvasive,

problem in the field of bladder cancer diagnosis and treat-
ment. With the emergence of next-generation sequencing
technology, we developed a whole-genome sequencing

method and analysis pipeline to identify chromosome
We used this
approach to establish a low-coverage whole-genome

microdeletions and microduplications.

sequencing-based bladder cancer detection method.

Patients and Methods

Patients and Clinical Data

Between 2016 and 2018, pretreatment midstream urine
samples were collected from 65 patients with suspected
malignant bladder tumors, based on the preliminary uro-
logic and ultrasonographic examinations in Zhujiang
Hospital (Guangzhou, China). The criteria for inclusion
in the tumor group were initial tumor occurrence and no
adjuvant treatment (eg, radiotherapy or chemotherapy
before surgery). We also collected midstream morning
urine samples from 43 healthy individuals for use as
normal controls. Clinical data were collected for all
patients and controls. All participants provided informed
consent and the study protocol was approved by the Ethics
Committee of Shenzhen hospital of Southern Medical
University, which was undertaken according to the princi-
ples of the Helsinki Declaration of 1975 (as revised 2008).

Urine Sample Processing and DNA

Extraction

Each urine sample was centrifuged at 6000 x g for 15
minutes and the resulting urine sediment was stored at
—80°C. DNA extraction was performed within 2 weeks
after sample collection. DNA was extracted from 2 mL of
urine sediment using the Qiagen DNeasy Blood & Tissue Kit
(Hilden, Germany) according to the manufacturer’s protocol.

Library Preparation, Quality Control, and
Sequencing

DNA sequencing libraries were prepared using Ion Torrent
library preparation kits (Ion Torrent Systems, Inc., Gilford,
NH, USA) and qualified by real-time PCR using the
KAPA SYBR® FAST Universal kit (Roche, Basel,
Switzerland), in accordance with the manufacturer’s
instructions. Library samples were then subjected to
whole-genome sequencing using the Ion Torrent Proton
platform (Ion Torrent Systems, Inc.), in accordance with
the manufacturer’s instructions.

Sequencing Reads and Analytical Methods
The GRCh37 human genome in the NCBI database was
selected as the reference sequence. Burrows Wheeler
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Aligner (BWA) software was used to compare sequence
data from clinical samples with the reference sequence.
Duplicate sequences and non-unique ratios generated by
PCR were then removed. After quality control, 2 x10°
sample unique mapping reads remained. These were fil-
tered by micro-repetition microdeletion analysis, as fol-
lows: 1) effective interval screening; 2) determination of
baseline data; 3) circular binary segmentation to reduce the
normalized sequence ratio, identify breakpoints, and
divide different copy number intervals, and calculation of
bin copy number using the following method. Finally,
calculate the Zscore value of each interval. The Zscore
value of each bin greater than 3 is a micro-duplication, and
less than 3 is a micro-deletion.

The average value was used as the copy number of the
interval. To determine whether a chromosome was abnor-
mal, the autosomal R value was defined as the copy
number minus 2, the R value of the male sex chromosome
Y was the Y chromosome copy number minus 1, and the
R value of the female sex chromosome X was the
X chromosome copy number minus 2. A value of R >
0.2 was considered a gain/duplication, while a value <0.2
was considered a loss/deletion.

SPSS Statistics, version 20.0 (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. The Kruskal—
Wallis H-test and Mann—Whitney U-test were used to
compare copy number variations in urine sediment DNA
among the bladder cancer, benign bladder tumor, and
normal control groups. P values <0.05 were considered
to indicate statistical significance.

Results
Clinicopathologic Characteristics of the

Samples

Sixty-five patients with suspected bladder tumors and 43
normal controls were enrolled in this study. Bladder cancer
samples were diagnosed according to surgical pathology,
including bladder urothelial carcinoma and bladder adeno-
carcinoma. Of the 65 patients, 11 had benign bladder
tumors. The clinical data for each patient are summarized
in Table 1.

Whole-genome low-coverage sequencing of all sam-
ples was performed on urine sediment DNA, with
a median of 4.2 x 106 reads per sample, corresponding
to a median reading depth of 0.1 (interquartile range,
0.08-0.16). After quality control, data were included for
100 participants, including 51 patients with bladder cancer,

Table | Clinical Information of All Patients with Bladder Tumor

Numbers N%
Stage
POA 7 13.0%
PTI 14 26.0%
PT2 12 22.2%
PT3 17 31.4%
PT4 4 7.4%
Benign I
Lymph nodes states
Positive 9 13.8%
Negative 56 86.2%
WHO/ISUP grade
Low-grade 17 26.2%
High-grade 37 56.9%
Benign I 16.9%
Gender
Male 54 83.1%
Female I 16.9%
Age (range) 65.44 (27-89) years
Gender
Male 24 55.8%
Female 19 44.2%
Age (range) 39 (22-81) years

Note: Control group age and gender informations.

10 patients with benign bladder tumors, and 39 normal
controls. All sequencing statistics are shown in Table SI.

Genome-Wide Distribution and CNAs in

Urine Sediments
CNAs were detected in 39 of 51 patients with bladder
cancer, 2 of 10 patients with benign tumors, and 8 of 39
normal controls. Figure 1 shows the results of partial
chromosome copy number variation detection for sample
B1. The chromosome copy number variation data of all
samples are drawn into pictures and viewed in the original
and supplementary materials. The specific data for all
samples are provided in Table SII and Table SIII.

The Kruskal-Wallis H-test was used to compare CNA-
positive rates among the three groups. The bladder cancer

group had a higher rate of CNA detection than the benign
tumor and normal control groups (all P < 0.005), but there
was no significant difference between the benign tumor
and normal control groups (P = 0.55).
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Figure | Chromosome copy number aberrations of chré-chr9 in sample BI.

All data were compared with the Database of
Genomic Variants (DGV) to exclude genetic copy num-
ber variation. Comparisons of the normal control group
and the CNA region of the benign tumor group revealed
that the N22 and N34 normal control samples showed
large X chromosome repeats (>150 Mb). Although the
absolute value of R did not exceed 1, the participant’s
health could not be sufficiently evaluated and the genetic
or clinical significance of these findings could not be
determined. The CNAs of the bladder cancer group
involved multiple regions, most of which were extensive
deletions and amplifications of >10 Mb. These regions
were also compared with the DGV, which revealed that
nearly all large fragment CNA regions were absent from
the DGV. These findings are provided in detail in
Table SII and Table SIII.

The general area and type of copy number variation were

similar among samples. The average length of deletion
mutations in cancer samples was approximately 195.94
Mb, while the average length of repeated mutations was
approximately 125.39 Mb. In general, the chromosome
regions of bladder cancer urine sediment samples with dele-
tions and changes were wider than those with chromosome
duplication. As noted above, CNAs were detected in 2 of 10
patients with benign bladder tumors. Sample C03 exhibited

L

Copy number

1.65-fold microduplication in the region of chr21p11.2-11.1
(length, 0.35 Mb). Additionally, CNAs were detected in 8 of
39 normal controls. Samples N22 and N34 had no more than
1-fold X chromosome duplication, the area involved was
>150 Mb, and the remaining six samples had microduplica-
tions. Comparison of the lengths of repeated and missing
regions in the three groups is shown in Figure 2. The length
of CNA regions was much wider in the bladder cancer group
than in the benign tumor group (P < 0.05) and in the normal
controls (P < 0.005), but there was no significant difference
in the length of CNA regions between the benign tumor and
normal groups. However, the lengths of CNA regions and
the positive rate of detection did not differ according to
pathological or clinical stages in patients with bladder
cancer.

The heatmap in Figure 3 shows the overview results of
chromosomal CNAs in the 100 urine samples. All geno-
mic regions that are overrepresented (indicative of somatic
amplifications) are shown in red, whereas genomic regions
that are underrepresented (indicative of somatic deletions)
are shown in blue. Visual inspection showed that a large
degree of chromosomal instability was present in patients
with bladder cancer, while patients with benign bladder
tumors had stable chromosomal patterns similar to those of
normal controls.
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Figure 2 The comparison of CNA region length between bladder cancer group, benign group and normal control group.
Notes: (A) The comparison of delete region length in three groups. (B) The comparison of duplicate region length. B, C and N in X axis stand for bladder cancer, benign

tumor, normal control group, respectively. ****P<0.0001. *P<0.05.
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Figure 3 Chromosome copy number alterations heatmap of 100 samples of urine sediments.

Notes: Heat map of 100 cases of urine sediment sample copy number aberration results. Estimate the genomic copy number gain/duplication or loss/deletion region based
on the R value, where blue represents a deletion, dark blue indicates an R value of less than —1.5, light blue is between —0.5 and —1.5, and dark red indicates an R value
greater than 1.5, shallow Red is indicated as between 0.5 and |.5. The green icon on the ordinate indicates the normal control group, blue indicates the bladder benign tumor
group, and red indicates the bladder cancer group. The abscissa is the chromosome [-X and the corresponding length, and the Y chromosome is not included in the graph.

The sample numbers are sorted from top to bottom.

High-Frequency CNA Regions in Urine
Sediment DNA from Patients with

Bladder Cancer

We grouped all CNA-positive samples into four groups
according to tumor differentiation status and analyzed the
frequencies of CNA regions and genetic conditions in the
regions involved. Chromosome duplications were mainly
identified on chromosomes 1q, 5p, 6p, 7p, 8q, and 13q;
chromosome deletions were mainly identified on 2q, 8p,

9q, 9p, and a portion of the 1lp arm. The frequency,
region, and type of chromosomal copy number variation
are shown in Figure 2.

The CNAs were classified according to the degree of
bladder tumor differentiation: benign, low-grade, high-
grade and control group. Low-grade potentially malignant
bladder epithelial benign tumors (eg, urotheliomas and
papillomas) were clustered with the benign bladder

tumor group. The results are shown in Figure 4.
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Figure 4 Copy number aberrations in urine sediment of bladder tumors with different degrees of differentiation.
Notes: Blue represents chromosome deletion changes, red represents chromosome repeat changes, abscissa is | to XY chromosomes displayed in vector scale, ordinate
normal is normal control sample, Grade-| is bladder benign tumor group, Grade-2 for low-grade bladder cancer, Grade-3 is a high-grade bladder cancer, and the ordinate

height is the vector ratio ordinate formed by the number of samples.

As above, bladder tumors were divided according to their
degrees of differentiation (benign, low-grade, and high-grade)
. The number of samples with CNAs was higher among high-
grade bladder cancers than among low-grade and benign
tumors. In low-grade bladder cancer, missing copy number
variation was more common, mainly in the chr9q1.12—q34.3
region, while repetitive mutations mainly occurred in the
chr7q arm. High-grade bladder cancer also exhibited missing
copy number variation, but the chromosomal region affected
was more extensive than that of low-grade bladder cancer and
benign bladder tumors. Notably, there were copy number
variations in each chromosome. Deletion mutations were
mainly concentrated in the p-arm of autosomal chromosome
8 and the entire segment of autosomal chromosome 9. The
high-frequency regions of deletion variation were chr2q35.1-
q37.3, chr8p23.3—pl2, chr9q21.12—q34.3, chrllpl3—pl2,
chrl1p15.5-p15.1, chr18ql2.3, chr18q21.1-22.1.
Repetitive mutations frequently occurred on the g-arm of

and

chromosome 1, the p-arm of autosomal chromosome 5, and
the p-arms of autosomal chromosomes 6 and 8. The regions
with frequent repeated mutations in those chromosomes were
mainly chr5pl14.2—pl4.1, chr6p22.3, and chr8q22.1—q22.3.
These findings are shown in Table 2.

Discussion
Bladder cancer is one of the most common malignant
tumors in humans, with high rates of recurrence and

mortality. Studies have shown that bladder cancer has
a high tumor mutation burden and considerable variations
in chromosomal and gene copy numbers. Thus, copy
number variation is an important target for exploration
and monitoring of bladder cancer.'® In the past 30 years,
urine-based pathological examination of bladder cancer
has been an important auxiliary assessment in clinical
practice, but this method is not particularly sensitive and
has led to some missed diagnoses.'' However, exfoliated
cells in urine sediment can clearly demonstrate the histo-
pathological status of primary bladder tumor lesions. They
also contain relatively complete genomic information,
which is suitable for use in tumor diagnosis and
testing.!” Cystoscopy remains the gold standard for diag-
nosis of bladder cancer, but is an invasive method.
Moreover, it is prone to missed diagnosis of carcinoma
in situ. Urine exfoliation cytology can avoid these pro-
blems. As noted in the Introduction, the current methods
of detecting chromatin abnormalities using urinary exfo-
liated cells are noninvasive, but have low sensitivity, low
throughput, poor efficiency, and limited diagnostic value
for early and low-grade tumors."''*'® Following recent
developments in sequencing technology, next-generation
sequencing has become widely used in noninvasive pre-
natal testing chromosome copy number detection due to its
high throughput, high sensitivity, and low cost.'”?
Therefore, we presumed that low-coverage sequencing
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Table 2 Bladder Tumor Urine Sediment Chromosome Copy

Number Variation High Frequency Region

Low-Grade Bladder Cancer Chromosome Deletion High-
Frequency Region

Chr Start End MinCount | MaxCount
Chr9 71,100,000 133,100,000 | 4 4

Chr9 133,250,000 | 136,000,000 | 4 4
High-Grade Bladder Cancer Chromosome Deletion High-
Frequency Region

Chr Start End MinCount | MaxCount
Chr2 216,550,000 | 216,750,000 | 8 8

Chr2 216,800,000 | 224,250,000 | 8 8

Chr2 224,300,000 | 226,350,000 | 8 8

Chr2 226,400,000 | 237,400,000 | 8 9

Chr2 237,450,000 | 243,000,000 | 8 8

Chr8 200,000 35,450,000 8 12

Chr9 5,050,000 23,900,000 8 I

Chrll | 250,000 16,000,000 8 I

Chrll | 16,050,000 16,750,000 8 8

Chrll | 16,800,000 19,800,000 8 8

Chrll | 31,400,000 33,000,000 8 8

Chrll | 33,050,000 33,300,000 8 8

Chrll | 33,350,000 33,500,000 8 8

Chrll | 33,550,000 35,100,000 8 8

Chrll | 35,150,000 36,450,000 8 8

Chrll | 36,500,000 37,400,000 8 8

Chrll | 37,450,000 37,800,000 8 8

Chrll | 37,850,000 39,150,000 8 8

Chrll | 40,000,000 43,200,000 8 9

Chrl8 | 42,300,000 43,700,000 8 8

Chrl8 | 43,750,000 45,400,000 8 8

Chrl8 | 48,000,000 60,100,000 8 8

Chrl8 | 65,400,000 66,700,000 8 8
High-Grade Bladder Cancer Chromosome Repetitive High-
Frequency Region

Chr Start End MinCount | MaxCount
Chr5 23,500,000 24,450,000 8 8

Chr5 24,500,000 28,400,000 8 9

Chré 19,400,000 21,100,000 8 9

Chré 21,150,000 22,200,000 8 10

Chr8 95,450,000 104,850,000 | 8 12

Chr8 104,900,000 | 105,700,000 | 8 8

Chr8 105,750,000 | 115,250,000 | 8 9

Chr8 115,300,000 | 129,900,000 | 8 I

could be used to detect chromosomal copy number varia-
tion, in combination with bladder cancer urine sediment
samples to detect copy number variation in exfoliated cells
from urine sediment for the diagnosis and monitoring of

bladder cancer.

In this study, the low-coverage whole-genome sequen-
cing method was used to compare the chromosomal copy
number variation in urine sediment DNA from patients
with bladder cancer, patients with benign bladder tumor,
and normal controls. The chromosomal copy number var-
iation in urine sediment was significantly higher in patients
with bladder cancer than in patients with benign bladder
tumors or normal controls. Furthermore, CNAs were con-
siderably easier to detect in bladder cancer samples than in
the other two groups. With our method, small chromosome
fragments <10 Mb could be detected in urine sediment
DNA from patients with bladder cancer. In these patients,
large fragments of chromosomal repeat and deletion muta-
tions were mainly concentrated on chromosomes 1q, 5p,
6p, 7p, 8q, and 13q, as well as on the arms of chromo-
somes 2q, 8p, 9q, 9p, and 11p. In addition, chromosomes
2q, 5q, 6q, 13q, 17q, 17p, and other regions had relatively
high-frequency copy number variation. These results are
largely consistent with the results of previous genome
copy number variation analyses in patients with bladder
cancer.”®2° The regions with copy number variation con-
tain multiple genes related to the pathogenesis of cancer
development, including CDKN2A4, CYorf53, MIR3I,
FGFR3, p53, MMPs, TSPI, and COX2°. These results
suggest that the use of low-coverage whole-genome
sequencing to detect copy number variation in urine sedi-
ment DNA is useful for noninvasive diagnosis of bladder
cancer. However, data from a large number of normal
controls are needed to further optimize the analysis, and
large-scale prospective studies are required to confirm our
findings.

Some reports have implied that the extent of copy
number variation in DNA from urine or blood cfDNA is
related to the tumor characteristics.'”*’2° These include
reports on colon cancer, ovarian cancer, lung cancer, blad-
der cancer, and other tumors. With pathological progres-
sion, higher numbers of genomic CNAs and larger
chromosomal regions were detected in circulating free
20213031 Other studies

have used droplet digital PCR, fluorescence in situ hybri-

(cf) DNA in tissue or plasma.

dization, and other techniques to detect the copy numbers
of bladder cancer-related genes (eg, AURKA) in cfDNA
from urine supernatant. Copy number analyses of multi-
ple-gene panels have revealed that copy number amplifi-
cation and deletion mutation rate are related to tumor
progression stage.”*>" Integrated analysis has demon-
strated that most bladder cancer samples, regardless of
clinical stage or degree of tumor differentiation, have
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similar chromosomal copy number variation patterns. The
higher level of tumor differentiation, the regions and types
CNAs
Accordingly, CNAs are more frequently detected in high-

of chromosomal become more extensive.
grade bladder cancer and are more likely to transition into
deletion-type aberrations. These results were not related to
clinical pathological stage findings. We presume that this
phenomenon is related to the presence of tumor cells and
other exfoliated cells in the sediment, because of repeated
mutations and abnormal differentiation after the cells
become cancerous. Increasing cancer cell differentiation
leads to higher genomic instability and greater likelihood
of CNA. However, these data do not fully support the
biological model of disease progression related to mole-
cular types of gene mutations or tumor-driven chromoso-
that the

chromosomal aberrations of urine sediment samples from

mal mutations. In addition, considering
bladder cancer involve a wide range, and the copy number
change rate is high, but generally, genetic copy number
variations are small fragments and low-fold changes, so
we did not screen bladder cancer samples with DGV data
during the process of biometric analysis.

During the experiment, we found that CNAs could not
be detected in urine sediment DNA from some patients
with high-grade or invasive bladder cancer. In those
instances, we presumed that the detection was impeded
by factors such as the number of exfoliated tumor cells in
the urine,*” the concentration of extracted DNA, and back-
ground interference from other DNA.?’ For example, non-
invasive prenatal testing technology, another low-coverage
sequencing method, may generate false-negative or false-
positive results if maternal cfDNA causes interference
during detection of fetal chromosomal aneuploidy. These
outcomes are influenced by the concentration and quality
of the DNA library, the depth of sequencing, the method
for analysis of biological information, and the character-
istics of normal controls (ie, reference samples). There are
reports suggesting that by detecting the whole genome
Zscore (|Z]), which calculates the degree of copy number
variation of urine sediment cell DNA, can improve the
specificity and sensitivity of diagnosis. It believes that the |
7| is related to tumor grade.*® This result is similar to some
of ours. However, the calculation of change in genome
requires a large number of urine genome samples from
normal people as a negative control. Using only a small
number of people or using blood genome samples as
a negative control for calculation will cause data bias or
even errors. Therefore, we believe that if we want to

improve the low-coverage sequencing method to detect
bladder cancer CNV, it is necessary to further expand the
detection volume of cancer samples for stratified detection,
and further improve the data of negative control samples
to ensure the accuracy of the test results.

The use of ¢fDNA has been a popular method for
noninvasive tumor detection. Many studies have sug-
gested that cfDNA from urine or plasma supernatant in
patients with bladder cancer can detect genomic charac-
teristics similar to the primary tumor, and that these char-
acteristics are associated with tumor stage and
progression.”’*>¢ Highly sensitive detection methods
are needed for investigation of cfDNA in blood or urine
due to its low concentrations and short peak lengths.
Droplet digital PCR may be used to quantify a single
mutant alleles and deep targeted sequencing may be used

252737
for assessment 5-27,37-39

of multiple allele panels.
Moreover, comparative genomic hybridization technology
can be used to detect chromosomal aneuploidy in urinary
exfoliated cells from patients with bladder cancer.
Because of background interference from other DNA in
urinary exfoliated cells, this method has limited sensitivity
and specificity and has not been widely used.*’ In contrast,
whole-genome sequencing can detect a large number of
biomarkers. Regarding complex non-tumor DNA back-
ground noise and low-concentration DNA, ultra-high
reading depth is required to ensure accurate results.*' We
attempted to use cfDNA from supernatants of blood to
perform low-coverage sequencing. However, the low
c¢fDNA concentration resulted in an extremely high rate
of sequencing failures. It has been reported that the
cfDNA and exosomal DNA in the urine supernatant can
detect the tumor mutational burden of bladder cancer, and
it has stronger sensitivity.’® There are some reports sug-
gesting that the diagnosis efficiency can be improved by
detecting the marker gene panel at the same time as
detecting CNV, or combining methylation detection and
other methods.*****3 These methods usually require
higher sequencing depth and detection of tumor markers
to improve diagnosis efficiency, which will increase the
cost of detection, and the selection of gene panels and
methylation sites requires further experimental verifica-
tion. Therefore, we presume that this low-coverage
sequencing method may be unsuitable for aneuploidy
detection in cfDNA. To improve the success rate, both
DNA concentration and sequencing depth must be
increased, which will lead to greater detection cost.
Additionally, is more

collection of wurine samples
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convenient in clinical practice and easier to be received by
patients. Copy number changes could accumulate with
age, the control group is younger than cancer patients,
because the control group samples we collect are mainly
from the physical examination population. So we com-
pared the results of the control group with the DGV
database (database of genomic variations), to eliminate
data bias caused by human genome variation. In follow-
up studies, we will expand the age range of the control
group to improve the study.

In conclusion, we have shown that the use of low-
coverage sequencing to detect copy number variation in
urine sediment DNA is a feasible method for differential
diagnosis of bladder cancer. As the cost of sequencing
decreases, our noninvasive method for detection of DNA
from exfoliated cells in urine sediment may be useful for
diagnosing malignant tumors in the urinary system, as well
as for detecting tumor recurrence and monitoring response
to treatment. However, this method requires further vali-
dation with a large number of samples and additional
studies to establish negative control reference ranges.

Conclusion

In summary, we found that the use of low-coverage
sequencing to detect copy number variation in urine sedi-
ment DNA is a feasible method for differential diagnosis
of bladder cancer. The chromosome copy number variation
range and detection rate in bladder cancer is significantly
different from benign and normal controls in urine sedi-
ment samples. With this method, small chromosome frag-
ments <10 Mb could be detected in urine sediment DNA
from patients with bladder cancer. High-frequency chro-
mosomal copy number variation regions are largely con-
sistent with the results of previous genome copy number
variation analyses in patients with bladder cancer.

As the cost of sequencing decreases, our noninvasive
method for detection of DNA from exfoliated cells in
urine sediment may be useful for diagnosing malignant
tumors in the urinary system, as well as for detecting
tumor recurrence and monitoring response to treatment.
However, this method requires further validation with
a large number of samples and additional studies to estab-
lish negative control reference ranges.
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