Shang etal. BMC Cancer ~ (2025) 25:1839 BMC Cancer
https://doi.org/10.1186/512885-025-15254-x

Exploratory analysis of the molecular 2
and genomic landscape of upper tract

urothelial carcinoma using long-read

sequencing

Zhi Shang"?3", Xiuxin Ling*', Shengming Jin"%*", Zhenhua Cao®, Junlong Wu'**" and Dingwei Ye'>*"

Abstract

Background Upper tract urothelial carcinoma (UTUC), including renal pelvic urothelial carcinoma and ureter
urothelial carcinoma, accounts for 10% of urothelial carcinoma (UC). Poorer outcomes and different genetic
characteristics of UTUC were reported compared to urothelial carcinoma of the bladder (UCB), which accounts for
most cases of UC. Therefore, there is an urgent need for the development of molecular characterization and precision
therapies tailored specifically for UTUC.

Methods To elucidate the genetic landscape of UTUC, we included 4 UTUC samples in this study and also perform
next-generation sequencing (NGS) of whole exome sequencing. After that, long-read sequencing (LRS) was
employed to conduct Whole genome sequencing (WGS) analyses on tumor samples obtained from the four UTUC
patients, utilizing the Pacific Biosciences (PacBio) REVIO platform.

Results The clinical phenotypes of four UTUC patients including tumor stage, location and response to treatment,
etc. were collected. NGS of four patients yielded negative results. The WGS mapped the mutation landscape in the
tumor tissues of four UTUC patients, and screened the sequencing results according to UTUC and solid tumor related
genes. Seven pathogenic or likely pathogenic single nucleotide variant (SNV) were obtained. Among the detected
structural variations (SVs), four patients shared multiple segments of SVs with close positions. The 12g24.31-p11.1
inversion was shared by four patients. In the detection of STR and DNA methylation, comparing the results of patients
and normal controls, many different fragments were obtained. It shows that LRS has important advantages over NGS
for accurate tumor detection and treatment.
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Conclusion The analysis revealed multiple genetic variants potentially associated with UTUC carcinogenesis or
development, and indicated advantages of TGS over next-generation sequencing (NGS) in cancer genetic variant
detection, especially in SV and Short Tandem Repeats (STRs). This study may lay the groundwork for molecular
classification and offer valuable insights into the development of precision therapies for UTUC.

Keywords Upper tract urothelial carcinoma, Long-Read sequencing, Molecular and genomic landscape

Introduction

Urothelial carcinoma (UC) is one of the most prevalent
malignancies worldwide and can occur anywhere along
the urinary tract. While 90-95% of UC cases are located
in the bladder (urothelial carcinoma of the bladder, UCB),
the development of UC in the upper tract (upper tract
urothelial carcinoma, UTUC) is relatively uncommon,
accounting for only 5-10% of cases [1, 2]. The systemic
management of UTUC has traditionally been based on
that of UCB due to the lower incidence of UTUC and
limited research. However, emerging data have revealed
poorer outcomes and distinct molecular characteristics
of UTUC compared to UCB, highlighting the differences
in pathogenesis and prognosis between these two dis-
eases as research continues to evolve [3—6]. In particular,
UTUC is often invasive at the time of initial diagnosis
(60%) compared to UCB(15-25%) [7]. This underscores
the importance of understanding the molecular features
of UTUC, which may contribute to diagnosis, prognosis,
and the development of precision therapies specifically
targeting UTUC.

In previous studies, the genomic variations of UC
have been explored, with Carlo et al. and Nassar et al.
screening for germline pathogenic/likely pathogenic (P/
LP) mutations in cancer susceptibility genes and find-
ing that most pathogenic mutations are located in the
BRCA1/2 and MSH2 genes, although their study cohorts
were primarily composed of UCB patients, accounting
for over 80% of the cases [8, 9]. Memorial Sloan Ketter-
ing Cancer Center (MSKCC) reported that FGFR3 and
HRAS alterations are more prevalent in UTUC, while
TP53, ERBB2, and RBI1 mutations are more predominant
in UCB [10]. Genomic analyses of UTUC have revealed
distinct molecular features compared to UCB. The most
commonly identified genomic variations in UTUC
patients are single nucleotide variants (SNVs) and small
insertions/deletions, detected using next-generation
sequencing (NGS). Structural variations (SVs) are present
throughout the entire course of the disease and account
for 55% of the driver mutations identified in the Pan-
Cancer Analysis of Whole Genomes project [11]. The SVs
in tumors have been validated as common features and
can affect larger regions of the cancer genome than any
other type of genetic variation [12].

Long-read sequencing (LRS) technologies developed
by Pacific Biosciences (PacBio) and Oxford Nanopore
Technologies (ONT) can detect SNVs, SVs, STRs, and

even DNA methylation, leveraging their ability to read
through repetitive regions with variable GC content
[13, 14]. Importantly, LRS achieved significant improve-
ments in throughput and base calling accuracy, currently
exceeding 99% [15], making them a remarkable choice for
future clinical cancer diagnostics. To date, no study has
targeted somatic variations in UTUC using long-read
sequencing (LRS).

In the present study, the tumor tissue samples from
surgical resection of four UTUC patients in our cohort
were collected and used for genetic testing. We use short-
and long-read sequencing to obtain a detailed genomic
characterization of UTUC patients and compared their
efficiency. The molecular evidence for the clinical diag-
nostic and precision therapy of UTUC are further pro-
vided by the sequencing results.

Methods and materials

Patient and sample selection

This study was approved by the Ethics Committee of
Fudan University Shanghai Cancer Center (FUSCC),
and signed informed consents were obtained from all
patients or their corresponding family members. The
study included four patients diagnosed with Upper Tract
Urothelial Carcinoma (UTUC), specifically including
renal pelvic or ureter urothelial carcinoma, as confirmed
by histopathology. Patients were eligible if they met the
following criteria: (1) histopathologically confirmed diag-
nosis of UTUC, (2) availability of sufficient high-quality
tumor tissue for collection and processing, (3) provision
of written informed consent to participate in the study,
(4) agreement to have their tumor samples used for next-
generation sequencing (NGS) and long-read sequenc-
ing (LRS)/whole genome sequencing (WGS) analyses,
and (5) the study was conducted in accordance with the
Declaration of Helsinki, with approval from the Ethics
Committee of Fudan University Shanghai Cancer Cen-
ter. Tumor samples were collected before chemotherapy
for all patients. For the N + patient, sequencing was per-
formed on the primary tumor and not on the metastatic
lymph node.

WES

DNA was isolated from tumor samples using the DNA
Isolation Kit (Cowin, China) for whole-exome sequencing
(WES) via next-generation sequencing. Concentrations
were determined on a Qubit fluorometer (Invitrogen,
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USA) using Qubit dsDNA HS Assay Kit (Invitrogen,
USA). DNA was sheared into 200-300 bp fragments and
electrophoresed in a 1% agarose gel to verify the presence
of fragments within the desired size range. DNA librar-
ies were prepared using the KAPA Library Preparation
Kit (Roche, Switzerland), and purification steps were
performed with Agencourt AMPure XP beads (Beckman
Coulter, USA). The library concentration was quantified
using the Qubit dsDNA HS Assay Kit (Invitrogen, USA),
and the DNA library was sequenced on the Illumina
NovaSeq platform (Illumina, USA) as paired-end 200-bp
reads. After initial variant calling, we applied a multi-
step filtering and annotation pipeline to reduce germline
variants and sequencing artifacts, since matched normal
tissue was not available. Variants were prioritized if they
were located in coding or splicing regions, had low popu-
lation allele frequency, and were supported by pathoge-
nicity databases (ClinVar, HGMD, COSMIC, Mitomap)
or in silico prediction scores (SpliceAl, REVEL, Exomiser,
VEP). Retained variants were subsequently annotated
using VEP (v107). This strategy was adapted from pre-
viously validated pipelines, including Wu et al. [16], and
provides a reproducible framework for somatic variant
analysis in UTUC.

WGS by long-read sequencing

We collected tumor tissue samples from UTUC patients
following surgical resection for sequencing. The tis-
sue samples were ground in liquid nitrogen for DNA
isolation. Genomic DNA was extracted using the stan-
dard phenol-chloroform method. The concentration
of extracted DNA was measured using Nanodrop 2000
(Thermo Scientific, USA) and Qubit 3.0 fluorometer (Life
Invitrogen, USA). Pulse-field agarose gel electrophoresis
was performed using a Bio-Rad CHEF Mapper XA sys-
tem to assess the integrity, quality, and molecular weight
of the DNA. DNA samples were electrophoresed on a
1.0% agarose gel in 0.5x TBE buffer at 14 °C with the fol-
lowing parameters: 6 V/cm, 120°included angle, linear
pulse time ramp from 1.0 s to 20.0 s, for 16 h. Approxi-
mately 7.5 pug of genomic DNA was fragmented using a
g-Tube (Covaris, Australia) with centrifugation at 1600 g.
DNA fragments were recovered and prepared for library
construction. Rapid purification between steps was per-
formed using SMRTbell cleanup beads (PacBio, USA).
The SMRTbell library was constructed using the SMRT-
bell prep kit 3.0 (PacBio, USA) according to the manufac-
turer’s instructions and sequenced on the PacBio Revio
system.

The raw WGS sequencing data were processed using
the official software package SMRT Link (version 12.0),
as recommended by PacBio, to obtain HiFi reads. Cir-
cular Consensus Sequence (CCS) reads were automati-
cally generated by the PacBio SMRT analysis module and
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mapped to the reference genome GRCh37/hgl9 using
Pbmm (version 1.10.0). Single-nucleotide variations
(SN'Vs) were called using DeepVariant (version 0.7.0) and
annotated with Vep (version 107). Structural variations
(SVs) were detected by Sniffles (version 2.0.7) and Cutesv
(version 1.0.12), and annotated with AnnotSV (version
3.1.1). STRs were detected using Grandstr (version 1.3.6),
developed by Grandomics. DNA methylation analysis
was performed with pb-CpG-tools (version 2.3.1) accord-
ing to the “aligned bam to CpG scores” protocol and
annotated with metilene (version 0.2) and AnnotSV (ver-
sion 3.1.1).

Statistical analysis

All statistical analysis were performed using R software
(version 4.4.1), and a significance level of p<0.05 was
considered statistically significant. Descriptive statistics
were used to summarize patient characteristics, including
median age, gender distribution, tumor stage, and treat-
ment regimens. Continuous variables were presented as
medians with ranges, while categorical variables were
expressed as counts and percentages. For survival analy-
sis, Kaplan-Meier curves were generated to assess the
association between genetic alterations and patient out-
comes, and differences between groups were evaluated
using the log-rank test.

Results

Study design

The cohort comprised four patients (2 males and 2
females) with a median age of 64.5 years (ranging from 60
to 70 years). Tumor samples were collected from all four
UTUC patients at Fudan University Shanghai Cancer
Center and processed for LRS (Fig. 1A). The study was
conducted in accordance with the Declaration of Hel-
sinki. Informed consent was obtained from all enrolled
patients, and the study was approved by the Ethics Com-
mittee of Fudan University Shanghai Cancer Center
(2008222-22).

Clinical features

A total of four UTUC patients were analyzed in this
study, and their baseline characteristics are summarized
in Table 1. The median age at diagnosis was 65 years
(range, 60 to 70 years), with an equal gender distribu-
tion (50% male). In terms of laterality, two patients (50%)
were left and two patients (50%) were right. One patient
was classified as pT'1, and three patients (75%) were clas-
sified as pT2-pT3. The first patient underwent trans-
urethral resection of bladder tumor (TURBT) and left
radical resection of ureteral cancer; the second patient
underwent right radical nephrectomy; the third under-
went right hemi-urectomy; and the fourth underwent left
hemi-urinary tract radical resection. Histopathological
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Fig. 1 Long-read sequencing study design and histopathological analysis. A Flowchart of the study design. B Histopathological analysis of four high-
grade patients with UTUC. C Sequencing data quality assessment. a Plot of read lengths versus average read quality. b Weighted histogram of read

lengths; (c) Weighted histogram of read lengths after log transformation

examination confirmed invasive high-grade urothelial
carcinoma in all four cases (Fig. 1B). Post-surgery, all
patients received chemotherapy: two were treated with
the GC regimen, and two with the GP regimen.

Sequencing data analysis

Tumor samples were subjected to WES using the Illu-
mina NovaSeq platform. Copy number variant(CNV),
single nucleotide variation (SNV), and small insertions/
deletions (indel) were analyzed and reported. Variant
statistics detected by NGS with paired-end 150 bp short
reads are summarized in Table S1. Data from the WES
of four tumor samples were analyzed, but no disease-
associated SVs were identified. As a result, we proceeded
with additional sequencing using long-read technology
for further analysis.

The four tumor samples were subjected to PacBio
WGS, generating high-quality WGS datasets for the
present study (Fig. 1C). On average, we obtained 88.82
Gb of clean data per sample, with a median read length
of 14.71 kb from PacBio long-reads after quality control.
The average coverage of the target region across all four
samples was 99.47%. The dataset had an average depth
of 31X, with an average of 6043478.25 reads per sample.
Detailed data for each sample are provided in Table S2.
To comprehensively explore the genetic basis of UTUC,
we characterized the full spectrum of genetic alterations,
including CNVs, SNVs, SVs, STRs, and DNA methylation
across the whole genome or exome.
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Fig. 2 The genomic landscape of four patients with UTUC. A Uniparental Disomy (UPD) Analysis: Distribution of UPD events across each chromosome
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SVs most frequently observed SV variation classifications,
Based on long-read sequencing WGS data from four accounting for 46% and 44% of the total SVs, respectively
tumor samples, a total of 18,510 SVs were identified, with  (Fig. 3C-D). SVs were categorized by size into <100 bp,
an average of 4627 SVs per sample. Of all the SVs detected 100 bp-1 kb, 1-10 kb, and >10 kb. Among these cat-
in WGS, deletions (Del) and insertions (Ins) were the two  egories, SVs<100 bp (39%) and SVs 100 bp—1 kb (48%)
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constituted the majority of the detected SVs (Fig. 4A).
The distribution of SV counts across individual samples
was consistent with the overall results. Chromosome 1
(Chr 1) had the highest number of SV breakpoints, fol-
lowed by Chr 7 and Chr 2 (Fig. 4B). The SVs in the four
samples were screened based on a gene list associated

with UTUC and solid tumors, resulting in 24, 15, 15, and
25 SVs, respectively. Detailed information on the filtered
SVs was presented in Table S5. Notably, the breakpoints
of the filtered SVs were most frequently located on chro-
mosome 7, specifically within the 7q36.1 region. Based on
these results, the common SVs among the four samples
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were compared and summarized in Supplementary
Material 3. The structural variations shared by the four
samples include a 2q22.1 deletion (covering the LRPIB
gene), a 10q26.13 insertion (covering the FGFR2 gene), a
12q24.31-p11.1 inversion (covering the MDM?2 gene), a

13q14.2 insertion/deletion (covering the LPAR6 and RB1
genes), and a 17q12 deletion (covering the CDK12 gene).
Among these SVs, the 12q24.31-p11.1 inversion has the
same start (chr12:25956127) and end (chr12:125801148)
coordinates across all samples, suggesting that this SV
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may represent a hot spot mutation site in UTUC tumor
tissues.

Short tandem repeat and DNA methylation

A total of 64 known pathogenic STRs were analyzed
based on the LRS results. STRs with repeat counts out-
side the normal range are listed in Table 3. Bar plots
illustrating the repeat counts of these STRs are shown in
Figure S1. STR fragments with abnormal amplification
and their corresponding repeat counts for each patient
are summarized in Fig. 5A. The genes involved in repeat
expansion fragments include XYLT1, NIPA1, POLG, and
AFF2. In addition to genomic variations, abnormal DNA
methylation (DNAme), particularly focal hypermeth-
ylation at tumor suppressor genes (TSGs) promoters,
contributes to the inactivation of these genes, thereby
promoting cancer development. Differentially methyl-
ated regions (DMRs) between haplotypes 1 and 2 were
identified and analyzed, with the results presented in
Table 4. The overall DNAme profiles for patients P1 to P4
are depicted in Fig. 6.

Discussion

The most common presenting symptom of UTUC is
hematuria, which can be either grossly visible or micro-
scopically detected, while flank pain and other urinary
symptoms may also occur but are less specific [17].
Diagnosis typically relies on a combination of imaging
modalities, such as computed tomography urography
(CTU), retrograde pyelography, and ureteroscopy with
biopsy or cytology. However, the accuracy of biopsy can
be limited by factors such as small sample size and crush
artifacts [17, 18]. Radical nephroureterectomy remains
the gold standard treatment for localized UTUC, involv-
ing the removal of the affected kidney, the entire ureter,
and a cuff of the bladder. In selected cases, kidney-spar-
ing endoscopic procedures, such as ureteroscopic resec-
tion or laser ablation, may be considered for low-risk,
non-invasive tumors or for patients with comorbidities
that preclude major surgery [17, 19]. In our cohort, two
patients (P1 and P4) had a history of bladder cancer,
while P2 and a first-degree relative had a history of non-
bladder cancer. According to our results, P1 and P4 carry
large-scale copy number variations (CNVs) and wide-
spread allelic imbalance (AI) regions. Additionally, P1
and P4 exhibited drug resistance during treatment. These
phenomena may be associated with their history of blad-
der cancer. Their drug resistance might also be related to
the high level of UPD detected.

According to previous research, factors influencing
prognosis include tumor grade (high-grade tumors are
more aggressive), the presence of lymph node metasta-
sis, and specific genetic alterations. UTUC exhibits a dis-
tinct spectrum of genetic alterations compared to UCB.
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In UCB, frequent genomic alterations primarily occur in
the RTK-Ras-PI3K pathway (including FGFR3, HRAS,
PIK3CA, and ERBB2), the p53-Rb pathway (includ-
ing TP53, RBI, CCNDI, and CDKN2A), and chroma-
tin modifiers (including KMT2D, KMT2C, KDM6A,
and CREBBP) [20-23]. In contrast, FGFR3 mutations,
which are common in UTUC, particularly in low-grade,
non-muscle-invasive tumors, lead to constitutive acti-
vation of receptor tyrosine kinase, promoting cell pro-
liferation. Conversely, TP53 mutations are associated
with a more aggressive phenotype and poorer prognosis.
Genetic variations at specific loci, such as the T allele of
rs9642880 on chromosome 8q24, have been shown to
confer an increased risk of developing UTUC and are
also associated with tumor aggressiveness [24]. In addi-
tion, tumors with FGFR3 alterations may have a relatively
better prognosis compared to those with TP53 altera-
tions [18, 24, 25]. As TP53 mutations as a key driver of
aggressive phenotypes in bladder cancer, particularly
within the basal-squamous subtype, where they contrib-
ute to enhanced tumor invasiveness and adverse clinical
outcomes [23].

We used a list of UTUC and solid tumor related genes
to screen the SN'Vs identified in LRS and 264 mutations
are screened out. The top three frequently occured SNV
in our cohort including RET (37, 14.34%), HRAS (23,
8.91%), BRCA1 (19, 7.36%), and BRCA2 (19, 7.36%). RET
gene alterations have been reported related to thyroid
cancer and small-cell lung cancer (SCLC) by activating
the ERK signaling and changing the MYC expression,
thus increasing cell proliferation to aid the develop-
ment of the cancer. The RET mutations identified pro-
vides a new sight into the relationship between RET gene
and UTUC which should be valid in a larger cohort.
Seven mutations appeared in these genes are classified
as pathogenic/likely pathogenic, including the muta-
tions in gene KMT2A, KMT2D, CREBBP, BRCA2, and
TP53. The genes with the most P or LP mutations are
the KMT2D gene. Fujii et al. sequenced 199 tumor sam-
ple from UTUC patients, the results show that the TP53
and CCND1 were more commonly affected in invasive
UTUC, whereas FGFR3, HRAS, and the TERT promoter
mutations were more frequent in non-invasive UTUC.
Frequencies of genetic variations were also related to the
location of tumors samples used for sequencing. ureter
cancers showed notably higher frequencies of KMT2D
and TP53 mutations, whereas HRAS, KDM6A, and the
TERT promoter were more commonly mutated in pelvic
tumors [5]. Only P2’s tumor located in renal pelvis. Her
top three frequently appeared mutated genes are BRCAI,
HRAS, and RET. The highly appearance of HRAS genes
mutations in P2 are consistent with Fujii’s research. The
RET gene and HRAS gene belongs to proto oncogene,
which are mainly responsible for regulating the processes
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Table 4 DMRs identified in four patients by WGS of cell growth, proliferation, and differentiation. Whereas
Patient ID Tested methylation sites DMR the BRCA1/2 genes belongs to Homologous recombi-
P1 27573237 216832 nation repair (HR) pathway. In another research of 309
P2 27826746 247302 Chinese cohort, the most frequently mutated genes were
P3 27982849 290793 MSH2 (10/309, 3.2%); BRCA2 (10/309, 3.2%); BRCAI
P4 27936874 197186 (4/309, 1.3%); and BRIPI (3/309, 1%) [16]. The reason
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that the frequencies of the mutated genes are different
with the previous research may due to the limited sam-
ples of our research. However, the frequent mutations
in our research may provide new insight of the genomic
mutation landscape of the UTUC tumor tissue.

The SVs identified in our research contribute to the
large fragment variations in UTUC, since the LRS are
suitable and advantageous in SVs testing. The previous
research about the SVs in UTUC are limited. 17p13 dele-
tions including TP53 and other genes represent a com-
mon cause for reduced/lost p53 function in tumor cells
and are linked to tumor aggressiveness [18, 24, 25]. Duy
D. Nguyen et al. researched the chemotherapy-induced
mutations within extrachromosomal DNA (ecDNA)-
forming SVs and found that most CCND1 amplifica-
tions in UC arise within circular ecDNA-forming SVs.
EcDNA forming SVs increased in complexity and con-
tributed to the evolution of treatment resistance [26].
In our cohort, we analyzed the LRS WGS results target
UTUC tumor tissues and identified a SV that was appear
in four patients in 12q24.31-p11.1 (chrl2: 25956127—
125801148). At present, inv [12] has been reported to be
associated with vulvar leiomyoma and malignant hema-
tologic malignancies [27, 28]. However, other research
also reported that pericentric inv [12](p12.3q14) does
not affect phenotype [29]. At present, there is no research
report on the correlation between inv [12] and UTUC.
However, all of our patients carried the same inversion
in their tumor tissue, which is the preliminary indication
of the correlation between inv [12] and UTUC. However,
these should be explored and verified in larger sample.
The inv [12] covered the cancer related genes includ-
ing KMT2D and MDM?2, which may affect the func-
tion of these two genes, resulting in the occurrence of
tumors. Because the variations of the above two genes
have been reported many times in UTUC genomic varia-
tions [5]. We also identified 8 deletions in 2q22, cover-
ing LRP1B gene; 7 deletions in 17q12, covering CDKI2
gene; 4 insertions in 10q26.13 covering FGFR2 gene,
and 2 deletion and 3 insertions covering LPAR6 and RBI
gene. Although the starting and ending chromosomal
positions of the above structural variations are differ-
ent, they cover the same gene. Deletion or insertion
of the same gene may have the same effect. Among the
genes included in the above SVs, RBI and LRPIB genes
have been reported to be related with UTUC [23]. In
our research, we identified the breakpoints of the struc-
tural variation (SV) del(2q22.1) in four patients (P1: chr2:
141301719-141301784, P2: chr2: 141301716-141301781,
P3: chr2: 141301719-141301783, P4: chr2: 141301718-
141301783). These breakpoints are located within the
Long Interspersed Nuclear Elements (LINEs) L1IPREC2
shown in Fig. 5B (a). Previous studies have shown that the
expression of LINE-1 is associated with tumorigenesis in

Page 14 of 16

several cancers [29]. Another SV identified in Patient 1
(P1) may be correlated with upper tract urothelial carci-
noma (UTUC) shown in Fig. 5B (b). The breakpoints of
this SV are chr13:49002123 and chr13:49002176, which
are located within both the LPAR6 and RB1 genes. Nota-
bly, loss of 13q14.2 has been reported as one of the most
common copy number variations (CNVs) in chronic lym-
phocytic leukemia (CLL) [30-32].

In breast cancer, mutations or loss of single genes
within the 13q14.2 region, such as Retinoblastoma 1
(RB1) [33, 34], have also been associated with the dis-
ease. This loss is widespread across various cancers,
with the highest frequencies observed in testicular can-
cer (75%), kidney cancer (67%), and squamous cell lung
cancer (66%) [30-32]. To date, the relationship between
this SV and UTUC has not been extensively studied. Our
study preliminarily demonstrates a correlation between
the two. However, since this SV spans two genes-LPAR6
and RBI1-further investigation is needed to elucidate
the mechanisms by which this SV contributes to UTUC
pathogenesis. Exploring the relationship between these
genes and UTUC may uncover new targets for the man-
agement and treatment of this disease [30-32].

STR has been shown to be associated with a variety of
diseases, especially neurological and neurodegenerative
disorders. The abnormalities of STR are rarely explored
in other diseases.The limitation of sequencing technol-
ogy is one of the limiting factors. Graham § et al., found
160 recurrent repeat expansions enrichment near candi-
date cis-regulatory elements using LRS. A GAAA-repeat
expansion was identified in 34% of renal cell carcinoma
samples nearing a regulatory element in the first intron
of UGT2B7 [35]. That suggesting the necessary of STR
detection in cancer samples and the superiority and reli-
ability of LRS in detecting STR fragments. Four STRs
in genes XYLT1, NIPA1, POLG, and AFF2 were identi-
fied among all of our patients. Gene XYLTI, NIPA1, and
POLG have been related to multiple inherited disease
[36—38]. AFF2 gene fusion has been demonstrated that
was associated papillary squamous cell carcinoma of the
sinonasal tract [39]. However, the relationship among
these STRs with UTUC still needed to be verified in
larger cohort. Their pathogenicity and the specific patho-
genic repeat number range of these STRs also need to be
explored in combination with functional experiments.
However, our experiment shows the preliminary correla-
tion between STR fragments and UTUC, and also shows
the new application scope of LRS in the precise diagnosis
of tumors. The sample size limits the generalizability and
interpretability of the genetic findings. While this study
demonstrates the feasibility of using LRS on UTUC sam-
ples and generates preliminary hypotheses, the results
should be considered exploratory. The findings are sub-
ject to potential biases, including selection bias, and the
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likelihood of chance findings influencing the outcomes
is high. Robust validation in a larger, well-characterized
cohort is essential before drawing definitive conclusions
regarding the genetic landscape of UTUC.

UTUC is a complex disease with a significant impact
on patient outcomes. For advanced or metastatic UTUC,
chemotherapy is the mainstay of treatment. Commonly
used regimens include MVAC (methotrexate, vinblas-
tine, doxorubicin, cisplatin) and gemcitabine-cisplatin
combinations. However, the optimal chemotherapy regi-
men and its long-term benefits are still being explored
[17-19]. A comprehensive understanding of its clinical
and genetic aspects is essential for improving diagnosis,
treatment, and prognosis. Continued research efforts are
needed to develop more personalized and effective treat-
ment strategies.

Conclusion

This research investigate the genomic characterization of
the UTUC patients using long-read sequencing, includ-
ing the CNVs, SNVs, SVs, STRs and the methylation lev-
els. The relationship between molecular features and the
progression of tumor, prognosis, and sensitivity to medi-
cation are valuable to explore. LRS has obvious advan-
tages over NGS in understanding the genomic alterations
in somatic cells of tumor tissue, especially in examining
structural variations. Therefore, LRS has great applica-
tion value in understanding the genomic alterations of
solid tumors, biomarker discovery, and individualized
precision treatment.
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