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Abstract

YARS is responsible for catalysing the binding of tyrosine to its cognate tRNA and
plays a crucial role in basic biosynthesis. However, its biological functions in bladder
cancer remains to be proven. We analysed variations in YARS1 expression and sur-
vival in bladder cancer using multiple data sets, including TCGA-BLCA, GSE13507 and
bladder cancer-specific tissue microarrays. Furthermore, we explored the biological
functions of YARS1 using transcriptome data. Our findings revealed a noteworthy
correlation between YARS1 and immune infiltration in bladder cancer, as determined
using the XCELL algorithm and single-cell analysis. In addition, we employed the TIDE
algorithm to evaluate the responsiveness of different cohorts to immune checkpoint
therapy. We investigated the regulatory associations between YARS1 and various as-
pects of bladder cancer, including senescence, ferroptosis and stemness. Finally, we
established a ceRNA network that is directly linked to the overall prognosis, YARS1
can serve as a prognostic biomarker for bladder cancer; its interaction with MYC has
implications for bladder cancer cell senescence, ferroptosis and stemness. Moreover,

the identified ceRNA network has potential as a therapeutic target in bladder cancer.
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1 | INTRODUCTION

Bladder cancer is a prevalent form of malignant tumour found in
males and presents a significant danger owing to its high occurrence
and mortality rates. Various treatment options, including surgery,
radiotherapy and immunotherapy, are available for managing blad-
der cancer.! However, the prognosis of patients with bladder cancer
remains unsatisfactory due to recurrence, metastasis and drug re-
sistance.? The current standard of care is most effective for indi-
viduals with an early-stage diagnosis of bladder cancer, but patients

diagnosed at an advanced stage have limited treatment options.
Recognizing the significance of genomic alterations in the develop-
ment of bladder cancer,? it is of utmost importance to extensively
investigate the underlying mechanisms of this disease and identify
new therapeutic targets.

Housekeeping proteins of the aminoacyl-tRNA synthetase
(aaRS) family are widely found in all forms of life. Their primary
roles involve catalysing the binding of amino acids to tRNAs and
facilitating the translation of genetic information from nucleic
acids to amino acids. Consequently, they play vital roles in protein
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synthesis.* Among the various types of aaRS, YARS (tyrosyl-tRNA
synthetase, also referred to as TyrRS or YRS) specifically aids in the
binding of tyrosine to its corresponding tRNA.> Recent research has
highlighted that aaRS also engages in multiple pathway networks
by forming the multi-tRNA synthetase complex (MSC), which opens
new avenues for the therapeutic targeting of aminoacyl-tRNA syn-
thetases in immune disorders, rare diseases and even cancers.®’
Furthermore, studies have identified YARS as an oncogenic protein
that promotes the progression of gastric cancer by activating the
PI3K-Akt signalling pathway.® However, there is currently a dearth
of research exploring the biological function of YARS1 in bladder
cancer and its potential as a therapeutic target.

This study aimed to explore the expression and prognostic sig-
nificance of YARS1 in bladder cancer using The Cancer Genome
Atlas (TCGA) BLCA and GSE13507 data sets. Additionally, we
investigated the potential role of YARS1 in bladder cancer using
gene enrichment analyses. Our findings revealed that YARS1 inter-
acts with the well-known oncogene MYC, and together they play
crucial roles in regulating ferroptosis, senescence and stemness in
bladder cancer cells. Furthermore, we constructed a ceRNA net-
work involving YARS1. Overall, our results suggest that YARS1
could serve as a valuable prognostic biomarker for bladder cancer
and may have a significant impact on various biological functions
of bladder cancer cells.

2 | MATERIALS AND METHODS

2.1 | Data sets and patient samples

This study utilized the bladder cancer data set from TCGA and Gene
Expression Omnibus (GEO) databases. The TCGA-BLCA data set
comprises 406 bladder cancer samples and 19 normal bladder tissue
samples. The GSE13507 data set from the GEO database included
165 primary bladder cancer samples and nine normal bladder tis-
sue samples. Relevant clinical information was collected for both
data sets. Bladder cancer tissue microarrays were procured from
Shanghai Outdo Biotech Company, and 49 patients were included
in the study. Samples with unclear TNM stages or those lost to fol-
low-up were excluded, resulting in the final inclusion of 46 bladder
cancer samples and 29 normal bladder tissue samples. Surgical pro-
cedures were conducted between May 2007 and November 2011,
with follow-up evaluations performed on March 2014, covering a
period ranging from 2.3 to 7years. Ethical approval was obtained

before the start of the study.

2.2 | Immunohistochemical analysis of YARS1
expression in bladder cancer tissue microarrays and
prognostic relevance

Tissue microarrays were subjected to a series of processing steps.
Initially, they were placed in an oven at 85°C for 10min. They

were then soaked in xylene for 15min and subjected to hydra-
tion using a gradient of ethanol concentrations of 100%, 95%, 80%
and 70%. Subsequently, the chips were treated with a citric acid
solution in an autoclave to facilitate antigen repair. Once the chips
were cooled, they were rinsed with PBS and exposed to hydro-
gen peroxide for 20 min. Following this step, the YARS1 antibody
(ab150429) was added, with an incubation period of 2h at room
temperature. The above procedure was considered complete once
the tissue microarrays were rinsed three times with PBS and then
subjected to a 20-min incubation with an immunohistochemical
secondary antibody at room temperature. After an additional rins-
ing with PBS three times, the microarrays were stained with DAB,
followed by staining with haematoxylin. Subsequently, the mi-
croarrays were dehydrated using an ethanol gradient (70%, 80%,
90% and 100%). Finally, they were immersed in xylene for 8 min,
after which the microarrays were blocked, marking the culmina-
tion of the aforementioned processes. The immunostaining inten-
sity scores ranged from O to 3, with 0, 1, 2 and 3 representing no
reaction, weak reaction, moderate reaction and strong reaction
respectively. Subsequently, the scales were assigned scores ac-
cording to the proportion of positive staining observed: scores of
1, 2, 3 and 4 indicated ranges of 0%-25%, 26%-50%, 51%-75%,
and 76%-100% respectively. The final scores were calculated by
multiplying the strength scores with the proportional scores. The
results were interpreted as follows: Scores ranging from O to 5
indicated low expression, whereas scores ranging from 6 to 12 in-

dicated high expression.

2.3 | Gene enrichment analysis

The Limma package available in R software (version: 3.40.2) was used
to investigate the differential expression of the mRNAs. To screen
for mRNA differential expression, a threshold was set as ‘p <0.05 and
Log2 (Fold Change) >2 or Log2 (Fold Change) <-2'. To gain a deeper
comprehension of YARS1's oncogenic role, the ClusterProfiler pack-
age in R was used to analyse possible Gene Ontology (GO) functions
and enrich the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway. The ClusterProfiler package was used to examine potential
features of Gene Set Enrichment Analysis (GSEA).?

2.4 | Immune infiltration analysis

To ensure a reliable evaluation of the immune score results, we
employed immunedeconv, an R software package.10 Each algo-
rithm was thoroughly tested, and each offered unique advan-
tages. In this study, we selected the XCELL method because it
assesses a wider range of immune cells.!* Furthermore, we uti-
lized the LASSO algorithm to identify immune cells with prognos-
tic relevance. All the above analysis methods and R packages were
implemented using the R Foundation for Statistical Computing
(2020) version 4.0.3.
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2.5 | DNA methylation analysis

Data on the differences in methylation levels of YARS1 between
bladder cancer and normal bladder tissues as well as across various
stages were obtained using the UALCAN database.'? Additionally,
the SMARP database provided information on changes in expression
and correlation analysis of methylation probes that target YARS1 in

bladder cancer.'®

2.6 | Stemness score of tumour cells

We used the OCLR algorithm to determine mRNAsi, a novel metric

devised by Malta et al.**

The gene expression profiles comprised
a comprehensive collection of 11,774 genes. Spearman's cor-
relation analysis was used to examine the RNA expression data.
Subsequently, we normalized the resulting value within the range
of [0, 1] by subtracting the minimum value and dividing it by the
maximum value. This transformation was performed to represent
the dryness index accurately. The analysis methods and R package
were implemented using the R Foundation for Statistical Computing

(2020) version 4.0.3.

2.7 | CeRNA network analysis

YARS1-related miRNAs were analysed by ENCORI and TarBase v.8
databases.>® miRNA-related circRNAs were analysed using the

ENCORI database.

2.8 | Statistical analysis

YARS1 expression in bladder cancer and normal bladder tissues was
determined by the Wilcoxon rank-sum test. Prognostic analysis was
performed using the log-rank test. Statistical significance was de-
fined as p<0.05.

3 | RESULTS

3.1 | YARS1is highly expressed in bladder cancer

We investigated YARS1T mRNA levels in normal bladder tissues
and bladder cancer using two different data sets: TCGA-BLCA and
GSE13507. Our findings revealed a consistent elevation in the ex-
pression levels of YARS1 in bladder cancer samples compared to
those in normal bladder tissues (Figure 1A, B). In clinical practice,
bladder cancer grading is based on the level of malignancy. High-
grade bladder cancers are more malignant than low-grade cancers.
Hence, we compared the expression of YARS1 in high- and low-grade
bladder cancers, and our results demonstrated a significant increase
in YARS1 expression in high-grade bladder cancer. This observation
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suggests a correlation between high YARS1 expression and blad-
der cancer (Figure 1C, D). To ascertain the prognostic relevance of
YARS1, we analysed the TCGA-BLCA data set and discovered that
patients with high expression of YARS1 exhibited poorer overall
and disease-specific survival rates (Figure 1E, F). The prognostic
significance of YARS1 was further confirmed using the GSE13507
data set (Figure 1G, H). Furthermore, we performed a multifactorial
Cox regression analysis of YARS1, which considered factors, such
as patient age, sex and grading factors, from the TCGA-BLCA data
set. The results of this analysis provided additional support for the
substantial role of YARS1 in determining the prognosis of bladder
cancer (Figure 1l). This was validated using the GSE13507 data set
(Figure 1J). The utilization of bar graphs allowed for the visual rep-
resentation of the disparity in YARS1 expression in paired TCGA-
BLCA samples. Our findings revealed a significant increase in YARS1
expression in 19 paired bladder cancer cases compared to that in
paired normal bladder tissues (Figure 1K). We analysed the dispari-
ties in YARS1 protein expression between bladder cancer samples
and normal bladder tissues using The Human Protein Atlas database
(Figure 1L). In summary, our results shed light on the increased ex-
pression of YARS1 in bladder cancer and its association with poor

patient prognosis.

3.2 | YARSI1 can be used as a prognostic marker for
bladder cancer

To explore the expression and prognostic significance of YARS1 in
bladder cancer, immunohistochemical experiments were conducted
on 46 bladder cancer tissues and 29 normal bladder tissues. Our find-
ings are consistent with those of TCGA-BLCA and GSE13507 data
sets. The results indicated a substantial increase in YARS1 expression
in bladder cancer tissues compared to that in normal bladder tissues
(Figure 2A-C). Moreover, within paired samples, YARS1 expression was
significantly higher in bladder cancer tissues than in normal bladder tis-
sues (Figure 2D). Survival analysis revealed that patients with decreased
YARS1 expression experienced a significantly prolonged survival
time compared to those with elevated YARS1 expression (Figure 2E).
Furthermore, the YARS1 low-expression group exhibited a lower inci-
dence of mortality than the YARS1 high-expression group (Figure 2F).
A Sankey plot (Figure 2G) demonstrates the distribution of bladder
cancer samples with respect to high and low levels of YARS1 expres-
sion, considering variables, such as tumour size, stage, grade, tumour
invasion, lymph node metastasis and patient survival status. Important
associations were identified using univariate COX regression analyses
(Table 1). These associations involved variables, such as TNM stage, T
stage, tumour extravasation, lymph node metastasis and YARS1, and
were found to significantly impact the prognosis of bladder cancer pa-
tients. Furthermore, multivariate COX regression analysis results indi-
cated that YARS1 has the potential to serve as a prognostic biomarker
in patients with bladder cancer. Notably, Figure 2H demonstrated that
patients with increased YARS1 expression had a considerably worse
prognosis. Additionally, the area under the curve (AUC) and column
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FIGURE 1 Poor prognosis is observed in patients exhibiting high expression of YARS1. (A, B) Expression of YARS1 in the TCGA and
GSE13507 databases compared between bladder cancer and normal tissues. (C, D) Analysis of YARS1 expression in high-grade and low-
grade bladder cancer using the TCGA and GSE13507 databases. (E-H) Evaluation of the correlation between YARS1 expression and overall
and disease-specific survival in TCGA-BLCA and GSE13507 patients. (I, J) Assessment of the prognostic significance of YARS1 in bladder
cancer through multifactorial Cox regression analysis. (K) Bar graph depicting YARS1 expression in matched bladder cancer samples from

the TCGA-BLCA data set. (L) Comparative analysis of YARS1 protein expression between bladder cancer tissues and normal bladder tissues.
***p<.001.

line graphs presented in Figure 2, J illustrated that YARS1 expression

can predict 1-, 3- and 5-year survival in patients with bladder cancer. In

conclusion, our investigation substantiates the elevated expression of

YARS1 in bladder carcinoma and the unfavourable prognosis associated
with this elevated expression. This validates the potential use of YARS1

as a predictive biomarker for bladder cancer.



WANG ET AL.

(A)

( )12- e ( )12- ( )2500 ) M Dead W Alive
100 -
10 4 s 10 2000
s 2
4 g g 754
5 84 7 4 = 1500 S
& El £
5 Z 2 £
§ 6 < 06 E 1000 S 50
1 >_. 172 =5
<
>
41 4 500 25
21 : , R : : 0 : , ol
Normal Tumor Normal Tumor High YARS1 exp  Low YARSI exp High YARSl exp  Low YARSI exp

P

YARSI1 StageT StageTMN Grade Tumor size Tumor invasion Lymph node metastasis status
H |
( ) ( ) (J) . 0 20 40 60 80 100
1.00 1.0+ Points T .
| YARSI1 r ¢ T 2 J
08 4 8 12
2 0.751
2 E‘_ Total Points [t aaaaaaanaene e e
< = 0.6 0 20 40 60 80 100
= z
g 0.501 Z Linear Predictor —————————————————
£ g -2 7 =08 T 04 0 04
3 S 0.44
= @ 1—year Survival Probability r T ———T—T—
§ 0.5 085 08 0.75 0.7 0.650.60.55
°© 021 i A 3-year Survival Probabili
L D - —year Survival Probability T T T J
HR=3.23 (139 7.50) L - 31_}3,'::[‘ ((:gg n 3'67357)) 08 07 06 05 04
P=0.006 ¥
= &= AUC = 0.839,
0.004, : : : : 0.0k ! Bean( ) S—year Survival Probability —
0 600 1200 1800 2400 0.0 0.2 1.0 06 05 04 03 02

04 06 08
Time (Days) 1-Specificity (FPR)

FIGURE 2 (Legend on next page)



6 0of 20 WANG ET AL.
2 | WiLEY

FIGURE 2 Inorder to verify the expression of YARS1 in bladder cancer and assess its prognostic significance, tissue microarray analysis
was performed. (A, B) The level of YARS1 expression was examined in both bladder cancer and normal tissues using immunohistochemical
staining. (C) A comparison was made between YARS1 expression in unmatched bladder cancer and normal bladder tissues. (D) YARS1
expression was evaluated in paired bladder cancer tissues. (E) Prognostic value of YARS1 expression was assessed by analysing the survival
time difference between patients in the high-expression and low-expression groups. (F) Survival/death ratio of patients in the high-
expression group and low-expression group of YARS1. (G) Distribution patterns of bladder cancer patients based on stage, grade and other
clinical factors. (H) YARS1 expression was subjected to Kaplan-Meier survival analysis. (I, J) Predictive ability of YARS1 expression for the 1-,
3- and 5-year prognosis of bladder cancer patients was analysed. **p <.01, ***p <.001.

TABLE 1 COX regression analysis

Univariate analysis Multivariate analysis of the prognostic correlation between
Hazard ratio Hazard ratio YARS1 and BLCA.
Characteristics Total (N) (95% Cl) p Value (95% Cl) p Value
Gender 46
Male 40 Reference
Female 6 2.085(0.768- 0.149
5.657)
Age 46 0.990 (0.948- 0.656
1.034)
Grade 46
High 42 Reference
Low 4 1.121(0.262- 0.878
4.799)
Tumour size 46
<5cm 29 Reference
>5¢cm 17 0.708 (0.313- 0.409
1.605)
Tumour invasion 46
Yes 4 Reference Reference
No 42 0.306 (0.104- 0.031 0.190 0.101
0.897) (0.026-
1.387)
Lymph node 46
metastasis
Yes 9 Reference Reference
No 37 0.396 (0.162- 0.041 2.445 0.343
0.964) (0.386-
15.494)
Stage-T 46
>T2 25 Reference Reference
<T2 21 0.348 (0.150- 0.014 2.472 0.436
0.807) (0.253-
24.121)
Stage-TMN 46
>Stage Il 28 Reference Reference
<Stage Il 18 0.284(0.113- 0.008 0.055 0.032
0.715) (0.004-
0.776)
YARS1 46 1.237 (1.064- 0.006 1.489 <0.001
1.440) (1.209-
1.834)

Note: The table highlights p value <0.05 in bold, indicating significant differences between groups.
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In this study, we examined the potential involvement of YARS1 in
bladder cancer using differential analysis. To identify differentially
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the genes including SPINK1, UPK1A, DHRS2, UPK2, PSCA, VSIG2
and CYP4B1 were significantly downregulated (Figure 3A). To
further illustrate the distinction in gene expression between the
high YARS1 expression and low YARS1 expression groups, we em-
ployed a heat map (Figure 3B). Subsequently, we performed func-
tional enrichment analysis of these differentially expressed genes
to validate the potential role of YARS1 in bladder cancer. KEGG
analysis demonstrated a significant association between the up-
regulated genes and various pathways, such as cytokine-cytokine
receptor interaction, cell cycle, AGE-RAGE signalling pathway and
chemokine signalling pathway (Figure 3C). Moreover, our GO anal-
ysis indicated that the upregulated genes were significantly associ-
ated with functions such as extracellular structure organization,
extracellular matrix organization, epidermal development and skin
development (Figure 3D). Moreover, we observed a significant as-
sociation between the downregulated genes and various functions
through KEGG analysis, including arachidonic acid metabolism,
chemical carcinogenesis, DNA adducts, steroid hormone biosyn-
thesis and the PPAR signalling pathway (Figure 3E). Similarly, our
GO analysis highlighted the involvement of the downregulated
genes in functions related to epidermal development, gland devel-
opment, fatty acid derivative metabolic processes and icosanoid
metabolic processes (Figure 3F). Our results suggest that YARS1
plays an important role in bladder cancer and that the underly-
ing mechanism may be accomplished by regulating the cell cycle,

among other pathways.

3.4 | Gene set enrichment analysis of YARS1 in
bladder cancer

General differential analysis (GO and KEGG) typically focuses on
comparing gene expression differences between two groups, with
an emphasis on significantly upregulated or downregulated genes.
However, this approach may overlook genes that are not signifi-
cantly differentially expressed, but still hold biological importance.
It also fails to consider valuable information such as the biological
properties of genes, the relationships between gene regulatory net-
works and the functions and significance of genes. To address these
limitations, we conducted a more detailed analysis of YARS1 using
GSEA. According to our research, it has been discovered that the
immune microenvironment of bladder cancer is significantly associ-
ated with YARS1, specifically the signalling pathways of the B cell
receptor and T cell receptor (Figure 4A, B). Furthermore, YARS1 was
involved in the intestinal immune network for IgA production and
the CD8 Tcr pathway (Figure 4C, D). In bladder cancer, YARS1 plays
a critical role in regulating MYC, TP53, PLK1 and PD1 (Figure 4E-H).
Furthermore, through GSEA, we confirmed significant associations

between YARS1 and DNA methylation, ferroptosis, stem pathway
and senescence (Figure 41-L). Finally, we analysed YARS1 interacting
proteins that were common to these four genes, as well as the target
genes, using the Gendoma database (Figure 4M-P). In conclusion,
our detailed GSEA provides insights into the multiple potential func-
tions of YARS1 in bladder cancer.

3.5 | Constructing an immune cell-related
prognostic model based on LASSO

The TCGA database bladder cancer data set was analysed using the
XCELL algorithm, which assigned scores to 38 immune cells. Of these,
only seven immune cell types were significantly associated with
bladder cancer prognosis (Figure S1). Our prognostic model incorpo-
rated five immune cell types (Figure 5A, B): CD4™" naive T cells CD8™,
endothelial cells, mast cells and stroma. To calculate the risk score
for the model, the following equation was used: Risk score=(-5.548)
* T cell CD4" naive+(-6.347) * T cell CD8"+(0.287) * Endothelial
cell +(30.935) * Mast cell +(1.922) * stroma score. By examining the
expression patterns of these five genes across different risk scores,
survival rates and patient outcomes (Figure 5C), we observed that
patients in the high-risk group had a significantly worse prognosis
than those in the low-risk group (Figure 5D). Furthermore, we evalu-
ated the responsiveness of our prognostic model to immune check-
point inhibitors using the Tumor Immune Dysfunction and Exclusion
(TIDE) algorithm. Interestingly, the patients in the high-risk group
exhibited significantly higher TIDE scores than those in the low-
risk group, suggesting a reduced response to immune checkpoint
inhibitors (Figure 5E). Additional investigations involved univariate
multifactorial cox regression analysis to examine the prognostic
characteristics of the five immune cells in the model. The results of
this analysis confirmed that CD8* T cells and mast cells are poten-
tial prognostic biomarkers for bladder cancer (Figure 5F, G). These
findings substantiate the prognostic importance of immune cells in
patients with bladder cancer.

3.6 | Analysis of prognostic models correlating
with bladder cancer immunotherapy

Our study involved an extensive analysis of the expression of fac-
tors that suppress or stimulate the immune system in two distinct
groups: high and low risk. We discovered noteworthy variations
in the expression of certain genes, namely CTLA4, IDO1, KDR,
KIR2DL1, KIR2DL3, LAG3, LGALS9, PDCD1, TGFBR1 and TIGIT,
between the two groups (Figure 6A). Additionally, we observed
significant differences in the expression of CD27, CD276, CD4O0,

FIGURE 4 YARS1 plays multiple important functions in bladder cancer. (A) B cell receptor signalling pathway. (B) T cell receptor signalling
pathway. (C) Intestinal immune network for IgA production. (D) CD8 Tcr pathway. (E) MYC active pathway. (F) Transcriptional regulation by
TP53. (G) PLK1 pathway. (H) PD1 signalling. (I) DNA methylation. (J) Ferroptosis. (K) Stem pathway. (L) Oncogene induced senescence. (M-P)
Common reciprocal and target genes between YARS1 and MYC, TP53, PLK1 PDCD1.
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FIGURE 5 Elaboration of a predictive model for immune cells. (A) Identification of seven immune cells utilizing LASSO technique.

(B) Incorporation of five immune cells into the predictive model. (C) Demonstration of five predictive cells linked to immune infiltration along
with their expression patterns in patients with BLCA having diverse risk scores and distinct survival outcomes. (D) KM curves showcasing the
division of participants into high- and low-risk groups. (E) Assessment of the responsiveness of Immune Checkpoint Inhibitors in high- and
low-risk groups. (F) Examination of the prognostic significance of five distinct immune cell types through univariate cox regression analysis.
(G) Evaluation of the prognostic significance of five distinct immune cell types through multifactorial cox regression analysis. *p <.05.
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CD40LG, CXCL12, ENTPD1, ICOS, KLRC1, KLRK1, PVR, TMIGDZ2,
TNFRSF13B, TNFRSF14, TNFRSF17, TNFRSF4, TNFSF13B, TNFSF9
and ULBP1 between the high- and low-risk groups (Figure 6B, C).
Finally, in addition to our investigation of YARS1, we explored its
correlation with immune cells in bladder cancer. The analysis re-
vealed considerable differences in the scores of the 24 immune cells
between the YARS1 high-expression and the YARS1 low-expression
groups (Figure 6D). Our results confirm the important role of YARS1
in the immune microenvironment of bladder cancer, as YARS1 is not
only significantly associated with a variety of immunostimulatory
and immunoinhibitor factors, but also there is a significant relation-
ship between YARS1 and a variety of immune cell infiltrations.

3.7 | Analysis of the correlation between
PRPF19 and immune cell infiltration in bladder cancer

First, the correlation between YARS1 and immune cell infiltration
in bladder cancer was explored using single-cell analysis. In the
GSE145281 data set, YARS1 significantly correlated with CD4Tconv,
CDS8T cells, NK cells, B cells and mono/macro cells (Figure 7A, B).
Heat maps were used to illustrate the correlation between YARS1
and different immune cells (Figure 7C). Furthermore, the correla-
tion between YARS1 expression and immunity scores based on the
XCELL and TIP algorithms was demonstrated, along with the correla-
tion analysis between the immunity scores, using correlation network
graphs (Figure 7D). Previous research has demonstrated the prog-
nostic value of CD8"T cells, and this study identified a regulatory
effect of YARS1 on CD8™T cells, suggesting that YARS1 may affect
the prognosis of patients with bladder cancer by influencing CD8*T
cells. Furthermore, we examined the correlation between YARS1
and immune checkpoint genes and revealed significant differences
in all immune checkpoint genes between the YARS1 high- and low-
expression groups (Figure 7E). Finally, we investigated the correlation
between YARS1 expression and immune checkpoint inhibitor treat-
ment using the TIDE algorithm. The TIDE scores of patients in the
YARS1 high-expression group were significantly higher than those in
the YARS1 low-expression group, indicating that patients with high
YARS1 expression had poorer outcomes with immune checkpoint
inhibitor treatment (Figure 7F). In summary, this study establishes a
robust association between YARS1 expression and immunotherapy in
patients with bladder cancer.

3.8 | Analysis of YARS1 methylation levels

Gene enrichment analysis based on YARS1 revealed a strong asso-
ciation between YARS1 and DNA methylation in bladder cancer. To
delve deeper into this relationship, we conducted a thorough inves-
tigation of variations in YARS1 DNA methylation levels in bladder
cancer. Our findings revealed that the DNA methylation levels of
YARS1 were significantly lower in bladder cancer samples than in
normal bladder samples (Figure 8A). Notably, the methylation levels

of YARS1 underwent noteworthy changes upon reaching pathologi-
cal stage 2. Furthermore, we compared the methylation levels of
patients with the N stage to those of normal samples (Figure 8B, C).
To gain deeper insight into the role of YARS1 methylation in bladder
cancer, we used the SMART database. Initially, we presented the
distribution of methylation probes associated with YARS1 on chro-
mosomes in bladder cancer, followed by an analysis of the extensive
genomic information linked to YARS1 (Figure 8D, E). Our analysis
unearthed a total of 10 methylation probes related to YARS1 that
displayed substantial differences between bladder cancer and nor-
mal bladder samples (Figure 8F). Finally, we explored the correla-
tion between these methylation probes and YARS1 expression in
bladder cancer. Interestingly, we observed a negative correlation
between cg04360557 and YARS1, whereas cg06635431 was posi-
tively correlated with YARS1 (Figure 8F). In conclusion, we analysed
the correlation between YARS1 and different methylation probes in
bladder cancer, and suggest that YARS1 may play an oncogenic role
in bladder cancer through these methylation probes.

3.9 | Correlation analysis of YARS1 with
ferroptosis, senescence and stemness characteristics
in bladder cancer

Gene enrichment analyses revealed that YARS1 may play a role in
regulating the senescence, ferroptosis and stemness pathways in
bladder cancer cells. Previous studies have demonstrated the reg-
ulation of stemness through ferroptosis and cellular senescence.
Therefore, we aimed to identify key genes that could potentially tar-
get both ferroptosis and cellular senescence in the context of blad-
der cancer cell stemness. To achieve this, we used the Genecards
website to obtain a list of ferroptosis- and cellular senescence-
related genes. From this list, we selected genes with correlation
coefficients greater than one for further investigation. Ultimately,
23 key prognostic genes were identified (Figure 9A). Among these
genes, YARS1 showed no significant correlation with H1-2 or SIRTé,
a negative correlation with CTSE and a positive correlation with
the other 20 genes (Figure 9B). Subsequently, we analysed the dif-
ferences in the expression of these 23 genes between the YARS1
high- and low-expression groups. We observed significant differ-
ences in the expression of all 20 genes, except H1-2, SIRT6 and
SOX2 (Figure 9C). Furthermore, we identified 10 genes that could
interact with YARS1 among these differentially expressed genes
(Figure 9D). Combined with the results of the gene enrichment
analysis of YARS1, we investigated the potential oncogenic role of
YARS1 through its interaction with MYC. To confirm this interac-
tion, we conducted a molecular docking analysis, which revealed
perfect docking between YARS1 and MYC in the molecular struc-
ture (Figure 9E). Because MYC is both a well-known oncogene and a
crucial transcription factor, we further demonstrated that MYC reg-
ulates the promoter region of YARS1 (Figure 9F). Considering that
ferroptosis and cellular senescence can affect the stemness charac-
teristics of tumour cells, we also examined the effect of YARS1 on
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FIGURE 8 The methylation levels of YARS1 DNA exhibit a significant decrease in bladder cancer compared to normal bladder samples.
(A) A comparison was made between the DNA methylation levels of YARS1 in bladder cancer and normal bladder samples. (B) The DNA
methylation levels of YARS1 were compared across different stages of bladder cancer. (C) The DNA methylation levels of YARS1 were
compared across different N-stages of bladder cancer. (D) The distribution of methylation probes related to YARS1 on the chromosomal
level was analysed. (E) Detailed genomic information regarding YARS1 was provided. (F) The differential expression of methylation probes
associated with YARS1 was examined between bladder cancer and normal bladder samples. (G) A correlation analysis was conducted
between YARS1-associated methylation probes and YARS1 expression in bladder cancer. ns=p <.05, *p<.05, **p<.01, ***p<.001.

bladder cancer stemness. Our findings indicated a positive correla-
tion between high YARS1 expression and increased stemness scores
in bladder cancer samples (Figure 9G, H). Furthermore, we visual-
ized the dryness score of the bladder cancer samples using a heat
map in conjunction with the clinical stage, grading and other factors
of bladder cancer (Figure 9l). In conclusion, our study suggests that
YARS1 modulates ferroptosis, senescence and stemness in bladder

cancer cells by interacting with MYC.

3.10 | Building a YARS1-associated ceRNA network
We identified 64 miRNAs with targeting relationships for YARS1
using the ENCORI database and 1536 miRNAs using the TarBase
database. From these data sets, we selected 43 miRNAs that were
common to both data sets (Figure 10A). Of these 43 miRNAs, four
were found to be bladder cancer prognostic differential miRNAs
(Figure 10B). We analysed the correlation between these four
miRNAs and YARS1 expression in bladder cancer. As expected,
miRNAs were negatively correlated with their target genes, and
hsa-miR-148b-3p and hsa-miR-191-5p were negatively correlated
with YARS1 in bladder cancer (Figure 10C). The expression levels
of hsa-miR-148b-3p and hsa-miR-191-5p were significantly higher
in bladder cancer samples than in normal bladder samples, and low
expression of both miRNAs was associated with poor patient prog-
nosis (Figure 10D-F). Additionally, we analysed circRNAs that could
target these two miRNAs and identified 20 circRNAs that showed
differential expression in bladder cancer samples compared with
normal bladder samples (Figure 10G). Of these 20 circRNAs, only
four were associated with bladder cancer prognosis (Figure S2). We
also provided sequence information for hsa-miR-148b-3p and hsa-
miR-191-5p along with these four circRNAs (Figure 10H, I). Finally,
we examined the correlation between these four circRNAs and hsa-
miR-148b-3p/hsa-miR-191-5p in bladder cancer and found that they
were negatively correlated (Figure 10J, K). In conclusion, our analysis
confirmed that the ceRNA network YARS1-hsa-miR-148b-3p/hsa-
miR-191-5p-NFIA/EFEMP1/TRAK2/PAFAH1B1 is associated with
bladder cancer prognosis.

4 | DISCUSSION

YARS, a gene involved in maintaining vital biological activities, plays
a notable role in facilitating tyrosylation.}” However, the role of
YARS1 in cancer remains unclear. Previous studies on gastric cancer

and hepatocellular carcinoma have provided evidence of YARS1's
pro-cancer effects. In the diagnosis of hepatocellular carcinoma,
YARS1 exhibits clinical significance and enhances cancer progres-
sion by activating the PI3K/AKT signalling pathway.’® The objective
of this study was to explore the expression and prognostic relevance
of YARS1 in bladder cancer using diverse bioinformatics methodolo-
gies and to analyse its biological functions.

The expression of YARS1 in various grades of bladder cancer was
examined using the TCGA-BLCA data set. Furthermore, we cross-
validated our findings using the GSE13507 data set. Our results
demonstrated that YARS1 exhibited a substantial increase in expres-
sion in bladder cancer, particularly in high-grade tumours, thereby
implying its potential as an oncogene in bladder cancer. Furthermore,
an assessment was conducted to ascertain the prognostic signifi-
cance of YARS1 in bladder cancer, and the results demonstrated that
patients with heightened YARS1 expression had an unfavourable
prognosis. This observation remained consistentin both TCGA-BLCA
and GSE13507 data sets, where individuals with elevated YARS1 ex-
pression had lower overall survival rates and lower disease-specific
survival rates. Further validation was conducted using multifactorial
COX regression analyses, which confirmed the prognostic relevance
of YARS1 in both data sets. Based on these findings, we conclude
that YARS1 holds promise as a valuable prognostic biomarker for pa-
tients diagnosed with bladder cancer.

To explore the biological role of YARS1, we performed gene
enrichment analysis on samples from patients with bladder cancer.
Both KEGG and GSEA findings confirmed a robust connection be-
tween YARS1 and the immune microenvironment of bladder cancer.
Components of the tumour microenvironment include immune cells,
cytokines and chemokines that promote immune escape, tumour
growth and metastasis. Studying these components and their com-
plex interactions will provide insights into their potential oncogenic
mechanisms.*’ Therefore, we conducted subsequent analyses of im-
mune infiltration. Using the xCell algorithm, we gained insight into
the infiltration of 38 immune cells known for their crucial involve-
ment in the progression and treatment of bladder cancer. Among
these cells, seven were identified as prognostic markers for patients
with bladder cancer, of which five were incorporated into the prog-
nostic model. Immunotherapy has shown potential efficacy in a
wide range of tumours, introducing new therapeutic alternatives for
otherwise incurable patients.?® Cancer immunotherapy, which elim-
inates tumour cells by modulating the patient's immune system, has

revolutionized cancer treatment.?!

Therefore, assessing the respon-
siveness of patients with bladder cancer to immunotherapy is of

great clinical value. Notably, the high-risk group had a significantly
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FIGURE 9 YARS1 interacts with MYC to regulate ferroptosis, senescence and stemness in bladder cancer cells. (A) Identification of
ferroptosis and cellular senescence-related prognostic genes. (B) Analysis of ferroptosis and cellular senescence-related prognostic genes
correlating with YARS1. (C) Differential analysis of ferroptosis and cell senescence-related prognostic genes in high YARS1 expression group
and low YARS1 expression group. (D) Interaction network of YARS1. (E) Molecular docking of YARS1 with MYC. (F) MYC regulates the
promoter activity of YARS1. (G, H) YARS1 positively correlates with bladder cancer stemness score. (I) Heat map of bladder cancer stemness

score. *p<.05, **p<.01, ***p<.001.

poorer prognosis than the low-risk group. We used the TIDE algo-
rithm to evaluate the responsiveness of the two groups to immune
checkpoint inhibitor therapy. Interestingly, patients in the high-risk
group exhibited inadequate response to immune checkpoint inhibi-
tors, potentially explaining their unfavourable prognoses. Moreover,
multifactorial COX regression analysis revealed that infiltration of
CD8™" T cells and mast cells played a role as prognostic biomarkers of
bladder cancer. Recent investigations have indicated that reducing
the infiltration and activity of CD8* T cells can promote resistance
to immunotherapy in bladder cancer,?? whereas mast cell density
has been shown to predict lymph node metastasis in patients with
breast cancer.?® Interestingly, we observed a correlation between
YARS1 expression and the degree of CD8" T-cell and mast cell infil-
tration. Additionally, patients with high YARS1 expression displayed
a poor response to immune checkpoint inhibitor therapy. Therefore,
it is plausible that the regulation of YARS1 in bladder cancer immu-
notherapy may also be associated with the behaviour of these two
immune cells.

Aberrant DNA methylation is regarded as a promising bio-
marker with potential applications in the diagnosis, prognosis and
treatment of bladder cancer.?*?° DNA methylation, one of the ear-
liest discovered mechanisms of epigenetic gene modification, plays
a critical role in maintaining normal cellular function, preserving
chromosomal structure, facilitating X-chromosome inactivation,
regulating gene imprinting, controlling embryonic developmental
processes, influencing ageing and contributing to cancer develop-
ment.2® Tumours often exhibit altered DNA methylation patterns
characterized by a reduction in overall methylation levels and an
increase in local methylation levels. Hypomethylated states acti-
vate oncogenes.?” Our findings suggest that the methylation lev-
els of YARS1 are significantly lower in bladder cancer samples than
in healthy bladder samples. Therefore, we propose that decreased
methylation of YARS1 may be linked to its role in promoting blad-
der cancer progression.

Ferroptosis, an iron-dependent programmed cell death, is a
multifaceted process.?®?? Recent investigations have shed light
on the impact of the ferroptotic pathway on the prognosis and
immunotherapy responses of individuals diagnosed with bladder
cancer.’® Additionally, the induction of ferroptosis has proven to
be effective in overcoming the chemotherapy resistance exhibited
by bladder cancer cells.3! Moreover, induction of ferroptosis in

32-35 1t has been discov-

various tumours inhibits tumour stemness.
ered that many of the same molecular signalling networks regulate
both cellular senescence and the maintenance of stem cell stem-

ness. Key effector signalling molecules involved in the regulation

of cellular senescence, such as Bmi-1, p16, p21, p53 and H3K9me3,
are also involved in maintaining stem cell stemness.® In conclusion,
ferroptosis and cellular senescence are closely linked to the main-
tenance of tumour cell stemness. Therefore, we integrated genes
that regulate both ferroptosis and cellular senescence and analysed
their correlation with YARS1 expression. Interestingly, our analy-
sis revealed a significant correlation between YARS1 and 21 genes
that co-regulate ferroptosis and cellular senescence in bladder can-
cer samples. Among these genes, MYC was found to interact with
YARS1 in bladder cancer and to regulate cellular senescence and
ferroptosis. MYC, a well-known oncogene, has been extensively
studied in tumour research. Recent studies have also reported its
important role in response to tumour stemness and ferroptosis
regulation.37 Furthermore, our previous study has confirmed that
MYC regulates senescence in bladder cancer cells.*® Using molec-
ular docking methods, we demonstrated the interaction between
YARS1 and MYC, as well as the regulation of YARS1 promoter
activity by MYC. Based on these findings, we hypothesized that
YARS1 interacts with MYC to regulate bladder cancer cell senes-
cence, ferroptosis and stemness. However, further confirmation is
required using bioinformatics methods as well as cellular and animal
experiments. Finally, we constructed a ceRNA network based on
YARS1. The ceRNA network is a form of post-transcriptional regu-
lation mediated by miRNAs that links the functionalities of coding
and non-coding RNA molecules. Through competitive binding of
IncRNAs or circular RNAs with miRNAs, the network manages the
expression of mMRNA, thus affecting various biological processes
and leading to the emergence of diverse diseases.>’ In this study,
we successfully identified two miRNAs that interact with YARS1
using differential expression and survival analysis techniques. Our
screening efforts revealed four additional circRNAs that specifi-
cally targeted hsa-miR-148b-3p and hsa-miR-191-5p. In summary,
the established ceRNA network exhibited a substantial correlation
with the prognosis of bladder cancer.

5 | CONCLUSION

The differential expression of YARS1 in bladder cancer is substantiated
in this study. These findings establish YARS1 as a promising prognos-
tic biomarker of this disease. Furthermore, our investigations revealed
an intricate interaction between YARS1 and MYC in the regulation of
bladder cancer cell senescence, ferroptosis and stemness. Ultimately,
the identification of a specific ceRNA network paves the way for po-

tential therapeutic interventions for bladder cancer.
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