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ABSTRACT

Background: Bladder cancer (BLCA), which develops from the upper endometrial of the bladder, is the sixth
most prevalent cancer across the globe. WDHD1 (WD repeat and HMG-box DNA binding protein 1 gene) directly
affects signaling, the cell cycle, and the development of the cell skeleton. Uncertainty surrounds WDHD1's
function in BLCA immunity and prognosis, though.

Materials and Methods: Using weighed gene co-expression network analysis (WGCNA), initially, we first
identified 32 risk factors in genes with differential expression for this investigation. Then, using a variety of
bioinformatic techniques and experimental validation, we examined the connections between WDHD1 and
BLCA expression, clinical pathological traits, WDHD1-related proteins, upper-skin-intermediate conversion
(EMT), immune cell immersion, convergence factors, immune markers, and drug sensitivity.

Result: The findings demonstrated that we constructed a 32—gene risk—predicting model where WDHD1 was
elevated as a representative gene expression in BLCA and related to a range of clinical traits. Furthermore, high
WDHD1 expression was a standalone predictor associated with a worse survival rate. The most commonly
recruited cells and their evolutionary patterns were highlighted to better comprehend WDHD1's function in
cancer. High WDHD1 expression was associated with many aspects of immunology. Finally, the study found
that individuals with high expression of WDHD1 were drug-sensitive to four different broad-spectrum anti-
cancer drugs.

Conclusion: These results describe dynamic changes in the tumor microenvironment in BLCA and provide
evidence for the hypothesis that WDHDL1 is a novel biomarker of tumor development. WDHD1 may therefore
be a useful target for the detection and management of BLCA.

INTRODUCTION However, even among patients getting the greatest

surgery and chemotherapy, 50-70% of NMIBC patients
Bladder cancer (BLCA) stands as the most prevalent still experience recurrence and transfer, and 10-20%
malignancy of the urinary tract and ranks among the continue to advance to MIBC [2, 3], resulting in a mere
world’s top ten cancers. It is categorized into two 23-48% overall survival percentage after 5 years.
primary types: muscle-invasive bladder cancers (MIBC) Owing to the aggressiveness and unpredictability of the
and non-muscle-invasive bladder cancers (NMIBC) [1]. disease, clinical results for BLCA patients have not
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much improved over the past two decades, despite
improvements in surgical technology and postoperative
care [4]. However, there are still few trustworthy tumor
markers that can precisely forecast the emergence and
development of BLCA. Therefore, it is crucial to find
and research novel prognostic markers.

The tumor microenvironment (TME), which consists
of immune and stem cells from non-tumor cells, is
crucial in the growth and spread of diseases [5, 6],
such as bladder, lung, and breast cancer [7]. Certain
epithelial cells within the urinary tract possess
regenerative capabilities and undergo epithelial-
mesenchymal transition (EMT), a critical biological
process enabling malignant tumor cells to migrate and
invade [8, 9], avoiding the surveillance of the
epidemic [10]. As first-line treatments for a variety of
malignancies, including BLCA, immune checkpoint
inhibitors (ICIs) targeting the cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) and programmed
cell death-ligand-1 (PD-L1) pathways have been
discovered. Therefore, additional research should be
done on the effects of immunotherapy as well as
changes in EMT in BLCA.

WDHDL1 is a protein-coding gene with 1127 amino
acids and a 125 kDa molecular weight. Stem cells are
where it is largely expressed. WDHD1 (WD repeat and
HMG-box DNA-binding protein 1) has 1127 amino
acids and a molecular weight of 125 kDa. It is primarily
expressed in stem cells. Studies have revealed that
overexpression of WDHD1, which is crucial for
chromosome formation, transcription, DNA replication,
and cell death [11], has been linked to the proliferation
of cancerous cells in several cancers, including non-
small cell lung cancer (NSCLC) [12], esophageal cancer
[11], gallbladder cancer [13], etc. Evidence suggests
that WDHDZ1’s regulation of the cell cycle contributes
to the development of laryngeal squamous cell cancer
(LSCC) [13, 14]. It is unclear how WDHD1 contributes
to BLCA, though.

In this work, potential genes that might be implicated in
the progression of BLCA were found using WGCNA
together with information from the TCGA and GEO
databases. Then, we developed a risk assessment model
to predict patients’ responses to immunotherapy and
drug sensitivity. Screening identified WDHD1 as a
representative gene; its predictive value was assessed,
elucidating its primary biological function in cell
proliferation and visualizing WDHD1’s dynamic
evolution in EMT and its role in immune evasion. In
conclusion, our research has discovered a new gene
marker linked to EMT and immunity that can predict a
patient’s prognosis for bladder cancer and whether they
will respond to immunotherapy.

MATERIALS AND METHODS
Data acquisition and processing

Clinical data and RNA-seq results of BLCA patients are
available in the widely used public database TCGA
(https://www.cancer.gov/tcga) [15]. We acquired a
single normal sample from the genotyping database
derived from tumor tissues, as the TCGA database only
has 701 records. Genotype-Tissue Expression (GTEX)
dataset, available at https://www.gtexportal.org [16].
Then, FPKM (million fragments per million) was
applied to RNA-seq.kit, and FPKM data were used to
assess WDHD 1 expression in log2 style.

Weighted gene co-expression network analysis
(WGCNA)

WGCNA was utilized to determine gene clusters with
a high degree of functional correlation, and we used it
to figure out the optimal soft threshold for a network
to be considered scale-free [17]. By analyzing
connections between genes and clinical traits, genes
that are highly correlated with clinical features in
bladder cancer were identified. The gene connection
was calculated as the Pearson correlation’s absolute
value. It was discovered that the module’s hub genes
were highly connected.

Construction of a bladder cancer-related prognostic
sighature

LASSO-Cox regression analysis, which utilizes the
least absolute shrinkage and selection operator,
was performed on the prognostic candidates [18].
Furthermore, we selected the ideal penalty parameter 2,
which is connected with the smallest 10-fold. Using
cross-validation, we created a 32-gene optimum
prognostic model. Patients with bladder cancer were
divided using the median risk score to create high- and
low-risk categories. To compare the overall survival
(OS) of patients in the high- and low-risk groups,
Kaplan-Meyer analysis (K-M) was conducted. ROC
traces were displayed in the training and validation sets
to judge the risk scoring model’s precision.

LinkedOmics

Widely recognized as a comprehensive website,
LinkedOmics (https://www.linkedomics.org/) is regularly
utilized for the analysis of multidimensional data across
32 different types of cancer [19]. The findings from the
analysis enabled us to investigate the co-expressed
genes associated with WDHD1 in the TCGA BLCA
database. Heat maps and volcano plots provided
compelling evidence in support of this.
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GEPIA

The Gene Expression Profiling Interactive Analysis
database (http://gepia.cancer-pku.cn/) was used for
visualization [20]. Clinical and pathological features
include the progression-free interval (PFI), overall
survival (OS), and disease-specific survival (DSS).

GSEA

GSEA was used to examine the consistency and
variability of phenotypic features in order to pinpoint
common or exclusive biological functions [21]. To
uncover WDHD1-related BLCA pathways, we employed
the GSEA tool (version 4.0.3: https://www.gsea-
msigdb.org/gsea/downloads.jsp). Differences between
high and low WDHD1 groups were examined to
elucidate essential functional and pathway alterations.
We ran GSEA on 1,000 genomic alignment analyses to
obtain normalized enrichment scores (NES) using the
following critical thresholds:a nominal P-value of 0.05
and a 0.05 FDR g-value.

Single-cell sequencing analysis

Single-cell sequencing analysis was done by the R
package “Seurat.” We first calculated the percentage of
mitochondrial genes and set the parameters to minGene
= 500, maxGene = 4000, and pctMT = 15. Next, we
selected the first nine principal components for
t-distributed stochastic neighborhood embedding (t-SNE)
analysis [22]. Cell type annotation was performed with
the R package “SingleR,” while cell track and
pseudotemporal analyses were carried out using the R
package “monocle.” Differential expression of genes
between cell populations, types, and states was identified
using the “Wilcox” method in the R package “Seurat.”

TIMER

The Tumor Immune Estimation Resource (TIMER) is a
synthetic web used for analyzing the levels of immune
invasion in diverse cancers, which include 32 cancer
types [23]. In this work, we use the “Diff-Exp module”
to confirm the expression of WDHD1 in diverse tumors.
Then the “gene module” was used to estimate the
relationship between WDHD1 and immune infiltration.
Finally, with the help of the “correlation module,” we
verified the relationship between WDHD1 and tumor-
infiltrating immune cell markers in BLCA.

TISIDB
TISIDB (http://cis.hku.hk/TISIDB/) is a compositive

online website probing the interaction between tumors
and the immune system [24]. We employed it to analyze

the relationship between WDHD1 and chemokines as
well as immune markers in BLCA.

GSCA analysis

GSCA  (http://bioinfo.life.hust.edu.cn/GSCA) is an
integrated platform for comprehensive drug and
immunogenomic analysis [25]. By combining the clinical
information of patients with small-molecule drugs, users
can explore the relationship between gene expression and
the drug sensitivity of patients for better experimental
design and further clinical trials. We used it to reveal the
drug sensitivity of WDHDL1 to PD-0325901, RDEA119,
trametinib, selumetinib, and other drugs.

CGP2016

CGP2016 is a database and tool developed by the
Cancer Genome Project at the University of Cambridge
in the United Kingdom to provide a comprehensive
resource for cancer genome data. The database contains
a large amount of genomic data from cancer samples,
including information about genetic mutations, gene
expression, and chromosome variations.

CTD

The Comparative Toxicogenomics Database (CTD,
http://ctdbase.org/) is an online drug data resource that
helps to study the molecular mechanisms and linkages
of the effects of chemical drugs and small molecules
[26]. We used it to query WDHD1 for interacting drugs
or small molecules.

Cell culture

Cell lines were purchased from the Chinese Academy of
Sciences (Shanghai, China). RPMI-1640 medium was
used to culture some cells, while Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum in high glucose was used to culture
other cell lines. The cells were cultured at 37°C in a
humidified cell culture incubator under 5% CO,.

Real-time PCR (qRT-PCR)

Total RNA was extracted according to the instructions
for Trizolrogen (USA). Total RNA was then reverse
transcribed to complementary DNA (cDNA) using the
RT-PCR Kit. Finally, the mRNA levels of the relevant
genes were measured using the Real-Time qPCR Kit.

Western blotting

The RIPA protein extraction method (Beyotime,
Shanghai, China) was used to extract the total protein
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from glioblastoma cells. Using the BCA protein assay
kit (Thermo Fisher Scientific, Waltham, MA, USA), the
protein content was assessed after centrifugation. The
proteins were then separated using SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred using a
PVDF membrane. After incubating with the designated
antibodies overnight at 4°C, the membrane was washed
three times with TBST. Subsequently, the membrane
was coated with secondary antibodies conjugated to
WDHD1 and incubated for an additional hour at room
temperature. Finally, the AmershamTM ImageQuant
800 system (GE Healthcare, USA) was used to detect
protein expression.

Transwell assay

Cell invasion was evaluated using the Transwell chamber
(Shanghai, China). Cells were seeded into the upper
chamber of a 24-well Transwell chamber precoated with
1 mg/mL matrix gel in serum-free DMEM medium.
When the cells reached approximately 80% confluence,
DMEM medium supplemented with 10% fetal bovine
serum (FBS) was added to the lower chamber, and the
cells were incubated for 24 hours. Subsequently, the
invaded cells were fixed with 4% paraformaldehyde and
stained with 0.5% crystal violet for 30 minutes. To
assess the cell invasion ability, the number of invading
cells was then counted microscopically.

Statistical analysis

R (version 4.1.2) was used for subsequent analysis.
WDHDL1 expression data was extracted from normal
and tumor tissues of BLCA, including TCGA and
GTEx. We used “ggplot2,” “patchwork,” “tidyverse,”
“monocle,” “clusterprofiler,” “igraph,” and ‘“ggsci”
software packages for calculation and visualization. The
Cox proportional hazards regression model was
constructed using the R package “survival” to
investigate the correlation between WDHD1 expression
and prognosis in BLCA. Logrank tests were used for
statistical analysis to obtain prognostic significance.

Data availability statement

Publicly available datasets were analyzed in this study.
The data are accessible in the TCGA and GEO
databases. Further inquiries can be directed to the
corresponding author.

RESULTS

WGCNA and identification of significant modules

In order to explore the predicted risk factors in BLCA,
we initially identified genes that differed in expression

in bladder cancer. We set up the value of 6 as a flexible
threshold for limitless network screening. The green
module has the largest correlation with bladder
urothelial carcinoma according to the heat map (Figure
1A), and according to the genetic distribution of the
green modulus, bladder cancer is strongly correlated
with the members of the module (Figure 1B). Finally,
we were able to locate 32 nodes of the gene using the
Venn diagram (Figure 1C).

Construction of BLCA-related genes and analysis of
independent prognostic potential.

To construct a genomic landscape related to bladder
cancer (BLCA) and analyze its potential for in-
dependent prognostic significance, we delved into the
cross-gene correlations between BLCA-specific genes
and those implicated in the cell cycle utilizing LASSO-
Cox regression. This analysis facilitated the creation of
a risk model to predict overall survival, with calibration
of the C-index and lambda values illustrated in Figure
1D, 1E. Based on middle-risk evaluations, they were
divided into high-risk and low-risk groups (Figure 1F,
1G), with low-risk patients having considerably higher
survival rates (Figure 2A). According to Figure 2B, the
risk model’s AUC at 1, 3, and 5 years was 0.724, 0.708,
and 0.664, showing that the risk model is capable of
accurately predicting the prognosis of BLCA patients.

WDHD1 expression and predictive meaning in
BLCA

In order to investigate the differential expression of
WDHD1, we examined the expression in both cancer
and cancer-side tissues (Figure 2C). Additionally, we
explored WDHD1’s expression alterations in BLCA
samples with different clinical and pathological features
(Figure 2D). The results of WDHD1’s expression on
prognosis showed that WDHD1’s high expression was
associated with poor prognosis (Figure 3A), and the
model’s accuracy was evaluated using the ROC curve.
(Figure 3B). Then, using nomogram and predictive
calibrated curve as described in the BLCA (Figure 3C,
3D), where WDHDL1 is an independent prognosis factor,
we created a nomogram to further analyze forecast
survival rates in patients with various clinical pathological
characteristics and low WDHD1 expression.

Functional significance of WDHD1

We examined the correlation gene of WDHDL1 for a
deeper comprehension of the biological importance of
WDHD1 in BLCA. GO and KEGG function-rich
analysis demonstrated that the correlation genes of
WDHDL1 existed in the cell cycle and DNA replication.
Gene set enrichment analysis (GSEA) found the DEGs
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were enriched in bladder cancer, cell cycle, and DNA
replication (Figure 3E, 3F). Finally, we performed an
invasive migration experiment to investigate the effect

invasiveness and migration. The results revealed that
high WDHD1 expression was supportive of increased
bladder cancer cells’ capacity for invasive migration

of WDHD1 expression on bladder cancer cells for (Figure 3G).
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Figure 1. WDHD1 gene screening and prognostic model establishment. (A) Module—trait relationship heatmap. (B) Correlation
between module members in the green module and gene significance in the BLCA. (C) Genes screened by WGCNA and genes associated
with the cell cycle take intersections. (D, E) lambda and cvfit curves showing least absolute shrinkage and selection operator (LASSO)
regression with minimum criteria. (F, G) distribution of risk scores in TCGA patients.

www.aging-us.com

10817

AGING



WDHD1 positioning and immersion analysis in a
tumor microenvironment: combining single-cell
sequencing analysis and estimate algorithms

In order to study changes in the tumor microenvironment
during the upper-intermediate cell conversion process,
we discovered that WDHDL1 is expressed in a variety of

primary cells (Figure 4C). Upper-intermediate cell
transformation is a crucial biological process in the
development of scalp cancer. Identifying cells by tSNE
and UMAP, we discovered that WDHD1 was largely
expressed in malignant cells (Figure 4A, 4B).
Furthermore, we reclassified the epithelial cell (Figure
4D). By pseudo-time trajectory analysis, we found that
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Figure 2. Comprehensive analysis of model reliability and gene expression. (A) Kaplan-Meier curves for overall survival in the
TCGA-BLCA cohort for the low-risk and high-risk groups. (B) Time-dependent ROC analysis curves for 1-, 3-, and 5-year OS characteristics in
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the tumor microenvironment matures with increasing
WDHDL expression in a wide range of cells, a process
that correlates with the progenitors of a wide range of
immune cells (Figure 4E). The knockdown of WDHD1
resulted in the elevation of E-calmodulin and down-

regulation of N-calmodulin, vimentin, and p-FAK, and
WDHD1 was not only highly expressed in epithelial
cells but also regulated EMT-related processes (Figure
4F). WDHD1 may have contributed to the development
of the immunological and tumor microenvironments.
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Relationship of WDHD1 with the immune micro-
environment, immune immersion, and immune
markers

The tumor microenvironment (TME) is essential for the
development, growth, and dissemination of malignancies.
We defined the characteristics of immersion in various

immune cells. The results showed that WDHD1 was
linked to the absence of immune cells invading the tumor,
including CD8+ T cells, neutrophils, macrophages, and
dendritic cells (Figure 5A, 5B). In the CD8+ T cell
enrichment model, patients with high WDHD1 expression
had a poor prognosis, while in patients not enriched with
CD8+ T cells, WDHD1 expression had no significant
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effect on the survival of BLCA patients. Meanwhile,

the prognosis of BLCA patien

ts enriched with

mesenchymal stem cells does not depend on the
expression of WDHD1, and BLCA patients who are not

enriched with mesenchymal stem ce

lIs will have a poor

prognosis due to high expression of WDHDZ1(Figure
5C). Additionally, WDHD1’s CNV was connected to
various immune cell invasions (Supplementary Figure
1A). Meanwhile, we analyzed the mRNA (protein)

expression patterns of WDHD1 in different immune

subtypes,

and the outcomes

revealed significant

differences (Supplementary Figure 1B). As shown in
Supplementary Figure 1C-1F, the survival model of
BLCA patients with high expression of WDHD1 while

enriching Thl cel
regulatory T cells

of BLCA patients.

Is, B cells, CD4+ memory T cells or
can significantly reduce the survival
By analyzing the correlation between

WDHD1 and four categories of immunomodulators,
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we revealed that WDHD1 was associated with
MHC, immunostimulants, immunosuppressants, and
convergence factors in the majority of cancers. Immune
checkpoints are known to be involved in tumor immune
escape. Additionally, WDHDL1 is strongly related to
BLCA-related convergence factors: CXCL10 and
CXCL5 (Figure 6A-6C). The expression of the
convergence factor was drastically reduced in
shWDHD1 cells (Figure 6D, 6E). Overall, WDHD1 may

have an impact on the expression of convergence factors,
immunological immersion, and immune survival.

Predictive and therapeutic drug sensitivity analysis
of WDHD1-related immune responses in immuno-
therapy

To explore the antigenicity of tumor cells changed with
WDHD1. We discovered that greater levels of TMB
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were associated with its expression in BLCA (Figure
7B). Particularly, CD276, VEGFA, and CD274 all
exhibited a high connection with WDHDL1 (Figure 7A).
We calculated a TIDE score, which was higher for the
WDHD1 high-expression group in the BLCA (Figure
7C). Additionally, patients with high expression of
WDHD1 were sensitive to four broad-spectrum anti-
cancer medicines: PD-0325901, RDEA119, trametinib,
and selumetinib (Figure 8A). Furthermore, we found
that there were 21 drugs with effects on the expression
of WDHD1, and 12 of them showed inhibition effect
(Figure 8B). Using the drug intersection of GDSC,
cgp2016 and CTD, we found a series of drugs that may
be helpful for the clinical application of BLCA (Figure
8C). In conclusion, research on WDHD1 may support

A 2
e
g
correlation
coefficient
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Cl0orf34

immunotherapy for BLCA and offer advice to clinicians
regarding medication.

DISCUSSION

Bladder cancer is one of the most common malignant
tumors of the urinary system and is highly hetero-
geneous. Patients with BLCA only have a 23% to 48%
5-year survival rate. The major method of treating
bladder cancer in recent years has been surgery
combined with chemotherapy and immunotherapy,
although BLCA recurrence and transmission rates are
still very high. Depending on the stage of EMT, tumor
cells perform several different roles in the development
and resistance to therapy of metastases [27]. The
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relationship between tumor stem cells, EMTs, and
TMEs is becoming increasingly obvious, and it is
unknown how these roles in bladder cancer are
associated with biomarkers [28]. The cell morphology
changed and showed a shuttle shape with an increase in
N-calmodulin [29, 30] and a decrease in E-calmodulin.
The epithelial cells acquired the characteristics of
mesenchymal cells, while cell motility and invasive

migration ability were significantly improved. Stromal
cells play a significant part in TME [31]. For instance,
tumor-related fibrous cells may release HGF, a tumor
mortality factor, to encourage the growth of the tumor
microenvironment [32, 33], while CD8+ T lymphocytes
may secrete cell factors to regulate tumor progression,
create blood vessels, and build the tumor micro-
environment [34-36].
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WD Repeat and HMG-Box DNA Binding Protein 1
(WDHDL1) can act as an essential module for signaling
and cellular skeletal regulation, which has multiple N-
terminal WD40 domains and C-terminal high mobility
group (HMG) boxes. Multiple nucleoproteins involved
in chromosomal assembly and replication utilize the
HMG box. Numerous studies have demonstrated that
WDHDL1 can affect the growth of esophageal cancer by
regulating the PIBK/AKT pathway during the cell cycle,
WDHDL in nasopharyngeal cancer, and ITGAV in the
management of the NPC cell cycle. Research has also
indicated that microRNA-494 may impede upper-
intercutancy transformation by WDHD1 expression in
gallbladder cancer by lowering its level of expression
[13]. It is unclear how WDHD1 is expressed and
functions in BLCA, though.

Using cell cycle-related genes and WGCNA data, we
first identified the risk-predicting genes for bladder
cancer in our study. Then, we created a risk prediction
model by screening the 32 genes that were chosen,
demonstrating that the prognosis of the patient may be
precisely predicted by our prediction model. Following
the selection of the representative gene WDHDL1 in the
predictive model, clinical pathological characteristics,
and prognosis analysis, we established WDHD1 as an
independent predictor for bladder malignancies. This
was done by doing univariate and multivariate analyses.
In vitro research has demonstrated that the expression of
WDHDL1 can have a negative regulatory influence on
the proliferation and invasive migratory abilities of
bladder malignancies. KEGG and GSEA results
revealed that WDHD1 was enriched in the cell cycle,
bladder cancer, P53, and other pathways. Pseudotime
analysis with Monocle algorithms can show the
dynamics of single-cell gene expression from a number
of cellular functional activities, including cell differen-
tiation, proliferation, and malignant transformation
[37]. We identified WDHD1 expression mostly in
epithelial ~ cells using single-cell  sequencing
techniques, and then, in order to investigate the role of
WDHD1 in modulating expression during the process
of stem cell generation in bladder cancer, we first
employed the pseudotime axis to filter it for expression.
We discovered that WDHD1 expression gradually
increased as the cells transformed, and the major cell
types were also altered. In trials using E-calcium,
N-calcium glucose, vimentin, and p-FAK, WDHD1’s
capacity to take part in EMT regulation was validated.
WDHD1 is assumed to be involved in the process of
EMT.

We discovered that WDHD1’s expression and mutation
can control the degree of immersion in various immune
cells and their subtypes, CD8+ T cells, further
investigating the specific TME composition and, based

on its investigation, new targets that block treatment at
the immune checkpoint. Existing research has
demonstrated that the prognosis of bladder cancer
patients is influenced by the immersion condition of
CD8+ T cells, neutrophils, and macrophages. It is well
established that various cells within CD8+ T cells
[38, 39], as well as the TME, can impact a patient’s
prognosis. We hypothesize that one of the mechanisms
by which WDHD1 affects BLCA survival is by
controlling the immune cell immersion because the
immune survival results showed that the immersion of
CD8+T cells can affect the patient’s survival.
Additionally, because WDHD1 expression can affect
the patient’s prognosis on its own, we believe that this
hypothesis is supported. By controlling the immune
response, cell proliferation, and other processes, cellular
variables also have a significant impact on the
emergence of bladder cancer and EMT [40].

The development of bladder cancer can be aided by a
number of cell factors that CD8+ T cells can release.
The expression of cell factor, a cell factor secreted by
CD8+ T lymphocytes when WDHD1 is high, was
therefore investigated. By secreting chemicals like IFN-
v, CD8+T cells in bladder cancer are able to directly
block tumor growth [41]. Our results demonstrated a
correlation between high levels of WDHD1 expression
and positive CXCL10 and CXCL5 in gliomas.
Therefore, we hypothesize that elevated WDHD1
expression may impact immune cells like CD8+ T cells
and secrete IL-6 and TGF-f, which may result in people
with bladder cancer having a dismal prognosis. In
addition, we believe this gives our research into precise,
tailored immunotherapy for bladder cancer a clear
direction. It turns out that investigating the relationship
between convergence factor and convergence factor
receptor modulation in the treatment of bladder cancer
is also progressively emerging as a key concept.
Additionally, the primary method of current immuno-
therapy involves blocking immunosurveillance proteins
like PD-1 and PD-L1. It is feasible to see that WDHD1
has a positive correlation with the expression of
multiple immune checkpoints by studying the
association between WDHD1 and the expression of
different immune checkpoints in BLCA. The effects of
PD-1/PD-L1 blocking therapy are closely correlated
with TMB, which is frequently used to accurately
predict the outcomes of immunotherapy [42, 43]. The
elevated expression of WDHD1 in the immune
checkpoint in cancer tissue also suggests that tumor
tissue has a greater capacity for immune escape
than normal cells. Currently, the effects of immune
checkpoint-blocking  treatments  are  frequently
accompanied by complicated combinations of
molecular processes, whereas the effects of immuno-
therapy are mostly influenced by individual variances in
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CD5 proteins in arboric cells [44]. In conclusion, our
data support the idea that immunotherapy is less
successful when WDHD1 expression is high and offer
knowledge for investigating the molecular mechanisms
and medical treatments connected to WDHDI.
According to our TIDE results, the immune treatment of
bladder cancer is ineffective in cases of high expression
of WDHD1. The findings supported the aforementioned
notion and also imply that we can successfully reduce
WDHDL1 overexpression in bladder cancer, which may
enhance the effectiveness of immune therapy and raise
the likelihood that the patient will survive. Clinical
medication sensitivity in patients can be significantly
impacted by genetic changes in cancer tissue, and the
GDSC database offers reliable information on drug
sensitivity [45]. We discovered that when WDHDL is
high, patients are responsive to the four spectral anti-
cancer medications PD-0325901, RDEA119,
trametinib, and selumetinib. Among them, PD-0325901
is used to treat late-stage melanoma, breast, colon, and
other cancers [46]; RDEA119 is used to treat thyroid
and pancreatic cancers [47-49]; trametinib is used to
treat melanoma and pulmonary ovarian cancer [50]; and
selumetinib has been extensively used to treat thorn
neurofibroma [51, 52]. Few of the aforementioned
medications, meanwhile, are used by bladder cancer
patients in clinical settings. This shows that by
determining the range of WDHD1 expression, we can
provide patients with bladder cancer with a whole new
method of clinical treatment.

CONCLUSION

Draft, Writing - Review and Editing, Visualization. All
authors contributed to manuscript revision, read, and
approved the submitted version.

CONFLICTS OF INTEREST

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be construed as a potential conflict of
interest.

ETHICAL STATEMENT AND CONSENT

The patient’s informed consent was obtained, and this
study was permitted ethically by the Ethics Committee
of the Second Affiliated Hospital of Nanchang
University, protocol No. Review [2024] No. (185).

FUNDING

This study was supported by grants from the Natural
Science Foundation of Jiangxi Province
(20232BAB206119) and the Science and Technology
Project of the Jiangxi Provincial Health Commission
(202310039).

REFERENCES
1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer
statistics, 2023. CA Cancer J Clin. 2023; 73:17-48.

https://doi.org/10.3322/caac.21763
PMID:36633525

In conclusion, this is the first investigation into 2. Murthy V, Bakshi G, Manjali JJ, Prakash G, Pal M, Joshi
WDHD1 and bladder cancer. We have developed a A, Dholakia K, Bhattacharjee A, Talole S, Puppalwar A,
powerful predictive model for bladder cancers using a Srinivasan S, Panigrahi G, Salunkhe R, et al
bioinformatics method, identified a novel independent Locoregional recurrence after cystectomy in muscle
prognostic factor that is strongly related to TME and invasive bladder cancer: Implications for adjuvant
EMT of bladder cancer, and proposed a completely new radiotherapy. Urol Oncol. 2021; 39:496.e9-e15.
strategy for immunological and pharmaceutical therapy https://doi.org/10.1016/}.urolonc.2021.01.015
for BLCA. PMID:33573998

3. Mueller J, Schrader AJ, Schrader M, Schnoeller T,
AUTHOR CONTRIBUTIONS Jentzmik F. Management of muscle-invasive bladder

cancer. Minerva Urol Nefrol. 2013; 65:235-48.

Mingfeng Xiang, Da Huang contributed to the PMID:24091477
conception and design of the study. Yike Jiang, Zichuan ) o
Yu, Hao Zheng, Conceptualization, Methodology, 4. Mitra AP, Daneshmand S. Molecular Prognostication in
Software, Validation, Formal analysis, Data Curation, Bladder Ca.ncer. Cancer Treat Res. 2018; 175:165-91.
Writing - Original Draft, Writing - Review and Editing, hitps://doi.org/10.1007/978-3-319-93339-9 8
Visualization, Supervision, Project administration. PMID:30168122
Xuanrui - Zhou, Mingin Zhou: Conceptualization, 5. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna
Methodology, Software, Validation, Formal analysis, R, Kim H, Torres-Garcia W, Trevifio V, Shen H, Laird
Data Curation, Writing - Original Draft, Writing - PW, Levine DA, Carter SL, Getz G, Stemke-Hale K, et
Review and Editing, Visualization, Supervision, Project al. Inferring tumour purity and stromal and immune
administration. Xitong Geng, Yanting Zhu, Shuhan cell admixture from expression data. Nat Commun.
Huang, Yiyang Gong: Data Curation, Writing - Original 2013; 4:2612.
www.aging-us.com 10826 AGING


https://doi.org/10.3322/caac.21763
https://pubmed.ncbi.nlm.nih.gov/36633525
https://doi.org/10.1016/j.urolonc.2021.01.015
https://pubmed.ncbi.nlm.nih.gov/33573998
https://pubmed.ncbi.nlm.nih.gov/24091477
https://doi.org/10.1007/978-3-319-93339-9_8
https://pubmed.ncbi.nlm.nih.gov/30168122

10.

11.

12.

13.

. Garg

https://doi.org/10.1038/ncomms3612
PMID:24113773

Jia D, Li S, Li D, Xue H, Yang D, Liu Y. Mining TCGA
database for genes of prognostic value in
glioblastoma microenvironment. Aging (Albany NY).
2018; 10:592-605.
https://doi.org/10.18632/aging.101415
PMID:29676997

Cao R, Yuan L, Ma B, Wang G, Tian Y. Tumour
microenvironment (TME) characterization identified
prognosis and immunotherapy response in muscle-
invasive bladder cancer (MIBC). Cancer Immunol
Immunother. 2021; 70:1-18.
https://doi.org/10.1007/s00262-020-02649-x
PMID:32617668

M, Singh R. Epithelial-to-mesenchymal
transition: Event and core associates in bladder
cancer. Front Biosci (Elite Ed). 2019; 11:150-65.
https://doi.org/10.2741/E853

PMID:31136970

. Cao J, Yang X, Li J, Wu H, Li P, Yao Z, Dong Z, Tian J.

Screening and ldentifying Immune-Related Cells and
Genes in the Tumor Microenvironment of Bladder
Urothelial Carcinoma: Based on TCGA Database and
Bioinformatics. Front Oncol. 2020; 9:1533.
https://doi.org/10.3389/fonc.2019.01533
PMID:32010623

Garg M. Epithelial plasticity in urothelial carcinoma:
Current advancements and future challenges. World J
Stem Cells. 2016; 8:260-7.
https://doi.org/10.4252/wijsc.v8.i8.260
PMID:27621760

Sato N, Koinuma J, Fujita M, Hosokawa M, Ito T,
Tsuchiya E, Kondo S, Nakamura Y, Daigo Y.
Activation of WD repeat and high-mobility group
box DNA binding protein 1 in pulmonary and
esophageal carcinogenesis. Clin Cancer Res. 2010;
16:226-39.
https://doi.org/10.1158/1078-0432.CCR-09-1405
PMID:20028748

Gong L, Xiao M, He D, Hu Y, Zhu Y, Xiang L, Bao Y, Liu
X, Zeng Q, Liu J, Zhou M, Zhou Y, Cheng Y, et al.
WDHD1 Leads to Cisplatin Resistance by Promoting
MAPRE2 Ubiquitination in Lung Adenocarcinoma.
Front Oncol. 2020; 10:461.
https://doi.org/10.3389/fonc.2020.00461
PMID:32426268

Liu B, Hu Y, Qin L, Peng XB, Huang YX. MicroRNA-494-
dependent WDHDI inhibition suppresses epithelial-
mesenchymal transition, tumor growth and
metastasis in cholangiocarcinoma. Dig Liver Dis. 2019;
51:397-411.

14.

15.

16.

17.

18.

19.

20.

21.

https://doi.org/10.1016/j.d1d.2018.08.021
PMID:30314946

Ertay A, Liu H, Liu D, Peng P, Hill C, Xiong H, Hancock
D, Yuan X, Przewloka MR, Coldwell M, Howell M,
Skipp P, Ewing RM, et al. WDHDL1 is essential for the
survival of PTEN-inactive triple-negative breast
cancer. Cell Death Dis. 2020; 11:1001.
https://doi.org/10.1038/s41419-020-03210-5
PMID:33221821

Xu N, Wu YP, Ke ZB, Liang YC, Cai H, Su WT, Tao X,
Chen SH, Zheng QS, Wei Y, Xue XY. Identification of
key DNA methylation-driven genes in prostate
adenocarcinoma: an integrative analysis of TCGA
methylation data. J Transl Med. 2019; 17:311.
https://doi.org/10.1186/s12967-019-2065-2
PMID:31533842

Hu C, Chen B, Huang Z, Liu C, Ye L, Wang C, Tong Y,
Yang J, Zhao C. Comprehensive profiling of immune-
related genes in soft tissue sarcoma patients. J Transl
Med. 2020; 18:337.
https://doi.org/10.1186/s12967-020-02512-8
PMID:32873319

Guan SW, Lin Q, Wu XD, Yu HB. Weighted gene
coexpression network analysis and machine learning
reveal oncogenome associated microbiome plays an
important role in tumor immunity and prognosis in
pan-cancer. J Transl Med. 2023; 21:537.
https://doi.org/10.1186/s12967-023-04411-0
PMID:37573394

Zheng PF, Chen LZ, Liu P, Pan HW, Fan WJ, Liu ZV.
Identification of immune-related key genes in the
peripheral blood of ischaemic stroke patients using a
weighted gene coexpression network analysis and
machine learning. J Transl Med. 2022; 20:361.
https://doi.org/10.1186/s12967-022-03562-w
PMID:35962388

Vasaikar SV, Straub P, Wang J, Zhang B. LinkedOmics:
analyzing multi-omics data within and across 32
cancer types. Nucleic Acids Res. 2018; 46:D956—63.
https://doi.org/10.1093/nar/gkx1090
PMID:29136207

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a
web server for cancer and normal gene expression
profiling and interactive analyses. Nucleic Acids Res.
2017; 45:W98-W102.
https://doi.org/10.1093/nar/gkx247

PMID:28407145

Warren EB, Gordon-Lipkin EM, Cheung F, Chen J,
Mukherjee A, Apps R, Tsang JS, Jetmore J, Schlein ML,
Kruk S, Lei Y, West AP, McGuire PJ. Inflammatory and
interferon gene expression signatures in patients with
mitochondrial disease. J Transl Med. 2023; 21:331.

www.aging-us.com

10827

AGING


https://doi.org/10.1038/ncomms3612
https://pubmed.ncbi.nlm.nih.gov/24113773
https://doi.org/10.18632/aging.101415
https://pubmed.ncbi.nlm.nih.gov/29676997
https://doi.org/10.1007/s00262-020-02649-x
https://pubmed.ncbi.nlm.nih.gov/32617668
https://doi.org/10.2741/E853
https://pubmed.ncbi.nlm.nih.gov/31136970
https://doi.org/10.3389/fonc.2019.01533
https://pubmed.ncbi.nlm.nih.gov/32010623
https://doi.org/10.4252/wjsc.v8.i8.260
https://pubmed.ncbi.nlm.nih.gov/27621760
https://doi.org/10.1158/1078-0432.CCR-09-1405
https://pubmed.ncbi.nlm.nih.gov/20028748
https://doi.org/10.3389/fonc.2020.00461
https://pubmed.ncbi.nlm.nih.gov/32426268
https://doi.org/10.1016/j.dld.2018.08.021
https://pubmed.ncbi.nlm.nih.gov/30314946
https://doi.org/10.1038/s41419-020-03210-5
https://pubmed.ncbi.nlm.nih.gov/33221821
https://doi.org/10.1186/s12967-019-2065-2
https://pubmed.ncbi.nlm.nih.gov/31533842
https://doi.org/10.1186/s12967-020-02512-8
https://pubmed.ncbi.nlm.nih.gov/32873319
https://doi.org/10.1186/s12967-023-04411-0
https://pubmed.ncbi.nlm.nih.gov/37573394
https://doi.org/10.1186/s12967-022-03562-w
https://pubmed.ncbi.nlm.nih.gov/35962388
https://doi.org/10.1093/nar/gkx1090
https://pubmed.ncbi.nlm.nih.gov/29136207
https://doi.org/10.1093/nar/gkx247
https://pubmed.ncbi.nlm.nih.gov/28407145

22.

23.

24.

25.

26.

27.

28.

https://doi.org/10.1186/s12967-023-04180-w
PMID:37208779

Chen C, Wang C, Pang R, Liu H, Yin W, Chen J, Tao L.
Comprehensive  single-cell  transcriptomic  and
proteomic analysis reveals NK cell exhaustion and
unique tumor cell evolutionary trajectory in non-
keratinizing nasopharyngeal carcinoma. J Transl Med.
2023; 21:278.
https://doi.org/10.1186/s12967-023-04112-8
PMID:37098551

Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu
XS. TIMER: A Web Server for Comprehensive Analysis
of Tumor-Infiltrating Immune Cells. Cancer Res. 2017;
77:€108-10.
https://doi.org/10.1158/0008-5472.CAN-17-0307
PMID:29092952

Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu
WC, Chu KC, Wong CY, Lau CY, Chen I, Chan NW,
Zhang J. TISIDB: an integrated repository portal for
tumor-immune system interactions. Bioinformatics.
2019; 35:4200-2.
https://doi.org/10.1093/bioinformatics/btz210
PMID:30903160

Liu CJ, Hu FF, Xie GY, Miao YR, Li XW, Zeng Y, Guo AY.
GSCA: an integrated platform for gene set cancer

analysis at genomic, pharmacogenomic and
immunogenomic levels. Brief Bioinform. 2023;
24:bbac558.

https://doi.org/10.1093/bib/bbac558
PMID:36549921

Davis AP, Grondin CJ, Johnson RJ, Sciaky D, Wiegers J,
Wiegers TC, Mattingly CJ. Comparative Toxicogenomics
Database (CTD): update 2021. Nucleic Acids Res. 2021;
49:D1138-43.

https://doi.org/10.1093/nar/gkaa891
PMID:33068428

Li6nd F, Sugiyama N, Bill R, Bornes L, Hager C, Tang F,
Santacroce N, Beisel C, Ivanek R, Birglin T, Tiede S,
van Rheenen J, Christofori G. Distinct contributions of
partial and full EMT to breast cancer malignancy. Dev
Cell. 2021; 56:3203-21.e11.
https://doi.org/10.1016/j.devcel.2021.11.006
PMID:34847378

Zhang Y, Zhang X, Huang X, Tang X, Zhang M, Li Z, Hu
X, Zhang M, Wang X, Yan Y. Tumor stemness score to
estimate epithelial-to-mesenchymal transition (EMT)
and cancer stem cells (CSCs) characterization and to
predict the prognosis and immunotherapy response
in bladder urothelial carcinoma. Stem Cell Res Ther.
2023; 14:15.
https://doi.org/10.1186/s13287-023-03239-1
PMID:36721217

29.

30.

31.

32.

33.

34.

35.

36.

Kalluri R, Weinberg RA. The basics of epithelial-
mesenchymal transition. J Clin Invest. 2009;
119:1420-8.

https://doi.org/10.1172/JCI39104

PMID:19487818

Li S, Xu F, Zhang J, Wang L, Zheng Y, Wu X, Wang J,
Huang Q, Lai M. Tumor-associated macrophages
remodeling EMT and predicting survival in
colorectal carcinoma. Oncoimmunology. 2017;
7:€1380765.
https://doi.org/10.1080/2162402X.2017.1380765
PMID:29416940

Zhan HX, Zhou B, Cheng YG, Xu JW, Wang L, Zhang

GY, Hu SY. Crosstalk between stromal cells and cancer
cells in pancreatic cancer: New insights into stromal
biology. Cancer Lett. 2017; 392:83-93.
https://doi.org/10.1016/j.canlet.2017.01.041
PMID:28189533

Bhowmick NA, Chytil A, Plieth D, Gorska AE, Dumont
N, Shappell S, Washington MK, Neilson EG, Moses HL.
TGF-beta signaling in fibroblasts modulates the
oncogenic potential of adjacent epithelia. Science.
2004; 303:848-51.
https://doi.org/10.1126/science.1090922
PMID:14764882

Ding X, Ji J, Jiang J, Cai Q, Wang C, Shi M, Yu Y, Zhu
Z, Zhang J. HGF-mediated crosstalk between
cancer-associated fibroblasts and MET-unamplified

gastric cancer cells activates coordinated
tumorigenesis and metastasis. Cell Death Dis.
2018; 9:867.

https://doi.org/10.1038/s41419-018-0922-1
PMID:30158543

XuY, LiL, Yang W, Zhang K, Zhang Z, Yu C, Qiu J, Cai L,
Gong Y, Zhang Z, Zhou J, Gong K. TRAF2 promotes
M2-polarized tumor-associated macrophage
infiltration, angiogenesis and cancer progression by
inhibiting autophagy in clear cell renal cell carcinoma.
J Exp Clin Cancer Res. 2023; 42:159.
https://doi.org/10.1186/s13046-023-02742-w
PMID:37415241

van der Leun AM, Thommen DS, Schumacher TN.
CD8* T cell states in human cancer: insights from
single-cell analysis. Nat Rev Cancer. 2020; 20:218—-
32.

https://doi.org/10.1038/s41568-019-0235-4
PMID:32024970

Park J, Hsueh PC, Li Z, Ho PC. Microenvironment-
driven metabolic adaptations guiding CD8* T cell anti-
tumor immunity. Immunity. 2023; 56:32-42.
https://doi.org/10.1016/j.immuni.2022.12.008
PMID:36630916

www.aging-us.com

10828

AGING


https://doi.org/10.1186/s12967-023-04180-w
https://pubmed.ncbi.nlm.nih.gov/37208779
https://doi.org/10.1186/s12967-023-04112-8
https://pubmed.ncbi.nlm.nih.gov/37098551
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://pubmed.ncbi.nlm.nih.gov/29092952
https://doi.org/10.1093/bioinformatics/btz210
https://pubmed.ncbi.nlm.nih.gov/30903160
https://doi.org/10.1093/bib/bbac558
https://pubmed.ncbi.nlm.nih.gov/36549921
https://doi.org/10.1093/nar/gkaa891
https://pubmed.ncbi.nlm.nih.gov/33068428
https://doi.org/10.1016/j.devcel.2021.11.006
https://pubmed.ncbi.nlm.nih.gov/34847378
https://doi.org/10.1186/s13287-023-03239-1
https://pubmed.ncbi.nlm.nih.gov/36721217
https://doi.org/10.1172/JCI39104
https://pubmed.ncbi.nlm.nih.gov/19487818
https://doi.org/10.1080/2162402X.2017.1380765
https://pubmed.ncbi.nlm.nih.gov/29416940
https://doi.org/10.1016/j.canlet.2017.01.041
https://pubmed.ncbi.nlm.nih.gov/28189533
https://doi.org/10.1126/science.1090922
https://pubmed.ncbi.nlm.nih.gov/14764882
https://doi.org/10.1038/s41419-018-0922-1
https://pubmed.ncbi.nlm.nih.gov/30158543
https://doi.org/10.1186/s13046-023-02742-w
https://pubmed.ncbi.nlm.nih.gov/37415241
https://doi.org/10.1038/s41568-019-0235-4
https://pubmed.ncbi.nlm.nih.gov/32024970
https://doi.org/10.1016/j.immuni.2022.12.008
https://pubmed.ncbi.nlm.nih.gov/36630916

37.

38.

39.

40.

41.

42.

43.

44,

Trapnell C, Cacchiarelli D, Grimsby J, Pokharel P, Li S,
Morse M, Lennon NJ, Livak KJ, Mikkelsen TS, Rinn JL.
The dynamics and regulators of cell fate decisions are
revealed by pseudotemporal ordering of single cells.
Nat Biotechnol. 2014; 32:381-6.
https://doi.org/10.1038/nbt.2859

PMID:24658644

Yang |, Tihan T, Han SJ, Wrensch MR, Wiencke J,
Sughrue ME, Parsa AT. CD8+ T-cell infiltrate in newly
diagnosed glioblastoma is associated with long-term
survival. J Clin Neurosci. 2010; 17:1381-5.
https://doi.org/10.1016/j.jocn.2010.03.031
PMID:20727764

Katz SC, Pillarisetty V, Bamboat ZM, Shia J, Hedvat C,
Gonen M, Jarnagin W, Fong Y, Blumgart L,
D'Angelica M, DeMatteo RP. T cell infiltrate predicts
long-term survival following resection of colorectal
cancer liver metastases. Ann Surg Oncol. 2009;
16:2524-30.
https://doi.org/10.1245/s10434-009-0585-3
PMID:19568816

Martins-Lima C, Chianese U, Benedetti R, Altucci L,
Jerénimo C, Correia MP. Tumor microenvironment
and epithelial-mesenchymal transition in bladder
cancer: Cytokines in the game? Front Mol Biosci.
2023;9:1070383.
https://doi.org/10.3389/fmolb.2022.1070383
PMID:36699696

Wang L, Wang Y, Wang J, Li L, Bi J. Identification of a
Prognosis-Related Risk Signature for Bladder Cancer
to Predict Survival and Immune Landscapes.
J Immunol Res. 2021; 2021:3236384.
https://doi.org/10.1155/2021/3236384
PMID:34708131

Addeo A, Friedlaender A, Banna GL, Weiss GJ. TMB or
not TMB as a biomarker: That is the question. Crit Rev
Oncol Hematol. 2021; 163:103374.
https://doi.org/10.1016/j.critrevonc.2021.103374
PMID:34087341

Rizzo A, Ricci AD, Brandi G. PD-L1, TMB, MSI, and
Other Predictors of Response to Immune Checkpoint
Inhibitors in Biliary Tract Cancer. Cancers (Basel).
2021; 13:558.
https://doi.org/10.3390/cancers13030558
PMID:33535621

He M, Roussak K, Ma F, Borcherding N, Garin V, White
M, Schutt C, Jensen Tl, Zhao Y, Iberg CA, Shah K, Bhatia
H, Korenfeld D, et al. CD5 expression by dendritic cells
directs T cell immunity and sustains immunotherapy
responses. Science. 2023; 379:eabg2752.
https://doi.org/10.1126/science.abg2752
PMID:36795805

45.

46.

47.

48.

49.

50.

51.

Yang W, Soares J, Greninger P, Edelman EJ,
Lightfoot H, Forbes S, Bindal N, Beare D, Smith JA,
Thompson IR, Ramaswamy S, Futreal PA, Haber DA,
et al. Genomics of Drug Sensitivity in Cancer
(GDSC): a resource for therapeutic biomarker
discovery in cancer cells. Nucleic Acids Res. 2013;
41:D955-61.

https://doi.org/10.1093/nar/gks1111
PMID:23180760

Boasberg PD, Redfern CH, Daniels GA, Bodkin D,
Garrett CR, Ricart AD. Pilot study of PD-0325901 in
previously treated patients with advanced melanoma,
breast cancer, and colon cancer. Cancer Chemother
Pharmacol. 2011; 68:547-52.
https://doi.org/10.1007/s00280-011-1620-1
PMID:21516509

Iverson C, Larson G, Lai C, Yeh LT, Dadson C,
Weingarten P, Appleby T, Vo T, Maderna A, Vernier
JM, Hamatake R, Miner JN, Quart B. RDEA119/BAY
869766: a potent, selective, allosteric inhibitor of
MEK1/2 for the treatment of cancer. Cancer Res.
2009; 69:6839-47.
https://doi.org/10.1158/0008-5472.CAN-09-0679
PMID:19706763

Liu D, Xing J, Trink B, Xing M. BRAF mutation-selective
inhibition of thyroid cancer cells by the novel MEK
inhibitor RDEA119 and genetic-potentiated synergism
with the mTOR inhibitor temsirolimus. Int J Cancer.
2010; 127:2965-73.
https://doi.org/10.1002/ijc.25304

PMID:21351275

Chang Q, Chapman MS, Miner JN, Hedley DW.
Antitumour activity of a potent MEK inhibitor
RDEA119/BAY 869766 combined with rapamycin in
human orthotopic primary pancreatic cancer
xenografts. BMC Cancer. 2010; 10:515.
https://doi.org/10.1186/1471-2407-10-515
PMID:20920162

Gershenson DM, Miller A, Brady WE, Paul J, Carty K,
Rodgers W, Millan D, Coleman RL, Moore KN,
Banerjee S, Connolly K, Secord AA, O'Malley DM,
et al. Trametinib versus standard of care in patients
with recurrent low-grade serous ovarian cancer
(GOG 281/LOGS): an international, randomised,
open-label, multicentre, phase 2/3 trial. Lancet.
2022; 399:541-53.
https://doi.org/10.1016/50140-6736(21)02175-9
PMID:35123694

Gross AM, Wolters PL, Dombi E, Baldwin A, Whitcomb
P, Fisher MJ, Weiss B, Kim A, Bornhorst M, Shah AC,
Martin S, Roderick MC, Pichard DC, et al. Selumetinib
in Children with Inoperable Plexiform Neurofibromas.
N Engl J Med. 2020; 382:1430-42.

www.aging-us.com

10829

AGING


https://doi.org/10.1038/nbt.2859
https://pubmed.ncbi.nlm.nih.gov/24658644
https://doi.org/10.1016/j.jocn.2010.03.031
https://pubmed.ncbi.nlm.nih.gov/20727764
https://doi.org/10.1245/s10434-009-0585-3
https://pubmed.ncbi.nlm.nih.gov/19568816
https://doi.org/10.3389/fmolb.2022.1070383
https://pubmed.ncbi.nlm.nih.gov/36699696
https://doi.org/10.1155/2021/3236384
https://pubmed.ncbi.nlm.nih.gov/34708131
https://doi.org/10.1016/j.critrevonc.2021.103374
https://pubmed.ncbi.nlm.nih.gov/34087341
https://doi.org/10.3390/cancers13030558
https://pubmed.ncbi.nlm.nih.gov/33535621
https://doi.org/10.1126/science.abg2752
https://pubmed.ncbi.nlm.nih.gov/36795805
https://doi.org/10.1093/nar/gks1111
https://pubmed.ncbi.nlm.nih.gov/23180760
https://doi.org/10.1007/s00280-011-1620-1
https://pubmed.ncbi.nlm.nih.gov/21516509
https://doi.org/10.1158/0008-5472.CAN-09-0679
https://pubmed.ncbi.nlm.nih.gov/19706763
https://doi.org/10.1002/ijc.25304
https://pubmed.ncbi.nlm.nih.gov/21351275
https://doi.org/10.1186/1471-2407-10-515
https://pubmed.ncbi.nlm.nih.gov/20920162
https://doi.org/10.1016/S0140-6736(21)02175-9
https://pubmed.ncbi.nlm.nih.gov/35123694

https://doi.org/10.1056/NEJM0a1912735
PMID:32187457

52. LiverTox: Clinical and Research Information on Drug-
Induced Liver Injury. Selumetinib. Bethesda (MD):
National Institute of Diabetes and Digestive and
Kidney Diseases; 2021.

PMID:33830716

www.aging-us.com 10830 AGING


https://doi.org/10.1056/NEJMoa1912735
https://pubmed.ncbi.nlm.nih.gov/32187457
https://pubmed.ncbi.nlm.nih.gov/33830716

SUPPLEMENTARY MATERIALS

Supplementary Figure

A B BLCA::WDHDI1 _exp
Kruskal-Wallis Test: Pv=2.7e-13
BLCA n=C1 173,C2 164,C3 21,C4 36,C6 3

te

Cl C2 C3 C4 C6

(3]

S
*%
*%
W

n
=
wn

Copy Number

& Arm-level Deletion
& Diploid/Norma

é ’:‘ = Arm-level Gain

B Cell CD8+ T Cell CD4+ T Cell Macrophage Neéutrophil Dendritic Cell

g
W

lnﬁltraiion Level
=

e
w
Expression (log2CPM)
W
(=]

(=]
(=1
f

Co Thl cell(decreased) 5 Thl cell(enriched) 2 B cell(decreased) 5 B cell(enriched)
=13 HR=1.44 (0.76 — 2.73) —7% HR=1.49(1.04-2.13 —{y HR=146(0.99-2.18 —{y HR=T97(1.2-3.23)
E,g \ logrank P = 0.26 E,ooo | logrank P = 0.02 Eg | \ logrank P = 0.058 g,g | \ logrank P = 0.0063
Ea| W\ 22 22| g2l N
Sc \ =S Soq Y SS] 5 e
O s’ O SO O Y Yeey, O -, e
£s [ X -3 e . 0= F R s S S 1 . L
g Expression b . :;' | Expression g - Expression L. g 4Expressi0n”
o | —low o | — low o — low o | — low
S4. - high =+ high S+ high ‘ , =+ high
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
Time (months) Time (months) Time (months) Time (months)
Number at risk Number at risk Number at risk Number at risk
low 85 13 4 | low 203 39 3 1 low 179 29 5 0 low 109 24 3 2
high 30 4 1 0 high 85 10 4 1 high 68 7 2 1 high 47 6 2 0
E F
oCD4+ memory T cell(decreased) oCD4+ memory T cell(enriched) - Regulatory T cell(decreased) = Regulatory T cell(enriched)
~ [\ HR =148 (0.88 - 2.48) =1% HR=2.09(1.36-32) =1y HR=14(097-2.02 =14 HR=2.12(1.21-3.7)
22 & logrank P = 0.14 >X logrank P = 0.00056 52 logrank P = 0.07 >0 | M logrank P = 0.0072
251 ‘il 2= 51 1
Bel \y 22| \\ 22 2ol .
o< | Wl S| W e ex| \™ e | o e
as -y ac . He———tt =g s R £
2 Expression < | Expression” y & Expression LL ‘ & Expression
o | —low o | —low o | — low o | — low
S+ high ' ) S+ high ) ) S+ high ) ’ S+ high ) :
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
Ti th Ti th Ti th Ti th
Number at 1!{;[!? (RIGHLHS) Number at rllse (nonihs) Number at rllrgl? {onihe) Number at rllse (mOtHE)
low 50 6 1 0 low 158 34 5 2 low 203 32 4 0 low 84 20 3 1
high 136 20 ) 1 high 59 6 3 0 high 80 11 4 2 high 36 3 1 0

Supplementary Figure 1. Associations among WDHD1, tumor immune infiltrating cells and prognosis. (A) WDHD1 CNV affects
the infiltrating levels of B cell, CD4+ T cell, macrophages, neutrophils, and dendritic cell in BLCA. (B) WDHD1 mRNA expression in different
immune subtypes in BLCA. (C—F) Prognosis of BLCA patients with WDHD1 expression at high/low infiltration of Th1 cells, B cells, CD4+
memory T cells and regulatory T cells.
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