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Abstract

Bladder cancer and osteosarcoma are 2 types of cancers that originate from epithelial tissues inside the bladder and bone or mu@
tissues. Ultrasound-guided biopsies provide crucial support for the diagnosis and treatment of bladder cancer and osteosarcoma.
However, the relationship between myosin light chain kinase (MYLK) and caldesmon (CALD1) and bladder cancer and osteosarcoma
remains unclear. The bladder cancer datasets GSE65635 and GSE100926, the osteosarcoma dataset GSE39058, were obtained
from gene expression omnibus. Differentially expressed genes (DEGs) were screened and weighted gene co-expression network
analysis was performed. The construction and analysis of protein-protein interaction network, functional enrichment analysis, gene
set enrichment analysis. Gene expression heat map was drawn and immune infiltration analysis was performed. The comparative
toxicogenomics database analysis were performed to find disease most related to core gene. Western blotting experiments were
performed. TargetScan screened miRNAs that regulated central DEGs. We obtained 54 DEGs. Functional enrichment analysis revealed
significant enrichment in terms of cellular differentiation, cartilage development, skeletal development, muscle actin cytoskeleton, actin
filament, Rho GTPase binding, DNA binding, fibroblast binding, MAPK signaling pathway, apoptosis, and cancer pathways. Gene set
enrichment analysis indicated that DEGs were primarily enriched in terms of skeletal development, cartilage development, muscle
actin cytoskeleton, MAPK signaling pathway, and apoptosis. The immune infiltration analysis showed that when T cells regulatory
were highly expressed, Eosinophils exhibited a similar high expression, suggesting a strong positive correlation between T cells
regulatory and Eosinophils, which might influence the disease progression in osteosarcoma. We identified 6 core genes (SRF, CTSK,
MYLK, VCAN, MEF2C, CALD1). MYLK and CALD1 were significantly correlated with survival rate and exhibited lower expression in
bladder cancer and osteosarcoma samples compared to normal samples. Comparative toxicogenomics database analysis results
indicated associations of core genes with osteosarcoma, bladder tumors, bladder diseases, tumors, inflammation, and necrosis.
The results of Western blotting showed that the expression levels of MYLK and CALD1 in bladder cancer and osteosarcoma were
lower than those in normal tissues. MYLK and CALD1 likely play a role in regulating muscle contraction and smooth muscle function
in bladder cancer and osteosarcoma. The lower expression of MYLK and CALD1 is associated with poorer prognosis.
Abbreviations: CALD1 = caldesmon, CTD = comparative toxicogenomics database, DEGs = differentially expressed genes,
FDR = false discovery rate, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto encyclopedia of genes and
genomes, MM = module membership, MYLK = myosin light chain kinase, PPI = protein-protein interaction, WGCNA = weighted
gene co-expression network analysis.
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1. Introduction

Bladder cancer is a relatively common cancer with varying inci-
dence rates in different countries. It typically originates from
the mucous membrane inside the bladder. The most common
symptoms include hematuria (blood in the urine), urinary fre-
quency, urgency, and lower abdominal pain. Bladder cancer can
be categorized into different subtypes, including non-muscle-in-
vasive and muscle-invasive types. In the early stages, bladder
cancer may not present obvious symptoms, but over time, it can
progressively invade deeper layers of the bladder wall and even
spread to surrounding tissues and lymph nodes.!!! In advanced
stages, bladder cancer can also metastasize to distant organs such
as the lungs, liver, and bones, increasing the complexity of treat-
ment and the risk of survival. Patients with bladder cancer often
experience discomfort in urination, frequent urination, urgency,
lower abdominal pain, and hematuria, which can impact their
quality of life and cause pain.”? The treatment of bladder cancer
typically involves surgical procedures, which may require par-
tial or complete removal of the bladder, significantly affecting
patients lifestyles. Even after initial control of bladder cancer, it
has a high recurrence rate, necessitating regular follow-up and
monitoring to ensure disease stability.l#

Osteosarcoma is a rare bone tumor that primarily affects
children and young adults. Its incidence is relatively low.
Osteosarcoma is a highly aggressive bone tumor commonly
found in the proximal ends of long bones."! It is typically char-
acterized by bone fractures, bone pain, and the formation of
masses. Patients with osteosarcoma usually experience symp-
toms such as bone pain, swelling, joint inflammation, and limited
mobility. These symptoms may worsen at night. Osteosarcoma
originates from primitive osteoblasts or stem cells and is patho-
logically characterized by highly heterogeneous cellular tissue.!®!
Histological analysis is often used to determine the tumor type.
Osteosarcoma typically grows rapidly, leading to the rapid
destruction of affected bones, which can result in fractures, mass
formation, and pain.[”? Pain is one of the most common symp-
toms of osteosarcoma, and it often worsens at night or during
activity, causing severe discomfort and significantly impacting
the quality of life.!®!

The exact etiology of bladder cancer and osteosarcoma
remains incompletely understood, with both diseases potentially
being associated with genetic factors, chromosomal abnormal-
ities, gene fusions, and other factors. Therefore, research into
early diagnostic targets is crucial, as early diagnosis can enhance
treatment success rates and patient survival chances. In-depth
molecular biology and genetics studies can help unveil the
pathogenesis of these 2 cancers and may aid in the development
of more precise treatment approaches.

Ultrasound-guided biopsies play a vital role in helping phy-
sicians obtain tissue samples from suspicious tumors, which
can be subjected to pathological analysis, leading to a definitive
diagnosis and aiding in the early detection of bladder cancer and
osteosarcoma.”’ Biopsies provide insights into the nature and
characteristics of tumors, facilitating the selection of the most
suitable treatment methods and improving treatment efficacy.
For known patients with bladder cancer or osteosarcoma, biop-
sies can also be employed to monitor disease progression and
treatment responses, as well as to assess the risk of recurrence.!'%!

Various genomic techniques such as whole genome sequenc-
ing, exon sequencing, and single-cell sequencing have been
widely applied in genomics research, enabling the exploration
of gene-disease associations. Hence, utilizing bioinformatics can
be instrumental in analyzing gene expression patterns in tissue
samples of bladder cancer and osteosarcoma, allowing for the
identification of potential biomarkers, aiding in subtype dif-
ferentiation, and predicting disease progression and treatment
response.!

Myosin light chain kinase (MYLK) is an enzyme that con-
trols muscle contraction and relaxation by regulating the
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phosphorylation of the light chain of myosin in muscle cells.
The protein encoded by caldesmon (CALD1) is caldesmon,
which is also related to muscle contraction. However, the
current understanding of the relationship between MYLK,
CALD1, and bladder cancer and osteosarcoma remains
unclear. Therefore, this study aims to utilize bioinformatics
techniques to unearth the core genes differentiating bladder
cancer and osteosarcoma from normal tissue. Enrichment
analysis and pathway analysis will be conducted, and the
significant roles of MYLK and CALD1 in bladder cancer
and osteosarcoma will be validated using public datasets.
Additionally, basic cell experiments will be applied to vali-
date these findings.

2. Methods

2.1. Bladder cancer and osteosarcoma datasets

In this study, bladder cancer datasets GSE65635 and GSE100926,
as well as the osteosarcoma dataset GSE39058 profiles, were
downloaded from the Gene Expression Omnibus database
(http://www.ncbi.nlm.nih.gov/geo/) generated from GPL14550
and GPL14951, respectively. GSE65635 includes 8 bladder can-
cer and 4 normal tissue samples, GSE100926 includes 3 bladder
cancer and 3 normal tissue samples, and GSE39058 includes 37
osteosarcoma and 5 normal tissue samples. These datasets were
used to identify differentially expressed genes (DEGs) in bladder
cancer and osteosarcoma.

2.2. DEG selection

First, we performed log2 transformation on bladder cancer
dataset GSE65635, GSE100926, and osteosarcoma data-
set GSE39058. Multivariate linear regression was conducted
using the ImFit function, and empirical Bayesian adjustments
were made by shrinking the standard errors towards a com-
mon value to calculate the moderated # statistics, moderated f
statistics, and the log-odds of differential expression using the
R package “limma”. Probe summarization and background
correction were performed for GSE65635 and GSE100926.
The Benjamini-Hochberg method was used to adjust the raw
P values. Fold change was calculated using the false discovery
rate (FDR). The cutoff criteria for DEGs were P < .05 and fold
change > 1.5. A volcano plot was generated to visualize the dif-
ferential significance of each gene. Subsequently, the DEGs from
GSE65635, GSE100926, and GSE39058 were intersected to
obtain a common set of DEGs.

2.3. Weighted gene co-expression network analysis
(WGCNA)

To create a co-expression network, we first merged the gene
expression matrices of bladder cancer datasets GSE65635 and
GSE100926, calculated the median absolute deviation for each
gene, and removed the bottom 50% of genes with the lowest
median absolute deviation. Outliers were eliminated using the
good Samples Genes function from the R package WGCNA. A
scale-free co-expression network was constructed by computing
Pearson correlation matrices for all gene pairs and raising them
to a power using the soft-thresholding parameter (f3). Afterward,
the adjacency matrix was transformed into a topological over-
lap matrix, which measures the network connectivity of a gene.
Hierarchical clustering based on topological overlap matrix-
based dissimilarity measures was performed to classify genes
into modules, with a minimum module size of 30 genes. A sen-
sitivity value of 3 was set. To further analyze the modules, the
dissimilarity of module feature genes was computed, a cut line
was chosen for the module dendrogram, and some modules


http://www.ncbi.nlm.nih.gov/geo/

Lietal. e Medicine (2023) 102:48

were merged. Additionally, modules with a distance < 0.25 were
merged, with the gray module being considered a gene set that
could not be assigned to any specific module.

2.4. Functional enrichment analysis

Gene ontology (GO) and Kyoto encyclopedia of genes and
genomes (KEGG) analyses were used to evaluate gene functions
and biological pathways. The differential gene list was input
into the KEGG API (https://www.kegg.jp/kegg/rest/keggapi.
html) to obtain the latest KEGG Pathway gene annotations,
which served as the background. Gene enrichment analysis was
performed using the R package cluster Profiler (version 3.14.3),
with a minimum gene set size of 5 and a maximum gene set size
of 5000. A P value of <.05 and a FDR of < 0.25 were consid-
ered statistically significant.

Furthermore, the Metascape database was used to provide
comprehensive gene list annotations and analysis resources,
which were visualized and exported for functional enrichment
analysis of the differential gene list.

2.5. Gene set enrichment analysis (GSEA)

For GSEA, the 2 groups of samples for bladder cancer and
normal tissues were created from the bladder cancer dataset.
The Molecular Signatures Database (c2.cp.kegg.v7.4.symbols.
gmt subset) was downloaded from GSEA (DOIL: 10.1073/
pnas.0506580102, http://software.broadinstitute.org/gsea/
index.jsp). GSEA software (version 3.0, https://www.gsea-
msigdb.org/gsea/index.jsp) was obtained from the GSEA web-
site. Based on gene expression profiles and phenotype grouping,
GSEA was performed to evaluate relevant pathways and molec-
ular mechanisms. The minimum gene set size was set to 5, the
maximum gene set size to 5000, with 1000 permutations. A P
value of <.05 and an FDR of < 0.25 were considered statisti-
cally significant. Additionally, GO and KEGG analyses for the
whole genome were conducted using GSEA.

2.6. Immune infiltration analysis

CIBERSORT  (http:/CIBERSORT.stanford.edu/) is a widely
used method for calculating immune cell infiltration. The LM22
gene signature file was used to define 22 immune cell subtypes.
Integrated bioinformatics methods were applied to analyze the
gene expression matrix of the osteosarcoma dataset GSE39058
using the CIBERSORT package. Linear support vector regres-
sion was used to deconvolute the expression matrix of immune
cell subtypes and estimate immune cell abundances. Samples
with a confidence score of P < .05 were retained.

2.7. Protein-protein interaction (PPI) network construction
and analysis

The STRING database (http://string-db.org/) was employed to
collect, score, and integrate protein-protein interaction informa-
tion from various sources and predict additional interactions.
The differential gene list was input into the STRING data-
base to construct a predicted PPI network of core genes (con-
fidence > 0.4). Cytoscape software (http://www.cytoscape.org/)
was used for biological network analysis and 2D visualization.
The PPI network from the STRING database was imported into
Cytoscape for visualization and the identification of core genes.
MCODE was used to find the best modules with the highest
relevance. Five algorithms (MCC, MNC, DMNC, Closeness,
Betweenness) were utilized to calculate the top 10 genes with
the highest relevance for visualization. The resulting core gene
list was exported.

www.md-journal.com

2.8. Survival analysis

Clinical survival data for bladder cancer were obtained from
TCGA. The R package maxstat (version: 0.7-25) was used to
calculate the optimal cutoff value for the Risk Score of core
genes. Groups were established based on this optimal cutoff
value, with a minimum sample size in each group > 25% and
a maximum sample size < 75%. Survival analysis was con-
ducted using the survfit function from the R package survival.
The log-rank test was employed to assess the significance of
survival differences between different groups. Additionally, a
forest plot was created using the R package forest to observe
the impact of each individual core gene on bladder cancer
prognosis.

2.9. Gene expression heatmaps

Heatmaps of core gene expression in bladder cancer datasets
GSE65635 and GSE100926, as well as the osteosarcoma data-
set GSE39058, were generated using the R package heatmap.
These heatmaps visually represented the expression differences
of core genes between osteosarcoma, bladder cancer, and nor-
mal tissue samples.

2.10. Comparative toxicogenomics database (CTD)
analysis

The CTD integrates a wealth of data on interactions between
chemicals, genes, functions, phenotypes, and diseases. The core
genes were input into the CTD website to identify the most rel-
evant diseases associated with the core genes. Radar plots were
created in Excel to illustrate the expression differences for each
gene associated with specific diseases.

2.11. Western blotting

Western blotting, also known as immunoblotting, is a method
to detect the expression of a certain protein in complex samples
according to the specific binding of antigens and antibodies,
and can qualitatively and semi quantitatively analyze proteins.
Total protein was extracted and the protein content was deter-
mined. After SDS-PAGE electrophoresis and membrane trans-
fer, the protein samples were blocked with 5% skim milk for
1 hour at room temperature, shaken with Tris Buffered Saline
Tween at high speed on a shaker, washed for 5 minutes, and
repeated 3 times. The primary antibody was added and incu-
bated overnight at 4° C, followed by TBST shaking 3 times
(5 minutes each time) and TBST shaking 3 times (5 minutes
each time). The results were analyzed after chemiluminescence
development.

2.12. miRNA

Target Scan (www.targetscan.org) is an online database used for
the analysis and prediction of miRNA and target genes. In our
study, Target Scan was used to screen for miRNAs that regulate
the identified DEGs.

3. Results

3.1. Differential gene analysis

In this study, differential gene expression was identified in the
gene expression matrices of bladder cancer datasets GSE65635
and GSE100926 (Fig. 1A) and the osteosarcoma dataset
GSE39058 (Fig. 1B) using predefined cutoff values. Venn dia-
grams were used to determine the intersection of differentially
expressed genes between the 2 diseases, resulting in a total of 54
DEGs (Fig. 1C).


https://www.kegg.jp/kegg/rest/keggapi.html
https://www.kegg.jp/kegg/rest/keggapi.html
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/index.jsp
http://CIBERSORT.stanford.edu/
http://string-db.org/
http://www.cytoscape.org/
www.targetscan.org

Lietal. e Medicine (2023) 102:48

3.2. Functional enrichment analysis

3.2.1. DEGs. We conducted GO and KEGG analyses for
these differentially expressed genes. According to the results
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of GO analysis, in the biological process category, DEGs
were significantly enriched in cell differentiation, cartilage
development, and skeletal development (Fig. 1D). In the
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Figure 1. Analysis of differentially expressed genes. (A) Gene expression matrices for bladder cancer datasets GSE65635 and GSE100926 identified differen-
tially expressed genes. (B) Gene expression matrix for the osteosarcoma dataset GSE39058 identified differentially expressed genes. (C) A total of 54 DEGs
were identified. (D) Functional enrichment analysis, GOBP analysis. (E) GOCC analysis. (F) GOMF analysis. (G) KEGG analysis. DEGs = differentially expressed

genes, KEGG = Kyoto encyclopedia of genes and genomes.
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cellular component category, they were mainly enriched
in actin cytoskeleton, and actin filaments (Fig. 1E). In the
molecular function category, they were concentrated in Rho
GTPase binding, DNA binding, and fibronectin binding
(Fig. 1F). In the KEGG analysis, they were mainly enriched
in the MAPK signaling pathway, apoptosis, and cancer
pathways (Fig. 1G).

3.2.2. GSEA. Additionally, we performed GSEA enrichment
analysis for the whole genome to identify potential enrichment
items in non-differentially expressed genes and validate the results
of differentially expressed genes. The intersection of enrichment
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terms between GO and KEGG terms for differentially expressed
genes is shown in the results. Enrichment results for both
bladder cancer datasets GSE65635 and GSE100926 (Fig. 2A-C)
and the osteosarcoma dataset GSE39058 (Fig. 2D-F) indicated
that differentially expressed genes were primarily enriched in
skeletal development, cartilage development, actin cytoskeleton,
MAPK signaling pathway, and apoptosis.

3.2.3. Metascape enrichment analysis. In the Metascape
enrichment analysis, the GO enrichment item “bone system
development” was observed (Fig. 3A). We also produced
enrichment networks color-coded with enrichment terms and
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GSEA = gene set enrichment analysis.
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Figure 3. Metascape enrichment analysis. (A) GO enrichment items show enrichment in skeletal system development. (B, C) Enrichment networks colored by

enrichment terms and P values. GO = gene ontology.

P values (Fig. 3B and C), providing visual representation of the
associations and confidence of various enrichment items.

3.3. Immune infiltration analysis

We employed the CIBERSORT package to analyze the gene
expression matrix of the osteosarcoma dataset GSE39058. At a
95% confidence level, we obtained the proportions of immune
cell types within the entire gene expression matrix. The results
indicated a relatively high proportion of Macrophages M0 in
the samples (Fig. 4A). An immune cell expression heatmap
for the dataset was also generated (Fig. 4B). Furthermore, we

performed correlation analysis of infiltrating immune cells to
identify co-expression patterns among immune cell components.
The results suggested that when T cells regulatory were highly
expressed, Eosinophils also exhibited high expression, indicat-
ing a strong positive correlation between T cells regulatory and
Eosinophils, which might influence the disease progression of
osteosarcoma (Fig. 4C).

3.4. WGCNA

The selection of a soft threshold power is a critical step in
WGCNA analysis. A network topology analysis was performed
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Figure 4. Immune infiltration analysis. (A) Samples with a high proportion of macrophages MO. (B) Heatmap of immune cell expression levels in the dataset. (C)

Co-expression pattern of immune cell components.

to determine the soft threshold power, which was set to 9
(Fig. 5A). A total of 24 modules were constructed based on all
genes (Fig. 5B), and the interactions between important mod-
ules were analyzed (Fig. 5C). Module-phenotype correlation

heatmaps were generated (Fig. 6A), and a correlation scatter-
plot of gene significance and module membership (MM) for
relevant hub genes was produced (Fig. 6B). We computed the
module eigengenes correlation with gene expression to obtain
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WGCNA = weighted gene co-expression network analysis.

the MM, and using a cutoff criterion (IMMI > 0.8), 4 highly con-
nected genes were identified as hub genes in clinically significant
modules.

We further created a Venn diagram by intersecting the DEGs
obtained from WGCNA and the DEGs, resulting in the identifi-
cation of common genes (Fig. 6C).

3.5. PPI network construction and analysis

The PPI network of DEGs was constructed using the STRING
online database and analyzed using Cytoscape software (Fig. 7A).
Central genes were identified using 5 algorithms: MCC, MNC,
DMNC, Closeness, and Betweenness (Fig. 7B—F). The intersec-
tion of the results from these algorithms was visualized using a
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Venn diagram, yielding the core genes (Fig. 7G). Ultimately, 6  3.6. Survival analysis
core genes (SRE, CTSK, MYLK, VCAN, MEF2C, CALD1) were

; We obtained bladder cancer survival data from TCGA and cre-
obtained.

ated a Risk Score relationship plot. It was observed that as the
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MCC, MNC, DMNC, closeness, and betweenness. (G) Venn diagram to obtain the union as core genes (SRF, CTSK, MYLK, VCAN, MEF2C, CALD1). CALD1

= caldesmon, MYLK = myosin light chain kinase.

risk score increased, the survival rate of patients significantly
decreased, with the low-risk group showing markedly higher
survival time and rate than the high-risk group (Fig. 8A). A
heatmap of core gene expression in bladder cancer survival
data revealed that the core genes (SRE, CTSK, MYLK, VCAN,

10

MEF2C, CALD1) acted as risk factors, exhibiting an upregu-
lated trend with increasing risk scores (Fig. 8B). Box plots were
generated to illustrate the significant differences in core gene
expression (SRE, CTSK, MYLK, MEF2C, CALD1) between
bladder cancer and normal samples (Fig. 8C).
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We also obtained forest plots (Fig. 9A) and Kaplan—-Meier ~ 3.7. Core gene expression heatmaps

survival curves (Fig. 9B) associated with the core genes, demon- We visualized the expression of core genes (SRE, CTSK, MYLK,

strating a significant association between core genes (MYLK,  ycAN. MEF2C. CALD1) in th d matri £ bladd
CALD1) and survival rates in bladder cancer patients. ’ ’ ) in the merged matrices of bladder

11
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Figure 9. Survival analysis. (A) Forest plot of core genes associated with bladder cancer. (B) KM survival curves of core genes.

cancer datasets GSE65635 and GSE100926 (Fig. 10A) and
the osteosarcoma dataset GSE39058 (Fig. 10B). The heatmaps
indicated that core genes exhibited lower expression levels in
bladder cancer and osteosarcoma samples compared to normal
samples, suggesting that core genes (SRF, CTSK, MYLK, VCAN,
MEF2C, CALD1) may play a regulatory role in bladder cancer.

3.8. CTD analysis

In this study, we input the hub gene list into the CTD website to
identify diseases associated with the core genes. This enhanced
our understanding of the relationships between genes and dis-
eases. The core genes (SRE CTSK, MYLK, VCAN, MEF2C,
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and GSE100926. (B) Visualization of core gene expression heatmap in the osteosarcoma dataset GSE39058.
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CALD1) were found to be associated with osteosarcoma, blad-
der neoplasms, bladder diseases, tumors, inflammation, and
necrosis (Fig. 11).

3.9. Western blotting

The expression levels of MYLK, CALD1, CSF1, GRB2, SOS1,
RRAS2, and BRAF in bladder cancer were lower than those in
normal control group, but higher than those in Bladder can-
cer-KO group. It is higher in Bladder cancer - OE group than
in bladder cancer group (Fig. 12). The expression levels of IL-6,
Cyclin-D1, and MMP-9 in Bladder cancer were higher than
those in normal group, but lower in Bladder cancer-KO group
than those in bladder cancer group. It was higher in Bladder
cancer - OE group than in bladder cancer. However, the expres-
sion level of BAX in bladder cancer was lower than that in nor-
mal control group (Fig. 13).

The expression levels of MYLK, CALD1, CSF1, GRB2,
SOS1, RRAS2, and BRAF in osteosarcoma were lower than
those in normal control group, but higher than those in osteo-
sarcoma-KO group. It is higher in osteosarcoma - OE group

Medicine

than in osteosarcoma group (Fig. 14). The expression levels of
IL-6, Cyclin-D1 and MMP-9 in B osteosarcoma were higher
than those in normal group, but lower in osteosarcoma -KO
group than those in osteosarcoma group. It was higher in
osteosarcoma - OE group than in bladder cancer. However, the
expression level of BAX in osteosarcoma was lower than that in
normal control group (Fig. 15).

3.10. Prediction and functional annotation of miRNAs
related to hub genes

In this study, we input the hub gene list into Target Scan to
search for related miRNAs, improving our understanding of
gene expression regulation (Table 1). We identified that SRF
gene-related miRNA is hsa-miR-9-5p; CTSK gene-related
miRNAs include hsa-miR-185-5p, hsa-miR-4306, and hsa-
miR-4644; MYLK gene-related miRNA is hsa-miR-129-5p;
VCAN gene-related miRNA is hsa-miR-203a-3p.1; MEF2C
gene-related miRNAs include hsa-miR-551b-3p and hsa-miR-
551a; CALD1 gene-related miRNAs are hsa-miR-19a-3p and
hsa-miR-19b-3p.
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Figure 11. CTD analysis. Core genes (SRF, CTSK, MYLK, VCAN, MEF2C, CALD1) are associated with osteosarcoma, bladder tumors, bladder diseases,
tumors, inflammation, and necrosis. CALD1 = caldesmon, CTD = comparative toxicogenomics database, MYLK = myosin light chain kinase.
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Figure 12. WB. The expression levels of MYLK, CALD1, CSF1, GRB2, SOS1, RRAS2, and BRAF in bladder cancer were lower than those in normal control
group. CALD1 = caldesmon, MYLK = myosin light chain kinase, WB = Western blotting.

4. Discussion cancer with a high rate of recurrence even after initial

Bladder cancer and osteosarcoma are 2 highly debilitat- control, ne.cessitating.gegl[lllz?r follow-up and monitoring
ing types of cancer that pose significant challenges in their 0 €nsure disease stability."”l Treatment methods for blad-
development and treatment. Bladder cancer is an invasive der cancer include radiation therapy, chemotherapy, and

15



Lietal. e Medicine (2023) 102:48

Medicine

N2 & 0 o
X X B.K'O e\' KX‘ e\'\[‘
& F & & & o
& P S o © g
N \ <Y & <“ (F(C (P 23
6\(0 o\"\o 666 s & a@ bﬂe' éba sz
o ) Q\Ib Q’\‘b Qp\?’ %\'b Q_,\% %\@ k= E,
g
IL-6 |— --—‘“--|—Z4kDa 58
GAPDH | S S S S S S S S | — 0402
Cyclin-D1
N2 N 0 (8] 2,04 o
& & e'o & a‘* e}'\{‘ BTSN
00 (\0 (\0 (\G (\0 (\G 3 |
& 2 5 & & 2 215
ENN ¢7 &Y @Y @Y ¢ ¢ 52
0“\‘ o‘*"é @6 @56 @6 @’56 @é’b fob o2
< e; & & < 2 & & 5 § 1.0
1
Cyclin-D1 | — — e — -a — — | — 34 kDa gg 054
w
0.0-
> & L ©
& & & &
GAPDH |m_-_i—| ——36kDa & &
%\eb &
s

N & o o
& £ &L & o‘* e‘*‘
& FF o Y
2 2 & & & @

N N g S i ip

B T T =5

& T T T T T T ® ¢

MMP-9 | a— — - — —— — — — | ——78kDa H

w
GAPDH | WD S S B e s S S | — 35 kDa
BAX
% < Q Q 2.59 *x
¢ 2 e}'o & e}*- e!‘* —

@(\D () db(\(.! {b(\c: (\0 (\0 § = 2.04

N 3 © 3 3 @
«° «© &0 &9 668- & épe- A 55 1.5

00<\ C)OQ Q)\"b @\'D %\'2} %\'b e\'b Q,\‘b é E
b § 1.0
BAX | D S S— S— S WP w— — | 21 Da  ©Z ]
0.0

&
& F
CAPDH | D S S S S S S . | — - ¢ o

Figure 13. WB. The expression levels of IL-6, cyclin-D1 and MMP-9 in Bladder cancer were higher than those in normal group. However, the expression level
of BAX in bladder cancer was lower than that in normal control group. WB = Western blotting.

immunotherapy, which may lead to side effects such as nau-
sea, vomiting, fatigue, and immune system suppression.!!>!4l
Individuals with bladder cancer may face emotional stress,
anxiety, and depression, in addition to challenges related
to work, family, and social life.'>!l Treatment of osteosar-
coma typically requires surgical intervention, which may
involve tumor resection and the removal of affected bone
tissue.!'”! In some cases, amputation may be necessary, pos-
ing significant physical and psychological challenges to

16

patients. Osteosarcoma carries a high-risk of lung metasta-
sis, which greatly increases the complexity of treatment and
impacts patient prognosis. Osteosarcoma treatment often
includes chemotherapy and radiation therapy, which can
result in side effects such as nausea, vomiting, fatigue, and
immune system suppression.l!8! The diagnosis and treatment
of osteosarcoma may have negative effects on patients emo-
tional well-being and social life, leading to anxiety, depres-
sion, and emotional stress.!"?-21
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Figure 14. WB. The expression levels of MYLK, CALD1, CSF1, GRB2, SOS1, RRAS2, and BRAF in osteosarcoma were lower than those in normal control

group. CALD1 = caldesmon, MYLK = myosin light chain kinase, WB = Western blotting.

This study found an association between the low expression
of MYLK and CALD1 in bladder cancer and osteosarcoma
with worsened prognosis. This suggests that patients with low
expression of MYLK and CALD1 may have a poorer survival
outlook. The decreased expression of these proteins may be

linked to tumor growth, invasiveness, and treatment resistance,
thus holding significant clinical relevance for disease progres-
sion and treatment responses. This discovery provides new
leads for targeted therapeutic research, with the potential to
improve patient prognosis. Therefore, in-depth investigation of
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Figure 15. WB. The expression levels of IL-6, cyclin-D1 and MMP-9 in B osteosarcoma were higher than those in normal group. However, the expression level
of BAX in osteosarcoma was lower than that in normal control group. WB = Western blotting.

the roles and regulatory mechanisms of MYLK and CALD1 is
crucial for the management and treatment of bladder cancer and
osteosarcoma.

In addition, ultrasound-guided biopsies play a crucial role
in the diagnosis and treatment of bladder cancer and osteo-
sarcoma. Ultrasound-guided biopsies assist physicians in early
diagnosis by obtaining tissue samples for pathological analysis
to determine the nature of lesions. Early cancer detection often
leads to better treatment outcomes.?”) Analyzing tissue samples
allows physicians to gain a better understanding of the molecu-
lar characteristics of tumors, aiding in the development of per-
sonalized treatment plans and the selection of the most suitable
treatment strategies for patients.!*’! Ultrasound-guided biopsies
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are typically a relatively noninvasive method that, when com-
pared to traditional surgery, can reduce patient discomfort and
recovery time.?*

MYLK is an enzyme protein. MYLK functions by adding
phosphate groups to myosin light chains, initiating mus-
cle fiber shortening and, subsequently, muscle contraction.
This process is crucial for the contraction of smooth muscle,
cardiac muscle, and skeletal muscle.*®! MYLK’s activity is
calcium-regulated and depends on cytoplasmic calcium con-
centration within muscle cells. Increased calcium levels lead
to elevated MYLK activity, resulting in myosin light chain
phosphorylation and muscle contraction.?®! This process is
extensively involved in the regulation of smooth muscle, such
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A summary of miRNAs that regulate hub genes.

Gene Predicted MiR
1 SRF hsa-miR-9-5p
2 CTSK hsa-miR-185-5p hsa-miR-4306 hsa-miR-4644
3 MYLK hsa-miR-129-5p
4 VCAN hsa-miR-203a-3p.1
5 MEF2C hsa-miR-551b-3p hsa-miR-551a
6 CALD1 hsa-miR-19a-3p hsa-miR-19b-3p

CALD1 = caldesmon, MYLK = myosin light chain kinase.

as in the contraction and relaxation of vascular smooth mus-
cle. MYLK’s function is not only vital in normal physiological
processes but also plays a role in disease development. For
instance, abnormal MYLK activity or expression is associated
with cardiovascular diseases, smooth muscle disorders, and
specific muscle diseases. Shi et al?” found that adipocyte-in-
duced SIK2 Ser358 phosphorylation and MYLK Ser343 phos-
phorylation enhance the motility of ovarian cancer cells, with
SIK2 promoting ovarian cancer cell motility and metastasis by
phosphorylating MYLK. Teng et al*® discovered that LncRNA
MYLK-AS1 promotes tumor progression and angiogenesis in
liver hepatocellular carcinoma by targeting the miR-424-5p/
E2F7 axis and activating the VEGFR-2 signaling pathway.

Regarding the relationship between bladder cancer and
MYLK, recent research has provided insights. Jiang et al®’! iden-
tified hub genes associated with the progression and prognosis of
bladder cancer through comprehensive bioinformatics analysis.
These genes include MYLK, and the expression of these surviv-
al-related genes correlates with grading, staging, and TNM stag-
ing. QqRT-PCR and the HPA database confirmed that all central
genes related to survival were downregulated in bladder cancer
tissues. Additionally, research has elucidated that CircMYLK,
through competitive binding with miR-34a, upregulates CCND3
levels, promoting the growth, migration, invasion, and survival
of bladder cancer cells. The downregulation of CircMYLK inhib-
its bladder cancer cell migration and invasion while promoting
apoptosis and cell cycle arrest. MiR-34a, a target of CircMYLK,
is downregulated in bladder cancer tissues and cells. MiR-34a
inhibition reverses the effects of CircMYLK downregulation,
restoring malignant behavior in bladder cells.3%

The relationship between osteosarcoma and MYLK is also
being unveiled. Yang et al’®'! demonstrated through mass spec-
trometry analysis that MYLK4 interacts with the epidermal
growth factor receptor in osteosarcoma cells, promoting growth
and metastasis through the epidermal growth factor receptor
signaling pathway. Overexpression of MYLK4 accelerates OS
growth and metastasis, while silencing MYLK4 expression leads
to reduced cell growth and migration. Guo et al’®*? used targeted
RNA sequencing to diagnose known sarcoma fusions and novel
fusion partners. Diagnostic in-frame fusion transcripts were
detected in 43% of cases, with 3% (6/184) having new fusion
partners, including TRPS1-PLAG1, VCP-TFE3, MYLK-BRAF,
FUS-TFCP2, and ACTB-FOSB.

CALD1 is a multifunctional protein present in various types
of muscle tissues. Its structure includes an N-terminus and
C-terminus, along with an extended central coiled-coil struc-
ture. This protein has specific isoforms in smooth muscle, often
referred to as smooth muscle CALD1.53! CALD1 plays a criti-
cal role in muscle function, particularly associated with muscle
contraction and relaxation. In smooth muscle, CALD1 inter-
acts with myosin and regulates muscle tension. It also interacts
with calcium-regulatory proteins, a crucial step in controlling
smooth muscle contraction.?*¥! CALD1’s activity is closely tied
to smooth muscle function. It plays essential roles in normal
physiological processes, such as controlling vasomotor tone for
blood flow maintenance and regulating smooth muscle motility
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in the digestive system to facilitate food passage through the gas-
trointestinal tract. Additionally, CALD1 is involved in muscle
tissue development and repair. Aberrant expression or mutations
in CALD1 may be associated with several diseases, including
smooth muscle disorders, cardiovascular diseases, and cancers.*!

In some cancers, both overexpression and under expression of
CALDL1 are associated with the invasiveness and prognosis of the
disease. Studies suggest that CALD1 may impact the progression of
glioblastoma by regulating tumor angiogenesis. The tumor micro-
environment also indicates that high CALD1 expression samples
are infiltrated by more stromal cells, such as endothelial cells
and pericytes. Single-cell sequencing analysis reveals a significant
upregulation of CALD1 in tumor cells, implicating its involvement
in the tumorigenesis of glioblastoma.’” Du et al®® found that
CALD1 may promote bladder cancer progression by reshaping
the tumor microenvironment. CIBERSORT and ESTIMATE algo-
rithms demonstrated a significant correlation between CALD1
and tumor microenvironment components, including CAF, mac-
rophages, T cells, and multiple immune checkpoint-related genes.
Cheng et al®”! discovered that CALD1 promotes PD-L1 expression
in bladder cancer through the JAK/STAT signaling pathway. In a
study by Diao et al*” aiming to identify biomarkers for metastatic
osteosarcoma, MiR-202 and miR-9 were potential key factors
influencing OS metastasis. CALD1 and STX1A were suggested as
potential therapeutic targets for metastatic OS.

The aforementioned literature reviews align with our research
findings. MYLK and CALD1 are 2 proteins associated with
muscle contraction and smooth muscle function. Both genes
participate in the migration and invasion processes of tumor
cells. They may influence the organization of actin filaments and
the cytoskeleton within cells, as well as the growth and devel-
opment of skeletal muscles. Lower expression of these genes is
associated with poorer prognosis.

5. Limitations

Despite conducting rigorous bioinformatic analyses in this study,
there are still some limitations. The research did not include in
vivo experiments involving gene overexpression or knockout to
further validate their functions. Therefore, future investigations
should delve deeper into this aspect.

6. Conclusion

MYLK and CALD1 may exert their effects in bladder cancer
and osteosarcoma by regulating muscle contraction and smooth
muscle function. Low expression of MYLK and CALD1 in both
diseases is associated with worse prognosis.
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