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Abstract

Purpose: Bioinformatics-based approach to screen and analyze differentially
expressed genes associated with the biological characteristics of Ewing sar-
coma. Means: The GSE17674 dataset was selected for analysis, obtained by
data retrieval based on the GEO public database. The R language limma
toolkit was used to screen DEmRNAs. After the data were normalized, the
Metascape online analysis software and the R language clusterProfiler pack-
age were used to analyze the GO function and KEGG pathway enrichment of
DEmRNAS lines, respectively. The string database was selected for PPI analy-
sis, and the results were imported into Cytoscape software to derive the core
modules and predicted core genes. The genes selected above were analyzed
for tissue localization specificity. Results: Through the analysis of GSE17674,
differentially expressed genes were screened out, and GO and KEGG analyses
were performed on the differentially expressed genes. The GO functional en-
richment analysis was mainly enriched in the process of muscle system, mus-
cle contraction, myocyte development, contractile fibers, myogenic fibers,
myofibers, myofibrillar segments, actin binding, structural composition of
muscle, and actin filament binding. KEGG pathway analysis showed that the
core pathways associated with the development of ES were the core genes for
myocardial contraction, congestive cardiomyopathy, and hypertrophic car-
diomyopathy. Five Hub genes were obtained based on Cytoscape prediction.
Tissue localization specificity analysis of Hub genes was performed, and a to-
tal of 2 Hub genes with tissue specificity were screened; MYH6 was specifi-
cally expressed in cardiac cells and MYL1 was specifically expressed in skele-
tal muscle cells. Conclusions: The differential genes screened will help to
understand the molecular mechanisms underlying the highly invasive and
metastasis-prone biological characteristics of ES, as well as provide new ideas
for clinical drug-targeted treatment of ES.
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1. Backgrounds

Ewings sarcoma (ES) is a malignant aggressive bone or soft tissue tumor that
occurs in children, adolescents, and young adults, with a peak incidence at age
15 [1]. It accounts for approximately 10% - 15% of all primary bone tumors in
children, adolescents, and young adults and is the second most common pri-
mary bone tumor after osteosarcoma [2]. Studies have shown that in Europe
[1], 7.5 cases per million children between the ages of 10 and 19 suffer from
the tumor each year. And, the prevalence of ES is slightly higher in men than
in women, with a sex ratio of 3:2. ES most commonly affects the bones, espe-
cially the humerus, ribs, pelvis and femur [3]. However also 20% - 30% of ES
occurs in the patient’s soft tissues, such as the chest wall or pleural cavity. ES is
characterized by rapid tumor growth and active metastasis, and is highly sus-
ceptible to metastasis. The most common sites of metastasis are the lungs,
bones, and also the spinal cord. Ewing sarcoma is characterized by chromoso-
mal translocations, the most common being the t(11;22)(q24;q12) chromo-
some abnormality, which occurs in 85% of cases. This leads to the fusion of the
FET family gene EWSRI with the ETS family gene FLI1 [4], producing the
EWS-FLI1 fusion protein. The EWS/FLI1 fusion protein, an aberrant tran-
scription factor, is critical for the development, maintenance and progression
of Ewing sarcoma [5]. It plays a key role in controlling the expression of many
target genes and coordinating the oncogenic process of malignant transfor-
mation of precursor cells into cancerous cells.

Previous treatments for Ewing sarcoma, including aggressive neoadjuvant
chemotherapy and adjuvant chemotherapy combined with surgery and/or radia-
tion, have improved long-term survival in patients with limited disease, with a
5-year survival rate of more than 70% and a 10-year survival rate of approxi-
mately 30%. However, once ES tumor cells metastasize or recur, the 5-year sur-
vival rate drops dramatically to 25% [2] [6]. This has not improved over the
decades, so there is an urgent need to explore more effective therapeutic targets
to reduce the incidence of metastatic and recurrent events in ES patients.

Therefore, in this study, we performed data search based on the GEO public
database and chose the GSE17674 dataset as the object of analysis, and gained
insight into the key differentially expressed genes by screening differential genes
> GO and KEGG enrichment analysis > construction of protein-protein inter-
action (PPI) network > screening of Hub genes for their biological functions,
with a view to screening key molecules for the biological characterization of

Ewing sarcoma.
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2. Materials and Methods

2.1. General Materials

This study was based on the GEO public database for data retrieval, which was
first proposed in 2012 by Benisch et al [7]. The GSE17674 dataset was selected
for analysis, and the set platform number of the data patients was GPL570. This
data contains 62 samples, of which 44 were Ewing sarcoma tumor tissue from

patients and 18 were normal muscle tissue.

2.2. Expression Analysis of Differential Genes

In this study, we performed differential expression analysis of Ewing sarcoma
mRNA microarray data using the R language limma package, and set the test sta-
tistic P < 0.05 and the log absolute value of fold change (FC) [log FC| > 1 as the
screening conditions to screen the differentially expressed mRNAs (DEmRNAs) of

Ewing sarcoma and normal muscle tissue.

2.3. GO Function and KEGG Signaling Pathway Enrichment Analysis
In this study, DEmRNAs were analyzed for GO functional enrichment and KEGG
signaling pathway enrichment based on the R language clusterProfiler package.
2.4. PPI and Core Module Analysis

Differential genes were analyzed by STRING (Search Tool for the Retrieval of
Interacting Genes/Proteins) online tool to obtain PPI maps, the images were im-
ported into Cytoscape 3.9.1 software, and the plugins Cytohubba and MCODE

were used to search for the Ewing sarcoma-related Hub genes and Hub modules.

2.5. Hub gene localization

Tissue localization of the above genes was performed by the online database BioGPS

(http://biogps.org/#goto=welcome), and the highest expression between tissues

was more than twice the second expression was meaningful, indicating that this

gene can be used as an ES expression marker gene.

3. Results
3.1. Acquisition of DEmRNAs

In this study, GSE17674 was analyzed using the R language limma package, and
the gene expression of the database samples remained largely consistent, indi-
cating that the data is suitable for the next step in the analysis, Figure 1.

Screening for differential genes using the R language limma package, Figure 2,
Figure 3 and Figure 4.

3.2. GO and KEGG Enrichment Analysis

To understand the functions of up- and down-regulated DEmRNAs, GO and
KEGG enrichment analyses of up-regulated DEmRNAs, and down-regulated
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DEmRNAs, respectively, were performed in this study. Biological Processes (BP),
Cellular Components (CC), Molecular Functions (MF) and signaling pathways
(pathway) in KEGG were analyzed separately. From Figure 5, we can learn that:
(i) DEmRNAs are enriched in biological processes (BP), molecular functions
(MEF), and cellular components (CC): For BP, DEmRNAs are mainly enriched in
muscle system process, muscle contraction, and muscle cell development. For
CC, DEmRNAs were mainly enriched in contractile fiber, myofibril, and sarco-
mere. For MF, DEmRNAs were mainly enriched in actin binding, structural
constituents of muscle, and muscle contraction. For MF, DEmRNAs were main-
ly enriched in actin binding, structural constituent of muscle, and actin filament
binding. (ii) KEGG analysis showed that DEmRNAs were mainly enriched in
Cardiac muscle contraction, Dilated cardiomyopathy, and Hypertrophic cardi-

omyopathy.
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Figure 1. GSE17674 dataset box line diagram.
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Figure 2. GSE17674 volcano map.
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Figure 3. GSE17674 heat map.
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Figure 5. Histogram of KEGG pathway analysis and GO functional enrichment analysis.

3.3. Protein Mutual Network Construction and Module Analysis of
Common Differentially Expressed Genes

The DEmRNAs were analyzed using STRING, and the minimum interaction

score was set to 0.7, which resulted in an interaction graph consisting of 204

nodes and 555 connectors. The calculation results of STRING were imported

into Cytoscape 3.9.1 software to obtain the PPI network interaction map (Figure

6(a)); the protein interaction network was analyzed with the MCODE plug-in to

obtain the core modules of DEmRNAs (Figure 6(b)); and five Hub genes were

screened with Cytoscape, Figure 7.
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Figure 6. Differential gene PPI network and core modules. (a) A PPI network diagram,
(b) Core module.
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Note: Red color means high correlation with the disease, lighter color means lower corre-
lation.

Figure 7. Hub genes predicted by Cytoscape.

3.4. Gene Localization Analysis

The core genes predicted by Cytoscape, were imported into the BioGPS data-
base, and the screening criteria were: (i) tissue-specific expression level > 10-fold
of the median. And (ii) the second highest expression level was less than
one-third of the highest level. A total of 2 Hub genes with tissue-specific expres-
sion were screened, MYH6 was specifically expressed in cardiac cells and MYL1

was specifically expressed in skeletal muscle cells, Figure 8.

3.5. Targeted Gene Screening

Five core genes were obtained based on Cytoscape prediction: MYL1, MYH?7,
MYH6, MYL2, MYH2, of which MYH6 and MYL1 were tissue-specific genes. In
summary, a total of five Hub genes closely related to ES pathogenesis were
screened, among which MYL1 and MYH?7 had the highest relevance.
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Figure 8. Tissue localization analysis of targeted genes.

4. Discussion

Ewing sarcoma is characterized as highly aggressive and highly susceptible to
metastasis. In-depth study of the biological characteristics of ES and exploration
of the role of differentially expressed genes in the development of ES can provide
an important basis for the clinical targeting of ES patients and can reduce the
occurrence of recurrence and metastatic events in ES patients after treatment. It
is well known that tumor microenvironment (TME) plays an important role in
tumor development, progression and metastasis [8]. Mechanical forces within
the TME play a key role in driving physiological and pathological processes in
tumors and orchestrate their behavior in a variety of biological processes, in-
0]. In solid

tumors, as the number of tumor and non-tumor cells increases, the pressure

cluding cell division, survival, differentiation, and migration [9] [1

within the tumor elevates, leading to higher mechanical forces. These forces
transmit signals to the tumor cells, ultimately driving tumor progression [11].
The cytoskeleton plays a key role in the signaling of mechanical forces. Cells are
connected to the external environment through their cytoskeleton, which re-
ceives external signals that direct cells to undergo invasion and migration [12].
Myosin plays an important role in regulating cytoskeletal organization and

dynamics [13]. In humans, the myosin family is organized into 12 distinct clas-
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ses [14]. Of these, class II was the first to be discovered and is the most well
characterized class of myosin [15]. Myosin is involved in intracellular functions
such as cell migration, adhesion, intracellular transport, signal transduction and
tumor suppression [16]. And myosin is also associated with tumor progression
and metastasis [17]. Derycke et al [18] reported that the involvement of myosin
ITA in the promotion of EMT, cell invasion and metastasis could be a target for
breast cancer therapy. Myosin II may serve as a novel therapeutic target for tar-
geting strategies to inhibit invasion and metastasis of Ewing sarcoma tumor
cells. Myosin is a cytoskeletal protein, a hexamer consisting of 2 heavy chains, 2
essential light chains, and 2 regulatory light chains, and is an important compo-
nent of muscle tissue. Myosin light chain (MLC) is regulated by the MYL gene
family and can be classified into two types, a basic light chain (MYL1) and a reg-
ulatory light chain (MYL2); myosin heavy chain is regulated by the MYH gene
family [19].

Aberrant expression of myosin light chainl (MYL1) is involved in a variety of
pathophysiological processes. Ravenscroft [20] found that MYL1 abnormalities
may lead to structural and functional abnormalities in myosin, which in turn
may lead to congenital myopathies, suggesting that MYL1 may be a potential
target for the diagnosis and treatment of congenital myopathies. Using bioin-
formatics analysis, Lin Z and Lin Y [21] found that MYL1 may be involved in
the development and progression of steroid-induced osteonecrosis of the femo-
ral head by regulating muscle function, suggesting that MYL1 may be a potential
therapeutic target for patients with osteonecrosis of the femoral head. MYL1 is
also recognized as an important genetic marker for rhabdomyosarcoma and may
be involved in the pathogenesis of rhabdomyosarcoma. Studies have shown that
MYLLI is highly expressed in rhabdomyosarcoma patients and positively corre-
lates with patient prognosis [22], and that MYL1 is involved in the development
and progression of rhabdomyosarcoma by regulating normal muscle differentia-
tion and structural components of muscle. MYL1 may be a molecular target for
early diagnosis and treatment of rhabdomyosarcoma. Moreover, MYL1 was
shown to be a marker of poor prognosis in head and neck squamous cell carci-
noma (HSCC). MYL1 can promote HSCC metastasis associated with tumor
immune infiltration in HNSCC, and MYL1 enhances the protein expression lev-
els of EGF and EGFR in HSCC, these effects of MYL1 may be related to the
EGF/EGEFR signaling pathway [23]. Therefore, MYL1, as a core gene of ES, plays
an important role in the development of ES and may be the main gene responsi-
ble for the high aggressiveness and susceptibility to metastasis of ES.The MYL1
gene may be a targeted therapy to reduce the recurrence rate and improve the
survival rate of ES patients in the future.

The myosin regulatory light chain (MRLC) encoded by the myosin light chain 2
(MYL2) gene is a target of myosin light chain kinase. Myosin regulatory light
chains play an important role in the regulation of cellular motility [24]. A key reg-

ulatory mechanism of cellular motility is the control of myosin activity, which in
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non-muscle cells is determined by phosphorylation of myosin regulatory light
chains [25]. Actin contractility is regulated by MRLC diphosphorylation, which
generates cellular contractile forces through actin contraction, and these contrac-
tile forces are critical for the invasive capacity of cancer cells [26]. It has been
shown that phosphorylation of myosin regulatory light chains enhances cancer cell
invasion [27], whereas, conversely, inhibition of myosin regulatory light chain
phosphorylation suppresses tumor cell growth and invasive capacity [28] [29].
Based on bioinformatics analysis, MYL2 gene was found to be one of the core
genes of ES, The high expression of MLL2 in ES tumor cells and the increased
phosphorylation of its MRLC may also contribute to its high aggressiveness.

The MYH?7 gene is located on chromosome 14 and consists of 41 exons.
MYH7 mutations are a common cause of hypertrophic [30] or dilated cardio-
myopathy [31], Laing distal myopathy [32], and myosin storage myopathy. It
was shown that MYH?7 was involved in the immune infiltration of HNSCC [23].
This has led to the possibility that MYH7 may be associated with the prognosis
of patients with HSCC and is also one of the markers of poor prognosis and cor-
relates with tumor staging or grading in HNSCC. MYH?7 is one of the cores of
ES, and the immune infiltration it participates in may be closely related to the
development of ES.

MYHSG6 expresses one of the two myosin heavy chain isoforms expressed by
cardiac muscle, alpha-cardiac myosin heavy chain, which is an important pro-
tein component in the formation of cardiac structure and is actively involved in
muscle force generation and contraction [33]. It has a potential impact on a wide
range of cardiac diseases such as hypertrophic cardiomyopathy, dilated cardio-
myopathy, sick sinus node syndrome, atrial septal defects and ventricular septal
defects. Recent studies have shown that genetic polymorphisms in MYH6 are
associated with the risk of ventricular septal defects [34] [35]. The major pro-
teins interacting with the MYH6 protein are essentially involved in myocardial
development. Altered MYH6 protein expression may affect interactions with
other proteins, which may have important implications for myocardial devel-
opment [36]. Thus, low expression of MYH6 protein may lead to defective my-
ocardial formation. Deletion of the MYH6 gene has been reported to be respon-
sible for atrial septal defects [37]. The MYH6 gene is specifically expressed in
cardiac cells. However, there are few reports on the role of MYHG6 in the devel-
opment of ES. Further studies are warranted.

MYH2 is one of the isoforms of myosin heavy chain. Mutations in the MYH2
gene are the main cause of MYH2-associated myopathies presenting as ptosis and
extraocular muscle paralysis [38]. MYH2 has been shown to be a marker for dif-
ferentiating squamous cell carcinoma of the head and neck from squamous cell
carcinoma of the lung [39]. A new study found [40] that in patients with squa-
mous carcinoma of the head and neck, MYH2 expression was significantly and
positively correlated with the level of CD4+ T cell and macrophage infiltration. It

suggests that genetic mutations and differential expression of the MYH2 gene may
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be an important driver of immune infiltration by CD4+ T cells and macrophages.
This suggests that genetic mutations and differential expression of the MYH?2 gene
may be an important driver of CD4+ T cell and macrophage infiltration.

In summary, the core genes MYL1, MYH7, MYL2, and MYH2 obtained from
the analysis in this study are closely related to ES. Among them, MYL1 and
MYL2 may be the main cause of the highly invasive nature of ES, and MYH7
and MYH?2 are mainly involved in immune infiltration and play a role in the
development of ES. The core genes analyzed in this study provide new ideas for
the study of the highly invasive and metastatic biological characteristics of ES as
well as drug therapy, and may provide new targets for ES drug development.
However, this study was limited to bioinformatics analysis only and lacked the
support of animal experiments or clinical data. The conclusions obtained in this

study need to be further verified by basic experiments.

Fund Projects

National Natural Science Foundation of China (82260887); Guangxi Natural
Science Foundation (2020GXNSFAA259068); The first batch of high-level talent
research projects of the hospital affiliated with the Right River Ethnic Medical
College (R20196321).

Data Availability

All data included or relevant to the study are available upon request by contact

with the corresponding author.

Authors’ Contributions

Luchang CHEN, Huifang ZENG and Wujia YANG conceptualized and designed
this study. Changtai LUO, Dong LUO, Zhenjing SI and Wei WANG analyzed
and wrote the paper in the study. Haidong ZHOU finished the drawing and

manuscript revision work.

Acknowledgements

This work was supported by the National Natural Science Foundation of China
(82260887), Guangxi Natural Science Foundation (2020GXNSFAA259068), The
first batch of high-level talent research projects of the hospital affiliated to the
Right River Ethnic Medical College (R20196321), respectively.

Conflicts of Interest

All authors declare that there has not been any commercial or associative inter-

est that represents competing interests in connection with the work submitted.

References

[1] Dupuy, M., Lamoureux, F., Mullard, M., Postec, A., Regnier, L., Baud’huin, M., et
al. (2023) Ewing Sarcoma from Molecular Biology to the Clinic. Frontiers in Cell

DOI: 10.4236/jbm.2024.126018

212 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.126018

L.C. Chenetal.

(2]

(4]

(8]

[10]

(11]

(12]

(13]

[14]

(15]

(16]

and Developmental Biology, 11, Article 1248753.
https://doi.org/10.3389/fcell.2023.1248753

Li, M. and Chen, C.-W. (2022) Epigenetic and Transcriptional Signaling in Ewing
Sarcoma—Disease Etiology and Therapeutic Opportunities. Biomedicines, 10, Arti-
cle 1325. https://doi.org/10.3390/biomedicines10061325

Tsibulnikov, S., Fayzullina, D., Karlina, I., Schroeder, B.A., Karpova, O., Timashev,

P., et al (2023) Ewing Sarcoma Treatment: A Gene Therapy Approach. Cancer
Gene Therapy, 30, 1066-1071. https://doi.org/10.1038/s41417-023-00615-0

Morales, E., Olson, M., Iglesias, F., Dahiya, S., Luetkens, T. and Atanackovic, D.
(2020) Role of Immunotherapy in Ewing Sarcoma. Journal for ImmunoTherapy of
Cancer, 8, €000653. https://doi.org/10.1136/itc-2020-000653

Li, M. and Chen, C. (2022) Regulation of Metastasis in Ewing Sarcoma. Cancers, 14,
Article 4902. https://doi.org/10.3390/cancers14194902

Lin, Z., Wu, Z. and Luo, W. (2021) A Novel Treatment for Ewing’s Sarcoma: Chi-
meric Antigen Receptor-T Cell Therapy. Frontiers in Immunology, 12, Article
707211. https://doi.org/10.3389/fimmu.2021.707211

Benisch, P., Schilling, T., Klein-Hitpass, L., Frey, S.P., Seefried, L., Raaijmakers, N.,
et al. (2012) The Transcriptional Profile of Mesenchymal Stem Cell Populations in
Primary Osteoporosis Is Distinct and Shows Overexpression of Osteogenic Inhibi-
tors. PLOS ONE, 7, e45142. https://doi.org/10.1371/journal.pone.0045142

Xiao, Y. and Yu, D. (2021) Tumor Microenvironment as a Therapeutic Target in
Cancer. Pharmacology & Therapeutics, 221, Article 107753.
https://doi.org/10.1016/j.pharmthera.2020.107753

Spatarelu, C.-P., Zhang, H., Nguyen, D.T., Han, X., Liu, R., Guo, Q., et al (2019)
Biomechanics of Collective Cell Migration in Cancer Progression: Experimental and
Computational Methods. ACS Biomaterials Science & Engineering, 5, 3766-3787.
https://doi.org/10.1021/acsbiomaterials.8b01428

Subramanian, A., Kanzaki, L.F., Galloway, J.L. and Schilling, T.F. (2018) Mechanical
Force Regulates Tendon Extracellular Matrix Organization and Tenocyte Morpho-
genesis through Tgfbeta Signaling. eLife, 7, €38069.
https://doi.org/10.7554/elife.38069

Jain, R.K., Martin, J.D. and Stylianopoulos, T. (2014) The Role of Mechanical Forces
in Tumor Growth and Therapy. Annual Review of Biomedical Engineering, 16,
321-346. https://doi.org/10.1146/annurev-bioeng-071813-105259

Fife, C.M., McCarroll, J.A. and Kavallaris, M. (2014) Movers and Shakers: Cell Cy-
toskeleton in Cancer Metastasis. British Journal of Pharmacology, 171, 5507-5523.
https://doi.org/lO.l 11 llbph. 12704

Merino, F., Pospich, S. and Raunser, S. (2020) Towards a Structural Understanding
of the Remodeling of the Actin Cytoskeleton. Seminars in Cell & Developmental
Biology, 102, 51-64. https://doi.org/10.1016/j.semcdb.2019.11.018

Foth, B.J., Goedecke, M.C. and Soldati, D. (2006) New Insights into Myosin Evolu-
tion and Classification. Proceedings of the National Academy of Sciences, 103,
3681-3686. https://doi.org/10.1073/pnas.0506307103

Peckham, M. (2016) How Myosin Organization of the Actin Cytoskeleton Contrib-
utes to the Cancer Phenotype. Biochemical Society Transactions, 44, 1026-1034.
https://doi.org/10.1042/bst20160034

Cross, J.A. and Dodding, M.P. (2019) Motor-Cargo Adaptors at the Orga-
nelle-Cytoskeleton Interface. Current Opinion in Cell Biology, 59, 16-23.

DOI: 10.4236/jbm.2024.126018

213 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.126018
https://doi.org/10.3389/fcell.2023.1248753
https://doi.org/10.3390/biomedicines10061325
https://doi.org/10.1038/s41417-023-00615-0
https://doi.org/10.1136/jitc-2020-000653
https://doi.org/10.3390/cancers14194902
https://doi.org/10.3389/fimmu.2021.707211
https://doi.org/10.1371/journal.pone.0045142
https://doi.org/10.1016/j.pharmthera.2020.107753
https://doi.org/10.1021/acsbiomaterials.8b01428
https://doi.org/10.7554/elife.38069
https://doi.org/10.1146/annurev-bioeng-071813-105259
https://doi.org/10.1111/bph.12704
https://doi.org/10.1016/j.semcdb.2019.11.018
https://doi.org/10.1073/pnas.0506307103
https://doi.org/10.1042/bst20160034

L.C. Chenetal.

(17]

(18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

https://doi.org/10.1016/j.ceb.2019.02.010
Orgaz, J.L., Crosas-Molist, E., Sadok, A., Perdrix-Rosell, A., Maiques, O., Rodri-
guez-Hernandez, 1., ef al. (2020) Myosin II Reactivation and Cytoskeletal Remodel-

ing as a Hallmark and a Vulnerability in Melanoma Therapy Resistance. Cancer
Cell, 37, 85-103. https://doi.org/10.1016/j.ccell.2019.12.003

Derycke, L., Stove, C., Vercoutter-Edouart, A., De Wever, O., Dollé, L., Colpaert,
N., et al. (2011) The Role of Non-Muscle Myosin IIA in Aggregation and Invasion
of Human MCEF-7 Breast Cancer Cells. The International Journal of Developmental
Biology, 55, 835-840. https://doi.org/10.1387/ijdb.1133361d

Garcia de la serrana, D., Wreggelsworth, K. and Johnston, I.A. (2018) Duplication
of a Single myhz1.1 Gene Facilitated the Ability of Goldfish (Carassius auratus) to
Alter Fast Muscle Contractile Properties with Seasonal Temperature Change. Fron-
tiers in Physiology, 9, Article 1724. https://doi.org/10.3389/fphys.2018.01724

Ravenscroft, G., Zaharieva, I.T., Bortolotti, C.A., Lambrughi, M., Pignataro, M.,
Borsari, M., et al (2018) Bi-Allelic Mutations in MYL1 Cause a Severe Congenital
Myopathy. Human Molecular Genetics, 27, 4263-4272.
https://doi.org/10.1093/hmg/ddy320

Lin, Z. and Lin, Y. (2017) Identification of Potential Crucial Genes Associated with
Steroid-Induced Necrosis of Femoral Head Based on Gene Expression Profile.
Gene, 627, 322-326. https://doi.org/10.1016/j.gene.2017.05.026

Chen, Z., Li, X., Guo, P. and Wang, D. (2021) MYBPC2 and MYLI1 as Significant
Gene Markers for Rhabdomyosarcoma. Technology in Cancer Research & Treat-
ment, 20, 153303382097966. https://doi.org/10.1177/1533033820979669

Li, C., Guan, R,, Li, W., Wei, D., Cao, S., Chang, F., et al (2023) Analysis of Myosin
Genes in HNSCC and Identify MYLI as a Specific Poor Prognostic Biomarker,
Promotes Tumor Metastasis and Correlates with Tumor Immune Infiltration in
HNSCC. BMC Cancer, 23, Article No. 840.
https://doi.org/10.1186/s12885-023-11349-5

Yuan, C.-C., Kazmierczak, K., Liang, J., Ma, W, Irving, T.C. and Szczesna-Cordary,
D. (2022) Molecular Basis of Force-pCa Relation in MYL2 Cardiomyopathy Mice:
Role of the Super-Relaxed State of Myosin. Proceedings of the National Academy of
Sciences, 119, €2110328119. https://doi.org/10.1073/pnas.2110328119

Bornhauser, B.C. and Lindholm, D. (2005) MSAP Enhances Migration of C6 Glio-
ma Cells through Phosphorylation of the Myosin Regulatory Light Chain. Cellular
and Molecular Life Sciences, 62, 1260-1266.
https://doi.org/10.1007/s00018-005-5055-x

Iguchi, Y., Ishihara, S., Uchida, Y., Tajima, K., Mizutani, T., Kawabata, K., et al
(2015) Filamin B Enhances the Invasiveness of Cancer Cells into 3D Collagen Ma-
trices. Cell Structure and Function, 40, 61-67. https://doi.org/10.1247/csf. 15001

Chen, A.S., Wardwell-Ozgo, J., Shah, N.N., Wright, D., Appin, C.L., Vigneswaran,
K., et al (2019) Drak/STK17a Drives Neoplastic Glial Proliferation through Modu-
lation of MRLC Signaling. Cancer Research, 79, 1085-1097.
https://doi.org/10.1158/0008-5472.can-18-0482

Bae, J., Kumazoe, M,, Lee, K., Fujimura, Y. and Tachibana, H. (2023) 67-kDa Lam-
inin Receptor Mediates Oolonghomobisflavan B-Induced Cell Growth Inhibition in
Melanoma. Phytomedicine, 118, Article 154970.
https://doi.org/10.1016/j.phymed.2023.154970

Bae, J., Kumazoe, M., Murata, K., Fujimura, Y. and Tachibana, H. (2020) Procya-
nidin C1 Inhibits Melanoma Cell Growth by Activating 67-kDa Laminin Receptor

DOI: 10.4236/jbm.2024.126018

214 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.126018
https://doi.org/10.1016/j.ceb.2019.02.010
https://doi.org/10.1016/j.ccell.2019.12.003
https://doi.org/10.1387/ijdb.113336ld
https://doi.org/10.3389/fphys.2018.01724
https://doi.org/10.1093/hmg/ddy320
https://doi.org/10.1016/j.gene.2017.05.026
https://doi.org/10.1177/1533033820979669
https://doi.org/10.1186/s12885-023-11349-5
https://doi.org/10.1073/pnas.2110328119
https://doi.org/10.1007/s00018-005-5055-x
https://doi.org/10.1247/csf.15001
https://doi.org/10.1158/0008-5472.can-18-0482
https://doi.org/10.1016/j.phymed.2023.154970

L.C. Chenetal.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Signaling. Molecular Nutrition & Food Research, 64, Article 1900986.
https://doi.org/10.1002/mnfr.201900986

Goel, N., Huddleston, C.B. and Fiore, A.C. (2018) A Novel Mutation of the MYH?7
Gene in a Patient with Hypertrophic Cardiomyopathy. The Turkish Journal of Pe-
diatrics, 60, 315-318. https://doi.org/10.24953/turkjped.2018.03.013

Abdallah, A.M.,, Carlus, S.J., Al-Mazroea, A.H., Allugmani, M., Almohammadi, Y.,
Bhuiyan, Z.A., et al. (2019) Digenic Inheritance of LAMA4 and MYH7 Mutations in
Patient with Infantile Dilated Cardiomyopathy. Medicina, 55, Article 17.
https://doi.org/10.3390/medicina55010017

Carbonell-Corvillo, P., Tristan-Clavijo, E., Cabrera-Serrano, M., Servian-Morilla, E.,
Garcia-Martin, G., Villarreal-Pérez, L., et al. (2018) A Novel MYH7 Founder Muta-
tion Causing Laing Distal Myopathy in Southern Spain. Neuromuscular Disorders,
28, 828-836. https://doi.org/10.1016/j.nmd.2018.07.006

Lu, S.H., Lee, K, Hsu, P.W,, Su, L., Yeh, Y., Pan, C,, ef al (2022) Alternative Splic-
ing Mediated by RNA-Binding Protein RBM24 Facilitates Cardiac Myofibrillogene-
sis in a Differentiation Stage-Specific Manner. Circulation Research, 130, 112-129.
https://doi.org/10.1161/circresaha.121.320080

Huang, S., Wu, Y., Chen, S., Yang, Y., Wang, Y., Wang, H., et al (2021) Novel In-
sertion Mutation (Argl822_Glul823dup) in MYH6 Coiled-Coil Domain Causing
Familial Atrial Septal Defect. European Journal of Medical Genetics, 64, Article
104314. https://doi.org/10.1016/j.ejmg.2021.104314

Theis, J.L., Hu, J.J., Sundsbak, R.S., Evans, J.M., Bamlet, W.R., Qureshi, M.Y., et al.
(2021) Genetic Association between Hypoplastic Left Heart Syndrome and Cardio-
myopathies. Circulation: Genomic and Precision Medicine, 14, €003126.
https://doi.org/10.1161/circgen.120.003126

Zuo, J.-Y., Chen, H.-X,, Liu, Z.-G., Yang, Q. and He, G.-W. (2022) Identification
and Functional Analysis of Variants of MYH6 Gene Promoter in Isolated Ventricu-
lar Septal Defects. BMC Medical Genomics, 15, Article No. 213.
https://doi.org/10.1186/s12920-022-01365-y

Sonoda, K., Ishihara, H., Sakazaki, H., Suzuki, T., Horie, M. and Ohno, S. (2021)
Long-Read Sequence Confirmed a Large Deletion Including MYH6 and MYH” in
an Infant of Atrial Septal Defect and Atrial Arrhythmias. Circulation: Genomic and
Precision Medicine, 14, e003223. https://doi.org/10.1161/circgen.120.003223

Baskar, D., Vengalil, S., Nashi, S., Bardhan, M., Srivastava, K., Sanka, S.B., et al
(2023) MYH2-Related Myopathy: Expanding the Clinical Spectrum of Chronic
Progressive External Ophthalmoplegia (CPEO). Journal of Neuromuscular Diseas-
es, 10, 727-730. https://doi.org/10.3233/jnd-230017

Vachani, A., Nebozhyn, M., Singhal, S., Alila, L., Wakeam, E., Muschel, R., et al
(2007) A 10-Gene Classifier for Distinguishing Head and Neck Squamous Cell Car-
cinoma and Lung Squamous Cell Carcinoma. Clinical Cancer Research, 13,
2905-2915. https://doi.org/10.1158/1078-0432.ccr-06-1670

Ju, G., Yao, Z., Zhao, Y., Zhao, X. and Liu, F. (2023) Data Mining on Identifying
Diagnosis and Prognosis Biomarkers in Head and Neck Squamous Carcinoma. Sci-
entific Reports, 13, Article No. 10020.

https://doi.org/10.1038/s41598-023-37216-8

DOI: 10.4236/jbm.2024.126018

215 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.126018
https://doi.org/10.1002/mnfr.201900986
https://doi.org/10.24953/turkjped.2018.03.013
https://doi.org/10.3390/medicina55010017
https://doi.org/10.1016/j.nmd.2018.07.006
https://doi.org/10.1161/circresaha.121.320080
https://doi.org/10.1016/j.ejmg.2021.104314
https://doi.org/10.1161/circgen.120.003126
https://doi.org/10.1186/s12920-022-01365-y
https://doi.org/10.1161/circgen.120.003223
https://doi.org/10.3233/jnd-230017
https://doi.org/10.1158/1078-0432.ccr-06-1670
https://doi.org/10.1038/s41598-023-37216-8

	Bioinformatics Analysis of the Biological Properties of Ewing Sarcoma
	Abstract
	Keywords
	1. Backgrounds
	2. Materials and Methods
	2.1. General Materials
	2.2. Expression Analysis of Differential Genes
	2.3. GO Function and KEGG Signaling Pathway Enrichment Analysis
	2.4. PPI and Core Module Analysis
	2.5. Hub gene localization

	3. Results
	3.1. Acquisition of DEmRNAs
	3.2. GO and KEGG Enrichment Analysis
	3.3. Protein Mutual Network Construction and Module Analysis of Common Differentially Expressed Genes
	3.4. Gene Localization Analysis
	3.5. Targeted Gene Screening

	4. Discussion
	Fund Projects
	Data Availability
	Authors’ Contributions
	Acknowledgements
	Conflicts of Interest
	References

