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Abstract

Objective To screen and analyze the differentially expressed genes of Ewing’s
sarcoma (ES) and Tuberculosis (TB) by bioinformatics. Methods GEO gene
chip public database in NCBI was used for data retrieval, and chip data
GSE17674 and GSE57736 were selected as analysis objects. The R language
limma toolkit was used to screen DEmRNAs, and the data were standardized,
and the common differentially expressed genes were screened by Venn dia-
gram. The GO function and KEGG pathway enrichment of common differ-
entially expressed genes were analyzed by using the R cluster Profiler pack-
age. String database was selected for PPI analysis, and the results were im-
ported into Cytoscape software to obtain PPI interaction map, core module
and Hub gene. Import Hub gene into BioGPS database. Results: A total of 3
Hub genes were screened, namely CD3D, LCK, KLRB1; The genes were im-
ported into BioGPS database to obtain the specific genes. Conclusion The se-
lected differential genes and related signaling pathways are helpful to under-
stand the molecular mechanism of ES and TB, and can provide the basis for
early diagnosis of ES complicated with TB. It also provides new ideas for
clinical treatment and diagnosis.

Keywords
ES, NFH, Bioinformatics Analysis, Differential Gene, Signal Path

1. Background

Tuberculosis (TB) is a multisystem disease caused by infection with Mycobacte-
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rium tuberculosis. TB has variable clinical manifestations, and the organs com-
monly involved include respiratory, gastrointestinal, lymphatic, skin, central
nervous system and other systems [1] [2], among which nearly 75% of patients
are mainly affected in the lungs [3], making lung disease the most common
manifestation. Tuberculosis is one of the top 10 causes of death worldwide, and
the World Health Organization (WHO) estimates that 1.8 billion people (about
a quarter of the global population) are infected with Mycobacterium tuberculosis
[4]. In 2020, 101 million people developed TB, compared to 106 million in 2021,
and 1.5 million people died from TB in 2020, compared to 1.6 million in 2021. In
addition, there was a 3.6% increase in TB incidence in 2021 compared to 2020,
which is a reversal of the nearly 2% annual decline over the past 20 years [5]. It is
well known that adolescence is a period of increased risk and burden of tuber-
culosis, and both the prevalence of mycobacterium tuberculosis infection and
the incidence of tuberculosis have increased significantly [6], the reasons for
which are not fully understood and may be related to the increased susceptibility
of adolescents to mycobacterium tuberculosis.

Ewing sarcoma (ES) is the second most common primary malignant bone
tumor in children, adolescents and young adults after osteosarcoma, accounting
for 10% - 15% of all osteosarcomas [7]. Ewing’s sarcoma is highly aggressive and
characterized by rapid tumor growth and active metastasis. Most Ewing sarco-
mas are bony and most often involve the bones, especially the long bones, pelvis,
and ribs, with the most common occurrence occurring in the shaft of the long
tubular bone [8] [9]. However, 20% to 30% of ES may be extrasolar and can oc-
cur in soft tissues, such as the thoracic wall or pleural cavity [10]. Translocations
are commonly present in tumor cells, and somatic chromosomal translocations
that fuse the Ewing sarcoma Breakpoint Region 1 (EWSR1) gene with members
of the ETS transcription factor family have always been observed in Ewing sar-
coma. EWSRI fuses the Friend leukemia Integration 1 (FLI1) transcription fac-
tor to produce EWSRI1-FLI1 fusion protein (also known as EWS-FLI1). Many
studies have shown that EWS-FLI1 t (11; 22) (q24; q12) is the most common
translocation, seen in 85% of patients with Ewing’s sarcoma (11; 22) (q24; q12)
Translocation fuses the 5’ end of EWSR1 to the 3’ end of FLI1, producing the fu-
sion protein EWSR1-flil [8] [11] [12]. EWSR1-FLI1 binds to chromatin and can
change the epigenetic state, thereby altering gene expression and leading to the
occurrence of tumors [13]. Bone tumor microenvironment (TME) plays an im-
portant role in tumor genesis, development and metastasis, and its cell composi-
tion and physical properties can affect the biological behavior of cancer cells. In
the process of tumor growth, hypoxia is an important regulator of angiogenesis
[14], and the transcription factor hypoxia-inducible factor 1 (HIF-1) is a major
regulator of hypoxia. For example, in osteosarcoma and Ewing’s sarcoma [15],
under hypoxic TME, HIF-1 directly activates the transcription of pro-angiogenesis
genes, including VEGF, and promotes angiogenesis [16] [17]. In addition to reg-

ulating angiogenesis, hypoxia is directly related to the progression, metastasis,
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and patient prognosis of osteosarcoma. Thus, hypoxia enhances the expression
and transcriptional function of the EWS/FLI1 fusion protein in a HIF-1-dependent
manner in Ewing’s sarcoma cells, thereby increasing its aggressiveness [18]. In
addition, HIF-1 can also activate signaling pathways such as Akt and STATS3
signaling pathways to promote the proliferation and migration of osteosarcoma
cells [19] [20]. Studies have shown that the expression of HIF-1a remains ele-
vated in granulomas of patients with active tuberculosis [21]. In conclusion, TB
can be used as a risk factor for ES metastasis, but whether the two are related at
the genetic level remains unclear. Therefore, it is urgent to explore new thera-
peutic targets to provide theoretical basis for clinical treatment of ES complicat-
ed with TB.

In summary, through bioinformatics analysis of ES and TB collected in Gene
Expression Omnibus (GEO) and their control population gene chip data, this
study studied the common key genes and their molecular networks and explored
the possible molecular biological functions involved. It provides some theoretical
reference for revealing the potential correlation and molecular mechanism of the

two.

2. Materials
2.1. Obtaining Data

We searched for “Ewing’s Sarcoma” and “Tuberculosis” in gene expression om-
nibus (GEO) of the National Center for Biotechnology Information, respectively.
The original data of ES patient data chip GSE17674 and TB patient data chip
GSE57736 were obtained. Differential expression analysis of ES and TB disease
mRNA microarray data was conducted based on R-language limma package
screening for differentially expressed genes [22]. The logarithmic absolute value
of the test statistic P < 0.05 and the fold change (FC) |log FC| > 2 were set as
screening conditions. They were screened for differentially expressed mRNAs
(DEmRNAs). The intersection of the differential genes of ES and NFH diseases

was used to obtain the common target genes of both

2.2. GO Function and KEGG Signal Pathway Enrichment Analysis

The R clusterProfiler package was used for GO and KEGG enrichment analysis,
and the GO function of the two common DEmRNAs was enriched to analyze the
biological processes involved in them, and the KEGG signaling pathway was en-

riched at the same time.

2.3. PPI and Core Module Analysis

Degs were analyzed using the search tool for the retrieval of interacting genes/
proteins (STRING) 11.0 online tool. The calculation results of STRING were
imported into Cytoscape 3.9.1 software, and the plug-ins CytoNCA, Cytohubba
and MCODE were used as the protein interaction network diagram to co-express

core genes and modules.
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2.4. Hub Gene Localization

Tissue localization of HUB gene was performed using online database BioGPS
(http://biogps.org/#goto=welcome). The highest intertissue expression level was
greater than twice the second expression level, indicating that HUB gene can be

used as a common expression marker gene for ES and OP.

3. Results
3.1. Identification of Comorbidity mRNA

The R language limma package was used to analyze the differential expression of
gene chips for the two diseases respectively, and it was found that the expression
levels of most genes were basically consistent, indicating that the data was suita-

ble for further analysis, as shown in Figure 1.
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Figure 1. Box map of gene expression. Note: A is GSE57736 data chip box diagram,
bGSE17674 data chip box diagram; Blue is the normal group, red is the experimental
group, and the black lines in the figure are basically the same straight line, indicating that
the total gene expression is consistent, which can be analyzed in the next step.
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By analyzing the above data set, a total of 300 differential genes were identified
between TB patients and normal individuals, and a total of 3029 differential
genes were identified between ES patients and normal individuals (Figure 2).
We identified the intersection of these two datasets and obtained a total of 55

co-expressed genes, shown in Venn diagram (Figure 2).

OP

300 55 3029

Figure 2. Wayne diagram of ES and NFH intersection genes.

3.2. Intersection Gene GO and KEGG Enrichment Analysis

GO and KEGG pathway enrichment analysis of ES and NFH common target
genes was performed by using R clusterProfiler package. The signaling pathways
in Biological Processes (BP), Cellular Components (CC), Molecular Functions
(MF) and KEGG were analyzed respectively. As can be seen:

1) BP function is mainly enriched in the positive regulation of interleukin—8
production, viral life cycle, viral process, the biological process involved in in-
teraction with host and other aspects; 2) CC function is mainly concentrated in
the intrinsic component of endoplasmic reticulum membrane, an integral
component of endoplasmic reticulum membrane, etc. 3) MF is mainly con-
centrated in nuclear retinoid X receptor binding, nuclear receptor binding,
nuclear receptor coactivator activity, and nuclear retinoic acid receptor bind-
ing, etc. 4) There was no significant enrichment of the KEGG pathway, as

shown in Figure 3.

3.3. Construction of Common Expression PPI and Prediction of
Core Genes

Using STRING online tool, 55 common DEmRNAs were analyzed, and the
minimum interaction score was set as 0.4, and the interaction diagram consist-
ing of 15 nodes and 62 connections was obtained. The PPI interaction diagram
was obtained after the calculation result of STRING was imported into Cyto-
scape 3.9.1 software, as shown in Figure 4. Generic expression gene modules
were obtained by MOCDE algorithm in Cytoscape plugin (Figure 5). Three Hub
genes were obtained through 10 algorithms including MCC, DMNC and MNC
in CytoHubba plug-in (Figure 5), namely CD3D, LCK and KLRBI1.
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Figure 3. GO functional enrichment analysis and KEGG pathway analysis. Note: (a): BP,
(b): CC, (c): MF.
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Figure 4. PPI network of differential genes.
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Figure 5. Core module of Hub gene and core genes.

4. Discussion

Immune cell infiltration is an indicator of host immune response to cancer an-
tigens [23]. In addition, functional enrichment analysis showed that CD3D
plays an important role in inflammation and immune responses. High expres-
sion of CD3D is significantly enriched in antigen processing and presentation,
cell adhesion molecules, cytokine-cytokine receptor interactions, and B-receptor
signaling pathways. Antigen processing and presentation are essential for a
successful humoral response [24]. Increased antigen presentation can lead to
adaptive immune responses, including antibody production [25]. In addition,
adhesion molecules are critical for immune cell homing to inflamed tissues
and lymphatic organs and play an important role in immune homeostasis in
both health and disease [26]. In addition, cytokine-cytokine receptor interac-
tions and B-cell receptor signaling pathways are closely related to the tumor
immune microenvironment and are crucial for tumor immune response [27].
In addition, the JAK/STAT pathway was enriched in the group with high
CD3D expression. The JAK/STAT cytokine signaling pathway is associated
with proliferation, immune and inflammatory responses [28]. Most cytokines
involved in the immune response use the JAK/STAT signaling pathway [29].
These findings confirm that elevated levels of CD3D expression may be caused
by an anti-tumor immune response that recruits and activates various types of
immune cells.

Lck expression has been detected in a variety of solid cancers, including breast
cancer [30]-[33], colon cancer [34]-[36] and lung cancer [37] [38]. These obser-
vations lead to the hypothesis that Lck may have a cancer-promoting function
and may therefore represent a potential diagnostic biomarker and therapeutic
target for solid cancers. In fact, Lck inhibitors are not only used to treat leuke-
mia, but also various solid cancers [39].

The expression of Lck in patients with cholangiocarcinoma is associated with
tumor recurrence [40]. Treatment of bile duct cancer cells with the SFK inhibi-
tor dasatinib showed tumor inhibition in both in vitro and in vivo models. In
this form of cancer, the molecular pathologic mechanisms of Lck in tumor de-
velopment have been studied more closely. Transcriptional coactivator Yes asso-

ciated protein (YAP), which can be induced by PDGF receptor signaling, plays
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an important role in the pathogenesis of cholangiocarcinoma [41] and has been
found to be regulated by Lck. Figure 2) [40]. Lck phosphorylation of YAP (at
Y357), dasatinib and SirNA-targeted Lck knockout blocked YAP tyrosine phos-
phorylation. In addition, treatment of bile duct cancer cells with dasatinib in-
duced the redistribution of YAP from the nucleus to the cytoplasm and
down-regulated the expression of YAP target genes involved in carcinogenesis
[40].

Lck also appears to play a role in cancer stem cells (CSC) in endometrioid
cancer models [40]. In this form of cancer, the cell surface complement inhibitor
CD55 regulates self-renewal and cisplatin resistance in a complement-independent
manner. Interestingly, CD55 is signaled by the transmembrane adaptor protein
LIME (Lck interacting Transmembrane adaptor) (Figure 2) [40], which we have
determined interacts with Lck [41]. Inhibition of LIME expression in CSC leads
to reduced levels of active Lck and impaired CD55-mediated signaling. In addi-
tion, Lck plays a role in the upregulation of genes associated with DNA repair,
including MLH1 and BRCA1, and in the resistance of CSC to cisplatin. In fact,
treating these cells with the Fyn/Lck inhibitor saracatinib or inhibiting Lck with
shRNA can make CSC sensitive to cisplatin [40]. Taken together, these data
suggest that Lck represents a new and important target for tumor therapy by
modulating migration, tumor growth, and cancer dryness.

KLRB1 is down-regulated at both gene and protein levels in most tumors,
which is consistent with previous findings [42]. Interestingly, KLRB1 expression
in kidney cancer tissues (KIRC and KIRP) showed the opposite result. A previ-
ous study reported that KLRB1 is generally associated with a good prognosis
[43]. Our results also confirmed that patients with higher KLRB1 expression
achieved longer survival in different cancers such as breast cancer, melanoma
and thyroid cancer. Unlike these cancers, patients with low-grade gliomas with
high KLRB1 expression have a poorer prognosis. For patients with hepatocellu-
lar carcinoma, co-expression of CD161 and IL-7R can enhance the expression of
IL-2, TNF-aa and perforin, which can improve prognosis [40]. In addition, we
found that patients with liver cancer expressing KLRB1 had longer PFI. Recent
studies on oropharyngeal squamous cell carcinoma have shown that down-regulation
of CD161 can lead to immune escape of cancer cells [44], while IL-17 and IFN-y
produced by CD161 + T cells can reduce tumor load and improve OS [45]. In
addition, another study reported that KLRB1 was also associated with favorable
outcomes in non-small cell lung cancer [46], which is consistent with our find-
ings. We also investigated the relationship between patient clinical phenotype
and KLRB1 expression. Notably, KLRBI1 expression was significantly associated
with age in 11 types of cancer, which may help guide clinical treatment protocols
and drug selection. Our study also found that the higher the tumor stage, the
lower the KLRBI expression level in LUAD, SKCM, THCA and TGCT. These
results all suggest that KLRB1 can be used as prognostic-related predictors of

different cancers and may play a functional role in a variety of tumors.
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In this study, bioinformatics methods were used to select suitable gene data
chips through GEO database, and R language was used to screen differentially
expressed genes related to the incidence of ES and ONFH. The differentially ex-
pressed genes in the two datasets were mapped with volcano maps, and 668
common differentially expressed genes were obtained by intersection of the
co-expressed genes with Venn map. GO, KEGG and KEGG enrichment analysis
of differential genes showed that differential genes were mainly enriched in
muscle structure development and actin cytoskeleton tissue, and were related to
striated muscle contraction pathway and RUNX3 regulation of CDKNI1A tran-
scription. As the therapeutic target of ES, EWS/FLI is currently only found to be
expressed in ES, and RUNX protein is closely related to the Runt domain of
EWS/FLI. There are three subtypes of RUNX, RUNX1 and RUNX3 can promote
the occurrence of various tumors, and RUNX3 can be detected in all ES tumors.
In this study, it was found that the signaling pathways involved in DEGs mainly
focused on RUNX3’s regulation of CDKNI1A transcriptional signal transduction
pathways and other aspects, which is consistent with the above-mentioned skel-
etal immune mechanisms and provides a direction for further research on which
factors in the immune system are involved.

CD5 + B cells (also known as B1 cells) are a group of congenital B cells re-
sponsible for the production of natural antibodies, rapid humoral immunity and
immune regulation, which can produce IL-10 and inhibit T cell response, and
CD5 cells are significantly increased in TB patients [47]-[49]. However, CXCR6
was not significantly associated with TB and ES, Shahd Ezzeldin et al also re-
ported that CD5 was significantly expressed in the metastasis of Ewing’s sar-
coma in early childhood, and the Hub gene we screened also contained CD5
genes, indicating that CD5 can be used as an early landmark molecule of TB and
ES, but how the two are interconnected through CD5 remains to be further
studied.

5. Summary and Outlook

All of these genes are involved in the occurrence and development of ES and
ONFH to varying degrees, especially many of them are related to inflammation
and immune function abnormalities, which provides new ideas for further re-
search on the role and correlation of the immune system in the pathogenesis of
the two.

In summary, the target genes related to both diseases were explored through
data mining, which on the one hand provided a new early warning indicator for
ES combined with ONFH, and on the other hand, provided a reference for the

next step to reveal the mechanism of the association between the two.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

DOI: 10.4236/jbm.2024.128009

136 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128009

J. Huang et al.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Mbubh, T.P., Ane-Anyangwe, 1., Adeline, W., et al (2019) Bacteriologically Con-
firmed Extra Pulmonary Tuberculosis and Treatment Outcome of Patients Con-
sulted and Treated under Program Conditions in the Littoral Region of Cameroon.
BMC Pulmonary Medicine, 19, Article No. 17.
https://doi.org/10.1186/s12890-018-0770-x

Mathiasen, V.D., Andersen, P.H., Johansen, LS., ef al (2020) Clinical Features of
Tuberculous Lymphadenitis in a Low-Incidence Country. International Journal of
Infectious Diseases, 98, 366-371. https://doi.org/10.1016/.ijid.2020.07.011

Sudrez, 1., Finger, S.M., Kroger, S., et al (2019) The Diagnosis and Treatment of
Tuberculosis. Deutsches Arzteblatt International, 116, 729-735.

Houben, R.M. and Dodd, P.J. (2016) The Global Burden of Latent Tuberculosis In-

fection: A Re-Estimation Using Mathematical Modelling. PLOS Medicine, 13,
E1002152. https://doi.org/10.1371/journal.pmed.1002152

Bagcchi, S. (2023) WHO’s Global Tuberculosis Report 2022. The Lancet Microbe, 4,

E20. https://doi.org/10.1016/S2666-5247(22)00359-7

Snow, K.J., Cruz, A.T., Seddon, J.A., et al (2020) Adolescent Tuberculosis. The
Lancet Child & Adolescent Health, 4, 68-79.
https://doi.org/10.1016/S2352-4642(19)30337-2

Barrett, C., Budhiraja, A., Parashar, V., et a/ (2021) The Landscape of Regulatory
Noncoding RNAs in Ewing’s Sarcoma. Biomedicines, 9, Article 933.
https://doi.org/10.3390/biomedicines9080933

Tsibulnikov, S., Fayzullina, D., Karlina, I., ef a/ (2023) Ewing Sarcoma Treatment:
A Gene Therapy Approach. Cancer Gene Therapy, 30, 1066-1071.
https://doi.org/10.1038/s41417-023-00615-0

Ferguson, J.L. and Turner, S.P. (2018) Bone Cancer: Diagnosis and Treatment Prin-
ciples. American Family Physician, 98, 205-213.

Dupuy, M., Lamoureux, F., Mullard, M., ef al (2023) Ewing Sarcoma from Molecu-
lar Biology to the Clinic. Frontiers in Cell and Developmental Biology, 11, Article
1248753. https://doi.org/10.3389/fcell.2023.1248753

Li, M. and Chen, C. (2022) Epigenetic and Transcriptional Signaling in Ewing Sar-
coma—Disease Etiology and Therapeutic Opportunities. Biomedicines, 10, Article

1325. https://doi.org/10.3390/biomedicines10061325

Morales, E., Olson, M., Iglesias, F., et al (2020) Role of Immunotherapy in Ewing
Sarcoma. Journal for Inmunotherapy of Cancer, 8, E653.

https://doi.org/lo. 1136/jitc-2020-000653
Li, M. and Chen, C. (2022) Regulation of Metastasis in Ewing Sarcoma. Cancers, 14,
Article 4902. https://doi.org/10.3390/cancers14194902

Liao, D. and Johnson, R.S. (2007) Hypoxia: A Key Regulator of Angiogenesis in
Cancer. Cancer and Metastasis Reviews, 26, 281-290.

https://doi.org/lo.1007/510555—007—9066—)[
Zeng, W., Wan, R., Zheng, Y., ef al (2011) Hypoxia, Stem Cells and Bone Tumor.
Cancer Letters, 313, 129-136. https://doi.org/10.1016/j.canlet.2011.09.023

Forsythe, J.A,, Jiang, B., Iyer, N.V,, et al (1996) Activation of Vascular Endothelial
Growth Factor Gene Transcription by Hypoxia-Inducible Factor 1. Molecular and
Cellular Biology, 16, 4604-4613. https://doi.org/10.1128/MCB.16.9.4604

Krock, B.L., Skuli, N. and Simon, M.C. (2012) Hypoxia-Induced Angiogenesis:

DOI: 10.4236/jbm.2024.128009

137 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128009
https://doi.org/10.1186/s12890-018-0770-x
https://doi.org/10.1016/j.ijid.2020.07.011
https://doi.org/10.1371/journal.pmed.1002152
https://doi.org/10.1016/S2666-5247(22)00359-7
https://doi.org/10.1016/S2352-4642(19)30337-2
https://doi.org/10.3390/biomedicines9080933
https://doi.org/10.1038/s41417-023-00615-0
https://doi.org/10.3389/fcell.2023.1248753
https://doi.org/10.3390/biomedicines10061325
https://doi.org/10.1136/jitc-2020-000653
https://doi.org/10.3390/cancers14194902
https://doi.org/10.1007/s10555-007-9066-y
https://doi.org/10.1016/j.canlet.2011.09.023
https://doi.org/10.1128/MCB.16.9.4604

J. Huang et al.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

Good and Evil. Genes & Cancer, 2, 1117-1133.
https://doi.org/lo. 1177/1947601911423654

Aryee, D.N., Niedan, S., Kauer, M., et al (2010) Hypoxia Modulates EWS-FLI1
Transcriptional Signature and Enhances the Malignant Properties of Ewing’s Sar-
coma Cells in Vitro. Cancer Research, 70, 4015-4023.
https://doi.org/10.1158/0008-5472.CAN-09-4333

Zhang, D., Cui, G., Sun, C,, et al (2019) Hypoxia Promotes Osteosarcoma Cell Pro-
liferation and Migration Through Enhancing Platelet-Derived Growth Fac-
tor-BB/Platelet-Derived Growth Factor Receptor-p Axis. Biochemical and Biophys-
ical Research Communications, 512, 360-366.
https://doi.org/10.1016/j.bbrc.2019.03.040

Zhang, B., Li, Y., Zhao, ., et al (2018) Hypoxia-Inducible Factor-1 Promotes Can-
cer Progression Through Activating AKT/Cyclin D1 Signaling Pathway in Osteo-

sarcoma. Biomedicine & Pharmacotherapy, 105, 1-9.
https://doi.org/10.1016/j.biopha.2018.03.165

Shi, L., Eugenin, E.A. and Subbian, S. (2016) Immunometabolism in Tuberculosis.
Frontiers in Immunology, 7, Article 150. https://doi.org/10.3389/fimmu.2016.00150
Sean, D. and Meltzer, P.S. (2007) GEOquery: A Bridge Between the Gene Expres-
sion Omnibus (GEQ) and BioConductor. Bioinformatics, 23, 1846-1847.
https://doi.org/10.1093/bioinformatics/btm254

Goll, J.B,, Li, S., Edwards, J.L., et al (2020) Transcriptomic and Metabolic Respons-
es to a Live-Attenuated Francisella Tularensis Vaccine. Vaccines, 8, Article 412.
https://doi.org/10.3390/vaccines8030412

Ibrahim, E.H., Kilany, M., Mostafa, O., et al (2019) TH1/TH2 Chemo-
kines/Cytokines Profile in Rats Treated with Tetanus Toxoid and Euphorbia Tiru-
calli. Saudi Journal of Biological Sciences, 26, 1716-1723.
https://doi.org/10.1016/].sjbs.2018.08.005

Jin, Y., Gao, H., Jorgensen, R., ef al (20200 Mechanisms of Wheat Allergenicity in
Mice: Comparison of Adjuvant-Free vs. Alum-Adjuvant Models. International
Journal of Molecular Sciences, 21, Article 3205.
https://doi.org/10.3390/ijms21093205

Liu, G., Yuan, C., Ma, J., et al (2021) Influence of Immune Microenvironment on
Diagnosis and Prognosis of Head and Neck Squamous Cell Carcinoma. Frontiers in
Oncology, 11, Article 604784. https://doi.org/10.3389/fonc.2021.604784

Kucinski, I., Dinan, M., Kolahgar, G., et al (2017) Chronic Activation of JNK
JAK/STAT and Oxidative Stress Signalling Causes the Loser Cell Status. Nature
Communications, 8, Article No. 136. https://doi.org/10.1038/s41467-017-00145-y
Iyer, A.K,, Liu, J., Gallo, R M., et al (2015) STAT3 Promotes CD1d-Mediated Lipid
Antigen Presentation by Regulating a Critical Gene in Glycosphingolipid Biosyn-
thesis. Immunology, 146, 444-455. https://doi.org/10.1111/imm.12521

Santpere, G., Alcaraz-Sanabria, A., Corrales-Sanchez, V., Pandiella, A., Gyorfty, B.
and Ocana, A. (2018) Transcriptome Evolution from Breast Epithelial Cells to Ba-
sal-Like Tumors. Oncotarget, 9, 453-463. https://doi.org/10.18632/oncotarget.23065
Wu, T., Wang, X,, Li, J., Song, X., Wang, Y., Wang, Y., Zhang, L., Li, Z. and Tian, J.
(2015) Identification of Personalized Chemoresistance Genes in Subtypes of Ba-
sal-Like Breast Cancer Based on Functional Differences Using Pathway Analysis.

PLOS ONE, 10, E0131183. https://doi.org/10.1371/journal.pone.0131183

Chakraborty, G., Rangaswami, H., Jain, S. and Kundu, G.C. (2006) Hypoxia Regu-
lates Cross-Talk Between Syk and Lck Leading to Breast Cancer Progression and

DOI: 10.4236/jbm.2024.128009

138 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128009
https://doi.org/10.1177/1947601911423654
https://doi.org/10.1158/0008-5472.CAN-09-4333
https://doi.org/10.1016/j.bbrc.2019.03.040
https://doi.org/10.1016/j.biopha.2018.03.165
https://doi.org/10.3389/fimmu.2016.00150
https://doi.org/10.1093/bioinformatics/btm254
https://doi.org/10.3390/vaccines8030412
https://doi.org/10.1016/j.sjbs.2018.08.005
https://doi.org/10.3390/ijms21093205
https://doi.org/10.3389/fonc.2021.604784
https://doi.org/10.1038/s41467-017-00145-y
https://doi.org/10.1111/imm.12521
https://doi.org/10.18632/oncotarget.23065
https://doi.org/10.1371/journal.pone.0131183

J. Huang et al.

(32]

(33]

(34]

(35]

(36]

(371

(38]

(39]

(40]

(41]

[42]

(43]

(44]

Angiogenesis. Journal of Biological Chemistry, 281, 11322-11331.
https://doi.org/10.1074/jbc.M512546200

Koster, A., Landgraf, S., Leipold, A., Sachse, R., Gebhart, E., Tulusan, A.H., Ronay,
G., Schmidt, C. and Dingermann, T. (1991) Expression of Oncogenes in Human

Breast Cancer Specimens. Anticancer Research, 11, 193-201.

Clarke, C.N., Lee, M.S., Wei, W., Manyam, G., Jiang, Z.Q., Lu, Y., Morris, J., Broom,
B., Menter, D., Vilar-Sanchez E., et al (2017) Proteomic Features of Colorectal
Cancer Identify Tumor Subtypes Independent of Oncogenic Mutations and Inde-
pendently Predict Relapse-Free Survival. Annals of Surgical Oncology, 24,
4051-4058. https://doi.org/10.1245/s10434-017-6054-5

Janikowska, G., Janikowski, T., Pyka-Pajak, A., Mazurek, U., Janikowski, M., Gon-
ciarz, M. and Lorenc, Z. (2018) Potential Biomarkers for the Early Diagnosis of
Colorectal Adenocarcinoma-Transcriptomic Analysis of Four Clinical Stages. Can-
cer Biomarkers, 22, 89-99. https://doi.org/10.3233/CBM-170984

Veillette, A., Foss, F.M., Sausville, E.A., Bolen, J.B. and Rosen, N. (1987) Expression
of the Lck Tyrosine Kinase Gene in Human Colon Carcinoma and Other
Non-Lymphoid Human Tumor Cell Lines. Oncogene Research, 1, 357-374.

Krystal, G.W., DeBerry, C.S., Linnekin, D. and Litz, J. (1998) Lck Associates with
and Is Activated by Kit in a Small Cell Lung Cancer Cell Line: Inhibition of
Scf-Mediated Growth by the Src Family Kinase Inhibitor PP1. Cancer Research, 58,
4660-4666.

Mahabeleshwar, G.H. and Kundu, G.C. (2003) Tyrosine Kinase P56lck Regulates
Cell Motility and Nuclear Factor Kappab-Mediated Secretion of Urokinase Type
Plasminogen Activator Through Tyrosine Phosphorylation of Ikappabalpha Fol-
lowing Hypoxia/Reoxygenation. Journal of Biological Chemistry, 278, 52598-52612.

https://doi.org/10.1074/jbc.M308941200

Lindauer, M. and Dasatinib, H.A. (2014) Dasatinib. In: Martens, U.M., Ed., Small
Molecules in Oncology, Springer, 27-65.
https://doi.org/10.1007/978-3-642-54490-3 2

Sugihara, T., Werneburg, N.W., Hernandez, M.C., Yang, L., Kabashima, A., Hir-
sova, P., Yohanathan, L., Sosa, C., Truty, M.]J., Vasmatzis, G., et al (2018) Yap Ty-
rosine Phosphorylation and Nuclear Localization in Cholangiocarcinoma Cells Are

Regulated by Lck and Independent of Lats Activity. Molecular Cancer Research, 16,
1556-1567. https://doi.org/10.1158/1541-7786.MCR-18-0158

Pei, T., Li, Y., Wang, J., Wang, H., Liang, Y., Shi, H., Sun, B., Yin, D., Sun, J., Song,
R., et al. (2015) Yap Is a Critical Oncogene in Human Cholangiocarcinoma. Onco-
target, 6, 17206-17220. https://doi.org/10.18632/oncotarget.4043

Saygin, C., Wiechert, A., Rao, V.S., Alluri, R., Connor, E., Thiagarajan, P.S., Hale,
J.S., Li Y., Chumakova, A., Jarrar, A., et al. (2017) Cd55 Regulates Self-Renewal and
Cisplatin Resistance in Endometrioid Tumors. Journal of Experimental Medicine,
214, 2715-2732. https://doi.org/10.1084/jem.20170438

Li, Z., Zheng, B., Qiu, X., et al. (2020) The Identification and Functional Analysis of
CD8+PD-1+CD161+T Cells in Hepatocellular Carcinoma. NPJ Precision Oncology,
4, Article No. 28. https://doi.org/10.1038/s41698-020-00133-4

Pleshkan, V., Zinovyeva, M., Vinogradova, T. and Sverdlov, E. (2007) KLRB 1 Gene
Expression Is Suppressed in Human Cancer Tissues. Molecular Genetics, Microbi-
ology and Virology, 22, 137-141. https://doi.org/10.3103/S0891416807040015

Gentles, A.]., Newman, A.M,, Liu, C.L,, et al (2015) The Prognostic Landscape of
Genes and Infiltrating Immune Cells Across Human Cancers. Nature Medicine, 21,

DOI: 10.4236/jbm.2024.128009

139 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128009
https://doi.org/10.1074/jbc.M512546200
https://doi.org/10.1245/s10434-017-6054-5
https://doi.org/10.3233/CBM-170984
https://doi.org/10.1074/jbc.M308941200
https://doi.org/10.1007/978-3-642-54490-3_2
https://doi.org/10.1158/1541-7786.MCR-18-0158
https://doi.org/10.18632/oncotarget.4043
https://doi.org/10.1084/jem.20170438
https://doi.org/10.1038/s41698-020-00133-4
https://doi.org/10.3103/S0891416807040015

J. Huang et al.

(45]

[46]

(47]

(48]

[49]

938-945. https://doi.org/10.1038/nm.3909

Welters, M.]., Ma, W., Santegoets, S.J., et al (2018) Intratumoral HPV16-Specific T
Cells Constitute a Type I-Oriented Tumor Microenvironment to Improve Survival
in HPV16-Driven Oropharyngeal Cancer. Clinical Cancer Research, 24, 634-647.

https://doi.org/10.1158/1078-0432.CCR-17-2140

Kesselring, R., Thiel, A., Pries, R. and Wollenberg, B. (2011) The Number of CD161
Positive Th17 Cells Are Decreased in Head and Neck Cancer Patients. Cellular
Immunology, 269, 74-77. https://doi.org/10.1016/j.cellimm.2011.03.026

Ezzeldin, S., Osama, A., Anwar, A.M., et al (2023) Detection of Early Prognostic
Biomarkers for Metastasis of Ewing’s Sarcoma in Pediatric Patients. Life Sciences,
334, Article 122237. https://doi.org/10.1016/j.1fs.2023.122237

Girma, T., Tsegaye, A., Desta, K., et al (2023) Phenotypic Characterization of Pe-
ripheral B Cells in Mycobacterium Tuberculosis Infection and Disease in Addis
Ababa, Ethiopia. Tuberculosis, 140, Article 102329.

https://doi.org/10.1016/j.tube.2023.102329

Flores-Gonzalez, J., Ramén-Luing, L.A., Romero-Tendilla, J., Urban-Solano, A.,
Cruz-Lagunas, A. and Chavez-Galan, L. (2023) Latent Tuberculosis Patients Have
an Increased Frequency of IFN-)-Producing CD5+ B Cells, Which Respond Effi-
ciently to Mycobacterial Proteins. Pathogens, 12, Article 818.

https://doi.org/10.3390/pathogens12060818

DOI: 10.4236/jbm.2024.128009

140 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.128009
https://doi.org/10.1038/nm.3909
https://doi.org/10.1158/1078-0432.CCR-17-2140
https://doi.org/10.1016/j.cellimm.2011.03.026
https://doi.org/10.1016/j.lfs.2023.122237
https://doi.org/10.1016/j.tube.2023.102329
https://doi.org/10.3390/pathogens12060818

	Bioinformatics Analysis of the Association between Ewing’s Sarcoma and Tuberculosis Comorbidity 
	Abstract
	Keywords
	1. Background
	2. Materials
	2.1. Obtaining Data
	2.2. GO Function and KEGG Signal Pathway Enrichment Analysis
	2.3. PPI and Core Module Analysis
	2.4. Hub Gene Localization

	3. Results
	3.1. Identification of Comorbidity mRNA
	3.2. Intersection Gene GO and KEGG Enrichment Analysis
	3.3. Construction of Common Expression PPI and Prediction of Core Genes

	4. Discussion
	5. Summary and Outlook
	Conflicts of Interest
	References

