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Abstract N\
To provide reliable molecular markers and effective therapeutic targets for chondrosarcoma and glioma. \
Gene Set Enrichment (GSE) 29745 and GSE48420 were downloaded from the Gene Expression Omnibus (GEO) database.
Differently expressed genes (DEGs) were identified by the GEO2R. We annotated the function of common DEGs through Digital
Audio/Video Interactive Decoder (DAVID) and Metascape. Protein—protein interaction network construction was performed through
STRING. Hub genes were identified by the two different algorithms (MCC, EPC). DDX10 and BYSL were key factors in embryo
implantation and development, and plays a role in a variety of cancers. The role of the DDX10 and BYSL on the glioma derived from

the chondrosarcoma would be explored by the clinical samples.

A total of 1442 DEGs were identified. The variations in DEGs were mainly enriched in vasculature development, cell motion, blood
vessel development, cell migration, regulation of cell proliferation, regulation of cell proliferation, wound healing, biological adhesion,
growth factor binding, identical pathways in cancer, and p53 signaling pathway. Dead-box helicase 10 (DDX10), Bystin-like (BYSL),
and WD repeat domain 12 (WDR12) were identified as the hub genes, and the three hub genes were up-regulated in the
chondrosarcoma. Chondrosarcoma patients with high expression levels of DDX10 (Logrank P=.0052; HR (high)=1.8; n (high)=
131, 50%), and BYSL (P=6.5e-05; HR (high)=2.3; n (high)=131, 50%) had poorer overall survival times than those with low
expression levels.

DDX10 and BYSL genes may provide reliable molecular markers and effective therapeutic targets for chondrosarcoma and
glioma.

Abbreviations: AlIB1 = amplified in breast cancer 1, BP = biological process, BYSL = Bystin-like, CC = cellular component,
CD34 = Recombinant Cluster Of Differentiation, C-MYC = cellular-myelocytomatosis viral oncogene, DAVID = Digital Audio/Video
Interactive Decoder, DDX10 = dead-box helicase 10, DEGs = Differently expressed genes, ECM = Extracellular Matrix,
EPC = Endothelial Progenitor Cell, ER = emergency room, FC = fibrillar center, GDFC = glioma derived from the chondrosarcoma,
GEO = Gene Expression Omnibus, GSE = Gene Set Enrichment, HCC = Hepatocellular Carcinoma, Hh = Hedgehog,
HIF = histoplasma tissue inhibitory factor, IGF = Insulin-like Growth Factor, KEGG = Kyoto Encyclopedia of Genes and Genomes,
MAPK = mitogen-activated protein kinase, MCC = Merkel Cell Carcinoma, MCODE = Molecular Complex Detection tool, MF =
molecular function, MG63 = human osteosarcoma cells, NAD = Nicotinamide Adenine Dinucleotide, NDF = nucleolus-derived foci,
NUP98 = Recombinant Nucleoporin98, PNBs = prenucleolar bodies, PPl = protein-protein interaction, PTHrP = Parathyroid
hormone-related peptide, RNA = Ribonucleic Acid, SMAD = drosophila mothers against decapentaplegic, WDR12 = WD repeat
domain 12.
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1. Introduction

Chondrosarcoma is a malignant tumor originating from cartilage
or cartilaginous connective tissue, with a strong ability to invade
locally and cause distant metastasis. And it is the second most
common malignant bone tumor after osteosarcoma, accounting
for about 30% of malignant bone tumors.!"! Histologically,
chondrosarcoma is classified into clear, mucoid, fibrochondro-
sarcoma, mixed type and clear cell type.”?! The disease progresses
slowly in general. Clinical symptoms are related to tumor site,
growth mode and degree of nerve compression. In the early stage,
symptoms are mostly asymptomatic, while in the later stage, pain
and swelling of the affected area may occur. In patients with
chondrosarcoma, there may be lumps in some affected areas.
There is no obvious pain when pressing the lumps. Redness and
fever can be observed around the skin of the affected area. The
movement of adjacent joints is limited, and complications such as
fractures and varicose veins may occur later. With the gradual
enlargement of the mass, it can also produce symptoms of
compression, manifested as weakness, weakness, numbness,
dysfunction and so on. If not treated in time, complications such
as limb paralysis and intestinal obstruction may occur. Presently,
even if the five-year survival livability of patients has been
improved by curative operation combined with chemotherapy,
the overall therapeutic effect is still unsatisfactory.”®! The reason
may be chondrosarcoma is not sensitive to radiotherapy and
chemotherapy. As a result, targeted therapy may become a new
and effective method, and the molecular biological mechanism of
occurrence and development of chondrosarcoma are needed
by the research of targeted drugs. However, the cause of
chondrosarcoma is still unknown, which may be related to
genetic factors, chromosomal abnormalities, gene fusion and
other factors. Furthermore, there is a new research direction for
the pathogenesis of chondrosarcoma with the development of
molecular cytogenetics and modern cytogenetics. And the
chondrosarcoma might transfer to the brain, and the glioma
could occur in the patient. Therefore, it is important to study the
molecular mechanism of chondrosarcoma and glioma.

Bioinformatics is a new interdisciplinary subject which
combines life science and computer science. It mainly studies
the collection, storage, processing, transmission, analysis and
interpretation of biological information. Bioinformatics techni-
ques can be used to process and analyze large amounts of
complex biological data. Microarray data information analysis
has been widely used in the study of tumors and other diseases to
explore the genetic correlation among them.'**! Microarray
analysis technology can simultaneously obtain the expression
information of tens of thousands of genes, and then discover the
genomic changes related to the occurrence and development of
diseases. At present, a large number of studies'®”! have used
bioinformatics technology to analyze differentially expressed
genes in tumor progression, and then studied their roles in
biological processes, molecular functions and signaling path-
ways, and clarified the pathogenesis of diseases, so as to provide
theoretical basis for early diagnosis and treatment. However,
there are a few of studies using the application of bioinformatics
technology into the molecular mechanism of chondrosarcoma
and glioma.

DDX10 (dead-box helicase 10) is a member of the DDX
protein family that encodes Ribonucleic Acid (RNA) helicase.
Many studies have found that DDX10 is abnormally expressed in
ovarian cell carcinoma,® hepatocellular carcinoma,” acute
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myeloid leukemia, osteosarcoma and other tumor
tissues. Bystin (BYSL) is a 306-amino acid protein encoded in
humans by the BYSL gene which is located on the 6p21.1
chromosome. It is conserved across a wide range of eukar-
yotes.3! It is also a key factor in embryo implantation and
development,™ and plays a role in a variety of cancers.'>1¢!
Wang et al established a hepatocellular carcinoma model, and the
final result showed that BYSL is essential for the growth of
Hepatocellular Carcinoma (HCC) cells in vitro and in vivo.
Compared with adjacent non-cancerous tissues, the expression
levels of BYSL mRNA and protein in human liver cancer
specimens increased significantly.™! It is suggested that BYSL
with IGF-I- and amplified in breast cancer 1(AIB1)-dependent
also plays a vital role in the molecular mechanism of the
occurrence and development of breast cancer.!'”! However, their
association with chondrosarcoma has been poorly studied, and
its association with chondrosarcoma and glioma remains
unclear.

In summary, first of all, the effects of radiotherapy and
chemotherapy in the treatment of chondrosarcoma are not
satisfactory. Targeted therapy is likely to become a new effective
treatment method, but new biomarker is still lacking. Secondly,
lots of research have been done on chondrosarcoma, they have
not yet fully elucidated the molecular mechanism of its
pathogenesis. Finally, many studies have shown that DDX10
and BYSL play vital roles in a variety of malignant tumors, but
the evidence for chondrosarcoma and glioma is insufficient.

Therefore, this paper intends to use bioinformatics technology
to excavate the core genes between chondrosarcoma and normal
tissue and conduct enrichment analysis, pathway analysis and
survival analysis. Moreover, the present study aimed to
investigate the functional involvement of DDX10 and BYSL
genes in chondrosarcoma and its potentially underlying mecha-
nism. Finally, it suggested whether DDX10 (dead-box helicase
10) and BYSL (a key factor in embryo implantation and
development) genes could be new targets for the diagnosis and
targeted therapy of chondrosarcoma. Use public data to verify the
role of core genes in chondrosarcoma. And the role of the DDX10
and BYSL on the glioma derived from the chondrosarcoma
would be explored by the experiments.

2. Material and methods

2.1. Dataset

We downloaded tow gene profiles, GSE29745 and GSE48420,
from the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/). The GSE29745 includes 6 chon-
drosarcoma samples and 2 normal cartilage samples, while the
GSE48420 includes 3 chondrosarcoma samples and 3 normal
cartilage samples.

2.2. DEGs identification

We applied GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r),
an online tool based on GEO query and limma R packages, to
identify DEGs between esophagus cancer and normal group. The
cut-off criteria were that P-value <.05 and a log (FC)>1 or log
(FC)<-1.

Log (FC) is the logarithmic value of fold change (FC), meaning
“difference multiples”, and is an important indicator in difference
analysis. When log (FC)> 1, it means that the gene is up-regulated
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relative to the control group; when log (FC) <-1 means that the
gene is relative to the control group down.

2.3. DEGs annotation

DAVID (https://david.ncifcrf.gov/home.jsp) and Metascape
(http://metascape.org/gp/inde x.html) are two powerful annota-
tion tools which can perform the biological process (BP), cellular
component (CC), molecular function (MF) and KEGG analysis
on genes. We annotated the function of common DEGs through
DAVID and Metascape.

2.4. Protein-protein interaction network construction

The Search Tool for the Retrieval of Interacting Genes (STRING)
(http://string-db.org), can convert DEGs into expressed proteins
and construct PPI network. We got PPI network of common
DEGs through STRING, and visualized it by Cytoscape (version
3.8.0, it is available at the official Cytoscape app store: https:/
cytoscape.org/).

2.5. Hub genes identification and expression

Molecular Complex Detection tool (MCODE) (version 1.6.1), an
open plug-in of Cytoscape, was performed to identify significant
module from PPI network. The criteria were that the maximum
depth=100, MCODE scores >3, cut-off=2, k-score=2, and
node score cut-off=0.2. Besides, we also applied cytoHub to
screened out hub genes from key module of MCODE and ranked
them by two different algorithms, MCC, EPC. And the
expression of hub genes was visualized by the R language.

2.5.1. K-score. The larger the value, the smaller the cluster. The
degree of nodes in the subnet must be greater than k.

2.5.2. Node score cut-off. Affects the size of the cluster, the
smaller the value, the smaller the cluster obtained.

2.6. Conventional treatment

Surgery is the best choice for chondrosarcoma. First of all, the
choice of anesthesia is different depending on the tumor growth
site of the patient. Epidural anesthesia or even general anesthesia
are used. The position also needs to be changed according to the
changes in the tumor growth position, such as supine or prone
position, etc. When it comes to approach and exposure,
pathological changes, resection, fixation or placement of
prosthesis, and reconstruction, adopted surgical procedures
and ideas commonly used in China.!*®!

2.7. RT-gPCR assay

A total of 10 participates were recruited, including 5 control
individuals and 5 patients with glioma derived from the
chondrosarcoma. After surgery, 5 glioma tumor samples from
patients with glioma derived from the chondrosarcoma and 5
control brain samples from control individuals were obtained.
The research conformed to the Declaration of Helsinki and was
authorized by the Human Ethics and Research Ethics Commit-
tees of the Cangzhou Central Hospital. The informed consents
were obtained from all participates.

Total RNA was extracted 10 samples by the RNAiso Plus
(Trizol) kit (Thermofisher, Massachusetts, America), and reverse
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Primers and their sequences for RT-PCR analysis.

Primer Sequence (5'-3')
GAPDH-hF GAAAGGTCCCAGTGAACGGAT
GAPDH-hR CTTTCTCAGCCAAGACCGTG
DDX10-hF TGCTAATTAGCAAACGAA
DDX10-hR CGATTAATTGAGGGTGAG
BYSL-hF ATCGAACCAGTTACTCCG
BYSL-hR GCCCATCTGACTGTACCCT

transcribed to cDNA. RT-qPCR was performed using a Light
Cycler 4800 System with specific primers for DDX10 and BYSL.
Table 1 presents the primer sequences used in the experiments.
The RQ values (2742%, where Ct is the threshold cycle) of each
sample were calculated, and are presented as fold change in gene
expression relative to the control group. GAPDH was used as an
endogenous control.

3. Results

3.1. DEGs

Two volcano plots present the DEGs in the GSE29745 and
GSE48420 (Fig. 1A, B). The Venn diagram revealed 1442 DEGs
shared by the two datasets (Fig. 2).

3.2. DEGs annotation

Enrichment analysis by Metascape was displayed in Figure 3. The
DEGs related with biological process (BP), cellular component
(CC), molecular function (MF), and KEGG enrichment analysis
were displayed in bubble diagrams separately (Fig. 4). The
variations in DEGs linked with BP were mainly enriched in
vasculature development, cell motion, blood vessel development,
cell migration, regulation of cell proliferation, regulation of cell
proliferation, wound healing, biological adhesion, blood vessel
morphogenesis, cell adhesion, and localization of cell (Fig. 4A).
The variations in DEGs linked with CC were mainly enriched in
extracellular region part, extracellular matrix, proteinaceous
extracellular matrix, collagen, extracellular matrix part, extra-
cellular region, extracellular space, basement membrane, fibrillar
collagen, and cytoplasmic membrane-bounded vesicle (Fig. 4B).
The variations in DEGs linked with MF were mainly enriched in
extracellular matrix structural constituent, collagen binding,
platelet-derived growth factor binding, integrin binding, growth
factor binding, identical protein binding, protein dimerization
activity, copper ion binding, insulin-like growth factor binding,
and drosophila mothers against decapentaplegic (SMAD)binding
(Fig. 4C). The variations in DEGs linked with Kyoto Encyclope-
dia of Genes and Genomes (KEGG) were mainly enriched in
Extracellular Matrix (ECM)-receptor interaction, Focal adhe-
sion, Pathways in cancer, Colorectal cancer, Cell adhesion
molecules, Glutathione metabolism, p53 signaling pathway,
Hematopoietic cell lineage, Viral myocarditis, and Glycosphin-
golipid biosynthesis (Fig. 4D).

3.3. Protein-protein interaction network and hub genes

PPI was displayed in Figure SA. The key module of MCODE
analysis was shown (Fig. 5B). The top 10 genes screened by
cytoHubb in two algorithms were shown (Fig. 5C, D), and Venn
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Figure 1. Two volcano plots present the DEGs. (A) The DEGs in the GSE29745. (B) The DEGs in the GSE48420.

diagram figured out three mutual genes between the algorithms,
which included DDX10, BYSL, and WDR12. (Fig. 6). Two heat
maps showed the expressions of the hub genes in GSE29745
(Fig. 7A) and GSE48420 (Fig. 7B). And the three hub genes were
up-regulated in the chondrosarcoma compared with the normal
tissues.

3.4. Overall survival analysis based on the expression of
hub genes

Chondrosarcoma patients with high expression levels of DDX10
had poorer overall survival times than those with low expression
levels (P=.0052; HR (high)=1.8; n (high)=131, 50%; Fig. 8A).
Chondrosarcoma patients with high expression levels of BYSL
also had poorer overall survival times than those with low
expression levels (P=6.5¢"%; HR (high)=2.3; n (high)=131,
50%; Fig. 8B). However, there was no statistically significant

GSE2974

GSE48420

Figure 2. The common DEGs between GSE29745 and GSE48420.

effect on overall survival associated with the expression of
WDR12 (P=.58; Fig. 8C).

3.5. Results of RT-qPCR analysis

According to the above expression analysis, DDX10 and BYSL
were markedly up-regulated in glioma derived from the
chondrosarcoma. As presented in Figure 9, the relative expres-
sion levels of DDX10 and BYSL were significantly higher in
glioma derived from the chondrosarcoma, compared with the
control groups. The result demonstrated that DDX10 and BYSL
might be considered as biomarkers for glioma and chondro-
sarcoma.

4. Discussion

Chondrosarcoma is a cartilaginous cap-shaped bony protrusion,
usually on the surface of a long tubular bone. Because
chondrosarcomas are often insensitive to chemotherapy and
radiation, surgery is the preferred treatment for chondrosarco-
mas.""”! Extensive resection is recommended to prevent recur-
rence and metastasis, however, this can lead to dysfunction in
patients. Moreover, when the tumor is growing rapidly or has
already spread widely, the effect of extensive resection is very
limited. Tumor location and insensitivity to chemotherapy and
radiotherapy lead to poor quality of life and prognosis.*”! The
limitations of radiotherapy, chemotherapy and surgery for
chondrosarcoma and glioma necessitate the search for new
treatments.

4.1. DDX10 gene and BYSL gene were highly expressed in
chondrosarcoma and glioma

Molecular targeted therapy works by targeting specific molecular
targets involved in tumor formation and development. Research
on targeted drugs is extremely important. There are many
important signaling pathways involved in the development of
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Figure 3. Enrichment analysis for the DEGs by Metascape. (A) Heatmap of enriched terms across input differently expressed gene lists, colored by P-values, via the
Metascape. (B) Network of enriched terms colored by cluster identity, where nodes that share the same cluster identity are typically close to each other. (C) Network
of enriched terms colored by P-value, where terms containing more genes tend to have a more significant P-value.

chondrosarcoma tumors, including Hedgehog (Hh), Parathyroid
hormone-related peptide (PTHrP), Insulin-like Growth Factor
(IGF), emergency room (ER), histoplasma tissue inhibitory factor
(HIF)-1 and Nicotinamide Adenine Dinucleotide (NAD) path-
ways.[*! Molecular targeted therapy may be considered as an
alternative treatment strategy in the future. In this study,
bioinformatics technology was used to analyze chondrosarcoma
and normal tissues, and core genes were screened. It was found
that DDX10 gene and BYSL gene were highly expressed in
chondrosarcoma, and when the two genes were highly expressed,
the prognosis of the patients was poor.

DDX10 may be involved in ribosome assembly. Nup98-ddx10
fused transcripts may contribute to the development of secondary
hematologic malignancies caused by DNA topoisomerase II
inhibitors through abnormal nucleoplasmic transport and/or
altered ribosome assembly. C-myc-induced apoptosis in colonic
epithelial cells can be either p53-dependent or independent./*%%3!
BYSL empty embryos survive and develop in the preimplantation
stage. Overall gene expression analysis in the delayed implanta-

tion model revealed differentially expressed genes between
dormant and activated blastocysts. BYSL is one of the
estrogen-activated genes.**! BYSL, an adhesion molecule in
mammalian preimplantation embryos, is critical in the processing
of ribosomal preRNA (rRNA), and its depletion leads to the
accumulation of 18S rRNA precursors./*>! Loss of BYSL leads to
deletion of zygotic ribosomes and failure to initiate zygotic
translation, which in turn affects protein synthesis important for
cell division and differentiation. In fact, BYSL silences had a slight
or insignificant effect on the mRNA expression of EndoA and
Cdx2, but their protein expression levels were significantly
reduced."' BYSL is highly expressed in embryonic stem cells and
certain types of adult stem cells, but its expression is decreased
and its differentiation ability is decreased. Global gene expression
profiles obtained by large-scale cDNA sequencing showed that
BYSL was expressed not only in embryos, including preem-
bryonic and postembryonic, but also in fetal tissues and some
types of adult tissues, suggesting that BYSL plays an important
role in a broader cell spectrum. In fact, BYSL mRNA levels in ES
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Figure 4. The functional annotation for the DEGs based on the DAVID. (A) BP, (B) CC, (C) MF, and (D) KEGG.

cells did not change significantly at least for a short period of time
after suppression of LIF or forced suppression of OCT / 4-
induced differentiation.!'*

4.2. The functional involvement and underlying
mechanism of DDX10 in chondrosarcoma and glioma

DDX10 (dead-box helicase 10) is a member of the DDX protein
family that encodes RNA helicase. Members of this family were
first found to be involved in embryo formation, spermatogenesis
and cell division and growth, and many members of this family
are closely related to tumorigenesis and development. DDX10
plays an important role in biological processes such as ribosome
synthesis, cell proliferation and apoptosis by activating the
production of various transcription factors. Several studies have

found that DDX10 plays a key role in the proliferation,
apoptosis, cell cycle and metabolism of tumor cells. Gai
et al®® found that DDX10 promotes proliferation of ovarian
cancer cells through activation of the protein kinase B/nuclear
factor kB (Akt/NF-kB) signaling pathway. Luizon et al”®! found
that DDX10 expression was significantly up-regulated in liver
cancer cells, and DDX10 promoted the proliferation of liver
cancer cells through the Wnt/B-catenin signaling pathway. In
addition, when DDX10 levels were inhibited, the expression
levels of B-catenin molecules regulating downstream target gene
transcription factors in the nucleus were also decreased. These
findings suggest that DDX10 can promote -catenin expression
and entry into the nucleus to some extent, ultimately promoting
cell proliferation and growth.?”! In acute myeloid leukemia, the
Recombinant Nucleoporin (NUP) 98 gene is rearranged and
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Figure 5. The PPI network and hub genes. (A) PPI network. (B) The key module of MCODE analysis. (C) The top 10 genes screened by cytoHubb in MCC. (D) The

top 10 genes screened by cytoHubb in EPC.

leads to fusion protein expression. The most common one is
NUP98-DDX10 fusion protein. A portion of NUP98 fuses with a
portion of DDX10. Yassin et al'"! found that NUP98-DDX10
significantly increased the proliferation and self-renewal of
human primary CD34+ cells, while NUP98-DDX10 affected
the differentiation of CD34+ cells into erythrocytes and
medullary cells. Shi et al®®! found that the expression level of
RNA helicase DDX10 was significantly increased in patients with
osteosarcoma, and DDX10 gene inhibited the proliferation of
osteosarcoma cell MG63 by inhibiting the MAPK signaling
pathway. The high expression of DDX10 gene may be related to

EPC

MCC

Figure 6. Venn diagram figured out three mutual genes between the
algorithms, which included DDX10, BYSL, and WDR12.

the poor prognosis of patients with osteosarcoma. There have
been no reports on DDX10 gene and chondrosarcoma. In this
study, it was found that DDX10 gene was highly expressed in
chondrosarcoma, and the patients with high expression had a
poor prognosis. We hypothesized that DDX10 may be involved
in tumor genesis and development through the following
mechanisms:

1. direct regulation of cell proliferation and cell cycle;

2. Regulate the expression of key molecules of tumor cells, such
as P53, cellular-myelocytomatosis viral oncogene (C-MYC),
mitogen-activated protein kinase (MAPK), etc., or regulate
microRNA to shear and modify mRNA at the transcription
and translation levels, thus affecting the expression of key
genes.

Mdm-2 is a negative regulator of p53 protein by promoting
proteomic degradation. As a regulatory ring, p53 is up-regulated
by Mdm2."**! Alternative Reading Frame (Arf) also plays a role in
this regulatory mechanism because it inhibits Mdm2 and C-myC
function. By increasing the expression of Arf, ¢-myC protein
plays an important role in the regulation of p53, which ultimately
leads to p53-dependent apoptosis. Crosstalk between C-myC and
pS3isessential in inducing pro-survival or pro-death responses to
apoptotic stimuli. Both c-myC overexpression and the disruption
of normal p53 activity are highly associated with human cancer.
Therefore, it is reasonable to assume that developing drugs that
target both pathways at the same time could provide better
outcomes for cancer treatment.*”) Cancer cells often become
resistant to SUBSTANCES that damage DNA during chemo-
therapy, especially when the tumor cells are treated with high
concentrations of the drug. One of the potential mechanisms of
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chemotherapeutic resistance is that cancer cells manage to
promote c-MYC expression after exposure to chemotherapeutic
drugs, suggesting that elevated C-MyC expression may be at least
partially responsible for cancer chemotherapeutic resis-
tance.’"321 Here, we found that INZ(c) inhibits ¢-MYC
expression through the miRNA pathway, offering a potential
drug to inhibit or delay cancer cell resistance during chemothera-
py. Further research into the effects of INZ(c) on the growth of
drug-resistant cancer cells will provide more information on how
INZ(c) can promote the resensitivity of drug-resistant cancer cells
to chemotherapeutic drugs. Knockout of C-MyC expression can
stimulate the expression of P53, suggesting that c-MyC inhibition
of P53 expression occurs at the transcriptional level. Notably, c-
MYC was predicted as a potential transcription factor binding to
the P53 promoter through the online database described above.
C-myc inhibits the transcription of P53 by binding to the P53
promoter and reducing its activity. In addition, in NASopharyn-
geal carcinoma cells with c-MyC overexpression, p53 transduc-
tion not only reduced cell growth and EdU staining, but also
inhibited EGFR/PI3K/AKT/ C-Myc signal transduction and up-
regulated the expression of Mir-133A-3p. Inhibition of EGFR
decreased the PI3K/AKT/ C-MyC signaling pathway, and
increased the expression of P53 and Mir-133A-3p.3 Under
normal circumstances, DDX10 may be transported to and play a
role in the nucleus. The widespread expression and putative
nuclear localization of DDX10 are consistent with the possible
role of ribosome assembly in rRNA processing.!**!

4.3. The functional involvement and underlying
mechanism of BYSL in chondrosarcoma and glioma.

BYSL (Bystin-like) gene can encode nucleolar protein and
participate in early embryo implantation and the 40S subunit
biosynthesis process of ribosome, which plays an important role
in the maturation process of pre-ribosomal RNA.[**! Wang et al
found that BYSL plays an important role in the rapid growth of
liver cancer cells. BYSL mediates the formation of nucleolus-
derived foci (NDF) and prenucleolar bodies (PNBs), which are
ultimately involved in nucleolar assembly during cell division.
Inhibition of BYSL-mediated nuclear formation in mitotic cells
may be an effective means of destroying tumor genesis.!'!
Kasugai et al found that BYSL gene was overexpressed in diffuse
large B cell lymphoma. In addition, the expression of BYSL is up-
regulated in various cancer tissues, such as breast cancer,'”!
diffuse large B cell lymphoma!*® and gastric adenocarcinoma.”!
BYSL has been shown to inhibit the proliferation of cancer cells in
vitro.?81 BYSL is a direct downstream target of ¢-MYC proto-
oncogene, suggesting a close relationship with cancer. Taken
together, these results suggest that upregulation of BYSL may be a
common feature of human cancers and is essential for tumor
formation. In this study, it was found that BYSL gene was highly
expressed in chondrosarcoma, and the patients with high
expression had a poor prognosis. BYSL is an important promoter
of multiple tumor progression and may be a candidate target for
the treatment of chondrosarcoma and glioma.

The high expression of BYSL in glioma tissues promoted the
growth and survival of tumor cells.®®! Mild chemical hypoxia
can also induce significant BYSL expression in vitro. These
increases were not accompanied by an increase in GFAP
expression. In experimental animal models of brain injury,
BYSL was elevated §weeks after injury.*” It is suggested that
BYSL expression is increased during il-B transformation in
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astrocytes in vitro, which may be involved in the activation and
differentiation of astrocytes. BYSL expression appears to be more
prominent in ischemic attacks (e.g., fatal bleeding) and to a
moderate extent in hypoxic attacks (e.g., CO poisoning), but the
likely duration of attacks plays an important role here. BYSL is
highly expressed in liver cancer, ovarian cancer tissue and
prostate cancer cells near peripheral nerves. Here, we find that
BYSL-IR is up-regulated in GBM. These results suggest that the
high expression of BYSL may be common in different types of
tumors.*!! BYSL is a highly evolutionarily conserved gene from
yeast to humans. It encodes the human protein bestin. In yeast
and humans, BYSL is involved in 18S pre-rRNA processing and
40S ribosome subunit biogenesis. Repositioning and reactivation
of rRNA preprocessing mechanisms are critical for nucleolus
assembly. Wang et al. proposed that down-regulation of BYSL
may impair nucleogenesis and thereby inhibit the growth of
hepatocellular carcinoma cells. The dynamic assembly of nucleoli
is an important event during mitotic withdrawal of eukaryotic
cells. Our data showed that BYSL silencing led to glioma cell cycle
arrest at G1 phase, which was further confirmed by down-
regulation of Cyclin D1 and CDKs (CDK4 and CDK6) and up-
regulation of CDKIs (P21 and P27). Therefore, the down-
regulation of BYSL may impair the processing of pre-RRNA and
the assembly of nucleoli, thus hindering the mitotic process and
proliferation of glioma cells.

Chondrosarcomas are a group of heterogeneous primary bone
cancers characterized by hyaline chondroid tumor tissue. They
are the second most common primary bone malignancy. The vast
majority of chondrosarcomas are routine chondrosarcomas, and
most routine chondrosarcomas are low to intermediate tumors
(grade 1 or 2) with clinical indolent manifestations and low
metastatic potential. Recurrence is a poor predictor of prognosis
because conventional chondrosarcomas are resistant to both
radiation and chemotherapy. Recent discoveries in the biology,
genetics, and epigenetics of conventional chondrosarcomas have
greatly advanced our understanding of the pathobiology of these
tumors and provided insights into potential therapeutic
targets.['”! In the early stages, chondrosarcoma is still considered
an intermediate type of tumor and rarely metastases. Unfortu-
nately, late stages show marked resistance to chemotherapy and
radiation, and metastasis often occurs.!

An elevated level of DDX10 is linked to diseases such as cancer
or neurodegeneration. DDX10 is significantly overexpressed in
osteosarcoma cancer patients. DDX10 overexpression predicts
worse prognosis in osteosarcoma and its deletion prohibits cell
activities modulated by MAPK pathway. Importantly, aSyn
interacts with Dbp4 and DDX10 to isolate nucleolar proteins
into the cytoplasm in yeast and human cells. This effect was
significant in human cells, where DDX10 and aSyn formed large
cytoplasmic inclusion bodies, but was less significant in yeast
cells, where slight BiFC complementary signaling was observed in
cytoplasm close to the plasma membrane, similar to aSyn
inclusion bodies. Although the interaction between aSyn and
Dbp4 in the cytoplasm of yeast cells has been clearly
demonstrated by different research methods, it is not obvious
whether Dbp4 and aSyn form inclusion bodies similar to human
cells. In chromosomal translocations associated with myeloid
malignancies, at least one rearrangement gene is usually a
transcription factor. NUP98-DDX10 may be a novel fusion gene
associated with myeloid malignancy. A special structural feature
of DDX10 is the presence of two acidic regions and charged
amino acids at the C-terminal. DDX10 may be a transcriptional
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activator because the acidic motif can act as a transcriptional
activation domain like VP16 and GAL4.50. However, the normal
functional information of nucleoporin and the putative function
of DDX10 suggest that fusion genes may interfere with protein
synthesis during normal myeloid differentiation during hemato-
poietic processes through abnormal cytoplasmic transport or
altered ribosome assembly."** The high expression of DDX10 in
tumor tissues is related to the proliferation, apoptosis and cell
cycle of tumor cells.[*!

4.4. Limitation of the study

Despite the rigorous bioinformatics analysis in this paper, there
are still some deficiencies. In this study, no animal experiments of
gene overexpression or knockout were conducted to further
verify its function. Therefore, in the future research, we should
carry out in-depth exploration in this aspect. Furthermore, to
verify our conclusions, a large number of clinical trials are also
needed.

In conclusion, DDX10 and BYSL genes may provide new ideas
and evidence for the diagnosis and targeted therapy of
chondrosarcoma and glioma.
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