ISystematic Review and Meta-Analysis

Medicine

Identification of key genes in osteosarcoma -
before and after CDK7 treatment

Yang An, MM2®, Yuanlin Wang, MM°®, Guoyong Xu, MM?, Yinan Liao, MM®, Ge Huang, MM®, Xin Jin, MM®,
Chengxin Xie, MMP®, Qinglong Li, MMP®, Dong Yin, MD*®*

Abstract \\
Background: Osteosarcoma is one of the most common bone tumors, with a high degree of malignancy and a poor prognosis. |
Recent studies have shown that THZ2, a cyclin-dependent kinase 7 inhibitor, can exhibit strong antibone tumor effects in vivo and in
vitro by inhibiting transcriptional activity. In this study, by screening the differentially expressed genes (DEGs) of osteosarcoma cells
before and after THZ2 treatment, it provides new possible targets for the future targeted therapy of osteosarcoma.

Methods: Download the gene expression profile of GSE134603 from the Gene Expression Omnibus database, and use the R
software package “limma Geoquery” to screen DEGs. DAVID database was used for gene ontology analysis of DEGs. Use search
tool for the retrieval of interacting genes online database and Cytoscape software to construct protein—protein interaction network.
Use the “MCODE” plugin in Cytoscape to analyze key molecular complexes (module) of DEGs, and use the “Cluego” plugin to
perform Kyoto Encyclopedia of Genes and Genomes enrichment analysis on module genes. The Hub gene is selected from the
genes in DEGs that coexist in the top 30 Degree and the Kyoto Encyclopedia of Genes and Genomes pathway.

Results: A total of 1033 DEGs were screened, including 800 up-regulated genes and 233 down-regulated genes. Gene ontology
analysis showed that cell component is the main enrichment area of DEGs, mainly in the nucleus, cytoplasm, and nucleoplasm. In
addition, in molecular function analysis, DEGs are mainly enriched in the process of protein binding. In biological process analysis,
changes in DEGs can also be observed in transcription and regulation using DNA as a template. Twenty-nine module genes are
enriched in the Ribosome biogenesis in eukaryotes pathway. Finally, 4 key genes are drawn: essential for mitotic growth 1, U3
SnoRNP protein 3 homolog, U3 small nucleolar RNA-associated protein 15 homolog, and WD repeat domain 3.

Conclusion: This study found that the 4 genes essential for mitotic growth 1, U3 SnoRNP protein 3 homolog, U3 small nucleolar
RNA-associated protein 15 homolog, WD repeat domain 3, and the ribosome biogenesis in eukaryotes pathway play a very
important role in the occurrence and development of osteosarcoma, and can become a new target for molecular targeted therapy of
osteosarcoma in the future.

Abbreviations: CDK7 = cyclin-dependent kinase 7, DEGs = differentially expressed genes, EMG1 = essential for mitotic growth
1, GO = gene ontology, IMP3 = U3 SnoRNP protein 3 homolog, KEGG = Kyoto Encyclopedia of Genes and Genomes, PPl =
protein—protein interaction, UTP15 = U3 small nucleolar RNA-associated protein 15 homolog, WDR3 = WD repeat domain 3.
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1. Introduction

Osteosarcoma is the most common aggressive and malignant
tumor in bones, mainly occurring in children and adolescents. !
It usually occurs in the metaphysis of long bones, especially in the
distal femur, proximal humerus and tibia."”! Osteosarcoma is
thought to originate from mesenchymal stem cells and consists of
malignant osteoblasts that produce immature bone or bone-like
tissue.>™! Current research indicates that the factors that affect
the occurrence of osteosarcoma may be related to germline
genetic variation, high birth weight and adolescent hormones."*~
I The prognosis of its patients is poor, and the survival rate of
osteosarcoma patients before the 1970s is less than 20%. After
the introduction of chemotherapy, surgical resection with
sufficient surgical margin and the use of new adjuvant
chemotherapy with methotrexate, doxorubicin, cisplatin and
ifosfamide can increase the survival rate to 60% to 70%,'® which
is also the current standard therapy for osteosarcoma. In
addition, the occurrence of metastasis is also an important
factor affecting the survival rate of osteosarcoma. The long-term
survival rate of patients with localized osteosarcoma is about
65%, while the long-term survival rate of patients with metastatic
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osteosarcoma is less than 20%.'° In the past 30years, the
survival rate of patients with osteosarcoma has not improved
significantly, and patients with metastatic osteosarcoma have
developed resistance to neoadjuvant chemotherapy drugs.'"’
Therefore, searching for new biological targets or new molecular
mechanisms is of great significance for the improvement of the
therapeutic effect of osteosarcoma.

In recent years, due to the development of biology, genome and
pathway analysis, and targeted drug research, many cytokines
and pathways related to the occurrence and development of
osteosarcoma have been discovered. Receptor activator of NF-kB
ligand is considered to be dysregulated in bone tumors, and its
homologous receptor TNF receptor superfamily member 11a
signaling promotes the motility and anchorage-independent
growth of osteosarcoma cells."?! The targeted transmembrane
glycoprotein neuromedin B exhibits in vitro cytotoxicity to
osteosarcoma cells, and it is expressed at high levels in
osteosarcoma cells.">'* Disialylganglioside is expressed by
almost all osteosarcoma tumors, and this abnormal expression
still exists after recurrence. Its targeted therapy is being studied
for the treatment of relapsed and refractory osteosarcoma.!*>1¢!
In addition, many targeted drugs such as PI3K/mTOR inhibitors,
tyrosine kinase inhibitors, etc are also widely used in the targeted
therapy of osteosarcoma.

Recent studies have shown that the malignant potential of
osteosarcoma may be related to super enhancer-related
genes."”18 Cyclin-dependent kinase (CDK) 7 is a type of
CDK, which is related to the transcription initiation factor TFIIH.
It is not only an effector CDK that phosphorylates CD II and
other targets, but also at least one other CDK necessary for CDK
involved in transcription activated kinase.['”! Knockout of CDK7
can reduce the phosphorylation of the C-terminal repeat domain
of RNA polymerase II, which is rich in super enhancers and has
inhibitory effects on a variety of cells.*®*"! Zhang et al*?!
verified through experiments that THZ2, a specific small
molecule inhibitor of CDK7, exhibits strong anti-osteosarcoma
effects both in vivo and in vitro. This result suggests that using a
specific CDK?7 inhibitor THZ2 to target the super-enhancer-
related oncogenic transcription program may be an effective
treatment strategy for patients with osteosarcoma. It can be
inferred that the differentially expressed genes (DEGs) in
osteosarcoma cells before and after CDK7 treatment are the
key genes for osteosarcoma targeted therapy.

In the present study, we analyzed the expression profile data
(GSE134603) provided by Zhang et al,'”**! and found a batch of
DEGs after group comparison. Next, we performed gene
ontology (GO) analysis, protein—protein interaction (PPI)
network, module genes screening and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis on these DEGs. We
screened out the key differential genes related to CDK7 therapy,
revealed the abnormally expressed molecules during the occur-
rence of osteosarcoma, and provided new targets for the future
targeted therapy of osteosarcoma.

2. Methods and materials

2.1. Microarray data

The GSE134603 data set is downloaded from the Gene
Expression Omnibus (https://www.ncbi.nlm.nih.gov/geo/) data-
base.”? Tt is based on the chip gene expression data of the
GPL15207 platform ([PrimeView] Affymetrix Human Gene
Expression Array), which contains 24 samples in total. They are
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total RNA extracted from U2-OS and SJSA-1 cells treated with
DMSO, 24nM THZ2, 100nM THZ2, and 400nM THZ2 for 6
hours. Each treatment group has 3 replicate samples. The U2-OS
cell line is an osteosarcoma cell derived from the tibia and has
been used in basic research as a typical osteosarcoma cell line
since 1964. Therefore, we selected U2-OS cell specimens (3 cases
each) treated with DMSO and 400nM THZ2 and divided them
into 2 groups for study. Our data comes from an open database,
so ethics and patient consent are not applicable.

2.2. Data processing

In the Rstudio software (https://www.rstudio.com/), use the R
(v.4.0.2) software packages “limma Geoquery”** and “Bio-
Conductor”!?*! for differential gene extraction and gene ID
conversion to filter DEGs. Select P-value<.01 and |log fold
change| > 1.5 as the screening criteria, and the analysis results are
saved in table form. Use the “ggplot2” software package (http://
ggplot2-book.org/) to process DEGs, make a volcano map, and
do a heat map analysis of the top 50 differential genes in the 2
groups.

2.3. GO enrichment analysis

Use the DAVID6.8 database®® (https://david.ncifcrf.gov/) to perform
GO analyses on the selected DEGs, and P-value < .01 is the admission
standard. Use the “ggplot2” software package to visualize the GO
enrichment analysis results and make bubble charts.

2.4. PPI network construction

To analyze the relationship among proteins, functional protein
association networks database STRING (version 11.0) was used
to evaluate the interaction between DEGs; a composite score >
0.4 was considered a statistically significant interaction. After
exporting the results, Cytoscape software (v.3.7.2; https:/
cytoscape.org/)?”! was used to make visual adjustments.

2.5. Screening of module genes and KEGG enrichment
analysis

Due to the large number of DEGs, we screened the “MCODE”
plugin through the molecular complex detection in Cytoscape,
Degree cutoff >2, node score cutoff >0.2,K score>2 to screen
out key molecular complexes (module). For the module results,
use the “Gluego” plugin®*® to perform the KEGG pathway
enrichment analysis, to screen out the pathways in the module
concentration, and P-value<.05 is the admission standard.

2.6. Screening of Hub gene

We sorted the genes in the entire PPI map according to the
number of degrees. Among the top 30 genes, compared with the
KEGG result pathway obtained in 2.5., the overlapping genes are
the selected Hub genes.

3. Results

3.1. Changes in the expression level of DEGs before and
after THZ2 treatment

After conducting differential gene screening and gene ID
conversion according to the R language software packages
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Figure 1. Heat map of the top 50 differentially expressed genes.

“limma” and “BioConductor”, we identified 1033 DEGs in
U20S cells before and after THZ2 treatment, of which 800 were
up-regulated genes and 233 were down-regulated genes. The
volcano map and heat map produced by the “ggplot2” software
package show that DEGs have a significant influence on the
difference between the 2 groups of cells (Figs. 1 and 2).

3.2. GO enrichment analysis

The GO enrichment analysis of DEGs was carried out using
DAVID database, and the results showed that DEGs were
enriched in biological processes. We used the “ggplot2” software
package to make a bubble chart to observe its trends more
intuitively (Fig. 3). In Figure 3, we can observe that the cell
component is the main enrichment area of DEGs, mainly in the
nucleus, cytoplasm, and nucleoplasm. In addition, in molecular
function analysis, DEGs are mainly enriched in the process of
protein binding. In biological processes analysis, changes in
DEGs can also be observed in transcription and regulation using
DNA as a template.

3.3. Screening of module genes and KEGG enrichment
analysis

Considering that too many DEGs will have an impact on the
results, we screened the “MCODE” plugin (Degree cutoff>2,
node score cutoff > 2, K score > 2) through the molecular complex
detection in Cytoscape, and selected 29 key ones Molecular
complex (module) (Table 1). For the module results, use the
“Gluego” plugin to perform KEGG analysis to screen out
the pathways concentrated in the module. The P-value<.0S5 is
the admission standard. The results are shown in Table 2. The
module genes are mainly enriched in the ribosome biogenesis in
eukaryotes pathway (Fig. 4). The relationship between ribosomes
and DNA and its transcription is very close, and the results of KEGG
analysis and GO enrichment analysis correspond to each other.

3.4. PPI network construction

Use search tool for the retrieval of interacting genes database
(version 11.0) to evaluate the interaction between DEGs and
integrate PPI networks. Using Cytoscape software for visual
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Figure 2. Volcano map of all DEGs, screening criteria: P-value <.01 and logFC| > 1.5. DEGs = differentially expressed genes, FC = fold change.

adjustment, there are a total of 878 points and 8524 edges in the
entire PPI network (Fig. 5).

3.5. Screening of Hub genes

We sorted according to the number of Degrees and screened out
the top 30 genes with differences, as shown in Figure 6. Then, it
was compared with the related genes in the Ribosome biogenesis

in eukaryotes pathway from KEGG (Table 3). As a result, 4 Hub
genes were identified.

4. Discussion

Osteosarcoma is one of the most common primary bone
malignancies. The current standard treatment for osteosarcoma
is to surgically remove the tumor to make it have a suitable
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Figure 3. GO functional enrichment analysis results from up and down regulate DEGs. DEGs = differentially expressed genes.
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Key molecular complexes by “MCODE” module in Cytoscape.

Module name

DHX32, DDX10, LTV1, CEBPZ, UTP15, WDR43, GNL3, ZNF622, RRS1, NIFK, BRIX1, PPAN, IMP3, WDR3, UTP23, TFB2M, FTSJ2, EMG1, MPHOSPH10, NGDN, RPP38, ABT1,

RIOK2, TRMT1L, WDR75, RRP1B, POLR1B, TEX10, BYSL

ABT1 = activator of basal transcription 1, BYSL = bystin like, BRIX1 = biogenesis of ribosomes BRX1, CEBPZ = CCAAT enhancer binding protein zeta, DHX32 = DEAH-box helicase 32 (Putative), DDX10 =
DEAD-box helicase 10, EMG1 = essential for mitotic growth 1, FTSJ2 = mitochondrial RRNA methyltransferase 2, NGDN = neuroguidin, GNL3 = G protein nucleolar 3, IMP3 = U3 SnoRNP protein 3 homolog,
LTV1 = LTV1 ribosome biogenesis factor, MPHOSPH10 = M-phase phosphoprotein 10, NIFK = nucleolar protein interacting with the FHA domain of MKI67, POLR1B = RNA polymerase | subunit B, PPAN = peter
pan homolog, RIOK2 = RIO kinase 2, RRS1 = ribosome biogenesis regulator 1 homolog, RRP1B = ribosomal RNA processing 1B, RPP38 = ribonuclease P/MRP subunit P38, TFB2M = transcription factor B2,
mitochondrial, TEX10 = testis expressed 10, TRMT1L = TRNA methyltransferase 1 Like, UTP15 = U3 small nucleolar RNA-associated protein 15 homolog, UTP23 = UTP23 small subunit processome
component, WDR75 = WD repeat domain 75, WDR43 = WD repeat domain 43, WDR3 = WD repeat domain 3. ZNF622 = zinc finger protein 622.

margin, and to cooperate with chemotherapy before and after
surgery. This therapy has now entered a bottleneck. Traditional
chemotherapeutic drugs have limited efficacy and it is difficult to
achieve breakthrough progress. At present, the research and
development of specific molecular targeted drugs for osteosarco-
ma has become a hot spot at home and abroad."**! However, due
to the heterogeneity of tumors, the development of new targeted
drugs is extremely difficult. At present, targeted therapies for
receptor activator of NF-kB ligand, glycoprotein neuromedin B,
and disialylganglioside have made preliminary progress, and
PI3K/mTOR inhibitors have also been shown to have certain
research potential in the treatment of osteosarcoma.l'>~'¢! The
biological characteristics of osteosarcoma are still being
extensively studied. Finding the key genes and pathways for
the occurrence and development of osteosarcoma can greatly
promote the diagnosis and help the treatment and prognosis
evaluation.

THZ2 is a new type of CDK7-specific inhibitor that inhibits the
activity of CDK7 through covalent binding and selectively inhibits
superenhancer-related genes, especially oncogenes. Studies in vivo
and in vitro experiments have verified that THZ2 can inhibit the
phosphorylation level of CDK7 substrate CDK2T160, inactivate
the survival signal pathway EGFR/RAS/AKT/ERK, and increase
the level of intracellular ROS, which has an impact on the growth
of gastric cancer cells.*®! THZ2 can also effectively inhibit the
growth of triple negative breast cancer cells.*'*?! For osteosarco-
ma cells, THZ2 affects its PI3K-AKT signaling and MAPK
signaling pathways, and has certain effects on cell apoptosis and
cell migration.?! In this study, we used the changes in cell gene
expression before and after THZ2 treatment to infer which genes
play a key role in the entire treatment process, and then look for
new targets for osteosarcoma targeted therapy.

After software analysis, we identified 1033 DEGs, of which
800 were up-regulated genes and 233 were down-regulated
genes. GO analysis shows that DEGs are concentrated in the
nucleus, nucleoplasm and cytoplasmic cell components, and are
reflected in the process of transcription and regulation of DNA as
a template and protein binding. Through the screening of key
molecular complexes, we identified 29 module genes represented
by DEAH-box helicase 32 (Putative), DEAD-box helicase 10, and

KEGG pathway analysis of module genes associated with
osteosarcoma.

Pathway ID
hsa03008

P-value
1.85E-18

Term Count

Ribosome biogenesis in eukaryotes 10

KEGG = kyoto encyclopedia of genes and genomes.

LTV1 ribosome biogenesis factor. After KEGG analysis of the
module, it was found that the module gene was concentrated in the
pathway Ribosome biogenesis in eukaryotes. This result coincides
with the result of GO analysis. Pelletier et al'®®! retrospectively
proposed that changes in the number and quality of ribosomes lead
to deviations in translation patterns, which may ultimately
promote the onset of cancer, and inhibiting ribosome biogenesis
may be a potential treatment avenue of cancer. Next, we compared
the DEGs contained in the above pathways with the top 30 genes in
all DEGs and identified 4 Hub genes: essential for mitotic growth 1
(EMG1), U3 SnoRNP protein 3 homolog (IMP3), U3 small
nucleolar RNA-associated protein 15 homolog (UTP15), and WD
repeat domain 3 (WDR3).

We searched the GeneCards database for information about
Hub genes. The 4 Hub genes are all related to the biogenesis of

MPHOSPH10

RIOK2

UTP15

WDR3

WDR75

IMP3

WDR43

GNL3

EMG1

RPP38

Figure 4. The module genes in the ribosome biogenesis in eukaryotes
pathway.
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Figure 5. PPI network constructed by STRING database for the DEGs, the red diamonds represent the up-regulated DEGs and the green balls represent the
down-regulated DEGs. DEGs = differentially expressed genes, STRING = search tool for the retrieval of interacting genes.

ribosomal RNA (Table 4). The WDR3 family is also involved in
cell cycle processes, signal transduction, cell apoptosis and gene
regulation. EMG1 is an essential and conserved eukaryotic
protein, which plays a key role in ribosomal biogenesis as a
ribosome assembly factor. This protein can methylate pseudour-
idine in 18S rRNA. The specific process is to recruit small
ribosomal subunit protein RPS19 to mature ribosomes and
remove snR57, which is the snoRNA component of snoRNP and
is responsible for yeast 18S rRNA 2’-OH ribose methylation in
1570.13% Studies have shown that the decrease of EMG1 level will
cause the decrease of 18S rRNA level, which will affect the
protein synthesis level and cell proliferation rate.*! However, its
effect on tumor cells is not yet clear, but we can guess its
expression changes in levels are also closely related to the
proliferation rate of cancer cells, which is worthy of further
research.

IMP3 is a Vg1-RBP/VERA homologous gene, originally called
KOC, and was discovered due to its highly elevated expression in
pancreatic cancer.®®! The IMPs are also known as insulin-like
growth factor 2 messenger RNA insulin-like growth factor 2
binding proteins, which are highly conserved cancer-fetal RNA
binding proteins that regulate RNA processing in terms of
localization, translation and stability process. During embryo-
genesis, IMPs are expressed in large quantities, and they are
believed to play an important role in cell migration, metabolism
and stem cell renewal. Except for IMP2 after birth, IMP1, and

IMP3 are both in a low-level expression state.*”! However, in
tumor cells, we can observe a substantial increase in the
expression levels of these 3 proteins. They are believed to not
only promote the occurrence and development of tumors, but
also play a key role in maintaining the establishment and stability
of tumor levels.*8! In osteosarcoma, some studies speculate that
the expression of IMP3 is related to its vascular metastasis, and
the inhibition of IMP3 has broad application prospects in tumor
vascular targeted therapy.'>”!

UtplS$ is a U3 snoRNA-related protein of the small subunit
process group, which is essential for the biogenesis of 18S
rRNA.M In yeast, the loss of any U3 protein will cause 18S
rRNA biogenesis defects and disrupt the formation of 40S small
ribosomal subunits.*”! Studies have shown that p53 mediates the
lack of UTP15, which affects the angiogenesis pathway.[*! At
present, the effect of UTP15 on tumor cells is not clear, but
because of its close association with tumor suppressor gene p53,
we can guess that UTP15 may have an effect on p53 expression or
other ways to affect tumor cells.

WDR3 is a nuclear protein composed of 10 WD repeat units. It
is located on chromosome 1p12-p13, which is often changed in
malignant tumors and solid tumors.*?! UTP12, a yeast
homologue of WDR3, is a component of the pre-rRNA

processing complex, which is essential for rRNA processing
and the synthesis of small ribosomal subunits.!**! The study by
McMahon et al showed that the uncontrolled expression of
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WDR3 in cancer cells would disrupt the signaling pathway  Therefore, the study of targeted molecular therapy of WDR3
between ribosome biogenesis and p353 activation. Increasing the  related genes has great research value for the treatment and
expression of WDR3 would promote cell proliferation, especially ~ prognosis of tumors caused by p53 mutation or nonexpression.
in p53 mutants or nonexpressed ones in tumor cells.[*!

Associated genes in KEGG pathway and degree top 30 gene.

Ribosome biogenesis in eukaryotes Degree top 30 genes
EMG1, GNL3, IMP3, MPHOSPH10, RIOK2, RPP38, UTP15,  TBP, PPARG, EXO1, CASP3, EMG1, CENPA, TNF, CCNF, CDC6, CREB1, TFB2M, UTP15, KIF11, CDCA8, KAT2B,
WDR3, WDR43, WDR75 RRS1, CHD1, MYC, IMP3, CUL1, WDR3, SIRT1, AURKA, BYSL, CXCL8, CREBBP, POLR1B,

EGR1, STAT3, NDC80

AURKA = aurora kinase A, BYSL = bystin like, EMG1 = essential for mitotic growth 1, CASP3 = caspase 3, CCNF = cyclin F, CDCA8 = cell division cycle associated 8, CDC6 = cell division cycle 6, CHD1 =
chromodomain helicase DNA binding protein 1, CREB1 = CAMP responsive element binding protein 1, CREBBP = CREB binding protein, CENPA = centromere protein A, CXCL8 = C-X-C motif chemokine ligand
8, CULT = cullin 1, EGR1 = early growth response 1, EXO1 = exonuclease 1, GNL3 = G protein nucleolar 3, IMP3 = U3 SnoRNP protein 3 homolog, KAT2B = lysine acetyltransferase 2B, KEGG = kyoto
encyclopedia of genes and genomes, KIF11 = kinesin family member 11, MYC = MYC proto-oncogene, BHLH transcription factor, NDC80 = NDC80 kinetochore complex component, PPARG = peroxisome
proliferator activated receptor gamma, POLR1B = RNA polymerase | subunit B, RPP38 = ribonuclease P/MRP subunit P38, RRS1 = ribosome biogenesis regulator 1 homolog, RIOK2 = RIO kinase 2, STAT3 =
signal transducer and activator of transcription 3, SIRT1 = sirtuin 1, TNF = tumor necrosis factor, TFB2M = transcription factor B2, mitochondrial, UTP15 = U3 small nucleolar RNA-associated protein 15
homolog, WDR43 = WD repeat domain 43, WDR75 = WD repeat domain 75, WDR3 = WD repeat domain 3.
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Function of 4 hub genes.

Gene symbol Full name Function

EMG1 Essential for mitotic growth 1 An essential, conserved eukaryotic protein that methylates pseudouridine in 18S rRNA. The related protein
in yeast is a component of the small subunit processome and is essential for biogenesis of the ribosomal
40S subunit. Alternative splicing results in multiple transcript variants.

IMP3 U3 SnoRNP protein 3 homolog Component of the 60 to 80S U3 small nucleolar ribonucleoprotein (U3 snoRNP). Required for the early
cleavages during pre-18S ribosomal RNA processing.

UTP15 U3 small nucleolar RNA-Associated Ribosome biogenesis factor. Involved in nucleolar processing of pre-18S ribosomal RNA. Required for

protein 15 homolog optimal preribosomal RNA transcription by RNA polymerase |.
WDR3 WD repeat domain 3 A protein coding gene. Proteins belonging to the WD repeat family are involved in a variety of cellular

processes, including cell cycle progression, signal transduction, apoptosis, and gene regulation.

UTP15 = UTP15 small subunit processome component

5. Conclusion

Regarding the treatment of osteosarcoma, surgical resection
combined with drug chemotherapy is still the standard treatment
method."®! In recent years, various new therapies have been
researched and applied to the treatment of osteosarcoma, but
most of them have not made breakthrough progress.[***! Our
research helps to further understand the molecular mechanism of
the occurrence and development of osteosarcoma. Hub genes
EMGT1, IMP3, UTP15 and WDR3 participate in the occurrence
and development of osteosarcoma cells through the pathway of
Ribosome biogenesis in eukaryotes. This discovery will promote
the research and development of future molecular targeted
therapy of osteosarcoma, and provide a possible and effective
research approach for improving the survival rate and prognosis
of patients with osteosarcoma.
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