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Ribosome Biogenesis: A Major Player in The Exosome of Gastric Cancer
Chun-yan Lv*, Xian-kui Cheng?, Yuan Zhong!, You-li jian’, Miming He!, Tao Lei!

ABSTRACT

Background: To identify of vital genes in the blood exosome related to the process of gastric carcinogenesis and help
to reduce mortality rates through early diagnosis and the development of new anticancer therapies.

Methods: The RNAs data of blood exosomes from patients with GC and healthy controls were downlinked from
exoRBase database, and the differential expression of messenger RNA (mRNA), long non coding RNA (IncRNA), and
circular RNA (citcRNA) were analyzed using R language. Then the relevant RNAs and their corresponding miRINA data
predicted by ENCORI, miRcode and other databases, were imported into the ceRNA network. Finally, the DAVID was
accessed to investigate the DEmRNAs’ GO annotations and KEGG analysis.

Results: A total of 62 mRNAs, 3 IncRNAs and 15 circRNAs were differentially expressed. The ceRNA network was
constructed with Cytoscape software, including 192 mRNA nodes, 32 IncRNA nodes, 28 circRNA nodes, and 152
miRNA nodes, with the top 10 hub genes EMSY, ZEB2, LCOR, MFSD14A, ERBIN, hsa-miR-363-3p, hsa-miR-137,
hsa-miR-27a-3p, hsa-miR-23b-3p and hsa_circ_0000038. According to GO annotation, the biological processes mainly
in cytoplasmic translation, the cell component were mostly in the ribosome and its subunit and the major molecular
functions included structural constituent of ribosome, etc. The KEGG revealed that the DEmRNA were primarily
enriched in mRNA monitoring pathway.

Conclusion: A ceRNA network in the blood exosome of GC were built, the hub genes were screened out, the biological
process, cell component, molecular function and enrichment pathway of DEmRNA were explored, which proved that
the ribosome biogenesis was a major player in the exosome of gastric cancer and this provide precise targets for making
a diagnosis and giving treatment of GC.

INTRODUCTION

Gastric cancer (GC) is a kind of cancer that occurs in the
stomach, mostly from gastric mucosal epithelial cells. The
most common pathological type is adenocarcinoma. The
long-term survival rate (>5 years) of early GC after surgery
can reach 90.9%~100% The Information Committee of
the Korean Gastric Cancer Association The Informaton
Committee of the Korean Gastric Cancer Association.
(2021), Hamashima.(2018), Park et al.(2022). However,
there is still no effective treatment for advanced GC. Even
with various treatments, the survival rate of 5-yearis still less
than 30%. The incidence rate of GC ranks the fifth in
malignant tumors and the third in mortality worldwide.
Eatly detection of early GC or postoperative recurrence of
GC s still the focus of cancer prevention and treatment
Chen et al.(2023). The exosome is extracellular vesicle with
the diameter of 30-150 nm, whice is released into the

extracellular matrix after the outer membrane fuses with
the cell membrane Khazaei et al.(2023). They have lipid
bilayer and contain mRNA, IncRNA, citcRNA, and
transfer RNA (tRNA), etc. Rangel-Ramirez et al.(2023),
which are vital for tumor cell biology, such as
proliferation Richards et al.(2017) and metastasis Huang
et al.(2022), Nambara et al.(2023), also can serve as
prognostic markers and/or grading basis for patients
with tumors, belong to the research field of liquid
biopsy Zhang et al.(2022), Chaudhry et al.(2022),
Rzhevskiy et al.(2022).

In this study, we obtained the RNA (including mRNA,
IncRNA and citcRNA) information of plasma exosome
samples from patients with GC and healthy people from
exoRBase database Zhuet al.(2022), Wu et al.(2022) ,Lai
et al.(2022), screened the differentially exosomal RN As
in GC using bioinformatics methods,
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constructed a network related to GC with the competitive
endogenous RNA (ceRNA). The functional enrichment
analysis of mRNA is also carried out in order to discover
more new GC markers and provide guidance for eatly
detection, eatly identification and eatly therapy of GC.

MATERIALS AND METHODS

Data source

The expression profiles of RN Ain gastric cancer(GC) and
healthy blood samples were download from exoRBase2.0.
The data deadline was December 27, 2022. The datm
format was pretreated. 9 blood samples from GC patients
and 118 healthy blood samples were obtained, involving
mRNA and IncRNA35517 and circRNAs 79084.

Filtering of diversely emanated genes (DEGs)

The R language "limma" package was applied to take the
mean value and the "sva" package was employed for batch
correction to identify the DEGs. The filtering condition
for DEGs was P-value < 0.05. The corresponding
volcano map was drawn with the "heat map" package of
top 20 genes with obvious differences.

Prediction of miRINAs and Construction of ceRNA
Networks

Target Scan Human and miRanda in ENCORI
(https:/ /starbase.sysueducn/)  were employed t©
combinedly forecast the differentially express mRNAs-
bound miRNAs. The miRNA Target function in
ENCORI was applyed to forecast the miRNA binding to
DEcircRNAs and the IncRNAs binding miRNAs were
predicted in  miRcode (http://www.mircode.org/).
Finally, the predicion data of miRNAs and the
corresponding mRNAs, circRNAs and IncRNAs were
input into the Cytoscape software(version 3.7.2) to display
graphically the ceRNA network.

Hub gene sifting

The cytoHubba plugin of Cytoscape software was utilized
to pick the top 10 nodes out as Hub gene by the
betweenness algorithm, and the topology index of the

betweenness of each Hub node was used to plot in
EXCEL.

Functional enrichment unpacking

The DEmRNAs were input to DAVID
database(https:/ /david.nciferf.gov/), with the identifier
as "OFHCIAL-GENE-SYMBOL" and the species as
"Homo sapiens”, GO annotations and KEGG pathway
analysis were carried according to the conditions of
P<0.05 and FDR<0.05(FDR is the P wvalue after
correction and calculation).
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Statistical methods

All statistical analyses were completed in R4.2.2
statistical software. The mean % standard deviation was
employed to display the measurement data, and t-test
or analysis of variance was utilized to perform the
statistical test. P<<0.05 means the difference was
statistically significant.

RESULTS

Results of DEGs screening

62 DemRNAs and 3 differentially expressed
IncRNAs2 (all up-regulated genes) were screened out,
with  HNRNPK as the most significant mRNA,
AC011450.1 exhibiting the most relevant IncRNA. The
DEGs heat map was seen in Figure 1.

Figure 1: Heat map of mRNAs and IncRNAs in
plasma exosomes of patients with GC and healthy(IN)
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Figure 2: hsa_circ_0007476(exo_circ_56660) in
plasma exosomes of patients with GC and healthy
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One down regulated circRNAs (hsa_circ_0007476,
Genomic position: chr4:53414615-53428183, Genomic
length: 13568, Spliced length: 356) with differential
expression (DECircRNAs) was shown in Figure2.

Establish of exosomal ceRNA network

According to the data of DEmRNAs, DEIncRNAs,
DEcitcRNAs  and  their binding miRNAs, a
competitiveness endogenous RNA network was
constructed (Figure 3), with 192 mRNA nodes (involving
22 mRNA), 32 IncRNA nodes (1 IncRNAinvolved), 28
circRNA nodes (involving 1 circRNA) and 151 miRNA
nodes. The top 10 pivot genes with the highest
betweenness scores were distinguished by Cytoscape
software, and were shown in Figure 4, including 5
mRNAs, 4 miRNAs and 1 citcRNA.

Figure 3: The competitiveness endogenous RNA
regulatory network related to miRNA
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Figure 4: The first 10 pivot genes with the highest
betweenness scores in exosomal ceRN As
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EMSY 3639.041265
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hsa-miR-137 2231.146004

ZEB2 171744218
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The Gene Ontology of overlapping genes was shown
in Figure 5. The biological processes of differential
exosomal mRNA included cytoplasmic translation,
ribosome (nucleoprotein complex, large subunit),
rRNA  processing, rRNA metabolic process,
ribosome (large subunit, ribonucleoprotein complex)
assembly and ncRNA processing. As we know, the
occurrence of intestinal gastric cancer goes through a
multi-step process, involving mutations such as P53
gene Yang et al.(2023), Yao et al.(2002), Luinetti et
al.(1998), while diffuse gastric cancer involves the
reduction or deletion of cadherin Jinawath et
al.(2004), Rogers et al.(2008),

Figure 5: The bar chart (A) and bubble plot (B) of

GO annotations
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Table 1: The paths involved in the P53 gene

Ontology Description p-value genelD Count

regulation of intrinsic apoptotic
BP signaling pathway by 0.000119539 HNRNPK/RPL11/RPL26 3

p53 class mediator

regulation of signal
BP transduction by 0.000246564 HNRNPK/RPL11/RPL26/RPL5 4

p53 class mediator

regulation of intrinsic apoptotic
signaling pathway in response to
BP DNA damage by 0.001099219 HNRNPK/RPL26 2

p53 class mediator

signal transduction by
BP 0.001606558 HNRNPK/RPL11/RPL26/RPL5 4
p53 class mediator

intrinsic apoptotic
BP signaling pathway by 0.001693755 HNRNPK/RPL11/RPIL26 3

p53 class mediator

positive regulation of
BP signal transduction by 0.003431736 RPL11/RPL26 2

p53 class mediator

which is also detected in the biological processes A
involved in these differential genes, but not on the top
10 range. The paths involved in the former are exhibited
in Table 1. The cell componentswhere the genes located
were mainly in the ribosome, its subunit(large and small
subunit) and polyribosomes formed by ribosomes, focal
adhesion, cell-substrate junction, proton-transportng
ATPase (two-sector) and  ATP synthase Froessonet
complex(catalytic domain), endoplasmic reticulum
membrane(its cytoplasmic side, rough endoplasmic
reticulum and its membrane). Molecular functions
included protein translation and modification, cadherin
binding, rotational mechanism and proton channel
activity, etc. ot
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Enrichment analysis of KEGG B

The KEGG pathway shows that the DEmRNA is
mainly concentrated in the mRNA monitoring pathway
(involving mRNA PPP2R5C, RNPS1, SAP18),
proteasome (involving mRNA POMP and PSME1),
ribosome (assuming mRNA FAU, RPL35A and
RPS15A), as shown in Figure 6.
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Figure 6: Column Chart (A) and Bubble map (B) of
KEGG Analysis
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DISCUSSIONS

Gastric cancer (GC) is one of most often malignancy of
the alimentary system. The mortality of GC is high and
the prognosisis unsatisfactory because of the detection
often in the late stage of diagnosis Venkatasamy et
al.(2023). Therefore, it is ctucial to reduce the incidence
rate and mortality of GC by eatly detection and the use
of effective screening methods Jiang et al.(2022),
Hengmin et al.(2022).

Exosomes are small vesicles excreted by living cells, with
typical lipid bilayer membrane, carrying a variety of
meaningful message such as proteins, lipids, nucleic acids,
etc., play an significant role in the transmission of
intercellular substances and information, and gradually
become a biomarker for early diagnosis of many diseases
Raez et al.(2023), Fujii et al.(2023), Zhang et al.(2023).
Nucleic acids include DNA and RNA (mRNA, miRNA,
IncRNA and tRNA), which provides a good data source
for us to establish an competitive endogenous regulatory
network of multiple RNAs Salmena et al.(2011), Smillie
et al.(2018).

In this study, 62 DEmRNA, 3 DEIncRNAs, and 1
DEcircRNAs were searched out, and the ceRNA system
was built with their binding miRNA prediction data.
Then, first 10 pivot genes with the highest betweenness
scores were distinguished by Cytoscape software
including 5 mRNAs(EMSY, ZEB2, LCOR, MFSD 14A
and ERBIN), 4 miRN As(hsa-miR-363-3p, -137, -27a-3p
and -23b-3p) and 1 citcRNA (hsa_circ_0000038). The
GO annotation and the enrichment analysis of KEGG
pathway showed that ribosome biogenesis played a major
role in the exosome of gastric cancer.

It is reported that ZEB2 expression was be relevant to
the efficacy of platinum chemotherapy and the miR-338-
5p-ZEB2 axis has diagnostic and prognostic value Wei et
al.2021). ZEB2, as an epithelial mesenchymal
transformation regulator, inhibited by miR-200c¢, could
inhibit the metastasis of non small cell lung cancer Jiao et
al.(2021). The highly expressed IncRNA ZEB2-AS1 in
GC patients had a poor prognosis Wang et al.(2019).The
high expression of LCoR was considered as a poor
prognosis marker in GC You et al(2022). ERBB2
interacting protein (ERBB2IP) was up-regulated gene,
which mightbe in connection with the resistance to i.p.
paclitaxel in GC with peritoneal metastasis Huang et
al.(2021). Hsa-miR-363-3p was probably a therapeutic
targets and down-regulated in Tibetan with GC Luo et
al.(2015). MiR-137 was negative correlation with EZH2
and its expression was down-regulated in GC Weng et
al.(2022). Hsa-miR-27a-3p might serve critical roles in
eatly GC Liang et al.(2021). However, the role of EMSY,
MFSD14A, hsa-miR-23b-3p and hsa_circ_0000038 in
the development and diagnosis of GC were still unclear,
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which could be used as potential targets for future
research.

CONCLUSIONS

To sum up, this study used bioinformatics methods to
identify exosomal DeRNA (mRNA, IncRNA and
citcRNA) related to GC occurrence, constructed
corresponding ceRNA networks, and speculate that
ribosome biogenesis played a major role in the exosome
of gastric cancer, which provided a molecular basis for
further research on GC progress and metastasis, and
provided new liquid biopsy biomarkers for eatly
diagnosis of GC. However, due to the small sample size
of disease exosomes, further clinical multicenter
validation is required. Different types of gastric cancer,
different pathogenesis of adherent cancer and
nonadhesive cancer, and their differences in ceRNA
also need to be clarified.
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