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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Gastric cancer (GC) is among the top five
malignant tumors worldwide in terms of morbidity and death.
Chemotherapy is the primary treatment for unresectable or
advanced postoperative GC. Chemotherapy resistance developed
against cisplatin-fluorouracil (CF) combined chemotherapy is
one of the most common clinical issues in patients with GC,
leading to poor prognosis.

Materials and methods: Two different methods were used to
analyze GSE14210, and two gene sets were obtained. The first
method involved performing the traditional difference analysis
(adjusted p-value < 0.05, [log2FC[>= 1) by Network Analyst
to obtain gene set 1, followed by conducting gene ontology
(GO) and Kyoto encyclopedia of genes and genomes (KEGG)
enrichment analysis on the obtained gene set. The second
method involved using iDEP to make the weighted gene co-
expression network analysis (WGCNA) and performing GO
and KEGG enrichment analysis, to obtain gene set 2. Thereafter,
the STRING database and Cytoscape were used to construct
Protein—Protein Interaction (PPI) networks, screen core clusters,
and hub genes of the two gene sets. Furthermore, the hub genes
were verified in GSE14210 by the survival analysis method
of the Kaplan—Meier plotter database. Finally, we analyzed
the mRNA expression of the hub genes by UALCAN and the
protein expression of the same by Human Protein Atlas (HPA).
Three real hub genes with the same mRNA expression as that of
protein were identified, including CENPB, MTA1, and GCNTS3.
Finally, we performed single gene GO and KEGG enrichment
analyses to explore the possible mechanisms of action of these
three genes. Results: The mRNA and protein expressions of
CENPB, MTA1, and GCNT3 were upregulated in CF-resistant
GC patients, and they were significantly associated with bad
overall survival (OS).

Conclusions: CENPB, MTA1 and GCNT3 are expected to
be biomarkers with promising clinical applications as potential
therapeutic targets for patients with refractory GC treated with
CF combined chemotherapy.

Key words. Gastric cancer, Cisplatin-Fluorouracil combined
chemotherapy, WGCNA, PPI, Survival analysis.

Introduction.

Gastric cancer (GC), one of the most malignant human cancers
with increasing incidence worldwide, ranks among the top
five malignant tumors in terms of morbidity and mortality [1-
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46,2,44]. The clinical efficacy of conventional therapies to treat
GC s limited [33], and the median overall survival for advanced-
stage GC is approximately 8 m [8]. Currently, chemotherapy is
the main treatment for unresectable or advanced postoperative
GC. However, its efficacy is compromised by the development
of chemo-resistance in the patient, which severely affects the
patient’s prognosis [27]. The mechanisms of chemo-resistance
in GC include the inhibition of apoptosis signal pathway
[41], loss of cell cycle checkpoint control [40], accelerated
cell proliferation and autophagic flux [42], enhanced DNA
damage repair [23], upregulation of multidrug resistance-
associated proteins [17,25,45], activated cancer stem cell (CSC)
and epithelial-mesenchymal transformation (EMT) [5,12],
reduced/increased drug uptake/outflow [21], drug degradation
[44], amplification and upregulation of oncogenes [36], and
epigenetic modifications [3].

Several molecules are involved in GC drug resistance. Chen
et al. reported that the overexpression of miRNA-200c can
inhibit the expression of Bcl-2 and Bax and render SGC7901/
DDP cells sensitive to cisplatin and 5-FU [8]. Wang et al.
discovered that the downregulation of microRNA-17-5p
inhibits cisplatin resistance of GC cells by targeting p21 [35].
The downregulation of microRNA-147 and microRNA-193-3p
increases the chemosensitivity of GC cells to S-fluorouracil
by directly targeting PTEN [19,30]. Hang et al. reported that
by upregulating IncRNA AKO022798 expression, Notch 1
downregulates the expression of caspase-8 and caspase-3 and
inhibits the extrinsic apoptosis pathway, thereby leading to
cisplatin resistance in GC cells [17]. However, the detailed
underlying mechanisms of chemotherapy resistance remain
unelucidated to date.

Platinum drugs are the largest class of drugs currently used
in cancer treatment, with the major ones being cisplatin,
carboplatin, and oxaliplatin. The anti-tumour mechanism of
platinum drugs can be carried out in four stages, including drug
entry into cells, drug activation, Pt=DNA complex formation,
cell cycle arrest, and apoptosis [15]. Platinum-based drugs are
the most widely used in cancer treatment [24,31], but several
tumors are completely resistant to these drugs and do not
respond clinically [7]. CF-based chemotherapy resistance is
a widely encountered postoperative clinical issue in patients
diagnosed with GC, resulting in poor prognosis [20,26]. The
key step to developing a treatment to prevent or overcome
chemotherapy resistance is to understand the evolution of
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tumors at the molecular level to overcome the cytotoxic effect
of chemotherapy. Therefore, an important step is to identify
the molecules that cause CF resistance in patients with GC to
prevent and treat their drug resistance.

Bioinformatics, a new discipline formed by the combination
of life science and computer science, studies the collection,
processing, storage, dissemination, analysis, and interpretation
of biological information. By comprehensively utilizing
biology, computer science, and information technology,
bioinformatics reveals the biological mysteries created by
numerous complex biological data. Currently, high-throughput
microarray technology and bioinformatics analysis are used to
identify differences in gene expression between chemosensitive
and chemoresistant tissues, analyze the differential expression
genes (DEGs), and identify the drug resistance and cancer
progression pathways.

The current study is based on the following technical
route (Figure 1): Herein, not only the traditional differential
analysis and clustering methods but also the weighted gene
co-expression network analysis (WGCNA) were used. Using
various bioinformatics analytical methods, we aim to identify
the molecules associated with CF drug resistance more
accurately and comprehensively, determine a direction toward
a possible targeted therapy for CF-resistant GC patients, and
provide biomarkers for patients with GC to apply CF combined
chemotherapy.

Materials and Methods.

Microarray data:

The Acquired Chemoresistance to CF combined Chemotherapy
in GC Patients sample data (Microarray data) was acquired from
the National Center for Biotechnology Information (NCBI)
Gene Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo). Expression data were extracted from the
dataset (GSE14210). Gene expression data were obtained from
118 tissue samples, including 96 tissue samples from patients
with metastatic gastric cancer that were more sensitive to CF
combined chemotherapy (Training) and 22 tissue samples from
patients with metastatic gastric cancer that did not respond well
to CF combined chemotherapy (Acquiredresistant), all of which
were collected by endoscopic biopsy.

Identification of DEGs:

NetworkAnalyst (https://www.networkanalyst.ca/
NetworkAnalyst/home.xhtml) is an online visual analysis
platform for gene expression analysis and meta-analysis [39].
Herein, it was used for DEGs analysis. First, we checked the
quality of the gene expression data from GSE14210, then
filtered and normalized the data, and finally, used the Limma
package to analyze the difference and identify DEGs on training
and Acquiredresistant samples.

GSE14210

v

. Identification .
GO analysis of DEGs KEGG analysis

Construction of PPI

v v

Screening of core Screening of Hub
clusters genes

WGCNA

GO analysis <—{ Key module:Turquoise KEGG analysis

Construction of PPI

Screening of Hub Screening of core
genes clusters

Survival Analysis
Analysis of mMRNA
expression

Analysis of protein
expression
Three real hub
genes

Single gene
enrichment analysis

Figure 1. Workflow of this study. including Identification of DEGs in CF Resistance Samples of GC, Identification of Key Module through
Weighted Gene Co-Expression Network Analysis, Screening of Core Clusters and Hub Genes, Prognostic Value of mRNA Expression of hub genes
in GC Patients, Expression of mRNA and protein, Single gene enrichment analysis.
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Gene Enrichment Analysis:

Micro-bioinformation cloud platform (www.bioinformatics.
com.cn) is an online platform for bioinformatics analysis based
on R language, in which gene enrichment analysis is performed
based on the data analysis of ClusterProfiler. The ClusterProfiler
package depends on the Bioconductor annotation data GO.db
and KEGG.db to obtain the maps of the entire gene ontology
(GO) and Kyoto encyclopedia of genes and genomes (KEGG)
corpus [43]. In this study, the Micro-bioinformation cloud
platform was used to perform GO and the KEGG enrichment
analysis of DEGs. The biological process (BP), molecular
function (MF), cellular component (CC), and KEGG pathway
were selected as analysis items.

Weighted Gene Co-Expression Network Analysis (WGCNA):

The primary function of WGCNA is to identify gene modules
with similar expression patterns, analyze the relationship
between gene sets and sample phenotypes, construct regulatory
networks among gene sets, and identify key regulatory genes
[22]. iDEP (http://bioinformatics.sdstate.edu/idep/) is an online
tool based on WGCNA. First, the correlation coefficient between
two genes is calculated by using their expression patterns, and
then the co-expression network of the genes is constructed based
on the obtained correlation coefficient. After building a gene
co-expression network, the close degree of gene relationship
was demarcated by a soft threshold, and the close relationship
was divided into a module. Thereafter, we performed some
feature analysis on the module, including endowing it with
characteristic values and enriching the genes in the module to
explore their functions. Finally, the key module associated with
the biological problems was selected based on the expression
patterns and functions of the modules.

Construction of Protein-Protein Interaction (PPI) Network:

The STRING (https://cn.string-db.org) database utilizes
Textmining,  Experiments,  Databases, = Co-expression,
Neighborhood, Gene Fusion, and Co-occurrence as active
interaction sources to construct a PPI network [32]. We used
this database to construct the PPl network. By setting the
minimum interactive score as “the medium confidence (0.400)”,
the proteins with weak connection with other proteins in the
network were excluded to obtain the PPI network of gene set 1
and gene set 2 respectively.

Screening of Core clusters and Hub Genes:

The PPI network built on the STRING database was sent to
Cytoscape analysis software, and MCODE and CytoHubba plug-
ins were used to screen core clusters and hub genes. The setting
parameters of the MCODE plug-in were as follows: degree
cut-off = 2, node score cut-off = 0.2, k-core = 2, and maximum
depth = 100. We used 12 algorithms in the CytoHubba plug-in:
MCC, DMNC, MNC, Degree, EPC, BottleNeck, EcCentricity,
Closeness, Radiality, Betweenness, Stress, ClusteringCoefficient
to obtain the hub genes. Each algorithm selected 10 genes with
the highest score, and the intersection of 12 results was used to
obtain the hub genes.

Survival Analysis:
Kaplan-Meier Plotter (http://kmplot.com/analysis/) database is
based on the gene chips and RNA-seq data of public databases
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such as GEO, EGA, and TCGA, which integrate gene expression
information with clinical prognostic values to conduct meta-
analysis and research on survival-related molecular markers [4].
Using the Kaplan-Meier Plotter database, the genes significantly
associated with the overall survival time (OS) were selected.

Analysis of mRNA expression:

The publicly available cancer genomics databases (TCGA,
METS500, CPTAC, and CBTTC) can be conveniently accessed
through UALCAN (http://ualcan.path.uab.edu) for analyzing
cancer genomics data. It is based on PERL-CGI and provides
high-quality graphics using javascript and CSS [6]. Herein,
the target gene was input into the home page of the UALCAN
website, and its mRNA expressions were derived in the case of
GC and paracarcinoma tissues.

Analysis of protein expression:

The Human Protein Atlas (https://www.proteinatlas.org)
aims to draw all human protein in cells, tissues, and organs by
integrating various omics technologies, including antibody-
based imaging, mass spectrometry-based proteomics,
transcriptomics, and systems biology [10]. In the current study,
immunohistochemical imaging was performed to directly
compare the protein expression of genes between normal human
tissues and GC tissues.

Single gene enrichment analysis:

We used the STRING database to systematically annotate the
biological functions of the 10 genes interacting with each hub
gene, construct a PPI network, and analyze the GO and KEGG
gene enrichment of each hub gene.

Statistical analysis:

GraphPad Prism and R software were used for graphic
drawing and statistical analysis (v8.0, R v4.1.0). In particular,
data input and screening, network construction and module
detection, module and phenotype data association, identification
of important genes, network interaction analysis, export of
network interactions data and network visualization were
performed using R combined with Cytoscape software. mRNA
expression analysis was performed using the Mann Whitney U
test combined with UALCAN, and protein expression analysis
was performed using the Mann Whitney U test combined with
The Human Protein Atlas, and the effect of hub gene level on
overall survival was performed using Cox regression combined
with Kaplan-Meier plots.

Results.

Identification of DEGs in CF resistance samples:

The sample data (GSE14210) of acquired chemical resistance
of patients with GC to CF combined chemotherapy were
downloaded from the NCBI-GEO database. By extracting
the expression data from this dataset, we finally obtained the
gene expression data of 118 tissue samples, of which 96 tissue
samples from patients with metastatic gastric cancer that were
more sensitive to CF combined chemotherapy (Training) and
22 tissue samples from patients with metastatic gastric cancer
that did not respond well to CF combined chemotherapy
(Acquiredresistant). Then, we used NetworkAnalyst online
analysis tool to identify DEGs. Firstly, uploading the data
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9



and checking the quality of the gene expression data, the
results showed that the data was microarray gene expression
data, including 118 samples and 22,277 genes were detected,
of which 20,375 can be matched, with a matching degree of
91.5%. The Box-plot showed that the data has been normalized.
Finally, after filtering the data, we used the Limma software
package to identify DEGs and found that there were 10,256
DEGs (adjusted p-value < 0.05) between Acquiredresistant and
Training, among which 358 DEGs (gene set 1) were markedly
up-regulated (log2FC>= 1) (Figure 2).

Function and pathway enrichment analysis of DEGs:

To obtain the biological explanation of the DEGs, we used
the micro-bioinformation cloud platform to perform GO and
KEGG enrichment analysis of DEGs, and selected the top 10
with the most statistical significance (the lowest p-value) to plot
(Figures 3A-D). These DEGs were primarily concentrated in
16 biological processes, including humoral immune response,
neutrophil activation involved in immune response, small
molecule catabolic process, and mainly located in eight cell
components, such as endoplasmic reticulum lumen, collagen-
containing extracellular matrix, secretory granule lumen, and
mainly involved in the oxidoreductase activity, chemokine receptor
binding, ligand-activated transcription factor activity, and other 50
molecular functions. In terms of the KEGG enrichment pathway,
these DEGs were mainly clustered in 15 pathways, such as
Lysosome, IL-17 signaling pathway, and Peroxisome.

Weighted Gene Co-Expression Network Analysis (WGCNA):

The key modules of GSE14210 were screened by iDEP
based on WGCNA. To transform the network constructed by
WGCNA to an approximately scale-free network, the soft
threshold was chosen as B = 6 (scale-free R2 > 0.8). In addition,
all selected genes were clustered by using the dynamic tree-
cutting algorithm based on the topological overlap matrix
(TOM), the min. Module Size (minimum number of genes in
the module) was set to 20. Finally, a network of 537 key genes
was divided into nine modules (Figure 4A) and the number and
expression of genes in each module are shown in Figure 4B.
KEGG analysis of the genes within each module reveals that
the turquoise module genes are concentrated in seven pathways,
including metabolic pathways and drug metabolism (Figure
4C). In terms of GO enrichment, we found that the turquoise
module genes were primarily concentrated in 15 biological
processes such as the Xenobiotic metabolic process, Hormone
metabolic process, and Lipid metabolic process. These are
mainly located in 15 cell components, such as Extracellular
space, Vesicle, and Extracellular organelle, and mainly involved
in the Oxidoreductase activity, acting on the CH-OH group of
donors, NAD or NADP as acceptor, and other 15 molecular
functions (Figure 4D). Based on the aforementioned findings,
we concluded that the turquoise module genes (gene set 2) play
critical roles in the CF resistance of GC. Therefore, the 170
genes extracted from the turquoise module were focused on in
our further study.

Construction of Protein-Protein Interaction (PPI) Network:

Interaction between proteins is the basis of cellular activities,
and research on protein—protein interactions is extremely
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significant. To explore the core clusters and hub genes that
played the most crucial role in modular genes, the STRING
database was used to construct the PPI network from gene
set 1 and gene set 2, respectively. We utilized Textmining,
Experiments, Databases, Co-expression, Neighborhood, Gene
Fusion, and Co-occurrence as active interaction sources to
construct the PPI network. By setting the minimum interactive
score as “the medium confidence (0.400)”, the proteins bearing
weak connections with other proteins in the network were
excluded to obtain the protein interaction network of the module
genes.

Screening of Core Clusters and Hub Genes:

First, we sent the PPI network built on the STRING database
to Cytoscape analysis software. Then, removing the proteins
with weak connections, two more concise PPI networks were
obtained (Figures 5A, B). Next, the MCODE plug-in was used
to screen the core clusters, and by setting the parameters of
the MCODE plug-in as degree cut-off = 2, node score cut-off
= 0.2, k-core = 2, and maximum depth = 100, 13 important
clusters of gene set 1 and five important clusters of gene set
2 were obtained. The cluster with the highest score in the two
gene sets was visualized (Figures 5C, D). In addition, we used
12 algorithms in the CytoHubba plug-in: MCC, DMNC, MNC,
Degree, EPC, BottleNeck, EcCentricity, Closeness, Radiality,
Betweenness, Stress, and ClusteringCoefficient to obtain the
hub genes. Each algorithm selected 10 genes with the highest
score, and the intersection of 12 results was adopted to obtain
the hub genes. Finally, 78 hub genes were obtained, of which
43 were from gene set 1 and 35 from gene set 2 (Figures SE, F).

Prognostic Value of mRNA Expression of hub genes in CF-
resistant GC Patients:

To further screen the hub genes, the relationship between
these 78 hub genes and OS in the microarray data (GSE14210)
was explored. The findings reveal that 11 genes were
negatively correlated with OS (Figures 6A—K). This implies
the upregulation of the mRNA expression of the 11 genes,
ACP6, AKT1, ASGR2, BSG, CENPB, CYC1, IDH3B, MTA1,
PON3, TLN1, and GCNT3, would lead to compromised OS of
GC patients using the CF combined chemotherapy. Therefore,
further research mainly focuses on these 11 genes.

Expression of mRNA and protein:

Despite the hierarchical organization of gene expression via
the central dogma, the relationship between transcripts and
protein expression levels is highly variable in GC. To identify the
trend associated with drug resistance, the expression of mRNA
and protein must be highly consistent. We used the UALCAN
database, which is based on the TCGA database, to explore the
mRNA expression of these 11 hub genes in GC. The results
reveal that 10 of these genes were overexpressed in GC (Figures
7A-J). Simultaneously, we used the HPA to study the protein
expression of these 10 genes and found that compared with
normal stomach tissues, only three of them demonstrated higher
protein expression in GC tissues (Figures 8A—C). Therefore,
these three genes, CENPB, MTA1, and GCNT3, were identified
as the real hub genes of CF-resistant GC patients.
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Single gene enrichment analysis:

To explore the possible mechanism of the three hub genes
regulating CF resistance in GC, we introduced the hub genes
separately into STRING to construct the PPI network (Figures
9A—C) and for functional enrichment analysis (Figures 9D-H).
Consulting the research related to tumor drug resistance revealed
that CENPB may regulate the progress of the cell cycle through
CENPA, CENPC, CENPE, INCENP, and APITD1 (Figure 91).
Moreover, MTA1 may regulate the Notch signaling pathway
through HDACI, and HDAC2 (Figure 9J), and GCNT3 may
regulate metabolic pathways through B3GNT3, B3GNT6,
C1GALT1, C1GALTI1CI1, and ST3GALI1(Figure 9K), to lead
to drug resistance.

Discussion.

GC ranks as the third leading cause of cancer-related deaths
worldwide, with more than one million new cases and 769,000
deaths annually [2,44]. Owing to the atypical and insidious
nature of the early clinical symptoms of GC, >60% of patients
already have local or distant metastases at the time of diagnosis.
Consequently, the 5-year OS rate for patients with GC with
local and distant metastases drops sharply to 30% and 5%,
respectively [33]. Currently, the gold standard for diagnosing
gastric cancer diagnosis is pathological tissue biopsy performed
under gastroscopy [29]. However, the invasive nature of
the diagnosis has limited its use in mass screening for GC.
Therefore, the discovery of new highly sensitive and specific
biomarkers is extremely essential for the diagnosis of tumors,
monitoring of tumor recurrence and metastasis, and assessing
prognosis. CF-associated chemotherapy resistance is one of
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the most encountered postoperative clinical complications
in patients diagnosed with GC, resulting in poor prognosis
[20,26]. We hope to identify the molecules associated with CF
drug resistance more accurately and comprehensively through
various bioinformatics analyses, determine a possible direction
of the targeted therapy for CF-resistant GC patients, and provide
biomarkers for GC patients to use CF combined chemotherapy.

The current study uses not only the traditional differential
analysis and clustering methods but also the weighted gene co-
expression network analysis method. Through the use of various
bioinformatics analysis methods, the molecules associated
with CF drug resistance can be searched for more accurately
and comprehensively. The primary result of this study is that
both the mRNA and protein expressions of CENPB, MTAI,
and GCNT3 are upregulated in CF-resistant GC patients, and
they are significantly associated with bad OS. In addition, the
findings reveal that CENPB may regulate the process of the
cell cycle, MTA1 may regulate the Notch signaling pathway,
and GCNT3 may regulate metabolic pathways to lead to drug
resistance.

In this study, the network of 537 key genes was divided into
9 modules by WGCNA. KEGG analysis of the genes within
each module revealed that the turquoise module genes were
mainly concentrated in seven pathways, including metabolic
pathways and drug metabolism. GO enrichment analysis of the
genes within each module revealed that the turquoise module
genes were mainly distributed in 15 cellular components, such
as Extracellular space, Vesicle, Extracellular organelle, etc.,
and were mainly concentrated in 15 biological processes, such
as Xenobiotic metabolic process, Hormone metabolic process,



Figure 6. Prognostic value of mRNA expression of distinct hub genes in GC patients using CF combined chemotherapy (Kaplan-Meier Plotter).
(A-K) Up-regulation of ACP6, AKT1, ASGR2, BSG, CENPB, CYCI1, IDH3B, MTAl, PON3, TLN1, GCNT3 mRNA expression leads to bad OS of
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Figure 7. mRNA expression of distinct hub genes in GC tissues and adjacent normal stomach tissues (UALCAN). (A-J) mRNA expressions of
ACP6, AKTI, ASGR2, BSG, CENPB, CYCI, IDH3B, MTA1, PON3, GCNT3 were found to be over-expressed in primary GC tissues compared to
normal samples. ** p<(0.01 *** p<0.001.

Figure 8. Representative immunohistochemistry images of distinct hub genes in GC tissues and normal stomach tissues (Human Protein Atlas).
(4) CENPB protein was low, and medium expressed in normal stomach tissues, whereas its high expression was observed in GC tissues. (B)Low
protein expression of MTAl was found in normal stomach tissues, while its medium protein expression was observed in GC tissues. (C) Medium
protein expression of GCNT3 was observed at normal stomach tissues but its high expression was observed in GC tissues.

14



MTA1 GCNT3
G H

coust coum
Thyroed hoemone signaing pathway < . 0 o
L= Mhucin type O- ghican bcaynttests{ [ ] L
[T — [ ] o0 .
Naich sgnaing paifway | @ o
® = ®-
Longunity reguiating paltvery - mltels spocies | 5 Mataboiic parways | ) !
- ing | Gigreaiom - log 1 Oipreakoe)
Hurman papdiomanrns inecton 4 5 8
k] .
18 Othee types of O- giycan bicaynihasis: +
18 %
” o 1 §
14 15 18 17 18 18 Fiy 50 T8
TR depanssent cornmarin remodebng
Chrmmann remadelng
Cromsman agerscakon
Fisgutatin o sgra Waswduction by ] chans masiaty
v L
o iremecripton by 8 pobemacees |-
Mingaenm rogelaton of liamerpacn by +us polymassas
Ve desceeytaye compie
isginrom g FDR)
' »
o E R "
.
. [ I,,
3
3 s
L
Sepaaren sze s et
GCNT3 :
Count

=

beta- 13- galaciosy O

Figure 9. Single gene enrichment analysis through STRING database. (A-C) PPI network of CENPB, MTA1, GCNT3. (D) Genes related to Cell
cycle in CENPB PPI network. (E) Genes related to Notch signaling pathway in MTA1 PPI network. (F) Genes related to Metabolic pathway in
GCNT3 PPI network. (G, H) KEGG enrichment results of MTAI and GCNT3. (I-K) GO enrichment results of CENPB, MTA1, GCNT3.

15



and Lipid metabolic process, and were mainly involved in the
Oxidoreductase activity, acting on the CH-OH group of donors,
NAD or NADP as acceptor, and other 15 molecular functions.
The above results suggest that the cluster genes may be mediated
by accelerated cell proliferation and autophagic flux [42],
enhanced DNA damage repair [23], up-regulation of multidrug
resistance-associated proteins [17,25,45], activation of tumour
stem cells (CSCs) and epithelial mesenchymal transition (EMT)
[5,12], reduction/increase in drug uptake/outflow [21], drug
degradation [44], and other modalities leading to resistance to
CF combination chemotherapy in gastric cancer patients, which
provides a direction for further exploration of the mechanisms
of CF combination chemotherapy resistance.

Centromere protein B (CENPB) plays an important role in
cell cycle regulation and assists in the vigorous proliferation of
cancer cells [9]. El-Desoky et al. reported that using combined
antisense oligonucleotides targeting the hTR and mRNA of
CENPB on liver cancer cells could be a promising strategy for
cancer treatment by concurrently controlling several pathways
[13]. Tian et al. suggested that the upregulation of CENPB
expression can increase the radio resistance of glioma cells both
in vitro and in vivo [34]. IL2RB, CENPB, TP53, and XAGE1A
combined biomarker panel holds potential for rapid screening
and could improve the diagnosis of early-stage lung cancer,
thereby potentially improving its prognosis [37]. Currently, only
a few reports are available on the relationship between CENPB
and tumor drug resistance. However, we found that CENPB was
overexpressed in patients with CF-resistant GC and negatively
correlated with OS. If the relationship between CENPB and tumor
drug resistance can be further verified, it would provide a new direction
for developing strategies to overcome tumor drug resistance.

Reports are available that claim MTA1 overexpression in
GC is positively correlated with tumor size, angiogenesis,
invasion depth, lymph node metastasis, lymphatic involvement,
venous invasion, distant metastasis, recurrence, and advanced
clinical stage, and MTA1 overexpression is an independent
predictor of adverse OS and DFS [11,18,28,46]. In addition,
Yao Y et al. reported that MTA1 is overexpressed in GC,
which promotes malignant cell growth by facilitating cell
cycle progression through the upregulation of cyclin D1 and
accelerates the migration and invasion of human GC cells
by regulating fibronectin and MMP2/MMP9 expression [1].
However, no report exists on the relationship between MTA1
and chemotherapy resistance of GC. To investigate whether
MTA1 can mediate CF combined chemotherapy resistance of
GC through the Notch signalling pathway will be interesting
and clinically significant.

GCNT3 (core 2B-1,6-acetylglucosaminyltransferase) is a
novel core mucin synthase. Mucins form a barrier impeding
drug access to target sites, leading to cancer chemoresistance.
Loss of GCNT3 suppresses PC progression and metastasis by
downregulating cell cycle genes and B-catenin/MUC4 axis
[16]. Increased sensibility to S5-fluoracil in metastatic cells
is associated with high levels of GCNT3 [14]. GCNT3 gene
knock-out significantly restored the chemical sensitivity of
breast cancer cells to natural flavonoid apigenin [38]. Among
the three hub genes, only the relationship between GCNT3 and
tumor resistance has been explored. However, the relationship
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between GCNT3 and the drug resistance of GC is unelucidated
to date. The current study can provide new and valuable insights
to promote further research on the underlying mechanism
through which GCNTS3 regulates drug resistance in GC.

Despite some significant findings, the current study has some
limitations. First, the studied and analyzed data are all from
the network database, and the sample size is small. Therefore,
the sample size needs to be increased and further conduct
in-vivo and in-vitro validation tests need to be conducted.
Second, this study suffers from a lack of clinical information,
and its potential diagnostic and therapeutic effects have not
been evaluated. Further exploration is necessary to determine
whether the three real hub genes can be used as a diagnostic
marker or a therapeutic target. Finally, because only a few chip
data are available on the CF resistance of GC, we found only
one chip data aligned with the purpose of this study. Using this
single chip data without external dataset verification may lead to
one-sided results and a high false positive rate.

Conclusion.

In conclusion, this study suggests that both the mRNA and
protein expressions of CENPB, MTAIl, and GCNT3 are
upregulated in CF-resistant GC patients, and they are significantly
associated with bad OS. In addition, CENPB MTA1, and GCNT3
may regulate the processes of the cell cycle, Notch signalling
pathway, and metabolic pathway, respectively, to result in
drug resistance. This provides a direction for further research
on the mechanism of CF resistance, and CENPB, MTAI1, and
GCNTS3 are expected to be biomarkers with promising clinical
applications and potential therapeutic targets for GC patients
who are refractory to CF combined chemotherapy.
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