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Abstract

Introduction: The molecular process of tumorigenesis in breast cancer is still
not fully comprehended. Identifying related genes in breast cancer progression
will clarify its basic molecular mechanisms. Therefore, the present study aimed
to identify key differentially expressed genes associated with breast cancer
prognosis and further investigate their potential link to pathogenicity.

Materials and Methods: The GSE45827, GSE65194, and GSE42568 datasets
from Gene Expression Omnibus were downloaded and analyzed in the NCBI

Received: 2024/12/05 database to identify differentially expressed genes. The KEGG gene ontology
Accepted: 2025/03/14 and pathway were also studied. The STITCH website revealed the protein-
*Corresponding Author: protein interaction network of differentially expressed genes, which visualized
n.askari@kgut.ac.ir using Cytoscape and further analyzed using the MCODE plugin. The expression

levels of Hub genes were analyzed using UALCAN. Kaplan-Meier plotter was
used to assess the association between the expression levels of identified genes
and patient survival, and then a gene-drug interaction network was created using
Comparative Toxicogenomics Database to explore potential drugs that could
target the identified genes.
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Results: A total of 599 differentially expressed genes were identified, and four
Hub genes were selected for further analysis through a high degree of
connectivity and the GTEx database. The results showed that NDEI, RAD21,
ZWILCH, and ZWINT may be key genes in cell cycle signaling, P53, PI3K-Akt,
and AMPK breast cancer progression pathways.

Conclusion: Given the critical role of these four hub genes in the fundamental
and well-known pathways of breast cancer, these genes can be considered as
valuable potential prognostic biomarkers and novel therapeutic targets. A better
understanding of these genes and pathways can provide insights into breast
cancer progression. Therefore, further research is required in this regard.
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Introduction

Breast cancer is the most common malignancy
among women and a leading cause of cancer-
related deaths worldwide (1). Early diagnosis is
crucial for improving patient outcomes.
Understanding the molecular mechanisms
underlying breast cancer progression is
essential for developing effective diagnostic
and therapeutic strategies. Bioinformatics
analysis of gene expression data provides a
powerful approach to identify key genes and
pathways involved in this complex disease.
This study employed a comprehensive
bioinformatics analysis of publicly available

gene expression datasets from the Gene
Expression Omnibus (GEO) database to
identify differentially expressed genes (DEGs),
investigate their protein-protein interactions
(PPIs), and characterize the hub genes and
biological pathways associated with breast
cancer progression (2) (Figure 1).

To provide more current and reliable insights
into breast cancer prognosis, this study analyzes
three recent and independent datasets.
Furthermore, the use of diverse and powerful
bioinformatics databases and tools allows for a
more detailed and trustworthy analysis of the
associated genes compared to previous
research.
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Fig 1: Overview of the bioinformatics workflow
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Materials & Methods

Three breast cancer datasets (GSE45827: 11
normal, 130 cancer; GSE42568: 11 normal, 130
cancer; GSE65194: 17 normal, 104 cancer)
were downloaded from the GEO database. The
DEGs were identified using the GEO2R tool
with thresholds of [log2FC| > 1 and a P-value <
0.05. The log2 fold change threshold was
selected to identify genes exhibiting at least a
two-fold change in expression, which is
generally considered biologically significant. A
P-value threshold was used to ensure the
observed differences in gene expression were
statistically significant. The GEO2R tool
includes built-in normalization procedures to
enhance data comparability and improve the
quality of the results, and during initial data
exploration, the expression profiles of the
samples were visually inspected for any
obvious deviations or wunusual patterns
indicative of low quality. Functional

enrichment analysis of DEGs was performed
using the ShinyGO web server to identify
enriched Gene Ontology terms and KEGG
pathways (3). A PPI network of DEGs was
constructed using the STITCH database
(combined score > 0.7) and visualized using
Cytoscape (version 3.9.1) (4). The MCODE
plugin (score > 5.0) was used to identify
densely connected modules within the PPI
network, and the top 20 most highly connected
genes were selected. The expression patterns of
these top genes were analyzed using the GTEx
Portal to assess their expression in normal
human tissues. The UALCAN database was
used to compare the expression levels of these
genes in tumor and normal breast tissues (5).
Kaplan-Meier plotter was used to analyze the
correlation between the expression of selected
hub genes and the overall survival of breast
cancer patients. The analysis was conducted on
the entire patient cohort, which included data
on all levels of ER status, PR status, HER2
status, lymph node status, tumor grade, and
molecular subtypes (6). The Comparative
Toxicogenomics Database (CTD) was utilized
to explore potential interactions between the
identified hub genes and drugs or chemicals (7).

Results

Following the identification of differentially
expressed genes in each of the three datasets
using the criteria outlined in the Methods
section, the resulting gene lists were merged.
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After removing duplicate entries, a total of 599
unique differentially expressed genes with a
consistent trend of expression change across the
datasets were obtained (300 upregulated and
299 downregulated). Functional enrichment
analysis using ShinyGO revealed significant
enrichment of upregulated DEGs in pathways
such as CELL CYCLE and P53 SIGNALING
PATHWAY, while downregulated DEGs were
enriched in ECM-RECEPTOR
INTERACTION and PI3K-AKT SIGNALING
PATHWAY. The PPI network was constructed
using STITCH and analyzed with Cytoscape,
MCODE and GTEx Portal identified several
highly interconnected gene clusters, leading to
the selection of four hub genes: NDEI, RAD21,
ZWILCH, and ZWINT, which showed
significant differential expression in breast
cancer tissues compared to normal tissues
based on UALCAN analysis (P<l1E-12).
Kaplan-Meier survival analysis demonstrated
that abnormal expression levels of ZWINT
(P<le-16), ZWILCH (P<4.3¢-09), RAD2I
(P<5.6e-11), and NDEIl (P<l.4e-05) were
associated with significantly poor overall
survival in breast cancer patients. Furthermore,
analysis using the CTD database identified
potential drugs that could modulate the
expression of these hub genes, such as
Doxorubicin, Aristolochic acid 1, and
Azathioprine, all of which are predicted to
decrease their expression.

Discussion

Analysis of the selected GEO datasets
identified a total of 599 DEGs (300 upregulated
and 299  downregulated).  Functional
enrichment analysis using ShinyGO revealed
significant enrichment of upregulated DEGs in
pathways such as CELL CYCLE and P53
SIGNALING PATHWAY, while
downregulated DEGs were enriched in ECM-
RECEPTOR INTERACTION and PI3K-AKT
SIGNALING PATHWAY. The PPI network
was constructed using the STITCH database
and analyzed with Cytoscape software. Using
the MCODE plugin, several gene cluster
networks were identified. The GTEx Portal
database was then used to select genes
expressed in breast tissue. Finally, the
UALCAN database identified four hub genes
(NDE1, RAD21, ZWILCH, and ZWINT), which
showed significant differential expression in
breast cancer tissues compared to normal
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tissues. Kaplan-Meier survival analysis
demonstrated that abnormal expression levels
of these four hub genes was associated with
significantly poor overall survival in breast
cancer patients. The observed association
between abnormal expression of these four hub
genes and poor overall survival in breast cancer
likely reflects the disruption of fundamental
cellular processes crucial for maintaining
genomic stability and proper cell division.
These hub genes are involved in critical aspects
of the cell cycle, DNA repair mechanisms, and
chromosome segregation. Furthermore,
analysis using the CTD database identified
potential drugs that could modulate the
expression of these hub genes, such as
Doxorubicin, Aristolochic acid I, and
Azathioprine.

These findings are based on bioinformatic
analysis and require experimental validation.
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table 1:From the dataset, S99 DEGs were obtained and validated. These genes include 300 genes with
increased expression and 299 genes with decreased expression in tumor tissue compared to normal tissue.

Expression
change type DEGs
CEACAMG6, GPRC5A, GRB7, PPY, COMP, PLEKHF2, GALNT7, GALNTIS5, FOXAl,
GPR160, POSTN, IL13RA1, MIENI, BHLHE40, CCN4, KMO, ERBB2, TMEM97, CDH11,
ASPN, LRRC15, DAZAP2, CTHRCI, COLIAI, CXXCI, SLC4444, SRD543, CSNK2A2,
MS4A47, MS4A4A4A, SLC3946, SLC2A10, CPEB4, GREM1, EPPKI, PIP4K24, FAP, CCNG2,
CPD, HOMER2, GCHI, TMEMY9B, CFLI, NQOI, SPTLC2, NREP, TLCDI, FBNI,
TNFRSF124, GADD45B, MICAL2, DUSP5, SPAG1, COPS8, CSNK1A41, DAAM1I, MYOG6,
POLR3K, SERPINEI, SCARB2, YIPF5, SDRI16C5, SP110, PMP22, PRRI15, CDC42SE],
ERMPI, TMEM41B, FOLRI, VAMP3, CEACAMS, JAKI, GALNTI0, ETNKI, RAB224,
RHOB, ORMDL3, ARHGDIB, KCTD5, CTSB, UBE2H, FNI, VAV3, RRM2, CXCLIO0,
ANP32E, TOP24, CDC20, ATAD2, PRCI, ASPM, SMC4, TPX2, COLIIAI, UBE2T,
CENPF, UBE2C, EIF54, ENOI, ALYREF, KIF2C, NUSAPI, BIRCS5, HSP904ABI1, CDKI,
S100P, S10048, ACTB, TPD52, FAM83D, CCNB2, LAPTM4B, ESRPI, CCNBI, CXCLY,
MELK, MAD2LI, TYMS, PRRI1, YWHAZ, HORMADI, CDKN3, ANLN, CKS2, UBE2S,
TRIP13, P4HB, MMP1, CDCA7, STIP1, EZH2, VCAN, NUF2, COLI10A1, SLC5242, SPPI,
LogFe () | KIF44, MSH6, AURKA, ZWINT, ATGS, APOBEC3B, CENPU, SLC7A5, INHBA, KIF11,
CBX2, CEP55, BUBI, CXCR4, ECT2, FOXM1, CALU, ATP6VI1A4, MKI67, DSG2, CCNA2,
SRSF1, BUBIB, RARRESI, PLAUR, TMEM165, DLGAPS5, NDC80, UBXN4, ZIC1, KIF14,
HMMR, PATLI, SEC61A1, CTPSI, TMEM304, Clorf43, TMED2, TRAMI, PTP4Al,
KIF204, SOLE, CENPW, KIF23, COL1241, STATI, PPIF, IFI44L, LARP4B, GDI2, TOBI,
BCL241, UHRFI, CDCA3, MTPAP, RAD5IAPI, ZNF146, AGO2, FANCI, HACD3,
MRPL42, M6PR, MCM10, ENI, KPNA2, SDHC, FENI, RAP2B, VMPI1, GJB2, UBE2N,
NAA50, PTTGI, NOLCI, CENPE, CXCL11, PHF19, CCT2, SMC3, AURKB, PRPF4,
TAGLN2, AKIRINI, LAMPI1, MMP11, PGKI, KDELR3, NCAPD2, RANBPY, SAEI, CTSS,
SRGN, CSNK241, RAD21, GAPDH, HJURP, PRKDC, SUV39H2, CD46, SULFI, MCM4,
RITI, UHMKI, ACLY, S10049, PSENEN, SETDS5, FPR3, SPAGS5, HSPHI, PLAU, ME2,
YWHAE, MYBLI, CDCA5, NDCI, RPRDIA, E2F5, LSM4, GTSEI, CCNE2, SOXII,
KLHDC7B, TSN, TWF1, TRIM59, CLDN3, TSEN15, ARFGEF1, MTFRI, GINSI, TIGAR,
RHOA, RAB5A, MMP9, EML4, PDLIMS5, RDHI0, MAPKI1, AMDI, RRM1, OASI, GDEI,
ZWILCH, MAPRE1, RABIA, UBE2M, CARMILI, LAMP3, ENSA, UGTS, SOATI, CHAC2,

SMC2, HSPD1, KIF15, PIGC, NDEI, LYZ, ERP27, GMFB, NSD2, FNDCI, PSRCI
PIGR, ADIPOQ, SFRP1, ECRG4, FABP4, SCARA5, RBP4, KRT14, ADHIB, GABRP, IRX1,
NTRK2, ACACB, PLINI, CHRDLI, SH3GL3, MYBPCI, CD36, ABCAS, PLIN4, TGFBR3,
GALNTI6, SCGB341, RBP7, GPDI, OXTR, CD300LG, SOX10, SYNM, HOXA5, WIF1I,
COL6A6, BTNLY, ITIHS5, TIMP4, CIDEC, F3, KRT5, ELF5, S100B, FMO2, FMO4, KRT135,
PI15, CRYAB, KLHLI13, ADAMTSS, ATP1A2, PLACY, PCOLCE2, SCN4B, PPPIRI44,
CAVIN2, MYHII, SEMA3G, G0S2, MAOA, CCL28, RELN, IGFl, ZBTB16, ILI7RD,
LogFc (-) SORBS1, LRRN4CL, FXYDI1, ZNF595, ACKR1, KIT, ID4, AKRI1C1, DMD, GPIHBP1, TP63,
THRSP, PDK4, ACVRIC, ROPNIB, GYG2, NPRI, TSHZ2, PAMRI, RSPO3, CLDNI1,
NDRG2, COLI1441, INMT, SCD5, AOC3, FCGBP, EBFI, ROPNI, CDKNIC, MIA,
TMEM100, RNF150, LMODI, TMEFF2, EDNRB, KLHL29, FHLI, CFH, FAMI074,
PPPIRIA, EPASI, FOXCI, SAMDS, CRISPLDI, ITGA7, GSTM5, CLDNS, DLK1, TRIM?29,
RAPGEF3, RBMS3, CDOI, TMTCI, CX3CLI, SOBP, IGFBP6, DGAT2, ANKRD35, GPAM,
LMF1, ANK2, LAMB3, MEOX2, MAMDC?2, ACTG2, RGMA, STOX2, PROMI, ITGA9,
CNNI, CXCL14, CACHDI, APOD, JAM?2, FABP7, TESC, LRP2, SOD3, ANPEP, CCDCG69,
TNS1, GNAL, AKAP12, LYVEL, SORBS2, HOXA3, BOC, TRIM4, ITM2A, SLC16A7, FIGN,
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Figure 2: Functional enrichment analysis of DEGs with decreased expression was performed in ShinyGO.
A: Biological functions B: Molecular function.
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Figure 3: Functional enrichment analysis of DEGs with increased expression performed in ShinyGO. A:

Biological functions B: Molecular functions.
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table 2: Enrichment analysis of KEGG pathways associated with identified DEGs. Significant functional
pathways associated with all DEGs with p-values less than 0.05 are listed in the table.

Expression Pathway p-value Number of Genes
change type genes
GADD45B/CDC20/CDK1/CCNB2/CCNB1/MA
D2L1/YWHAZ/TRIP13/BUB1/CCNA2/BUBI1B/
CELL CYCLE 63¢-13 22 NDCS80/PTTG1/SMC3/AURKB/RAD21/PRKDC
/MCMA4/YWHAE/CDCAS5/E2F5/CCNE?2
GADD45B/CDC20/CDK1/CCNB2/CCNB1/MA
D2L1/YWHAZ/TRIP13/BUB1/CCNA2/BUBIB/
OOCYTE MEIOSIS  7.5¢-07 14 NDCS80/PTTG1/SMC3/AURKB/RAD21/PRKDC
/MCM4/YWHAE/CDCAS/E2F5/CCNE2
GADD45B/CDC20/CDK1/CCNB2/CCNB1/MA
UP P53 SIGNALING 1.96-05 9 D2L1/YWHAZ/TRIP13/BUB1/CCNA2/BUBIB/
PATHWAY ' NDCS80/PTTG1/SMC3/AURKB/RAD21/PRKDC
/MCM4/YWHAE/CDCAS5/E2F5/CCNE?2
PROGESTERONE- GADD45B/CDC20/CDK1/CCNB2/CCNB1/MA
MEDIATED 7 96-05 10 D2L1/YWHAZ/TRIP13/BUB1/CCNA2/BUBIB/
OOCYTE o NDCS80/PTTG1/SMC3/AURKB/RAD21/PRKDC
MATURATION /MCMA4/YWHAE/CDCAS5S/E2F5/CCNE?2
GADD45B/CDC20/CDK1/CCNB2/CCNB1/MA
IL-17 SIGNALING 6.56-04 g D2L1/YWHAZ/TRIP13/BUB1/CCNA2/BUBIB/
PATHWAY ¢ NDCS80/PTTG1/SMC3/AURKB/RAD21/PRKDC
/MCM4/YWHAE/CDCAS/E2F5/CCNE2
PPAR SIGNALING 7 0609 12 ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
PATHWAY e SCD5/FABP7/ANGPTL4/PCK1/PPARG/ACSLI
ECM-RECEPTOR 4.06-07 1 ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
INTERACTION e SCD5/FABP7/ANGPTL4/PCK1/PPARG/ACSLI
ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
FOCAL ADHESION5.2¢-07 16 SCD5/FABP7/ANGPTL4/PCK1/PPARG/ACSLI
PI3K-AKT
ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
pomy SIGNALING 5-3¢-06 20 SCD5/F%BP 7/ANGPTL4/PCK1/PPARG/ACSLI
PATHWAY
55)%11{1;2201\1 (I)Il\:l 8 16206 g ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
ADIPOCYTES SCD5/FABP7/ANGPTL4/PCK1/PPARG/ACSLI
AMPK SIGNALING 2 96-04 9 ADIPOQ/FABP4/PLIN1/CD36/PLIN4/SORBS1/
PATHWAY e SCD5/FABP7/ANGPTL4/PCK1/PPARG/ACSLI
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Figure 4: The connection network between DEGs representing different gene clusters, constructed by the

STITCH database.
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Figure 5: Protein-protein interaction network of DEGs was drawn using Cytoscape software. Key gene
clusters were identified using the MCODE plugin with a score of S or higher.
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Figure 6: This gene cluster network was separated from the main network by Cytoscape software. These
genes significantly interacted with each other and were statistically significant.
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Figure 7: Expression of genes with high interactions in the main network in different cells and tissues
obtained from the GTEx Portal database. The first seven genes are all highly expressed in breast tissue.
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Figure 8: Box plot of the difference in gene expression levels in tumor and normal tissue was performed in the
UALCAN database. A: NDE1 B: RAD21 C: ZWILCH D: ZWINT All p-Values were significant (<1E-12).
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Figure 9: Analysis of the difference in the expression levels of Hub genes in different cancers for all tumor
types in terms of histology, which was performed on the UALCAN website. In all box plots, a significant
difference in the expression levels of genes was observed. A: NDE1, B: RAD21, C: ZWILCH and D: ZWINT
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Figure 10: Kaplan-Meier survival curves of Hub genes in breast cancer patients with atypical expression

indicating a change in overall survival of patients.
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Table 3: Differences in patient survival rates due to increased and decreased expression of hub genes in the

Kaplan-Meie plotter database.

HS;I;: Low expression group (month) High expression group (month)
NDEI 228.85 216.66
RAD21 69 38
ZWILCH 216.66 228.85
ZWINT 80.4 35
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Table 4: Drugs and chemicals affecting identified hub genes.

Inhibitor drugs

Genes

Doxorubicin

Trovafloxacin

Valproic Acid

NDEI1

Dexamethasone
Trovafloxacin

Valproic Acid

RAD21

Aristolochic acid I
Azathioprine

Ivermectin

ZWILCH

Azathioprine
Dronabinol

Vancomycin
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