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ABSTRACT: Breast cancer (BC) is globally recognized as the second
most prevalent form of cancer. It predominantly affects women and can
be categorized into distinct types based on the overexpression of specific
cancer receptors.The key receptors implicated in this context are the
human epidermal growth factor receptor-2 (HER2), estrogen receptor
(ER), and progesterone receptor (PR), alongside a particularly intricate
subclass known as triple-negative breast cancer (TNBC). This
subclassification is critical for the stratification of breast cancer and
informs therapeutic decision-making processes. Due to a lack of
therapeutic targets, such as growth factor receptors, TNBC is the most
aggressive type. Hence, identifying targetable regulators such as miRNAs
could pave the way for potential therapeutic interventions. To identify
common differentially expressed mRNAs (DE-mRNAs) in BC, including
TNBC, we leveraged two data sets from the GEO collection and The Cancer Genome Atlas (TCGA). Significant DE-mRNAs were
identified through PPI, MCODE, CytoNCA, and CytoHubba analyses. Following this, miRNAs were predicted using mirDIP. We
utilized GSE42568, GSE185645, and TCGA and identified 159 common DE-mRNAs. Using Cytoscape plug-ins, we identified the
10 most significant DE-mRNAs in BC. Using mirDIP, target miRNAs for 10 DE-mRNAs were identified. We conducted an
advanced analysis on the TNBC GEO data set (GSE45498) to corroborate the significance of shared DE-mRNAs and DE-miRNAs
in TNBC. We identified four downregulated DE-miRNAs, including hsa-miR-802, hsa-miR-1258, hsa-miR-548a-3p, and hsa-miR-
2053, significantly associated with TNBC. Our study revealed significant miRNA−mRNA interactions, specifically hsa-miR-802/
MELK, hsa-miR-1258/NCAPG, miR-548a-3p/CCNA2, and hsa-miR-2053/NUSAP1, in both BC and TNBC. The observed
downregulation of hsa-miR-548a-3p is associated with diminished survival rates in BC patients, emphasizing their potential utility as
prognostic indicators. Furthermore, the differential expression of mRNAs, including CCNB2, UBE2C, MELK, and KIF2C, correlates
with reduced survival outcomes, signifying their critical role as potential targets for therapeutic intervention in both BC and TNBC.
These findings highlight specific regulatory mechanisms that are potentially crucial for understanding and treating these cancer types.

1. INTRODUCTION
Breast cancer (BC) is widely known as the most common
cancer in women and ranks as the fifth leading cause of cancer-
related deaths globally.1 A significant observation involves BC
prevalence and incidence variations across ethnic populations.2

According to GLOBOCAN 2020 statistics, approximately 9.22
million new cancer cases were reported in females. BC
constituted 2.26 million cases, roughly 24.5% female.3 Invasive
breast carcinoma (IBC) is a type of breast cancer that spreads
into the surrounding breast tissue. Most types of breast cancer
worldwide are found under the category of IBC, yet all types of
invasive breast carcinoma are different. Two types of IBCs
developed in humans are found most commonly among the
population.4 These include invasive ductal carcinoma and
invasive lobular carcinoma. Other IBCs are found in minority
populations like Medullary Carcinoma, Adenoid Cystic

Carcinoma, Papillary Carcinoma, Medullary Carcinoma,
Tubular Carcinoma, etc.5

BC can be classified into four subtypes: basal-like, luminal A,
luminal B, and HER2-positive. These classifications are based
on the presence of specific markers, such as ER, PR, and
HER2.6 Triple-negative breast cancer (TNBC), which is
mostly included in the basal-like subclasses of BC. Approx-
imately 15−20% of cancer cases among the four subtypes are
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represented by this category.6,7 TNBC is included in the basal-
like subtype of cancer due to its unique characteristics like the
absence of ER/PR/HER2 receptors, risk of early relapse
tendency, low survival rate, highly aggressive tumor growth,
high recurrence potential, the huge chance of treatment
rejections and highly invasive side effects, etc.8,9 The aggressive
characteristic of TNBC leads to its tendency to recur and
metastasize to a higher level.1 TNBC often occurs in young
and premenopausal females.7,10 TNBC lacks many treatments
due to its variance compared to other kinds of breast cancer.7

One of the most important reasons is the lack of therapeutic
and curative targets. Because of the scarcity of biomarkers and
therapeutic strategies, the only treatments available for TNBC
are surgery, chemotherapy, and radiotherapy.11 Two main
types of chemotherapy effective for TNBC are neoadjuvant
chemotherapy to shrink the tumor in size, followed by surgery
and postoperative chemotherapy, which refers to continued
chemotherapy.12 The effectiveness of chemotherapy treatment
is often contingent on the duration and consistency of the
therapy; delays or extended treatment periods can potentially
diminish its effectiveness. One particular concern with TNBC
is its propensity to metastasize in the brain, resulting in a high
risk of recurrence.7,12 It is also been claimed that around 30%
of metastatic TNBC would survive at least 5 years after initial
diagnosis under the condition of undergoing systematic
chemotherapy treatment. It has also been virtually determined
that all metastatic TNBC patients will eventually die.8,13

Scientists use Microarray analysis and RNA sequencing to
identify biomarkers and targets that can help stabilize the
abnormalities caused by invasive breast carcinoma.7,9 The
epigenetic alterations and miRNA dysregulation can silence
gene expression, especially in TNBC, and activate/suppress the
multiple numbers of genes at pre- and post-transcriptional
stages.9 miRNAs are small, noncoding RNA and endogenous
sequences of approximately 19−25 base pairs. miRNAs also
affect the negative regulation and inhibition of specific mRNA
targets’ gene expression.14 Hence, comprehending the
processes and signaling pathways governed by mRNAs and
their linked miRNAs could be beneficial for diagnosing and
treating cancers.
We analyzed the gene expression patterns of BC and TNBC

tissues using GEO data sets and breast cancer (BRCA)
samples from the TCGA database compared to normal
samples. We have identified biomarkers that can contribute
to a more efficient and personalized treatment approach for
BC, including TNBC. This treatment approach was achieved
by pinpointing common DE-mRNAs and their associated DE-
miRNAs across these data sets. Furthermore, these findings
suggest a connection between miRNA−mRNA networks
implicated in BC’s development, including TNBC.

2. MATERIALS AND METHODS
2.1. Data Collection and Identification of DE-mRNAs.

We retrieved the GEO data sets in the NCBI database using
the following keywords “Breast Cancer”, “TNBC (or) triple-
negative breast cancer”, and “Homo sapiens”. The data set
underwent filtering based on the following criteria: (i) It
should include a higher number of BC or TNBC samples; (ii)
availability of raw data in the GEO data sets; and (iii) data sets
with normal or control samples.15 Based on these criteria, we
obtained the GSE42568 GEO Data Set containing breast
cancer and normal tissues from the NCBI database. The
GSE42568 data set comprised 104 breast cancer samples.

From this, 82 were invasive ductal carcinoma, 17 were invasive
lobular, five belonged to special type (two were tubular and
three were mucinous), and 17 were normal. Among these were
67 (+) and 34 ER (−) samples. Similarly, we obtained the
GSE185645 GEO data set containing TNBC and normal
samples. We utilized the GEO2R tool to screen the differently
expressed mRNAs (DE-mRNAs) in BC with ER+/ER− and
TNBC data sets. DE-mRNAs with |log2FC| ≥ 1 and a p-value
≤0.05 were regarded as significantly upregulated, while those
with |log2FC| ≤ −1 and p-values ≤0.05 were deemed
significantly downregulated. The significant up- and down-
regulated DE-mRNAs in breast cancer and TNBC were
visualized in the volcano plot. Following that, we utilized the
BRCA samples in the TCGA database and obtained DE-
mRNAs with a cutoff of |log2FC| +1 ≥ or ≤ −1 and p-values
≤0.05 using the Gene Expression Profiling Interactive Analysis
2 (GEPIA2) portal.16 The significant DE-mRNAs in BRCA
were visualized in the chromosome. We obtained the common
DE-mRNAs among BC with ER+/ER−, TNBC, and TCGA-
BRCA samples using the Venn diagram compared to normal or
control samples. Venn diagrams were constructed using the
“Bioinformatics & Evolutionary Genomics” software tool
hosted by VIB-UGENT Centre for Plant System Biology,
VIB, and GHENT University.

2.2. Functional Annotation and Enrichment Analysis.
Gene ontology (GO) analysis is applied to communal DE-
mRNAs from BC, including TNBC, in the DAVID online web
server.17 The GO classification of biological process (BP),
molecular function (MF), and KEGG Annotation were
examined. The DE-mRNA’s significant GO biological process,
GO Molecular Functions, and KEGG Pathways were visualized
in bubble plots using a p-value cutoff of <0.05.

2.3. Protein−Protein Interactions (PPI) Network
Construction. We utilized the STRING tool, an online
database, to build a PPI network to analyze the relationships
between the significant upregulated and downregulated
communal DE-mRNAs.18 The confidence during the PPI
network was set to 0.7 (high confidence value). Once the PPI
network was built, we removed all of the disconnected and free
nodes that do not branch to the main PPI network cluster.
Then, the output PPI network was downloaded and examined
using Cystoscape software.19 We applied the Cytoscape
network analyzer app to visualize the PPI network better.
Cytoscape is used to visualize and explore the interactions
between the significant DE-mRNAs.

2.4. Identification of Hub DE-mRNAs Using MCODE,
CytoNCA, and CytoHubba Analysis. For further specificity
in the investigation, MCODE analysis was performed on a
Cytoscape network analyzer tool. The topmost cluster from
the PPI network was picked from the MCODE analysis. This
chosen cluster was further processed using CytoNCA and
CytoHubba plug-ins to detect the hub DE-mRNAs. The
cytoNCA analysis of the module 1 network was analyzed using
four parameters, namely, EPC, MCC, MNC, and Stress. The
top 20 DE-mRNAs in each CytoNCA parameter were selected.

On the other hand, the CytoHubba analysis was performed
using four parameters, namely, Betweenness, Closeness,
eigenvector, and LAC. Similarly, the top 20 DE-mRNAs in
each CytoHubba parameter were selected. The DE-mRNAs in
each parameter were observed and recorded for further
utilization. Lastly, these recorded DE-mRNA outputs from
each parameter were used to construct a Venn Diagram to
identify the hub DE-mRNAs by the presence of shared DE-
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mRNAs across the parameters of cytoNCA and cytoHubba
analysis using “Bioinformatics & Evolutionary Genomics”
software tool hosted by VIB-UGENT center for plant system
biology, VIB and GHENT University.

2.5. Validation of hub DE-mRNAs in BC. To assess the
expression levels of the pivotal hub DE-mRNAs in tissues and
conduct survival analysis, GEPIA2 (http://gepia2.cancer-pku.
cn/)16 and OncoLnc (http://www.oncolnc.org/) were used.
These two online platforms facilitate the analysis and
exploration of data sets derived from TCGA. Utilizing this
resource, we scrutinized the expression profiles of key hub DE-
mRNAs within BRCA tissues using GEPIA2. Furthermore, we

assessed these hub DE-mRNAs’ overall survival (OS)
correlations in breast cancer patients using the Kaplan−
Meier plot of OncoLnc. The median cutoff segregates patients
into two categories: those with mRNA expression levels above
the 50th percentile, termed the high expression group, and
those below the 50th percentile, termed the low expression
group. Statistical significance was determined with a threshold
of p-value ≤0.05.

2.6. Prediction of Hub DE-mRNAs-Associated miR-
NAs. The hub DE-mRNAs were uploaded into mirDIP to
identify miRNAs that target these uploaded mRNAs.20 The
minimum score class to identify the associated miRNAs was

Figure 1. Identification of DE-mRNAs in GSE42568, GSE185645, and TCGA data sets. (A) Volcano plot of GSE42568 representing the
comparison of gene expression between BC and normal. (B) Volcano plot of GSE185645 representing the comparison of gene expression between
TNBC and normal. The red dot indicates downregulated DE-mRNAs (logFC ≥ −1; p ≤ 0.05), while the green dot indicates upregulated DE-
mRNAs (logFC ≥ +1; p ≤ 0.05). (C) DE-mRNAs on chromosomes representing the comparison of gene expression between BRCA and normal
samples from the TCGA data set. The red band indicates upregulated DE-mRNAs (logFC ≥ +1; p ≤ 0.05), while the green band indicates
downregulated DE-mRNAs (logFC ≥ −1; p ≤ 0.05).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c00011
ACS Omega 2024, 9, 24379−24395

24381

http://gepia2.cancer-pku.cn/
http://gepia2.cancer-pku.cn/
http://www.oncolnc.org/
https://pubs.acs.org/doi/10.1021/acsomega.4c00011?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00011?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00011?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c00011?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c00011?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


set to a very high class (Top 1%) in the mirDIP web server.
The resulting hub DE-mRNAs associated miRNAs network for
BC was visualized with Cytoscape Software.
The obtained DE-mRNAs and their associated miRNAs

were further validated using the TNBC GEO Data set. The
GEO Data set GSE45498 consists of miRNA and mRNA
profiling of the TNBC patient tumor samples against adjacent
normal samples. In GSE45498, miRNAs and mRNAs profiling
were generated from the GPL16231 and the GPL16299
platform, respectively. Significant DE-miRNAs and DE-
mRNAs were identified in TNBC patients by using the
GEO2R tool. Finally, to validate the hub DE-mRNAs and their
associated miRNAs, the significant DE-miRNAs from
GSE45498 overlapped with hub DE-mRNA-associated miR-
NAs. Similarly, the significant DE-mRNAs from GSE45498
overlapped with the hub DE-mRNA. The resulting hub DE-
mRNA and DE-miRNA can be utilized as BC and TNBC
biomarkers.

2.7. Validation of Hub DE-mRNA/DE-miRNAs. The
University of Alabama Cancer (UALCAN) is a comprehensive,
easily operatable, interactive online platform (http://ualcan.
path.uab.edu) for thoroughly evaluating the TCGA gene
expression data. It enabled us to examine the relative
expression of a core DE-mRNA in tumor and normal tissues
and in different tumor subclasses depending on distinct Breast
cancer stages. The expression of the core DE-mRNA was
validated via UALCAN for BRCA related to its subclasses and
normal using TCGA and GTEx data sets.21

We conducted a rigorous validation of DE-mRNAs’
translational profiles using the Human Protein Atlas (HPA)
database (https://www.proteinatlas.org/). Specifically, we
utilized immunohistochemistry (IHC) pathological sections
from both normal and BC samples to corroborate our results.
The translation levels of the key hub DE-mRNAs were
assessed by examining the HPA database, which offers
comprehensive information about human protein distribution
in various tissues and cells. The database annotates protein
expression in tissues based on Intensity and Quantity.
Similarly, we validated the expression levels of the crucial
hub DE-miRNAs in TCGA-BRCA, along with survival analysis,
using the OncoLnc database. In this cutoff analysis, patients
were categorized into two groups: those in the bottom and the
top quartile.

2.8. Functional Enrichment Analysis of DE-miRNAs.
Functional enrichment analysis for hub DE-miRNAs of BC,
including TNBC, was performed by using DIANA tools.

DIANA-miRPath v.3 is an online toolkit for evaluating miRNA
regulatory functions and locating regulated pathways, GO
biological processes, and molecular functions.22 The BP, MF,
and KEGG pathway analysis for DE-miRNAs was carried out,
and the significant functions and pathways were identified with
p < 0.05.

3. RESULTS
3.1. Identification of Differently Expressed mRNA

(DE-mRNAs). The GSE42568 data set comprises the gene
expression patterns of 104 patient’s tumor samples with breast
cancer, and 17 normal samples were retrieved from the GEO
database. The GSE42568 data set was produced from the
GPL570 platform. Similarly, the GSE185645 data set includes
the gene expression patterns of 15 patient tumor samples with
TNBC retrieved from the GEO database. The GSE185645
data set was generated from the GPL6244 platform. We
determined the DE-mRNAs between breast cancer (BC with
ER+/ER− & TNBC) patients and normal controls using the
GEO2R tool. The DE-mRNAs were identified with the cutoff
values of |log2FC| +1 ≥ (upregulated DE-mRNAs) and |
log2FC| ≤ −1 (downregulated DE-mRNAs) with p-values
≤0.05, obtained using the built-in R/Bioconductor limma
package from the GEO2R web server tool. The significant DE-
mRNAs of GSE42568 and GSE185645 data sets with the
above-matched criteria were identified and represented in
volcano plots, where the green dots signify upregulated
mRNAs and the red dots signify downregulated mRNAs
(Figure 1A,B). The TCGA data contains 1085 patient tumor
samples of BRCA and 112 normal samples along with GTEx
179 normal samples were deposited on the GEPIA2 Web site,
which was utilized in differential expression analysis function
with the limma differential method to identify the BRCA
patients DE-mRNAs. Using the GEPIA2 Web site, we
discovered that DE-mRNAs of BRCA were represented on
the chromosomes (Figure 1C).

Following the differential expression analysis, we identified
4205 DE-mRNAs (2121 upregulated and 2084 downregu-
lated) in the GSE42568 and 427 DE-mRNAs (160 upregulated
and 312 downregulated) in the GSE185645 as well as 3559
DE-mRNAs (1423 upregulated and 2136 downregulated) in
the TCGA data set. After overlapping the DE-mRNAs of 2
GEO data sets with the TCGA data set, 159 DE-mRNAs (78
upregulated and 81 downregulated) were obtained and
visualized in the Venn diagram (Figure 2).

Figure 2. Overlap DE-mRNAs between the data sets. (A) Venn diagram of the 78 communal upregulated DE-mRNAs between BC, including
TNBC and normal. (B) Venn diagram of the 81 communally downregulated DE-mRNAs in BC and TNBC.
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3.2. Enrichment Analysis. The GO analysis was applied
to all 159 DE-mRNAs from BC, including TNBC, to identify
their significant functions via the DAVID online web server.
The most significant GO BP, MF, and KEGG pathways of BC
DE-mRNAs were visualized in the bubble plots (Figure 3).
The GO classification of BP, MF, and KEGG annotation was
considered significant with p < 0.05.
We revealed that the biological process of upregulated DE-

mRNAs was enriched in cell division (GO:0051301), mitotic
cytokinesis (GO:0000281), mitotic spindle organization
(GO:0007052), mitotic sister chromosome segregation
(GO:0000070), mitosis (GO:0000278), mitotic spindle
midzone assembly (GO:0051256), chromosome segregation
(GO:0007059), mitotic spindle assembly checkpoint signaling
(GO:0007094), mitotic spindle assembly (GO:0090307), and
regulation of attachment of spindle microtubules to the
kinetochore (GO:0051988) (Figure 3A). The biological
process of downregulated DE-mRNAs was enriched in positive
regulation of gene expression (GO:0010628), extracellular

matrix organization and biogenesis (GO:0030198), positive
regulation of cell population proliferation (GO:0008284),
positive regulation of PI3Ksignaling (GO:0014068), regulation
of multicellular organism growth (GO:0040014), inhibition of
transcription from RNA polymerase II promoter
(GO:0000122), receptor signaling pathway via JAK-STAT
(GO:0007259), positive regulation of cell migration
(GO:0030335), skeletal muscle tissue development
(GO:0007519) , and ERK1 and ERK2 cascades
(GO:0070371) (Figure 3B).

The significant MFs that corresponded to upregulated DE-
mRNAs were protein binding (GO:0005515), microtubule
motor activity (GO:0003777), microtubule motor activity
(GO:0003777), protein kinase binding (GO:0019901),
chromatin binding (GO:0003682), ubiquitin-conjugating
enzyme activity (GO:0061631), DNA bending involving
DNA binding (GO:0008301), ATP binding (GO:0005524),
and obsolete protein C-terminal binding (GO:0008022)
(Figure 3C). In contrast, the most significant molecular

Figure 3. Bubble plot of the GO biological process, GO molecular functions, and KEGG pathway analysis of DE-mRNAs. A bubble indicates a GO
term, with the size of the bubble representing the number of genes in the GO term. The X-axis represents the gene ratio, and the Y-axis represents
the p-value. (A) The significantly enriched biological process of upregulated DE-mRNAs, (B) the significantly enriched biological process of
downregulated DE-mRNAs, (C) the significantly enriched molecular functions of upregulated DE-mRNAs, (D) the significantly enriched
molecular functions of downregulated DE-mRNAs, and (E) the significantly enriched KEGG pathways of upregulated and downregulated DE-
mRNAs.
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functions that corresponded to downregulated DE-mRNAs
were calcium ion binding/storage activity (GO:0005509),
integrin binding (GO:0005178), protein homodimerization
activity (GO:0042803), metal lopeptidase activity
(GO:0008237), muscle α-actinin binding (GO:0051371),
NOS binding (GO:0050998), protein-macromolecule adaptor
activity (GO:0030674), metalloendopeptidase activity
(GO:0004222), PKA binding (GO:0051018), and extracellular
matrix structural constituent (GO:0005201) (Figure 3D).
Furthermore, the KEGG pathway analysis exposed the

involvement of upregulated DE-mRNAs in the Oocyte meiosis
(hsa04114), cell cycle (hsa04110), and Cellular senescence
(hsa04218), whereas downregulated DE-mRNAs were in-
volved in the PI3K-Akt signaling pathway (hsa04151), focal
adhesion (hsa04510), Signaling pathways regulating pluripo-
tency of stem cells (hsa04550), Acute myeloid leukemia

(hsa05221), and Cytokine-cytokine receptor interaction
(hsa04060) (Figure 3E).

3.3. Establishment of PPI Network. We utilized the
STRING to establish the physical and functional relationships
between the DE-mRNAs in BC. A high confidence level of
0.70 was set as the minimal interaction score, and unconnected
nodes were removed. The obtained network from STRING
was further visualized by using Cytoscape software. The
established PPI network has 84 nodes and 1379 edges, where
nodes stand for DE-mRNAs and edges for their interactions
(Figure 4). Of the 84 DE-mRNAs in the PPI network, 63 were
upregulated and 21 were downregulated.

3.4. Module Analysis and Hub DE-mRNAs Identi-
fication. We applied the MCODE Cystoscape plug-in to
determine the network’s top module of the PPI network. The
most significant module with an MCODE score of 45.872 was

Figure 4. Protein−protein interaction network of the up- and downregulated DE-mRNAs. Spheres and lines indicate nodes and edges, respectively.
Spheres represent proteins, and their molecular interactions are represented by lines. The larger sphere represents higher degrees, and the thicker
line represents the higher combined scores. Orange nodes indicate the upregulated DE-mRNAs, and blue nodes indicate the downregulated DE-
mRNAs.

Figure 5. (A) Topmost significant module (Module 1) of DE-mRNAs from the PPI network. (B) The Venn diagram on the right-hand side
showed 19 overlapped DE-mRNAs from the top 20 DE-mRNAs of four distinct CytoNCA algorithms: Betweenness, Closeness, eigenvector, and
LAC. The Venn diagram on the left-hand side showed 14 overlapped DE-mRNAs from the top 20 DE-mRNAs of the four distinct CytoHubba
algorithms: EPC, MCC, MNC, and Stress. The Venn diagram in the middle showed 10 overlapped DE-mRNAs between CytoNCA and
CytoHubba.
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obtained using MCODE analysis. Module 1 comprises 48
nodes and 1078 edges, including 45 upregulated DE-mRNAs
and three downregulated DE-mRNAs (Figure 5A). Addition-
ally, module 1 was subjected to the CytoNCA plug-in, which
used four different algorithms, Betweenness, Closeness,
eigenvector, and LAC, and identified 19 significant DE-
mRNAs. Similarly, module 1 was subjected to the CytoHubba
plug-in, which used four different algorithms, EPC, MCC,
MNC, and Stress, and found 14 significant DE-mRNAs. We
found 10 significant hub-upregulated DE-mRNAs by over-
lapping CytoNCA and CytoHubba (Figure 5B). We employed
TCGA data via the GEPIA2 database to validate the
significance of the 10 DE-mRNAs, including AURKA,
NCAPG, CCNA2, DLGAP5, NUSAP1, CCNB2, TPX2,
UBE2C, MELK, and KIF2C. A box plot was generated to
demonstrate the mRNA expression levels, utilizing data from
the TCGA-BRCA database within GEPIA2. The expression
profile of 10 DE-mRNAs aligned with p-values <0.05,
indicating statistical significance. Our analysis revealed
significant differences between normal and tumor tissue
expressions (Figure 6). OncoLnc analyzed the 10 DE-
mRNAs, and results showed that CCNB2, UBE2C, MELK,
and KIF2C were significantly associated with worsened
survival (p ≤ 0.05) (Figure 7).

3.5. Prediction of Hub DE-mRNAs-Associated miR-
NAs. The 10 significant hub-upregulated DE-mRNAs were
uploaded in mirDIP to identify the miRNAs that target these
mRNAs. The minimum score class to identify the associated
miRNAs was set to a very high class (Top 1%) in the mirDIP
web server. We visualized the obtained DE-mRNAs-miRNAs

from mirDIP with Cytoscape software. We found the DE-
mRNA-associated miRNA network for BC, including TNBC,
which consists of 77 miRNAs and 10 DE-mRNAs (Figure 8).
Furthermore, we validated the obtained DE-mRNAs-miRNAs
link using the TNBC GEO data set to identify the overlapping
DE-mRNAs-miRNAs in TNBC and BC. We utilized the
GSE45498 data set consisting of 165 TNBC patient tumor
samples and 59 adjacent normal samples to correlate and
validate our results. The GSE45498 data set was generated
from the GPL16231 platform for DE-miRNAs and the
GPL16299 platform for DE-mRNAs. We found the DE-
miRNAs between the TNBC patients and normal controls via
the GEO2R tool. We obtained the significant DE-miRNAs
with the cutoff values of |log2FC| 0.05 ≥ and ≤ −0.05 with p-
values ≤0.05, as represented in the volcano plot (Figure 9A).
We also tabulated the top 242 DE-miRNAs in Table S1.
Likewise, we found the DE-mRNAs between the TNBC
patients and normal controls via the GEO2R tool in
GSE45498. From this, we found the significant DE-mRNAs
in TNBC with cutoff values of |log2FC| +1 ≥ or ≤ −1 and p-
values ≤0.05 (Figure 9B). We also tabulated the top 236 DE-
mRNAs in Table S2. We overlapped the hub DE-mRNA-
miRNA with GSE45498-miRNA and found five common
miRNAs (Figure 9C). However, we identified four key
miRNAs by cross-referencing the upregulated miRNAs with
their corresponding downregulated mRNAs and vice versa:
downregulated miRNAs with upregulated mRNAs. These four
miRNAs’ corresponding hub DE-mRNAs are listed in Table 1.
Likewise, we overlapped the hub DE-mRNA with GSE45498-
mRNA and found one common mRNA, CCNA2 (Figure 9D).

Figure 6. Expression profile of the 10 DE-mRNAs in TCGA-BRCA. (A) AURKA, (B) NCAPG, (C) CCNA2, (D) DLGAP5, (E) NUSAP1, (F)
CCNB2, (G) TPX2, (H) UBE2C, (I) MELK, and (J) KIF2C. The green box represents the tumor (T), and the orange box represents normal (N).
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Figure 7. Overall survival analysis Kaplan−Meier plot of the 10 DE-mRNAs in TCGA-BRCA. (A) AURKA, (B) NCAPG, (C) CCNA2, (D)
DLGAP5, (E) NUSAP1, (F) CCNB2, (G) TPX2, (H) UBE2C, (I) MELK, and (J) KIF2C.
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Figure 8. DEGs-miRNAs network of 10 hub DE-mRNAs attained from mirDIP and visualized in Cytoscape software. The green triangle represents
the DE-mRNAs, and the blue octagon represents miRNAs.

Figure 9. (A) Volcano plot of GSE45498 representing the DE-miRNAs of TNBC with the cutoff values of |log2FC| +0.05 ≥ or ≤ −0.05 and p-
values ≤0.05. The red dot indicates downregulated DE-miRNAs, while the green dot indicates upregulated DE-miRNAs. (B) Volcano plot of
GSE45498 representing the DE-mRNAs of TNBC with cutoff values of |log2FC| + 1≥ or ≤ −1 and p-values ≤0.05. The red dot indicates
downregulated DE-mRNAs, while the green dot indicates upregulated DE-mRNAs. (C) Venn diagram showing 5 overlapped DE-miRNAs between
hub DE-mRNAs-associated miRNAs and GSE45498-miRNAs. (D) Venn diagram showing one overlapped DE-mRNA between the hub DE-
mRNA and GSE45498-DE-mRNAs.
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3.6. Validation of DE-mRNAs in BC Subclasses. The
expression of four hub DE-mRNAs in BC compared to its
subclasses and normals using TCGA and GTEx data sets was
validated using UALCAN. We examined the expressions of
hub DE-mRNAs based on the BC major subclasses. MELK,
NCAPG, CCNA2, and NUSAP1 expressions were noticeably
higher in subclasses of BC than in normal (Figure 10). The
statistically significant expression of MELK, NCAPG, CCNA2,
and NUSAP1 in BC with p < 0.05. MELK, NCAPG, CCNA2,
and NUSAP1 expression were greater in TNBC > HER2-
positive > Luminal > normal subclasses. Our findings were
supported by the patterns observed for these four mRNAs in
the TCGA data. Additionally, immunohistochemistry staining
retrieved from the HPA database revealed dysregulation in the
expression of these four mRNAs (Figure 11).

3.7. Validation of DE-miRNAs. The expression levels of
four hub DE-miRNAs in BC compared to those in normal
tissue were validated using UALCAN with TCGA-BRCA data.
Among these four, only hsa-miR-1258 was found in TCGA-

BRCA, while data for the other miRNAs were insufficient to
generate expression profiles. Our analysis revealed that hsa-
miR-1258 was downregulated in the tumor (Figure 12A).
Additionally, the survival analysis Kaplan−Meier plot for hsa-
miR-1258 obtained from the OncoLnc database revealed that
the low hsa-miR-1258 expression has survival rates significantly
lower compared to those with high miRNA expression in
breast cancer. Low miRNA expression may be associated with
a poorer prognosis or shorter survival time (Figure 12B).

3.8. Functional Enrichment Analysis of DE-miRNAs. In
DIANA tools, we performed functional enrichment analysis for
hub DE-miRNAs of BC, including TNBC. The BP, MF, and
KEGG pathway analysis for DE-miRNAs revealed significantly
enriched processes/pathways with p < 0.05 (Figure 13). The
top 10 significant biological processes of four DE-miRNAs
were the cellular nitrogen compound metabolism
(GO:0034641), process resulting in protein modification
(GO:0006464), symbiosis (GO:0044403), biosynthesis
(GO:0009058), gene expression (GO:0010467), viral process
(GO:0016032), stress response (GO:0006950), neurotrophin
TRK receptor signaling pathway (GO:0048011), biological_-
process (GO:0008150), and catabolic process (GO:0009056)
(Figure 13A). The top 10 significantly enriched molecular
functions of four DE-miRNAs were enzyme binding
(GO:0019899), poly-A RNA binding (GO:0003723), molec-
ular function (GO:0003674), ion binding (GO:0043167),
poly(A) RNA binding (GO:0044822), nucleic acid binding
transcription factor activity (GO:0001071) activin receptor

Table 1. List of Four Significant DE-miRNAs’
Corresponding Hub DE-mRNAs

sl. no.
GSE45498-DE

-miRNAs hub DE-mRNAs of corresponding miRNA

1 ↓ hsa-miR-802 ↑ MELK
2 ↓ hsa-miR-1258 ↑ NCAPG
3 ↓ hsa-miR-548a-3p ↑ CCNA2
4 ↓ hsa-miR-2053 ↑ NUSAP1

Figure 10. Box plot demonstrating the expression levels of four significant DE-mRNAs between the BC subclasses and normal samples. The
expression levels of (A) MELK, (B) NCAPG, (C) CCNA2, and (D) NUSAP1 were significantly higher in all subclasses of BRCA in the TCGA
database than in normal samples.
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activity, type II (GO:0016362), protein binding transcription
factor activity (GO:0000988), phosphokinase activity
(GO:0016301), and small conjugating protein binding

(GO:0032182) (Figure 13B). The top 5 significant KEGG
pathways of four DE-miRNAs were Prion diseases (hsa05020),
ECM−receptor interaction (hsa04512), small-cell lung cancer

Figure 11. Validation of the mRNA/protein expression levels for the four DE-mRNAs through immunohistochemistry (IHC) data from the
Human Protein Atlas database.

Figure 12. (A) Expression profile and (B) survival analysis (Kaplan−Meier plot) for hsa-mir-1258 using TCGA-BRCA data via the OncoLnc
database.
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(hsa05222), lysine degradation (hsa00310), and viral carcino-
genesis (hsa05203) (Figure 13C).

4. DISCUSSION
Breast cancer is linked with a high death rate in females, and
the incidence is rising globally.23 The most lethal subtype of
breast cancer is TNBC. Options for treating TNBC are rather
limited. Advanced stages of this cancer are predominantly
managed through chemotherapy. It is believed that complex
signaling networks govern the development of TNBC, and
understanding its precise molecular process might lead to the
creation of effective therapies and novel prognostic bio-
markers.24 miRNAs carried by exosomes from the tumor
represent a promising new class of breast cancer biomarkers.
miRNAs are one type of noncoding RNA that are thought to
be master modulators of cancer phenotype because they
control mRNA expression levels.25,26

We discovered 159 communal DE-mRNAs, including 78
upregulated and 81 downregulated mRNAs in TNBC, BC with
ER+/ER− and TCGA-BRCA, by comprehensively analyzing
GSE42568, GSE185645, and TCGA. These communal DE-
mRNAs were subjected to GO BP, MF, and KEGG pathway
annotations. The DE-upregulated mRNAs were mainly
enriched in BP, such as cell division, mitotic spindle
organization, and mitotic cell cycle, and MF, such as protein
binding and microtubule binding. The KEGG pathways
showed that the DE-mRNAs were mainly enriched pathways
such as the cell cycle, oocyte meiosis, and cellular senescence.
We built a PPI network via STRING and Cytoscape for 159

common DE-mRNAs, including 78 upregulated and 81
downregulated. Later, we subjected the PPI network for
MCODE, CytoHubba, and CytoNCA and identified the 10
hub DE-mRNAs: AURKA, NCAPG, CCNA2, DLGAP5,
NUSAP1, CCNB2, TPX2, UBE2C, MELK, and KIF2C.

According to previous research, AURKA interacts with and
phosphorylates many crucial proteins involved in stress
response and cell cycle checkpoint following DNA damage.27

AURKA overexpression caused checkpoint deficiencies and
genomic instability, which eventually aided in the onset
progression of cancer. It also decreased transcriptional activity
and increased p53 degradation.28 In breast cancer stem cells,
AURKA interacts with METTL14 by inhibiting its ubiquiti-
nation and degradation. This degradation leads to METTL14
stabilization and promotes methylation of the DROSHA
transcript. AURKA then activates modification by N6-
methyladenosine (m6A), which further promotes stability in
the DROSHA transcript, which reacts to β-Catenin to
transactivate STC1 independent of RNA cleavage, leading to
the promotion of breast cancer stem cell-like properties.29−31

BC and TNBC patients’ survival was substantially correlated
with high AURKA expression.32−34

The evidence from experimental investigations has clearly
established that the NCAPG gene and its corresponding
mRNA are expressed at significantly elevated levels in breast
cancer cells compared to normal cells. NCAPG exhibits a
negative correlation with estrogen receptor (ER) and
progesterone receptor (PR) expression but presents a
somewhat positive correlation with human epidermal growth
factor receptor 2 (HER2) expression. Despite this, ER and PR
may still demonstrate extremely low expression levels. In
relevance to breast cancer, NCAPG gene expression is
regulated by four miRNAs (miR-195-5p, miR-101-3p, miR-
944, and miR-214-3p) and 12 coexpressed genes by interacting
with the p53 signaling pathway.35,36 Additionally, it was noted
that high NCAPG expression is linked to a bad prognosis for
various tumor types, and its overexpression may be crucial for
controlling tumor-related pathways during tumor growth.37

Cyclin A2, called CCNA2, is irregularly expressed in cervical,
colorectal, and breast cancers. It is expressed significantly in

Figure 13. Functional enrichment analysis of four significant DE-miRNAs associated with TNBC. A bubble indicates a GO term, with the size of
the bubble representing the number of genes in the GO term. The X-axis represents the gene ratio, and the Y-axis represents the p-value. (A) Top
10 significant biological processes of DE-miRNAs. (B) Top 10 significantly enriched molecular functions of DE-miRNAs. (C) Top 5 significant
KEGG pathways of DE-miRNAs.
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tissues with TNBC compared with other adjacent tissues.
CCNA2 protein is more abundantly expressed in MDA-MB-
468 and MDA-MB-231 cell lines than all other breast cancer
cell lines, thus, making them often used for research studies.
MDA-MB-231 and MDA-MB-468 cells were considered
TNBC/basal-B mammary carcinoma and TNBC/basal-A
mammary carcinoma, respectively.38,39 Most cancer types
expressed CCNA2 differently from healthy tissues�the
prognosis of several cancers, particularly clear cell renal
carcinoma (ccRCC).40

DLGAP5 transcript increases in breast cancer tissues,
leading to overexpression of HER2. DLGAP5 is connected
to the Aurora signal transduction pathway, including its
phosphoprotein phosphate activity. Tissues from breast cancer
cases exhibited elevated levels of DLGAP5. Furthermore, the
status and stages of lymph nodes were correlated with the
expression levels. The elevated DLGAP5 expression levels were
linked to a poor prognosis. Further, they reported that
DLGAP5 could serve as a putative autophagy receptor in
mitophagy.41 DLGAP5 is also linked to the prognosis of non-
small-cell lung cancer, prostate cancer, gastric cancer, and
colorectal cancer.42−47

TPX2 is increased in patients with overexpression of HER2.
This TPX2 expression reduces the survival rate of patients with
a very high HER2 expression. TPX2 increases rather gradually
than abruptly. That is, it increases gradually with the
progressive stages of BC.48 A previous study revealed that an
increased TPX2 expression level usually happens in the
presence of TP53 mutation and high ploidy. A significant
association exists between TPX2 expression in nuclear and
aggressive tumor behavior in large breast cancer cohorts.49

NUSAP1 is taking part in the development, progression, and
metastasis and advanced stages of cancer. NUSAP1 was
significantly overexpressed and promoted cancer development
in the MCF-7 cell lines. It was also overexpressed in MDA-
MB-231 BC cell lines and showed comparatively lower
expression in BT-474 cell lines. BT-474 cell line is a BC cell
line with an increased expression of HER2 and ER, whereas
MDA-MB-231 is a TNBC cell line, which is most aggressive,
invasive, and poorly distinguished since it lacks receptor
expression of ER, PR, and HER2.50 NUSAP1 expression is also
seen in cancers with positive expression of two receptors, ER+
and PR+. NUSAP1 expression is pointedly higher in ductal
carcinoma in situ than in invasive ductal carcinoma, which is
higher than in other BC tissue types. In BC cells, NUSAP1
increases cell growth and metastasis of the cancer-affected cells
by targeting the AMPK/PPARγ pathway.51

The downregulation of CCNB2 leads to the inhibition of cell
proliferation and enhancement of cell cycle arrest in the G2/M
phase of the cell cycle; its mutation and defects often lead to
cancer development. Therefore, overexpression of CCNB2 is
found in BC tissues. CCNB2 expression is predominantly
higher in patients with TNBC. On conducting gene expression
experiments on shRNA plasmid transfection in MDA-MB-231
and HCC-1937 cells, the depletion of CCNB2 gene expression
led to a decrease in the colony number of the BC tissues,52

suggesting that TNBC cell growth in vitro was aided by
CCNB2.
Higher expression of UBE2C leads to an increase in the

severity of BC. During UBE2C gene knockdown experiments, a
significant reduction in mRNA expression of UBE2C, leading
to lower cancer invasion, can be seen in MCF-7 and MDA-
MB-231 cells. UBE2C gene targets the AKT/mTOR signaling

pathway to induce cancer development and invasion. Thus,
UBE2C gene expression inhibition leads to inhibition of the
AKT/mTOR signaling pathway and suppression of spreading
BC.53 UBE2C expression is higher in patients with TNBC,
patients with amplified expression of HER2, and patients with
luminal cancers. It is majorly high in infiltrating lobular and
infiltrating ductal carcinoma. In urologic cancer, high
expression of UBE2C was seen in papillary (papillary type 1
and papillary type 2) and nonpapillary tumors compared to
normal tissues.54

Overexpression of the MELK gene was observed in patients
with BC, leading to a poor prognosis. On ablation of the
MELK gene, proliferation was selectively inhibited in patients
with basal-like BC. However, it was later found that MELK
gene expression did not significantly inhibit proliferation in
basal-like breast cancers. This concluded its complex role in
breast cancers.55,56 MELK is thus overexpressed in patients
with BC compared to those in normal tissues. In BC, MELK
gene expression is significantly upregulated due to the binding
of a cancer-promoting competing endogenous RNA (ceRNA),
namely, PCDHB17P, to miR-145-3p, leading to its inability to
bind to the MELK gene and inhibit it. MiR-145-3p directly
targets the MELK gene and inhibits its expression. Thus,
MELK is overexpressed and thus causes cancer. Moreover, the
promoter activity and PCDHB17P expression can be increased
by MELK through NF-κB, creating a positive feedback loop
that leads to metastasis and angiogenesis in BC.57

In knockdown experiments on KIF2C, the proliferation of
BC cells is inhibited by various biological processes like
restoring ciliation, G2/M phase arrest, deregulating cell
division, and delayed exit from mitosis.58 In individuals with
BC, the mRNA and protein levels of KIF2C are elevated.
KIF2C is also significantly upregulated in lung adenocarcinoma
and is associated with its progression and recurrence.59 It is
also seen to be overexpressed in several cancers like breast,
lung, colon, bladder, skin, blood, liver, soft tissue, and other
cancers.60

Additionally, we validated hub DE-mRNAs associated
miRNAs link using the TNBC GEO data set GSE45498DE-
miRNAs by overlapping and identified four significant
downregulated miRNAs, namely, hsa-miR-802, hsa-miR-
1258, hsa-miR-548a-3p, and hsa-miR-2053. Functional enrich-
ment analysis identified the significant functions and pathways
associated with these four DE-miRNAs, as illustrated in Figure
9.

In our study, hsa-miR-802 expression was downregulated in
TNBC, which may be associated with the overexpression of
MELK. hsa-miR-802 expression was considerably down-
regulated in patients with BC compared with the adjacent
normal breast epithelial tissues. miR-802 overexpression leads
to significant downregulation in the gene expression level of
Forkhead box protein M1 (FoxM1), an oncogene with a
potential miR-802 binding site, thus reducing the cell growth
activity of BC cells.61

miR-1258 expression was considerably downregulated in BC
cells, leading to low survival rates in patients with low miR-
1258 gene expression. Breast cancer tissues have low miR-1258
expression and high expression of E2F1. miR-1258 over-
expression would lead to the inhibition of E2F1, further
inhibiting cell growth, blocking the cell cycle in the G0/G1
phase, and promoting cell death. E2F1 is significantly
overexpressed in Breast Cancer cell lines.62 We observed that
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downregulated miR-1258 expression in TNBC may lead to the
overexpression of NCAPG.
EXT1 is identified as a potential target for hsa-mir-490-3p.

Since significantly increased expression of EXT1 and EXT2 can
be seen in lung squamous cell carcinoma (LUSC). At the same
time, EXT1 also causes poor prognosis in patients with LUSC;
hsa-mir-490-3p can be used to therapeutically target patients
with LUSC. It was also found that the level of hsa-mir-490-3p
expression was considerably downregulated in LUSC patients.
Thus, its upregulation may promote the knockdown of the
ETX1 gene, which further leads to the inhibition of cancer
development.63 hsa-mir-490-3p expression is linked with
tumorigenesis of many different human cancers like colorectal
cancer, glioma, prostate cancer, esophageal squamous cell
carcinoma, hepatocellular carcinoma, etc.64−69

An earlier investigation revealed that DDR2 might interact
with the mitochondrial subunits hsa-mir-548a-3p. Additionally,
they claimed that DDR2 was likely to control mitochondrial
activity and serve as a novel biomarker for BC’s clinical
diagnosis and prediction.70

The downregulated hsa-miR-2053 increases KIF3C ex-
pression and activates the PI3K/AKT signaling pathway,
causing esophageal cancer cells to proliferate, undergo
apoptosis, migrate, and invade.71 A previous study revealed
that hsa-miR-2053 expression is upregulated in patients with
malignant pleural mesothelium (MPM). Further, they
concluded that hsa-miR-2053 is an independent prognostic
factor of MPM.72 The upregulated miR-1258 associated with
CRC directly targeting E2F8 controls the cell cycle and
inhibits cell growth.73

These four DE-miRNAs associated mRNAs, such as MELK,
NCAPG, CCNA2, and NUSAP1, were further validated in
UALCAN for their mRNAs expression level in BC subclasses.
The resulting expression of MELK, NCAPG, CCNA2, and
NUSAP1 was significantly greater in TNBC than in other
subclasses. Four crucial miRNAs were pinpointed by
correlating downregulated miRNAs with their upregulated
mRNA counterparts, and vice versa. Table 1 lists the hub DE-
mRNAs corresponding to these four miRNAs. According to
recent studies, circKIF4A has a part in brain metastasis in
TNBC. Modifying the circKIF4A/miR-637/STAT3 axis
functions as an oncogene.74 Dysregulation of miRNAs, in
either expression or function, can result in abnormal control of
target mRNAs, playing a role in the onset and advancement of
various diseases, including cancer. Our study identified
important miRNA−mRNA interactions, including hsa-miR-
802/MELK, hsa-miR-1258/NCAPG, miR-548a-3p/CCNA2,
and hsa-miR-2053/NUSAP1, in both BC and TNBC. These
findings shed light on potential regulatory mechanisms
underlying these cancer types. However, further research is
imperative to validate the functional significance of these
interactions, providing insights into their roles in BC and
TNBC progression and potentially forming the development
of novel therapeutic strategies. Similarly, we overlapped the
hub DE-mRNA with GSE45498-mRNA and identified a
common CCNA2 DE-mRNA expression. We conducted
validation of the expression of CCNA2 in TCGA-BRCA,
revealing elevated levels in BC cases. However, survival analysis
indicated that this increased expression does not necessarily
correlate with a worsening patient prognosis. This underscores
the complexity of cancer biology and suggests that CCNA2
may not be a significant prognostic factor in BC.

Further investigation is needed to elucidate the precise role
of CCNA2 in BC progression and to identify alternative
prognostic markers that may better inform patient outcomes
and guide treatment strategies. We also pinpointed four DE-
miRNAs that exhibit downregulation in BC, including TNBC.
However, due to inadequate data on these miRNAs in TCGA-
BRCA, our evaluation focused solely on hsa-miR-548a-3p. Our
analysis revealed decreased expression, which is associated with
poor overall survival in BC patients. We identified 10
significantly overexpressed DE-mRNAs in various breast
cancer subtypes, including AURKA, NCAPG, CCNA2,
DLGAP5, NUSAP1, CCNB2, TPX2, UBE2C, MELK, and
KIF2C. Notably, CCNB2, UBE2C, MELK, and KIF2C were
associated with worsened survival outcomes according to
OncoLnc Kaplan−Meier analysis. Future investigations are
crucial to decipher the roles and mechanisms of these DE-
mRNAs in breast cancer progression, potentially uncovering
novel therapeutic targets and prognostic biomarkers to guide
personalized treatment strategies.

5. CONCLUSIONS
Our study identified key miRNA−mRNA interactions such as
hsa-miR-802/MELK, hsa-miR-1258/NCAPG, hsa-miR-548a-
3p/CCNA2, and hsa-miR-2053/NUSAP1 in both BC and
TNBC, shedding light on potential regulatory mechanisms.
While CCNA2 expression was elevated in BC cases, survival
analysis did not correlate it with worsened prognosis,
suggesting its complex role in BC. Additionally, hsa-miR-
548a-3p downregulation was associated with poor overall
survival in BC patients. Furthermore, four significantly
overexpressed DE-mRNAs, including CCNB2, UBE2C,
MELK, and KIF2C, were linked to worse survival outcomes.
Further research is needed to understand their roles and
identify possible therapeutic targets for BC.
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