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Abstract

were performed.

connected to 1 another in an interaction way.

breast cancer.

retrieval tool, VCAM1 = vascular cell adhesion molecule 1.
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Methods: In this study, data set GSE43837 was screened from gene expression omnibus database, and then R language tool
was used for differential analysis of its expression spectrum, The gene ontology functional enrichment and Kyoto encyclopedia
of genes and genomes signal pathway enrichment analyses, as well as the interactive gene retrieval tool for hub-gene analysis,

Results: According to the findings, the primary genes linked to breast cancer brain metastases are those that involve interactions
between cytokines and their respective receptors and between neuroactive ligands and their respective receptors. The majority
of the gene ontology enrichment took place in the extracellular structural tissues, the extracellular matrix tissues, and the second
message-mediated signaling. We were able to identify 8 genes that are linked to breast cancer spreading to the brain. The gene
score for matrix metallopeptidase1 (MMP-1) was the highest among them, and the genes MMP10, tumor necrosis factor alpha-
inducible protein 8, collagen type | alpha 2 chain, vascular cell adhesion molecule 1, and TNF superfamily member 11 were all

Conclusions: There is a possibility that the 8 key genes that were identified in this research are connected to the progression
of BMS in breast cancer. Among them, MMP1 is 1 that has the potential to have a role in the diagnosis and treatment of BMS in

Abbreviations: BBB = blood-brain barrier, BMS = brain metastasis, CC = cellular component, COL1A2 = collagen type | alpha
2 chain, GEO = gene expression omnibus, GO = gene ontology, KEGG = Kyoto encyclopedia of genes and genomes, MMP =
matrix metallopeptidase, PPl = protein-protein interaction, PLCG2 = phospholipase C gamma 2, STRING = interactive gene

Background: The presence of breast cancer in the brain, also known as brain metastasis (BMS), is the primary reason for a@
prognosis in cases of breast cancer. Breast cancer is the most prevalent malignant tumor seen in women in developing nations. At
present, there is no effective method to inhibit brain metastasis of breast cancer. Therefore, it is necessary to conduct a systematic
study on BMS of breast cancer, which will not provide ideas and sites for follow-up studies on the treatment and inhibition of BMS.

1. Introduction

One of the cancers that occurs most often is breast cancer,
which may be seen in women. The most frequent form of can-
cer in women globally is breast cancer, which, depending on the
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kind of breast cancer, has a metastatic disease occurrence rate
of between 30% and 40%." In women in the United States,
breast cancer is the second major cause of brain metastases
and the second greatest cause of mortality from cancer over-
all.!?! Patients with breast cancer who have metastases in the
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Key points

e This study reanalyzed the breast cancer dataset
GSE43837.

e We provide 8 hub genes associated with BMS in breast
cancer.

e We predict that MMP1 is a key gene for BMS in breast
cancer and may serve as a potential therapeutic site.

brain are at an increased risk for both morbidity and death.P!
Patients diagnosed with brain metastasis (BMS) have a terri-
ble prognosis, with just 10 months being the median length of
survival.[

Breast cancer is the most frequent form of the disease seen
in women in underdeveloped nations across the globe, and it
is also the main cause of death from cancer.l’! Breast cancer is
one of the most prevalent forms of the disease seen in urban
Chinese women.!*! Cancer patients in China are responsible for
12.2% of newly diagnosed cases of breast cancer and 9.6% of
breast cancer-related fatalities globally each year.”” In China,
the rate of women being diagnosed with breast cancer has been
steadily increasing over the previous 2 decades. In 2015, there
were a total of 268,600 persons in China who were diagnosed
with breast cancer. These numbers indicate that breast cancer is
the most prevalent form of cancer among Chinese women. It is
anticipated that there would be 405,680 women in China who
are at risk for breast cancer by the year 2025.[5-19

Breast cancer is the leading cause of BMS, accounting for
about 10% to 30% of metastatic breast cancer cases, second
only to lung cancer in BMS rate.l''? The molecular mechanism
of BMS is still unclear. Due to its very poor prognosis, many
studies have focused on the tendency of circulating cancer cells
to migrate to the brain in breast cancer, including the molec-
ular mechanisms that may allow them to invade through the
BLOOD-brain barrier, but there are few studies on the molecu-
lar mechanisms of BMS themselves."3! The blood-brain barrier
(BBB) is responsible for maintaining the structural integrity of
the cerebrovascular system. This barrier is made up of endo-
thelial cells and other types of cells, in addition to transport
components.!" Morad et al* found that breast cancer-derived
exosomes can disrupt an intact blood-brain barrier. The first
step of BMS is to damage the BBB to promote the invasion of
tumor cells into the brain. Therefore, one of the core issues in
the field of BMS is the damage degree of BBB.!'!

Although breast cancer can be detected and treated by early
screening at present, most breast cancer is difficult to be diag-
nosed early and early, especially the molecular mechanism of
brain metastasis of breast cancer is still unclear. Therefore, this
study intends to analyze the molecular differences and HUB
gene of primary breast cancer and breast cancer BMS through
bioinformatics methods, in order to provide ideas and loci for
the prevention of BMS.

2. Data sources and methods

2.1. Data sources and Identification of DEGs

The data format for MINiML was modified using the GSE43837
gene expression omnibus (GEO) query software that was
obtained from the GEO database (https://www.ncbi.nlm.nih.
gov/geo/), and the probes that corresponded to numerous mole-
cules were eliminated.'! We get the data in a format known as
MINiIML. R Software Limma software package (version 3.40.2)
was used in order to investigate differences in the expression of
mRNA. The adjusted P values were analyzed in GEO to cor-
rect the false positive results. “Adjusted P & Lt; 0.05 and log2
(multiple change) & gt; 1 or log2 (multiple variation) < -1” was
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defined as a threshold for differential mMRNA expression screen-
ing. When the probes corresponding to the same molecule were
encountered, only the probe with the maximum signal value was
retained. Then, the sample standardization was checked through
the box diagram. PCA and UMAP [version 0.2.7.0] were used
to check the clustering between sample groups. Then limMA
package [version 3.42.2] was used to conduct difference analy-
sis between the 2 groups.!'”! For specific difference analysis, see
difference analysis results in “Results.” In this study, software R
(version 3.6.3) was used for statistical analysis and visualization,
and GGploT?2 package [version 3.3.3] and Complex Heatmap
package [version 2.2.0] were used for visualization analysis.!®!

2.2. Functional enrichment analysis of DEGs

The data were evaluated using a technique called feature enrich-
ment so that possible capabilities of prospective targets may
be identified even further. Gene ontology, often known as gene
ontology (GO), is a method that is frequently used for the anno-
tation of functional genes, in particular molecular functions,
biological pathways, and cellular components. The Kyoto ency-
clopedia of genes and genomes (KEGG) enrichment analysis is
a helpful tool for studying gene function and the information
that is connected to high-level genomic function."”! The Cluster
Profiler tool in R was used to conduct an analysis of the GO
function of possible mRNA and enhance the KEGG pathway.?"!
This was done in order to get a deeper comprehension of the
oncogenic role that target genes play. The GGplot2 software
tool in R was used to generate the boxplot. The PCA diagram
was created using the GGord software tool in the R program-
ming language. The R software package known as Pheat map is
responsible for presenting the term heatmap. Both the Ggplot2
package (version 3.3.3) and the cluster Profiler tool (version
3.14.3) are used for the viewing and analysis of chosen data,
respectively.!'82!!

2.3. Protein-protein interaction (PPI) network construction

As a protein complex network, PPI network is formed under
the action of biochemistry or electrostatic force.?”) PPI networks
are very important in the functioning of molecular processes,
and PPI abnormalities are often the root cause of a wide variety
of illnesses, including cancer.?3! PPI networks were constructed
with the use of the interactive gene retrieval tool (STRING)
database (https://string-db.org/cgi/input.pl) for the purpose of
this research. To add more value to each of the modules, use
the FunRich tool. Eight hub genes with high connectivity were
selected and located into PPI based on STRING with a confi-
dence value of 0.4 and a maximum number of interactions of
5. Co-expression analysis of HUB genes was conducted using
STRING.

3. Results

3.1. Identification of DEGs in breast cancer

The GSE43837 dataset included 19 samples of BMS and 19
samples of primary breast cancer. As shown in Figure 1A,
the median of each sample is basically at the same level,
which indicates a good degree of normalization among sam-
ples. After filtering, the total number of molecules is 197035,
among them meet llog2(FC)I>1 & P value < .05, There were
963 ids at the threshold of .05, at which the number of
high expression (positive logFC) was 591 in the BMS group
and 372 in primary breast cancer. Meet llog2(FC)I>1.5 &
P value < .05, There were 208 ids at the .05 threshold, at
which 114 were overexpressed (log FC positive) in the BMS
group and 94 in primary breast cancer. Meet llog2(FC)I>2 &
P value < .05, There were 53 ids at the threshold of .05, at
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Figure 1. (A): A visualization of the data using a standardized back box. The rows indicate samples, and the colors reflect the gene expression levels found
in those samples. Each data set is represented by a distinct hue. (B): A differential gene volcano map: a volcano map constructed using fold change and cor-
rected P values the picture contains X dots, which indicate genes whose expression levels have dramatically increased, and X dots, which represent genes
whose expression levels have significantly decreased. (C): Differential gene expression heat map: a heat map of differential gene expression, with distinct hues
representing the expression trend in various tissues. As a result of the huge number of genes that exhibit differential expression, the top 50 genes that have
undergone an upregulation and the top 50 genes that have undergone a downregulation are displayed below, respectively.

’ m‘ﬁﬁmﬁﬁﬁm T
+ E%%M % Lo _':__;i.:._ o | ?uﬁpf:aﬂm“
. | RN, Sereei
il rguea Lot %
If UA1 Group oy ! ... .,
E 'T.% . brain metastasis i P,
. 'llll ;Lﬁl%‘?@gpﬁ . primary 5 UM{;\M 2
] o e c
I OB | | l.ll | MMEU 1 200 4 X
Tt hame - MMFP]%S 0
H o | L 0 F | P& . » 3 100 - N
L i .%E‘%% 5 0
| = 1 < ‘
" l[ lH Il ll l'.II%BI -100 4
T o e
o d'I. o 330 20 :
LT A Rt

Figure 2. (A): Heatmap: Expression of top20 genes with high and low expression in the visualization expression spectrum. (B): PCA graph-sample clustering.
(C): UMAP diagram - Sample clustering.

which 34 ids were overexpressed (log FC positive) in BMS We chose the top 20 up-regulated and down-regulated genes
and 19 ids were overexpressed (log FC negative) in primary  for breast cancer for the purpose of reconstructing a heat map
breast cancer (Fig. 1B, C). in order to do more research and discover the essential genes
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Figure 3. Functional enrichment: findings of enrichment for the KEGG pathway of genes that were differently up-regulated; Results of GO word enrichment
analysis for genes that were significantly up-regulated; KEGG pathway enrichment findings of genes with differentially decreased expression levels; The GO
word enrichment findings of differently down-regulated genes and the functional enrichment results were acquired using the R software program Cluster Profiler
(Version: 3.18.0). The importance of differentially down-regulated genes is shown by various colors. The lower the FDR value is, the greater the value that is
being referred to. The size of the circle is proportional to the number of genes that were enriched. In enrichment results, P & Lt; 0.05 or FDR & Lt; 0.05 con-
sidered to be enriched to a meaningful pathway, i.e., the right ruler of the enrichment diagram -log10 (P). GO = gene ontology, KEGG = Kyoto encyclopedia of

genes and genomes.

connected to BMS of breast cancer while also removing dupli-
cate information (Fig. 2A). PC1 (principal component 1) rep-
resents 17.6% of the differences between the 2 groups that can
explain the comprehensive analysis results, and PC2 (principal
component 2) represents 7.5% of the differences between the
2 groups that can explain the comprehensive analysis results.
The smaller the distance between points is, the more similar it
is; otherwise, the greater the difference is. It can be seen from
the figure that there should be significant differences between
the 2 groups. As shown in Figure 2C, there is a small difference
between BMS and primary breast cancer. When the samples of
each group are separated, it indicates that there are significant
differences between the groups, and the subsequent difference

analysis may have more meaningful results. UMAP results
showed few differences between BMS and primary breast can-
cer (Fig. 2B)

3.2. Functional enrichment analysis of DEGs

Breast cancer has an overabundance of KEGG signaling pathways.
The results of the BMS analysis indicated that the KEGG signal-
ing pathway including downregulated genes was mostly enriched
in cytokine-cytokine receptor interactions and neuroactive
ligand-receptor interactions. The KeGG signaling pathway of ele-
vated genes was mostly enriched in the pathways associated with
amyotrophic lateral sclerosis and neurodegeneration-multiple
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Figure 4. Functional enrichment: KEGG'’s findings for enrichment of pathways. Enrichment findings for GO keywords showing 20 genes with upregulation and
20 genes with downregulation. By using Cluster Profiler, we were able to acquire enrichment findings for the KEGG pathway that showed 20 up-regulated and
20 down-regulated genes (version: 3.18.0). where the importance of the differential enrichment findings is shown by various hues depending on the color. The
lower the FDR number, the greater the value being measured. The size of the circle is proportional to the number of genes that were enriched. The greater the
number, the wider the circumference of the circle. In enrichment results, P & Lt; 0.05 or FDR & Lt; 0.05 is considered to be enriched to a meaningful pathway,
that is, the right bar of the enrichment diagram -log10 (P) is greater than 1.3. GO = gene ontology, KEGG = Kyoto encyclopedia of genes and genomes.

diseases. The results of the GO enrichment analysis performed on
breast cancer brain metastases revealed the following: The GO
terms for down-regulated genes were mostly enriched in ribonu-
cleoprotein complex formation, protein targeting, mRNA cata-
bolic processes, and RNA catabolic processes. The majority of the
genes that were enriched throughout the process of upregulation
were those that were involved in extracellular structural organi-
zation, extracellular matrix organization, second messenger-me-
diated signaling, cytosolic calcium homeostasis, and calcium ion
homeostasis (Fig. 3).

The bar charts and bubble charts that were used for the GO
enrichment study revealed that two of the most important bio-
logical processes, known as back propagations, are the orga-
nization of extracellular structures and extracellular matrix.
Molecular Function is richer in extracellular matrix structural
constituents and extracellular matrix structural constituents
that impart tensile strength. The essential cellular component is
an extracellular matrix that contains collagen and collagen tri-
mer. According to the results of the Kegg signal pathway enrich-
ment, the differential genes were mostly localized in the protein
digestion and absorption route. (Fig. 4, Tables 1, 2).

3.3. Hub gene expression

We found 8 differentially expressed genes, They are matrix
metallopeptidase 10 (MMP-10), MMP1, tumor necrosis factor

alpha-inducible protein 8 and vascular cell adhesion molecule 1
(VCAM1), collagen type I alpha 2 chain (COL1A2), and plas-
ma-derived growth factor receptor alpha (PDGFRA), phospholi-
pase C gamma 2 (PLCG2) and tumor necrosis factor superfamily
member 11. MMP1 is the only one of them that has a very high
connection. It is possible that these genes have a direct connection
to the development of BMS in breast cancer (Fig. 5).

4. Discussion

In this study, R language package was used to analyze GEO
dataset GSE43837, and sequencing data of 19 patients with
BMS were selected as the experimental group and 19 patients
with primary breast cancer as the control group. In comparison
to primary breast cancer, the level of mRNA expression in BMS
was shown to be significantly different. This was determined by
differential analysis. We showed via gene function analysis that
the differential mMRNAs of BMS were mostly connected to cell
contact and cell communication. This was the case both inside
and between individual cells. The neuroactive ligand receptor
interaction pathway is mostly made up of a set of neuroreceptor
genes. These genes take role in the processing of environmen-
tal information and the interaction of signal molecules.**! Some
examples of these genes are dopamine receptors and proto-on-
cogenes. According to the findings of our study, cellular signal-
ing may entail interaction routes between neuroactive ligand
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Table 1

GO enrichment results.

Ontology ID Description GeneRatio Bg Ratio Pvalue p. adjust Q value

BP G0: 0030198 extracellular matrix organization 15/46 368/18670  5.83e-15 8.53e— 7.11e-12
12

BP (G0: 0043062  extracellular structure organization 15/46 422/18670  4.33e-14 317e— 2.64e—11
1

BP GO: 0030168  platelet activation 5/46 153/18670  3.62e-05 0.018 0.015

BP G0: 0071356 cellular response to tumor necrosis factor 6/46 291/18670 7.55e-05 0.024 0.020

cC GO: 0005581 collagen trimer 6/49 8719717  7.44e-08 9.82e— 7.36e—06
06

cC G0: 0005583 fibrillar collagen trimer 3/49 1119717 2.35e-06 1.03e- 7.74e-05
04

CC G0: 0098643  banded collagen fibril 3/49 1119717 2.35e-06 1.03e- 7.74e-05
04

cC G0: 0062023  collagen-containing extracellular matrix 8/49 406/19717  6.50e-06 2.14e— 1.61e-04
04

MF G0: 0030020 extracellular matrix structural constituent conferring tensile strength 5/46 41/17697  6.63e-08 1.20e— 8.79e—06
05

MF G0: 0005201 extracellular matrix structural constituent 7/46 163/17697  1.96e-07 1.77e— 1.30e-05
05

MF G0: 0048407  platelet-derived growth factor binding 3/46 11/17697  2.67e-06 1.61e- 1.18e-04
04

MF G0: 0004222  metalloendopeptidase activity 4/46 103/17697  1.46e-04 0.007 0.005

BP = back propagation, CC = cellular component, GO = gene ontology, MF = molecular functions.

Table 2

KEGG enrichment results.

ONTOLOGY ID Description GeneRatio BgRatio Pvalue p. adjust Q value

KEGG hsa04974 Protein digestion and absorption 7/31 103/8076 9.14e-08 1.15e— 1.01e-05

05

KEGG hsa05143 African trypanosomiasis 3/31 37/8076 3.64e-04 0.023 0.020

KEGG hsa04933 AGE-RAGE signaling pathway in diabetic complications 4/31 100/8076 5.39e-04 0.023 0.020

KEGG hsa04926 Relaxin signaling pathway 4/31 129/8076 .001 0.044 0.039

KEGG hsa04151 PI3K-Akt signaling pathway 6/31 354/8076 .002 0.050 0.044

KEGG = Kyoto encyclopedia of genes and genomes.

receptors and general attachment mechanisms.*" It is interesting
to observe that extracellular structures and extracellular matrix
include a substantially higher concentration of differentially
expressed genes. By controlling the interaction between growth
factors and extracellular molecules, extracellular matrix plays a
significant role in the formation of muscle cells, as well as the
maintenance of structures, the transmission of forces, and the
remodeling of tissue.?*! The KEGG enrichment analysis showed
that the differential genes were mostly focused in the processes
of protein digestion and absorption.

Through examination of the core genes, we were able to iden-
tify 8 important hinge genes. MMP10, matrix metallopeptidase
(yes), tumor necrosis factor alpha-inducible protein 8, and vas-
cular cell adhesion molecule 1 are some of the enzymes that
have been linked to cardiovascular disease VCAM1. MMP1,
also known as COL1A2 and plasma-derived growth factor
receptor alpha (PDGFRA), PLCG2, and tumor necrosis factor
superfamily member 11 (MMP1 is a matrix metalloproteinase).
It has been shown that as a result of its participation in the disin-
tegration of the extracellular matrix, it encourages the invasion
of cancer cells. In addition to this, he is implicated in the early
phases of the development of metastatic disease in a variety of
malignancies!?”*8! Research has shown that the MMP family, of
which MMP1 is a part, is linked to invasion and metastasis.*”!
Research has shown that MMP1 has a role in the process of
tissue remodeling, as well as tumor invasion and metastasis.?>*"!
Research has shown that MMP1 has a role in the process of

tissue remodeling, as well as tumor invasion and metastasis.
Notably, McP-1 and MMP10 are versatile effectors that are
also engaged in a variety of physiological and pathological pro-
cesses. These include prolonged stimulation of the endothelial
cells, malfunction of the endothelial cells, and increased vascu-
lar permeability.’!l In addition to degrading ECM to promote
invasion, Mmp10 is also thought to promote metastasis through
proteolytic regulation of the extracellular pool of growth fac-
tors such as TGF-§ and Wnt.*?) Meanwhile, we found that other
parts of HUB genes (VCAM1 COL1A2, PDGFRA, PLCG2 and
tumor necrosis factor superfamily member 11) were involved
in invasion, metastasis and intercellular communication of
tumor cells. From brain metastases from breast cancer is usu-
ally the main factors of breast cancer death, understanding the
molecular mechanism of brain metastases from breast cancer
or molecular markers and subsequent brain metastasis related
target detection and treatment under the premise of our study is
based on the depth of the data set, data mining, obtain 8 central
associated with brain metastases from breast cancer gene. This
may be the basis of our subsequent anti-BMS or BMS mecha-
nism research.
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Figure 5. PPl networks of differentially expressed genes. PPI = protein-protein interaction.
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