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Abstract: The aim of this study was to reveal genes associated with breast cancer metastasis, to investigate their intrinsic
relationship with immune cell infiltration in the tumor microenvironment, and to screen for prognostic biomarkers. Gene
expression data of breast cancer patients and their metastases were downloaded from the GEO, TCGA database. R
language package was used to screen for differentially expressed genes, enrichment analysis of genes, PPI network
construction, and also to elucidate key genes for diagnostic and prognostic survival. Spearman’s r correlation was used
to analyze the correlation between key genes and infiltrating immune cells. We screened 25 hub genes, FN1, CLEC5A,
ATP8B4, TLR7, LY86, PTGER3 and other genes were differentially expressed in cancer and paraneoplastic tissues.
However, patients with higher expression of CD1C, IL-18 breast cancer had a better prognosis in the 10 years survival
period, while patients with high expression of FN1, EIF4EBP1 tumors had a worse prognosis. In addition, TP53 and
HIF1 genes are closely related to the signaling pathway of breast cancer metastasis. In this study, gene expression of
ATP8B4 and CDIC were correlated with cancer tissue infiltration of CD8" T lymphocytes, while GSE43816,
GSE62327 and TCGA databases showed that CD8" T lymphocytes were closely associated with breast cancer
progression. Functional enrichment analysis of genes based on expression differences yielded key genes of prognostic

value in the breast cancer microenvironment.

Introduction

Breast cancer is the most common malignancy in women
worldwide and the most common cancer surpassed lung
cancer (Sung et al., 2021). Currently, with the increasing life
expectancy of breast cancer and the rapid development of
tumor diagnostic technology, breast cancer can be detected
early, which lead to its increasing incidence (Sung et al,
2021). In addition, great progress has been made in the
comprehensive treatment of breast cancer, such as targeted
anti-HER2 therapy and endocrine therapy, but the
prognosis of patients is still not very optimistic (Qiu et al,
2021; Yuan et al., 2020). Since metastasis of breast cancer
seriously affects the prognosis of patients, we still do not
fully understand the underlying molecular mechanisms of
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its development. Therefore, it is of great importance to
explore the underlying molecular mechanisms of breast
cancer development by identifying new diagnostic and
prognostic biomarkers and potential therapeutic targets.
Currently, numerous studies have confirmed that
tumorigenesis, progression and prognosis are closely related
to tumor tissue gene expression (Li ef al., 2021b; Lin et al,
2017; Zhang et al., 2019). The genetic expression features of
the tumor microenvironment (TME) play an important
impact in predicting the clinical outcome of tumor
treatment (Llanos et al., 2021; Yang et al., 2021). The TME
is mainly composed of cells and extracellular matrix. The
cells in TME include lymphocytes, tumor-associated
macrophages, tumor-associated fibroblasts, mesenchymal
cells, endothelial cells, and other cells in addition to tumor
cells. Immune cells and stromal cells are the two main non-
tumor cells that are important for tumor diagnosis and
assessment of tumor prognosis. Moreover, studies had
found that altered gene expression in tumor tissue might
lead to changes in non-tumor cell infiltration. For example,
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SFRP4 positively correlates with infiltration of FOXP3" Treg
cells in hepatocellular carcinoma, and downregulation of
SFRP4 in tumor cells affects T cell recruitment (Yang et al,
2019b). It has also been found that high expression of PRC1
was associated with low macrophage infiltration in HCC
tissues, which in turn lead to poor prognosis (Zhou et al,
2020a). Studies have reported genes closely related to breast
cancer such as BRCAI, BRCA2, ATM, CHEK2, etc. (Dorling
et al, 2021). These genes can be used not only for cancer
diagnosis, but also seriously affect the development, metastasis,
and treatment outcome of breast cancer. Studies have
confirmed that BRCA gene mutations may not directly drive
immune infiltration, but the number of infiltrating
lymphocytes and monocytes is significantly higher in breast
cancer tissues with decreased BRCA expression (Kubli et al,
2019; Solinas et al., 2019). However, understanding of the key
genes and their associated immune cell infiltration significantly
associated with breast cancer prognosis is still very limited.

In this study, we first obtain differentially expressed gene
signatures from the Gene Expression Omnibus (GSE) datasets
and The Cancer Genome Atlas (TCGA) to evaluate genes
associated with breast cancer metastasis. Then, functional
analyses such as diagnosis and prediction of prognosis of
disease were performed for important genes. In addition, we
evaluate the relationship between relevant genes and
infiltrating immune cells to provide an immunological basis
for the tumor microenvironment and to reveal potential
immunotherapeutic approaches.

Materials and Methods

Breast cancer datasets acquisition and processing

The workflow of analysis in our study is illustrated in Fig. S1.
Gene expression datasets and corresponding clinical
information of breast cancer patients were collected from the
dataset of GEO (Barrett et al, 2013) and the TCGA dataset
included 1124 patients, and those microarray data without
clinical information were discarded. In our study, 2 GEO
datasets contained GSE62327 (Triulzi et al, 2015) (7 cases in
the pre-radiation group and 7 cases in the post-radiation
group) and GSE43816 (Gruosso et al., 2016) (14 cases in the
disease group and 10 cases in the control group) were
downloaded (https://www.ncbi.nlm.nih.gov/geo/) (Tables S1-
S3). The primary data for the GSE62327 generated by
Affymetrix Human Gene 1.1 ST Array [transcript (gene)
version]). And the primary data for the GSE43816 generated
by Illumina HumanHT-12 WG-DASL V4.0 R2 expression
beadchip. The Cancer Genome Atlas (TCGA) data referenced
in this study were available in a public repository from
TCGA website (https://portal.gdc.cancer.gov/).

Differential gene expression analysis

The differential expression mRNAs were analyzed according
to breast cancer and normal groups using the limma
package (Ritchie et al., 2015). Log fold change (logFC) > 1.0
and adjusted P-value < 0.05 were set as the threshold for
differential genes. The results of differential analysis of
mRNA will be presented using volcano plot (ggplot2)
and heat map (pheatmap) (https://CRAN.R-project.org/
package=pheatmap). Where the volcano plot is plotted
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with ggplot2 and the heatmap is plotted with the pheatmap
package.

Enrichment analysis

The metascape (http://metascape.org) (Zhou et al., 2019)
database was used to analyze the gene ontology (GO)
enrichment analysis of the list of differentially expressed
mRNA target genes after intersection, mainly including
biological processes (BP), cellular component (CC),
molecular function (MF); the parameters were set P < 0.01,
minimum count >3, enrichment factor >1.5. The GSEA
method (Subramanian et al., 2005) enriched differential
mRNAs for expression-related pathways, and the groups
were aligned 10,000 times for each analysis. The KEGG
pathways dataset from curated gene sets was selected as the
reference set. The threshold for statistically significant GSEA
analysis was set at a corrected P-value < 0.05 and FDR <
0.25. The results of the enrichment analysis will be
characterized by the corrected P-value as well as the NES.
GSEA enrichment analysis and visualization were performed
using GSEA native software.

PPI network construction

The STRING database (http://string-db.org, version 11)
(Szklarczyk et al., 2019) was used to construct the protein-
protein interaction network. All the differential mRNA
intersections after the associated differential molecules were
put into the database for analysis, and the interaction
threshold was set to 0.4. Cytoscape software (Shannon et al,
2003) was used to visualize the molecular interaction
network. a plug-in for Cytoscape software: CytoHubba
(Chin et al., 2014) was used to analyze the hub gene in the
network.

Immune infiltration analysis

We extracted marker gene of 24 immune cells and analyzed the
infiltration of 24 immune cells within the tumor using the EPIC
method (Racle et al, 2017), and analyzed the degree of
correlation of the HUB gene and the expression matrix with
these 24 cells using the Spearman correlation method.

Statistical analysis

Most of the statistical analyses in this study were done by the
bioinformatics tools mentioned above. Other statistical
analyses such as ROC curve analysis, survival curve analysis,
etc. were performed by the R language package with version
3.4.1. The different expression levels of the genes were
analyzed by two-tailed Student’s t-test and the GO terms
and KEGG signaling pathway were done by Fisher’s test.
Spearman’s r correlation analysis was used to analyze the
correlation of non-normally distributed data. P-values less
than 0.05 were considered statistically significant.

Results

Screening of differentially gene expression changes in breast
cancer

According to appropriate criteria in GEO database, two
genome-wide gene expression datasets (GSE43816 and
GSE62327) on the chemotherapy of breast cancer were
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selected and analyzed using the R project limma package with
a threshold of adjust P-value < 0.01 and |log, FC| > 3.0. In
GSE43816 datasets, a total of 5190 mRNAs were screened
out, of which 3166 up-regulated mRNA and 2024 down-
regulated mRNA were identified (Figs. 1A and 1B). In
GSE62327 datasets, there were 2938 up-regulated mRNA
and 703 down-regulated mRNA in the comparison of
chemotherapy versus non-chemotherapy of breast cancer
(Figs. 1C and 1D). To clarify the genetic changes between
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metastatic and non-metastatic breast cancer, we compared
TCGA data to make new discoveries. As shown in the
volcano plot, the data from TCGA were analyzed and 7566
differentially expressed mRNAs (including 3759 were
upregulated and 3807 were downregulated) were identified
(Figs. 1E and 1F). When we intersected the GEO
chemotherapy dataset and the dataset of breast cancer
survival status, there were 81 differentially expressed genes
that were upregulated (Fig. 2A). When we take the dataset
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FIGURE 1. Heatmap and volcano plot of differentially expressed mRNA of breast cancer in TCGA and GEO datasets. Heatmap and volcano plot
of differentially expressed mRNA in breast cancer chemotherapy vs. non-chemotherapy data in GSE43816 dataset (A-B). Heatmap and volcano
plot of differentially expressed genes in breast cancer chemotherapy vs. non-chemotherapy microarray data in GSE62327 dataset (C-D). Heatmap
and volcano plot of differential mRNA expression in TCGA breast cancer metastasis or not (E-F). The x-axis represents the logarithm in base 2
and the y-axis represents the negative logarithm in base 10 of the false discovery rate (FDR). Each dot in the heatmap represents a gene. Brown
dots represent down-regulated mRNAs, red dots represent up-regulated mRNAs, and black dots represent genes with no differences.
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FIGURE 2. Intersection of differential genes with metastasis-associated genes. Intersection of differentially upregulated genes in three datasets
(GSE43816, GSE62327 and TCGA) (A). Intersection of co-expressed genes with metastasis-associated genes (B).
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of TCGA chemotherapy and metastasis and the GSE dataset
to intersect, there were totally 74 upregulated mRNAs that
were commonly found in four datasets (Fig. 2B).

Functional of pathway enrichment analysis of differential genes
In order to explore the biological functions of different genes, we
analyzed and visualized the enrichment of 79 differential genes in
the GO pathway (Figs. 3A-3C, Table S4); the enrichment results
were mainly presented in the three directions of BP, MF, and CC
of the GO pathway; the enrichment results revealed that the
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differential genes were mainly involved in biological processes
such as reproductive structure development, epithelial to
mesenchymal transition, cellular aldehyde metabolic process
and extracellular matrix disassembly. We also found that it is
closely related to the hypodifferentiation process: epithelial cell
differentiation, which occurs mainly in the cellular matrix:
extracellular matrix and is closely related to molecular
functions such as ion binding. In summary, differential genes
are mainly involved in the metastatic process and can promote
epithelial to mesenchymal transition of cells. The results of the
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FIGURE 3. KEGG/GO pathway enrichment analysis of differential genes. GO pathway enrichment analysis of biological process, cellular
component, and molecular function of differential genes (A-C). KEGG signaling pathway enrichment analysis of differential genes and the

interrelationship between signaling pathways (D-F).
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KEGG pathway enrichment analysis of differential genes show
that differential genes are mainly associated with calcium
signaling pathway, circadian entrainment, inflammatory
mediator regulation of trp channels, pathways in cancer,
neuroactive ligand-receptor interaction, and other biological
processes (Figs. 3D-3F, Table S5).

Enrichment analysis of grouped GSEA based on tumor metastasis
Based on the metastasis or not and grouping of TCGA samples, we
obtained positive correlation pathway enrichment (Figs. 4A-4C,
Table S6) and found that the grouping of high metastasis was
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more likely to be involved in biological processes of cell
metastasis-related and chemotherapy-tolerant signaling pathways
such as cell development, cell differentiation, regulation of cilium
movement, cilium movement, response to iron ion, response to
X-ray, myelin assembly. Similarly, we also obtained the negative
pathway enrichment pathway (Figs. 4D—4F, Table S6) and found
that the low metastasis subgroup was more likely to participate
in natural killer cell mediated immunity, leukotriene biosynthetic
process, positive regulation of BMP signaling pathway, response
to oxygen radical leukotriene metabolic process, monocyte
differentiation and other biological processes.
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FIGURE 4. Grouped GSEA enrichment analysis based on metastasis expression. Positive correlation pathway enrichment (A-C) and negative
correlation pathway enrichment pathway (D-F) were obtained based on metastasis or not and grouping of TCGA samples.
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PPI network interactions and top HUB genes

In order to understand the interaction between different genes
in the three database intersections, we obtained the interaction
network map of tumor metastasis-related genes by PPI
networks (Fig. 5A). We then performed the identification of
the core molecules of the network graph (Fig. 5B) and finally
obtained the top 25 HUB genes (Figs. 5B-5D, Table S7).
These 25 HUB genes are IL-18, CD1C, PTGER3, TP53,
TSC2, STK11, NPY, BCLI1, TLR7, CD80, PRTOR, C3ARI,
MAPK, FNI, LY86, CCL2, BAX, BID, TNESF10, FADD,
CLEC5A, PARP1, ATP8B4, TMEM30A, EIF4EBP1. Then we
selected these hub different genes for following analysis.

Analysis of expression levels based on key genes and survival
analysis in TCGA breast cancers

To further confirm the expression of hub genes in breast cancer, we
examined the expression of 25 hub genes in TCGA database and
subjected these genes to correlation analysis of TCGA expression
in breast cancer, we found that in the screened differential genes
TLR7, LY86, CLEC5A, CXCR4, PARP1, FN1 were expressed
at lower levels in breast cancer cancer than in the paracancer
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(P < 0.05, Figs. 6, 6K, 60, 6Q, 6R, and 6S). On the other hand,
PTGER3, ATP8B4 was expressed at higher levels in cancer than
in the paracancer (P < 0.05, Figs. 6N and 6X), and then we
subjected the related genes to survival analysis to determine the
prognosis. Overall survival (OS) was performed to obtain risk
coefficients and determine the prognosis for the relevant target
genes. During the 10 years survival period, we found that lower
expression of FNI, EIFAEBP1, TP53 had lower risk coefficients
and were positively associated with good prognosis (P < 0.05,
Figs. 7B, 7C and 7Q). However, high expression of CDI1C,
PTGER3, IL18 gene had lower risk factors and longer overall
survival (P < 0.05, Figs. 7A, 71, and 7L).

Genes with differential expression levels after ROC diagnostic
prediction analysis

In order to further clarify the clinical diagnostic value of genes
with significant differential expression, we subjected these
genes to ROC predictive diagnostic analysis and found that
FN1, LY86, IL-18, CDIC, C3AR1, TLR7, and TMEM30A
genes were genetic indicators with significant predictive
diagnoses, and their diagnostic ROC curves had areas under

\
e

FIGURE 5. PPI network interactions of key invasion-associated genes and top HUB genes. The interplay network map was obtained by
subjecting the co-expression metastasis-related genes after intersection to PPI network interplay analysis (A). The identification of the core
molecules of the network map was performed and finally the top 25 HUB genes were obtained (B-D).
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FIGURE 6. Analysis of expression levels based on key genes in TCGA breast cancers. About 25 genes obtained were analyzed for expression
levels in TCGA, and the expression levels of TLR7, LY86, CLEC5A, CXCR4, PARPI, FN1, PTGER3, ATP8B4 which had significant differences
between cancer and paracancer, were identified (A-Y).

the curves (AUC) of 0.968, 0.966, 0.897, 0.874, 0.846, 0.812, two key genes, TP53 and HIF1A, as examples, and obtained
and 0.781, respectively (Figs. 8A and 8B). the transcription factors and their interplay networks that

had binding to multiple differential genes through network
Screening of key transcription factors for key genes and analysis ~ interactions (Fig. 9A). Based on the network interactions
of interplay networks and functions between TP53 and HIF1A and the functional analysis of the
In order to further screen the target transcription factors of  pathway (Figs. 9B and 9C), we found that TP53 and HIF1A
key genes associated with metastasis, in this study, we took are mainly involved in cell-cell adhesion, focal adhesion, cell
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FIGURE 7. Screening of meaningful key genes in TCGA based on OS. Target gene identification by OS prognostic analysis was performed to
obtain OS levels for risk factors and relevant prognosis. In the 10 years survival period, breast cancers with high expression of CD1C, PTGER3,
IL18 gene were significantly better than low expression (P < 0.05) (A, I, L). However, Low expression of FN1, EIF4EBP1, TP53 in breast cancer
showed higher OS in the 10 years survival period (P < 0.05) (B, C, Q). Although high expression of other hub genes possessed higher OS, it was
not statistically significant (P > 0.05) (D-H, J, K, R-Y).

adhesion molecules cams and cell cycle. In addition, the GSEA  for breast cancer recurrence and metastasis and OS (risk

pathway enrichment analysis of the target gene TP53 and factor 1.129, P = 0.018) (Fig. 10A). However, although

HIF1A interaction network revealed that these two classical ~ the risk coefficients of genes such as TLR7, CCRI,

genes were mainly enriched to cell cycle, cell adhesion HRH4, HTR1D, P2RY13, FN1 were high, these genes were

molecules after low expression (Figs. 9D and 9E). not statistically significant for predicting breast cancer
(P > 0.05, Figs. 10B-10E).

Risk prediction of key metastasis-associated genes

To further identify risk factors associated with disease progression,  Analysis of immune infiltration assessment of key genes

we performed univariate and multivariate COX regression  Finally, we performed immune infiltration assessment analysis of
analysis and created forest plots for prediction and analysis the screened related genes in the breast cancer TCGA database to
based on metastasis-related genes and clinicopathological data,  assess their correlation analysis with CD8" T cells. In the immune
and found that Event (non-metastatic breast cancer had a low infiltration assessment analysis of this study, we found that
risk factor = 0.096, P < 0.001) (Fig. 10A), CD1C expression for ~ ATP8B4 showed a negative correlation with immune CD8" T-
predicting breast cancer recurrence and metastasis and OS  cell infiltration with an R-value of -0.134 (P < 0.01, Fig. 11A).
(risk factor = 1.08719, P = 0.01392) (Fig. 10A), BCL1 expression  In addition, FN1 also showed a significant negative correlation
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with the proportion of immune CD8" T-cell infiltration, with an
R-value = —0.368 (P < 0.01, Fig. 11E). However, as shown in the
figure, TLR7, LY86, IL18, and CD1C showed positive correlation
with the infiltration proportion of CD8" T cells with R-values of
0.347,0.257,0.451, and 0.253, respectively, and their P-values were
all less than 0.01 (Figs. 11B-11D and 11F).

Evaluation of immune cell infiltration from TCGA, GEO
sample data

To further clarify the immune status in breast cancer tissues,
samples from TCGA and GEO were evaluated for immune cell
infiltration and mesenchymal cell infiltration, resulting in the
infiltration of immune cells CD4*, CD8" T cells and other
mesenchymal cells in the relevant datasets, as well as the

proportion of each immune cell As shown by the immune
infiltration levels of metastatic and non-metastatic samples of
breast cancer in the TCGA dataset, cancer-associated fibroblasts,
vascular endothelial cells, and CD8" T cells are strongly
associated with breast cancer metastasis (Figs. 12A-12C); In
addition, the levels of CD8" T cells, B cells, and NK cells were
higher in the group of chemotherapy without metastasis than in
the group of chemotherapy with metastasis and the group of
non-chemotherapy with metastasis, while the levels of CD8" T
cells, NK cells in the levels in the group of non-chemotherapy
without metastasis were higher than those in the group of non-
chemotherapy with metastasis (Fig. S2A). The immune
infiltration levels of the GSE43816 dataset suggest that vascular
endothelial cells, CD4" T cells, CD8" T cells, cancer-associated
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fibroblasts are closely related to breast cancer progression (Figs.
12D-12F). Moreover, the expression levels of CD8" T cells, B
cells, CD4" T cells, and NK cells were higher in the
chemotherapy group than in the non-chemotherapy group
(Fig. S2B). The GSE62327 dataset on the level of immune
infiltration in breast cancer tissues suggested that cancer-
associated fibroblasts, vascular endothelial cells, and CD8" T
cells were strongly associated with breast cancer progression
(Figs. 12G-12I). Furthermore, the expression levels of CD8" T
cells, B cells, and NK cells were higher in the chemotherapy-
sensitive group of breast cancer than in the chemoresistant
group (Fig. S2C).

Discussion

With the rapid development of genetic testing technologies
(e.g., microarray technology, sequencing technology, etc.) and

the establishment of genetic databases, genes associated with
cancer are increasingly analyzed and validated as new targets
(Wang et al., 2016). However, most of the current studies do
not correlate oncogenes with immune cells infiltrated in
TME, which may affect the immunotherapeutic response to
cancer. In this study, we sought to explore the gene
expression associated with chemotherapy and metastasis of
breast cancer, to obtain important genes with prognostic and
diagnostic value, and to analyze their associated signaling
pathways to understand the progression of breast cancer
patients. By comparing the transcriptional expression profiles
of breast cancer patients and metastasis groups, a total of 81
genes involved in chemotherapy-related breast cancer gene
expression and 79 genes associated with breast cancer metastasis
were identified. These genes were mainly involved in
reproductive structure development, epithelial to mesenchymal
transition, cellular aldehyde metabolic process, extracellular
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matrix disassembly, epithelial cell differentiation and other
biological processes. Moreover, the main genes associated with
metastasis were CXCR4, ERBB2, EIF4EBP1, TSC2, MAPKI,
CCL2, RPTOR, BCL2, STKl11, TP53, PARP1, FADD,
TNESF10, BID, BAX and so on. However, FN1, CLEC5A,
ATP8B4, TLR7, LY86 PTGER3 expression significantly
predicted the overall survival of breast cancer patients.
Subsequently, the expression of genes including CD1C, TLR7,
FNI, IL18, C3ARI, LY86 were included in the ROC curve
analysis of breast cancer diagnosis and the associated
risk prediction analysis. Importantly, ATP8B4 and FN1

expression were significantly associated with CD8" T
immune cell infiltration by Spearman’s correlation analysis.
Chemotherapy is still the main strategy for the treatment
of cancer. However, studies have confirmed that chemotherapy
may promote cancer metastasis and tumor metastasis is an
important factor contributing to poor tumor prognosis
(Karagiannis et al, 2017; Keklikoglou et al., 2019). In this
study, by analyzing GSE43816, GSE62327, and TCGA
datasets, we identified some differential genes associated with
breast cancer metastasis, and the enrichment results showed
that these genes are closely related to cell stromal remodeling,
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FIGURE 12. Evaluation of immune cell infiltration based on TCGA, GEO sample data. Samples in TCGA, GEO were evaluated for immune
cell infiltration and mesenchymal cell infiltration to obtain the immune cell ratio for each sample in TCGA dataset. The level of immune
infiltration in metastatic and non-metastatic samples of breast cancer in TCGA dataset (A-C), in GSE43816 dataset (D-F) and in

GSE62327 dataset (G-I), respectively.

epithelial mesenchymal transition, intracellular metabolism,
and hypofractionation process of cells. Several studies have
confirmed that EMT not only confers the ability of tumor
cells to invade and metastasize, but also is a major factor
affecting the efficacy of chemotherapy (Li and Kang, 2016).
Furthermore, epithelial mesenchymal transformation affect
changes in internal cellular metabolism, involving cytoskeletal
alterations and matrix remodeling, and further affects cell
differentiation (Ijaz et al., 2014; Tsubakihara and Moustakas,
2018). Currently, the main signaling pathways associated with
EMT are TGF-p signaling pathway, Wnt signaling pathway and
Notch signaling pathway (Kyuno et al, 2021). In the present
study, the main signaling pathways involved in the differential
genes were Calcium signaling pathway, NOD-like receptor
signaling pathway and mTOR signaling pathway, which were
also found to affect EMT directly or indirectly in previous
studies (Figiel et al., 2019; Hu et al., 2018; Luo ef al.,, 2021). Our
study also found that high metastasis of breast cancer is closely
related to biological processes such as cell development, cell
differentiation, and regulation of ciliary motility, while in low
metastasis natural killer cell-mediated immunity, leukotriene
biosynthesis process, positive regulation of BMP signaling

pathway, leukotriene metabolic process in response to oxygen
free radicals, and monocyte differentiation. Thus, by searching
for key genes associated with altered metastatic ability after
chemotherapy resistance in breast cancer, these genes can be
studied not only as targets for future new drugs, but also as
relevant biomarkers to reflect the effect of cancer chemotherapy.
It is important to note that additional prospective studies are
needed as well to further validate these findings due to sample
size limitations in the dataset.

Next, we performed overall survival analysis and ROC
curve analysis on some of the screened HUB genes. Firstly,
we found that the expression levels of FNI, CLECS5A,
ATP8B4, TLR7, and LY86 genes were higher in breast
cancer tissues than in paracancerous tissues, while the
expression levels of PTGER3 genes were lower in breast
cancer tissues than in paracancerous tissues. Consistent with
previous studies, in addition to ATP8B4 and LY86, FNI,
CLEC5A and TLR7 were found to be highly expressed in
breast cancer «cells or tissues by clinical trial or
bioinformatics studies, but PTGER3 expression was reduced
in breast cancer, and the expression levels of these genes
affects the prognosis of breast cancer (Bao et al, 2019;
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Semmlinger et al., 2018; Shi et al., 2020; Zhang et al., 2021;
Zhang et al, 2020). Moreover, these genes play an
important role in the progression of several other cancers,
for example, FN1 and CLEC5A have been reported to
promote proliferation, invasion and metastasis of gastric
cancer and glioblastoma (Fan et al., 2019; Han et al., 2020;
Wang et al, 2020; Yang et al., 2019a). In line with other
findings (Inoue et al., 2019; Milioli et al., 2017; Saatci et al.,
2020), we also found a significant positive correlation
between low expression of IL18 genes and good prognosis of
breast cancer through survival curves, while high expression
of FN1 and C3ARI genes implied poor disease prognosis.
Finally, we verified that some genes (e.g., FN1, LY86, IL-18,
CDIC, C3AR1, TLR7, and TMEMB30A) have good
diagnostic efficacy in predicting the development of breast
cancer by ROC curves, and all of these genes may be used
as potential biomarkers.

To further confirm the relationship between key genes
and breast cancer metastasis, in the present study TP53 and
HIF1A genes were used as examples, and we found that
TP53 and HIF1A are mainly involved in the biology of cell-
cell adhesion, cell adhesion molecules cams and cell cycle
processes. Many studies have confirmed that TP53 and
HIF1A genes are closely related to the metastasis of tumors
(Li et al., 2021a; Tang et al., 2021; Tiwari et al, 2020). In
our study, CD1C and ATP8B4 were closely associated with
recurrence, metastasis, and prognosis of breast cancer.
Curiously, we found that the ATP8B4 gene was negatively
correlated with CD8" T lymphocyte infiltration in breast
cancer tissues, whereas CD1C was positively correlated with
CD8" T lymphocyte infiltration in cancer tissues. In addition,
we also found that genes such as TLR7, LY86, and IL18 were
positively correlated with the proportion of CD8" T
lymphocytes infiltrating in cancerous tissues. Recent studies
have shown that IL-18 and its receptor can activate specific
high expression of CD8" T cells, suggesting a correlation
between IL-18 not only with CD8" T cells, but also its
pathway to tumor-Kkilling effector cell function (Zhou et al,
2020b). And the results by all three databases, GSE43816,
GSE62327, and TCGA, showed a close relationship between
CD8" T cells and the progression of breast cancer. However,
whether CDIC and ATP8B4 are abundantly expressed in
many malignancies, are associated with migration of
regulatory T cells, and their role in tumor-associated
immunosuppression still need further experimental study.

Conclusions

In our study, we extracted genes of prognostic value from the
GEO and TCGA databases based on functional enrichment
analysis of breast cancer metastasis. These genes can be used
to predict the occurrence and prognosis of breast cancer
patients and show their potential to be biomarkers for
breast cancer diagnosis as well as prognosis. In addition,
further study of the relevant genes will help to understand
the immune status of the tumor microenvironment and
explore potential therapeutic targets. However, there are still
some limitations of this study. First, in order to provide a
comprehensive picture of the factors and effects affecting the
microenvironmental phenotype of breast cancer, additional
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clinical features of breast cancer patients should be included
in subgroup analysis. Second, the small sample size in the
dataset may lead to biased results or high false positive rates,
and the sample size will be appropriately increased in future
studies on the immune microenvironment of breast cancer.
Third, the data obtained such as altered genes and associated
enriched signaling pathways were retrieved from public
databases, and experiments are needed to validate these
findings. Fourth, up- and down-regulation of genes may not
be the real cause of the altered tumor microenvironment
(e.g., lymphocyte infiltration) and breast cancer metastasis, so
further mechanistic studies of these genes are needed.
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SUPPLEMENTARY TABLE 3
: Clinical parameters of patients in GSE43816
ID Group Species Tissue Time point
GSM1071652 1_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071653 1_after R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071654 2_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071655 2_after R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071656 3_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071657 3_after_R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071658 4 _before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071659 4 _after R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071660 5_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071661 5_after_R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071662 6_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071663 6_after_R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
GSM1071664 7_before_R Homo sapiens Tissue: breast cancer tissue Before neoadjuvant chemotherapy
GSM1071665 7_after_R Homo sapiens Tissue: breast cancer tissue After neoadjuvant chemotherapy
SUPPLEMENTARY TABLE 4
ID Description P value P. adjust Count Total Generatio
GO0:0048608 Reproductive structure development 9.70031E-05 0 7 406 0.017241379
GO:0061458 Reproductive system development 0.000101536 0 7 409 0.01217656
GO:0003006 Developmental process involved in reproduction 0.00032934 0 8 657 0.020080321
GO:0045165 Cell fate commitment 0.000511153 0 5 249 0.013059701
G0:0002009 Morphogenesis of an epithelium 0.000523908 0 7 536 0.0375
GO0:0001892 Embryonic placenta development 0.001241146 0 3 80 0.010971787
GO:0048729 Tissue morphogenesis 0.001443812 0 7 638 0.012077295
GO:0048568 Embryonic organ development 0.004726569 0 5 414 0.022058824
GO:0001890 Placenta development 0.005576953 0 3 136 0.019480519
GO:0001837 Epithelial to mesenchymal transition 0.00785017 0 3 154 0.039215686
GO:0006081 Cellular aldehyde metabolic process 0.001111289 0 3 77 0.03
GO0:0022617 Extracellular matrix disassembly 0.001332807 0 3 82 0.026315789
GO:0003341 Cilium movement 0.001153569 0 3 78 0.023622047
GO:0001906 Cell killing 0.001342636 0 4 181 0.008962868
GO:0001909 Leukocyte mediated cytotoxicity 0.003407998 0 3 114 0.017964072
GO:0019730 Antimicrobial humoral response 0.006405946 0 3 143 0.015503876
GO:0030036 Actin cytoskeleton organization 0.002360082 0 7 696 0.01875
GO0:0030029 Actin filament-based process 0.004698779 0 7 789 0.00887199
GO:0030855 Epithelial cell differentiation 0.004447186 0 7 781 0.008962868
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SUPPLEMENTARY TABLE 5

ID Description P value P. adjust Count Total Generatio

hsa04925 Aldosterone synthesis and secretion 0.000154216 0 4 102 0.02919708

hsa04270 Vascular smooth muscle contraction 0.000475528 0 4 137 0.023391813
hsa04927 Cortisol synthesis and secretion 0.000952013 0 3 73 0.038961039
hsa04934 Cushing syndrome 0.00108879 0 4 171 0.019417476
hsa04020 Calcium signaling pathway 0.002153188 0 4 206 0.028846154
hsa04713 Circadian entrainment 0.002352657 0 3 100 0.010416667
hsa04750 Inflammatory mediator regulation of trp channels 0.002629719 0 3 104 0.071428571
hsa05200 Pathways in cancer 0.004100232 0 6 576 0.024390244
hsa04261 Adrenergic signaling in cardiomyocytes 0.006910896 0 3 147 0.038461538
hsa04080 Neuroactive ligand-receptor interaction 0.000452559 0 6 373 0.020979021
hsa04072 Phospholipase D signaling pathway 0.000932561 0 4 164 0.009493671

SUPPLEMENTARY TABLE 6

Name Size ES NES NOM p-val
GO_SERTOLI_CELL_DEVELOPMENT 12 0.74155694 1.8930616 0.004106776
GO_AXONEMAL_DYNEIN_COMPLEX_ASSEMBLY 15 0.78123885 1.8458536 0.004008016
GO_SERTOLI_CELL_DIFFERENTIATION 15  0.65457696 1.8127494 0.001992032
GO_REGULATION_OF_CILIUM_MOVEMENT 8 0.7736576  1.7660143 0.006085193
GO_INNER_DYNEIN_ARM_ASSEMBLY 9 0.8271263  1.764317  0.005928854
GO_REGULATION_OF_SISTER_CHROMATID_COHESION 11 0.6970716 1.7283411 0.016032064
GO_INTRA_GOLGI_VESICLE_MEDIATED_TRANSPORT 37  0.54170877 1.7083043 0.012931035
GO_OUTER_DYNEIN_ARM_ASSEMBLY 9 0.7990409  1.7036562 0.008281574
GO_POSITIVE_REGULATION_OF_PHOSPHOPROTEIN_PHOSPHATASE _ACTIVITY 12 0.619845 1.6891166 0.014084507
GO_CILIUM_MOVEMENT 26 0.62749183 1.6815434 0.022222223
GO_MITOTIC_SISTER_CHROMATID_COHESION 8 0.76784676 1.6774932 0.002057613
GO_NEGATIVE_REGULATION_OF_PROTEIN_LOCALIZATION_TO_CELL_PERIPHERY 12  0.6362113 1.6602308 0.042510122
GO_SIGNAL_PEPTIDE_PROCESSING 18 0.5500574 1.6463372 0.014373717
GO_AXONEME_ASSEMBLY 26 0.6190203 1.6379871 0.044806518
GO_RESPONSE_TO_IRON_ION 26 0.4724917 1.6342541 0.014675053
GO_RESPONSE_TO_X_RAY 20 0.5482543  1.6266178 0.03187251

GO_ER_TO_GOLGI_VESICLE_MEDIATED_TSRANSPORT 103 0.38668948 1.6009423 0.025423728
GO_ZINC_II_ION_TRANSPORT 17 0.51907265 1.5884295 0.031380754
GO_UTP_METABOLIC_PROCESS 7 0.68488634 1.5806099 0.030425964
GO_ANDROGEN_RECEPTOR_SIGNALING_PATHWAY 26 0.48187757 1.5614797 0.04517454

GO_UBIQUINONE_METABOLIC_PROCESS 6 0.7250298  1.5484565 0.038709678
GO_FUCOSE_METABOLIC_PROCESS 14 0.5319754 1.5310597 0.04809619

GO_MOTILE_CILIUM_ASSEMBLY 8 0.67667264 1.5244037 0.04733728

GO_INTRACELLULAR_STEROID_HORMONE_RECEPTOR_SIGNALING_PATHWAY 49  0.4016375 15136701 0.03411514




LU YANG et al.

1242

(panunuo))

SYNY [[ews pue s10s1mda1d YN [BUIOSOQLI JO SISIYJUAS ) UT UOTIOUN]

B 91

yorym ‘saxa[dwod J] aserowhjod YNy pue [ aserdswd[od YN 2y} Jo Jusuodwod e st ouad s1y) 4q papoous uwjoxd oYy, ‘q opndedLjod [ (VNY) oserowd[od STH8198T00000OSNH 7SOL
‘uorjouny
Te[NOSBAOTPILD PUR SWIIAYT URIPEIIID O¥IUT Po0j @suodsal ssaxs AI[IqeInxs [eon100 Surpnpour sassanoid [esrSojorsAyd
Auew sooULNUI pUB WISAS SNOAIDU [EIJUID Y)Y UT Passaidxa Appim st Jey) apndodonou e sopoous auad sy, X opudadomaN  £'$852ZT00000DSNA XdN
*SONSST) [RULIOU JSOWI UT [2A9] Juesoyrugis e Je passaxdxa st 1 ySnoyype 01 Joquuawr ‘Aqrurejradns
s TewIou [ 03 Jeadde jou ss0p Inq ‘S[[0 Jowm) pue pawrojsuer) ul sisojdode saonpur Aqrenyusieyerd urejord STy, (puedr) 1010€] STS0IAU JoWN], O1'8S8TZT00000OSNT  OTASANL
‘sajlooyduwd]
se yons s[[22 awos jo yjeap onoydode ay) s00[q Jey) u)o1d SULIGUISW [ELIPUOYDOIW JANO [eISIIUT Ue SIPOIUD dUdT SIYT, 7 ewoydwA[/TTD [1°2-4 1T T16414100000OSNA 7104
"SYNYW JO PU2 G 3} 0} SUNQNS [BUWIOSOQLI
SOF s3mIoaI Jey) xo[dwoo Jrungnsnnur 3y jo jusuoduwrod Junwi e st Yorym (g10) ¥ 10308 UOHenIUl UOTJe[SUuLI) 1 urjoxd 3urpuiq g§ 1030¥f
snjorena yim syoerajur A3oaarp urajoxd oy, 'surjoid 1ossardar uone[suer; Jo AJIuwey e Jo JOQUUSW U0 SIPOOUD dUF ST, uonenIul uone[suen) onokredng  #'0¥848100000OSNT  1dddFIId
‘sreudis onjojdode urewrop
[[99 soyerpaw pue s103do021 90BJINS [[90 SNOLIBA YIIM S)OeIdIUI Jey) dnosjour 1ojdepe ue st auag sty Aq papooud urejoxd 9y ], Yiesp ela pajerosse-(9JSYAINL) Sed  #0¥089T00000OSNH aavi
7 aseunyjsiuoge
71D IsTuodeiue Jo XV ISTUOSe JOYIIS YIM SIZIISWIPOIdIAY Jey) JSTuode [jeap € sopoous audl siyy, yyeap urewop Sunoernul ¢HY 8T°SZFST000000DSNA aig
"32BJINS [[22 3} UO P3JedO[ ST pue SUOIIax ¥
sueIqUIdWISURI) / Sey urd}oxd 9y, 'T-10J0.] PIALISP-[22 [eW0I3s 10§ oyads 103dadar sunjowaydp HXD) € sapooud auad siy], 103dadar (Juow D-X-D) dUDOWYD)  9°9961ZT100000DSNH PIDXD
“wistjoqejowr ur sagueyd Jo “aredar yN( ‘@ouaosauss ‘sisojdode 9sorre
31245 T1o0 Sumonpur £qaray ‘sauad 1931e) Jo uorssardxs 23eMSa1 03 $3sSAIS TR[N][PD ISIIAIP 03 spuodsar urajoid papooud
ay 1, 'surewop uonezLawodio pue Surpuiq YN ‘voneanoe feuonduosuer) Jururejuod uraoid ossarddns sown ¢cd urajoxd Jowny, STOTSTFT00000DSNA ¢Sdl
uswrdopaaap
pue uonenSar wonduosues) ‘UONENUIIPIP ‘UonjeIdfoid se yons sassa01d Jen[[a0 Jo £Io1TRA SPIM © UT PIA[OAUT
are pue ‘sreudis reorwoypolq [dnmu 1oy jutod uonjerdagur ue se Joe (SHYH) soseury paendoi-reudis remyeoenxy ] aseuny umwjoxd payeandce-uaSoMA F1°0£000T00000DSNA DIdVIA
vo¢ uwjord sueiquiawsuel], ST°£69Z1T00000OSNT VOSIWHIALL
!
10ydaoa1 e¢ Jusuodwod yuawd[dwo)  $0981Z100000DSNT TAVED
“fyrunurwar ojeuur jo uoneanoe pue uonrudooar usdoyyed
ur o[ox Teyuswrepuny e sefd yorym Aqrurey (g1.1,) 103docax o¥I[-[[0.], 93 JO JoquIaW e ST duad sIy) £q papoous urjoid oy, £ 10)dooa1 MI-[I0L,  ##9996100000OSNT LIIL
“UIMQOT30IOIUI-Z-839q M SIdWIPOIaIaYy wroj pue surajord (DHIA) Xorduwoo Lpqueduwosolsty Jofew
a1} 0} paje[or A[eInionns are YPIYM ‘surajordodf[d suerquuswusuen) Jo A[rwey 1D Y} JO IOQUISW € SIPOOUd auag SIY ], smos[owWw OTAD T T8¥8ST00000DSNH DIAD
"XLIJew Je[N[[20B)Xd Ul PUe d0BJINS [[20 3} Je WLI0]
SLISWT[NUI JO SIISWIP © Ul pue ‘erused Ul WIoJ SLIWIp [qnos & ur Juasaid ure101dodA[3 e ‘uroauoiqy sapoous auag sty 1 unoauoIqr] 8T'HTFSTT00000OSNA INA
98 uadnue alooydwd]  §'66,Z1T00000OSNH 98X1
ST[e0 T 2d4y 1oday-1, ut uononpoid eurured uoIsyIaIUT SAjR[NIT)S pUE
‘s[0 uaa[ds ur A)1AT)OR [[00 JO[IIY [eInjeu sjuswdne Jey) sun[oihd Arojewrurepyuroid e st auad sryy £q papoous urejord ayy, 81 UDNAIAIU]  [T°78Z0ST00000DSNA 81TI
Arewrung uondrusaq dI [quasug ETErS)

L ATIVL AAVINIWNITddNOS



1243

PROGNOSTIC GENE IN METASTATIC BREAST CANCER

-10ssa1ddns
Jowm; e se suonouny pue Lrrefod [[25 sajenSar A[riurey 9SeUD] SUTUOAIY}/IULIAS Y} JO I3qUISUI B SIPOIUS YPIIYM QudS STy, 11 9SeUR| SUIU0AIY}/AULIdS FT1°97081100000OSNT IDLLS
“Aqrurey urjoxd 71DQ a3 03 sSuofeq suad sty £q papoous urdjoxd Ay, umjord X pajerdosse-z1Dg  61°88048000000OSNH Xvd
‘Amrureyqns AT od4y pue Aqiuuey (2d£)-q) osed v Modsuen) uones 9y Jo JOqUIDW € $9pooud dudd sy, § Joquiow ‘gg adAy T ssep sed IV FI'CFOFOT00000OSNT  FI8dLV
‘uone([Asoqu-Jqv)4rod £q surjoxd
Je9[ONU SNOLIBA SIYIPOW (PIYM dseajsuer)([Asoqui-JqV)A[od QUIAZUd pajerdosse-urjewoIyd e sapooud auag siy, 1 aserowidod (ssoqu-gav) Ajod Z1'664€F100000OSNA 19vd
V Ioquiowr
“Aprurezaadns (QT10/11D) urewop MI[-unod] ad4y-0/unosy 2d4)-D ayp jo Jdquuaw © $5podu Juaf SIyT, ‘g Aqurey urewop un2ay 2dA1-)  9'£778S700000OSNT  VSOITD
(zaDd) ¢d utpuelSeysoid 1oy paynuaprt sio03dodar (¢dd
1moj jo auo st urdjoxd sty T, “Aqrurey 103desar pardnoo urdjord-o) oy jo roquuaw e st oudd siyy Aq papooud urdjoxd oy, 2dLigns) ¢ 103dover g utpuerdeisord 07'8290S000000OSNI  €YAD.LA
1 xo[dwod YOI
*S[OAS] UTNSUT PUE JUSIINU 0 asuodsar ur ypmois [[90 sayenSar jey) Lemied Surreusrs e jo jusuoduros e sopoous suad iy, Jo umjoid pajemosse £101eSY 1 HISTHFI00000OSNT YOLdd
's3ss2501d A10jewutuefjur pue £10)eMSo10UNWIWI UT PIA[OAUT sUIa}0Id Pajaides
Jo Aqrureyradns e are souRjowWAY)) /] AWOSOWOIYd Jo uwre-b ayy uo paraysnpd soua aun014d [e1943s Jo duo ST U SIYT, 7 puedi| (Junow H-D) aunjouwdyD) 6 16980100000OSNT 710D
Arewruing uondimsa(q I [quasug dudnH

*(panunuod) /£ a[qe], Areyuswaiddng




	Prognostic tumor microenvironment gene and the relationship with immune infiltration characteristics in metastatic breast cancer ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References
	flink8
	flink9


