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Background: Myocardial infarction associated transcript (MIAT) is identified as a long
chain non-coding RNA (IncRNA), which was associated with myocardial infarction suscept-
ibility. While intense efforts have been made to elucidate the relationship between MIAT and
carcinogenesis, the tumor immunoreaction of MIAT remains elusive. Thus, this study aimed
to investigate the role of MIAT in the immunoregulation of breast cancer (BC) and further
explore the better clinical significance.

Methods: The differential expression of MIAT between BC and normal/adjacent tissues was
compared using Wilcoxon rank sum test. The diagnostic and prognostic values of elevated MIAT
expression in BC tissues were unveiled via receiver operating characteristic (ROC) analysis and
KM-plotter analysis. Limma and edgeR package were used to identify differentially expressed
genes (DEGs) and microRNAs (DEMs) from TCGA database respectively. A co-expression dataset
was constructed to comprehensively understand the relationship between MIAT and DEGs based on
the Pearson correlation coefficient. Furthermore, GO and KEGG analyses were conducted to
predict the potential functions of MIAT. We next intersected immune-related genes (IRGs) from
ImmPort database with MIAT-co-expressed genes to obtain MIAT-co-expressed IRGs, in order to
construct MIAT-microRNA (miRNA)-mRNA network. And the correlation between MIAT and
tumor-infiltrating immune cells (TICs) and immunophenoscore (IPS) analysis was analyzed by
TIMER and CIBERSORT. Finally, the reverse transcription quantitative real-time polymerase
chain reaction (RT-qPCR) was used to detect the expression profiles of MIAT in serum samples.
Results: The expression levels of MIAT were notably higher in BC than in normal or
adjacent tissues. And MIAT expression could be used as a prognostic indicator of mortality
risk in patients with BC in different aspects. Moreover, the enrichment analyses suggested
that MIAT was strongly involved in BC immune response. In addition, TIMER database and
CIBERSORT analyses indicated that MIAT was significantly correlated with 13 types of
TICs (B cells, dendritic cells, neutrophils, CD8 T cells, CD4 memory resting T cells, CD4
memory activated T cells, gamma delta T cells, M1 macrophages, plasma cells, activated NK
cells, monocytes, M2 macrophages, activated mast cells). Simultaneously, the IPS analysis
implied that the higher the MIAT expression, the better the immunotherapy effect. The ROC
curve analysis showed that the area under the curve (AUC) value of MIAT was 0.86
(sensitivity = 87.80%, specificity = 75.61%). And the high MIAT expression in serum was
positive related to TNM stage (P = 0.032) and lymph node metastasis (P = 0.028).
Conclusion: MIAT may be a valuable noninvasive diagnostic biomarker for BC and is
associated with tumor-infiltrating immune cells in tumor microenvironment, suggesting
MIAT as a potential target for future treatment of BC.
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Introduction
BC is the most common cancer among women that is
responsible for the most of the cancer-related death in
worldwide." The occurrence of BC accounts for 7-8% of
the entire number of malignant tumors.”> Accumulating
evidence have shown that immunoreaction plays an impor-
tant role in oncogenesis and progression.>* However, the
immune related genes of BC and underlying molecular
pathogenic mechanisms are still obscure.

LncRNA is a new kind of non-coding RNA with a length
of more than 200 nucleotides and limited protein coding
potential. Moreover, IncRNA plays a key role in a variety of
cell processes, including gene expression regulation, post-
transcriptional, and translation regulation.™® In literature,
IncRNA could be a sensitive predictive marker and therapeutic
candidate for cancers.”® Thus, search for new molecular
mechanism associated with oncogenesis and progression is
ongoing. IncRNA myocardial infarction associated transcript
(MIAT) was originally reported to be correlation with myo-
cardial infarction.” Subsequent studies have also implicated
that MIAT was
progression,'®'? including neuroendocrine prostate cancer,’

initiation and
3

involved in cancer
chronic lymphocytic leukemias'® and non-small cell lung
cancer.'* However, mechanistic understanding underlying
the immunoregulation of MIAT in BC is sketchy and limited.

In recent years, integrated analyses of the genomic,
transcriptomic, and proteomic datasets have become
powerful tools in discovering and validating of tumor
markers,'> as well as providing evidence for further
researches. In this study, we systematically investigated
highly upregulated of MIAT in BC based on multiple
databases including TCGA, GTEx, GEO, TIMER and
Kaplan—Meier plotter database. Besides, we found that
MIAT was significantly correlated with immune path-
and also with TICs.
Further, we constructed a differentially expressed MIAT-
miRNA-mRNA competitive endogenous RNA (ceRNA)
network for BC by comparing, predicting and integrating

ways, immune-related genes

differentially expressed RNAs. And lastly, we provide the
convincing experimental evidence supporting a rather
definitive role of MIAT in diagnosis of BC as well as
the vital clinical implications. This is the first research to
identify key genes and pathways related with MIAT
which were in the immunoregulation of BC and explored
the potential biomarker for early diagnosis, treatment, and
prognosis. The workflow of the study design is presented

in Figure S1.

Materials and Methods
TIMER Database Analysis

The Tumor Immune Estimation Resource (TIMER) database

(https://cistrome.shinyapps.io/timer/) was performed to

explore the expression levels of MIAT in different cancers
and adjacent normal tissues from TCGA database based on
the “DiffExp” modules. Distributions of gene expression levels
are displayed using box plots, with statistical significance of
differential expression evaluated using Wilcoxon test.'®

Analysis of Breast Cancer Data in Public

Database

The expression profiles of MIAT in the tumor and normal/
adjacent tissues were analyzed using the Genotype-Tissue
Expression (GTEx) project (https:/www.gtexportal.org/)
from the UCSC Xena browser (https://xenabrowser.net/data
pages/) and the Cancer Genome Atlas (TCGA) project from
TCGA data portal (https://portal.gdc.cancer.gov/). GSE70905
and GSE70947 were chosen to validate the MIAT expression
from the Gene Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/). All the above differential

expression analyses were performed using R package
limma.'” The differentially expressed genes (DEGs)
between BC and normal samples in TCGA with |
log2FoldChange | > 1 were considered as statistically
significant.

Prognostic Analysis of MIAT in BC
Subtypes

Based on the prognostic online tool Kaplan—Meier plotter
database (http://kmplot.com/analysis/index.php?p=ser

vice), we conduct the survival analysis of BC patients
with high and low expression of MIAT through Kaplan—
Meier curve analysis, including overall survival (OS) and
post-progression survival (PPS).

Screening Co-Expressed Genes of MIAT
The similarity in TCGA-BRCA samples was calculated
based on Pearson correlation coefficients in order to find
the highly correlated genes with MIAT among DEGs
depending on a cut off of P < 0.001, r > 0.40.

Function and Pathway Enrichment

Analysis
We performed Gene Ontology'® (GO), Kyoto Encyclopedia
of Genes and Genomes'® (KEGG) enrichment analysis for
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the MIAT-co-expressed DEGs using the R Bioconductor
package cluster profiler”® to identify the most significant
biological processes and pathways. A strict cutoff of P <
0.05 and Pppr < 0.05 were set as the cut-off criterion.

The Definition of Immune-Related Genes
A list of 1811 immune-related genes were downloaded
from the Immunology Database and Analysis Portal
(ImmPort) database (http:/www.immport.org).>' Then,
these 1811 IRGs were intersected with MIAT-co-
expressed DEGs to obtain the MIAT-co-expressed IRGs.

Screening of Differential Expression
microRNAs

We performed a differential analysis of isoform expression
data from the TCGA website containing 1057 BC and 103
normal specimens to obtain differentially expressed
miRNAs (DEMs) as candidate miRNAs. The data were
analyzed using the R-package edgeR** with the previous
defined cut-off value.

Construction of the ceRNA Network

We obtained the miRNAs that interacted with MIAT after
prediction in the miRcode database (http://www.mircode.
gg[).B And we took the overlap of these miRNAs with
DEMs for acquiring the final MIAT-DEMs relationship file.
Then, the relationship between these key miRNAs and the
MIAT-co-expressed IRGs were analyzed with TargetScan
(http://www.targetscan.org/)** and the DEMs-IRGs file was
established. In the end, we combined MIAT-DEMSs and
DEMs-IRGs and applied them to Cytoscape software
(v3.7.1) (https://cytoscape.org/) visualization topology net-

work for obtaining the topological network diagram of
ceRNA.

Correlation Analysis of MIAT with TICs

and Immune Checkpoints

The Gene module was selected from the TIMER database to
analyze MIAT expression and 4 immune cells (B cells, CD4
+ T cells, CD8+ T cells, neutrophils, macrophages, and
dendritic cells) and tumor purity. Using the CIBERSORT
algorithms (https:/cibersort.stanford.edu/),?* the infiltration
of immune cells in the high and low MIAT expression

groups was compared. And the correlation module of
TIMER was used to analyze the relationship between
MIAT and immune checkpoint molecules PD-1 (PDCDI),
PD-L1 (CD274) and CTLA4. Then, the correlation analysis

between MIAT and biomarkers of immune cells in BC
was determined by GEPIA database (http://gepia.cancer-

pku.cn/). [R| > 0.1 and P value < 0.05 were set as selection
criteria for identifying as statistically significant.

Analysis of the Correlation Between
MIAT and IPS

IPS is calculated by analyzing gene expression in the
tumor samples, which comprise the four major categories
of genes that determine immunogenicity (effector cells,
immunosuppressive cells, MHC molecules and immuno-
modulators). The IPS for BC patients was downloaded
from the Cancer Immunome Atlas (TCIA, https://tcia.at/
home). We calculated the IPS with a range of 0—10 based
on the z-score for gene expression of representative cell
types. And the differential analysis of IPS was performed
between the high and low MIAT groups by #-test.

Validation of Clinical Samples with
RT-qPCR

A total of 164 serum samples were collected from the
Affiliated Hospital of Southwest Medical University,
among which 82 cases were healthy control and 82 cases
were BC patients without therapy. This study was
approved by the Ethical Review Committee of the
Affiliated Hospital of Southwest Medical University and
the informed consents were provided for all participants.
MIAT was detected by RT-qPCR. All the RNA was
isolated from serum using TRIzol Reagent (BioTeke,
China) and reverse transcribed into cDNA using
PrimeScript RT reagent Kit (Takara, Japan). RT-qPCR
was performed using SYBR Green assays (Takara,
Japan) according to the manufacturer’s protocol. Primers
were synthesized by Sangon Biotech (Shanghai, China),
and sequenced as follows: 5-CTGCCCTCTTCTGGT
CTGTG-3' (forward) and 5-AGCCCTAACGCCAAAT
GTGAA-3" (reverse) for MIAT; 5-TCCTCTCCCAA
GCCACACA-3" (forward) and 5-GCACGAAGGC
TCATCATTCA-3' (reverse) for B-actin.

Statistical Analysis

The clinicopathological characteristics were statistically
compared using the #-test or the Wilcoxon test. All the
statistical analyses were performed using Microsoft Excel
2010, R software (v.3.5.1) and GraphPad Prism 5. In our
analyses, the P-values less than 0.05 were considered
statistically significant.
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Results
The Clinicopathologic and Prognostic
Importance of High MIAT Expression

in BC

We firstly compared the expression levels of MIAT in 19
types of cancers with their normal counterparts by TIMER
database, which indicated MIAT expression was notably
higher in 11 types of cancers including BC, as shown in
Figure 1A. These findings for the first time revealed that
overexpressed MIAT is a rather common feature of human
cancer that is currently under appreciated. We then con-
ducted in-depth analysis in BC and found that the MIAT
expression was significantly higher in 1066 tumor tissues
compared to 179 normal tissues from GTEx project (P <
0.001) (Figure 1B) and 112 adjacent tissues from TCGA
project respectively (P < 0.001) (Figure 1C). Further,
MIAT expression was also higher in BC tissues (P <
0.001) than that in paired adjacent tissues in the
GSE70905 and the GSE70947 datasets from GEO data-
base (Figure 1D). These results confirmed that the expres-
sion of MIAT was upregulated in most of human cancers,
including BC.

Furthermore, we analyzed the mRNA expression of MIAT
between BC subtypes (Luminal A, Luminal B, Her2+ and
basal like) and normal breast tissues using TCGA database.
MIAT was remarkably overexpressed due to increased mRNA
in all BC subtypes (Figure 1E). To assess the diagnostic
importance of MIAT, we generated ROC curve using the
mRNA expression data of BC patients and healthy individuals
from TCGA database (Figure 1F). The area under the ROC
curve was 0.832, with a sensitivity of 75.7% and a specificity
of 85.0%, which indicated that MIAT conferred well diagnos-
tic value. Subsequently, we analyzed the prognostic value of
MIAT expression in BC subtyping by Kaplan-Meier Plotter
(Figure 2). Notably, in basal like BC, high MIAT expression
was positively associated with poor OS (Figure 2D). Whereas
in Luminal A, Luminal B and Her2+ BC, MIAT confers a poor
prognosis for PPS (Figure 2E-G).

The Function Enrichment Analysis of
MIAT and Its Co-Expression Genes in BC

In order to investigate the potential functions of MIAT and
identify the key genes associated with MIAT, we first
identified a total of 4146 DEGs (Jlog,FC| > 1, Prpr <
0.05) between BC and normal samples from TCGA-
BRCA database as shown in Figure 3A, and then analyzed
the correlation between DEGs and MIAT in BC tissues

with Pearson correlation coefficient method. The results
presented that there were 129 genes highly positively
correlated with MIAT (R > 04, P < 0.001)
(Supplementary Table S1). A heat map of the relationship

between the top 30 genes and MIAT was shown in
Figure 3B.

Subsequently, we conducted the GO and the KEGG path-
way analysis to explore the biological significance and func-
tion of MIAT-co-expressed genes. As illustrated in the most
valuable 15 GO biological process (BP) function enrichment,
the MIAT-co-expressed genes were mainly significantly
enriched in immune-related functions, including T cell activa-
tion, regulation of T cell activation, positively regulation of
T cell activation; leukocyte cell-cell adhesion, regulation of
leukocyte cell-cell adhesion, positively regulation of leukocyte
cell-cell adhesion, positively regulation of leukocyte activa-
tion; regulation of lymphocyte activation, lymphocyte activa-
tion involved in immune response, lymphocyte differentiation,
etc. (Figure 3C). Additionally, the KEGG results demonstrated
that MIAT-co-expressed genes were also mainly enriched in
immune-related pathways, such as cell adhesion molecules
(CAMSs),%° cytokine-cytokine receptor interaction,”” Thl/
Th2/Th17 cell differentiation, T cell receptor (TCR) signaling
pathway, primary immunodeficiency and so on (Figure 3D).
All of these function and pathways enrichment were asso-
ciated with immune response.

Noticeably, literatures have shown that activated CD8"
T cells and CD4" effector T cells possess anti-tumor prop-
erties, whereas regulatory T cells (CD4" CD25" Tregs)
hypo-
Base on the

may be responsible for immunological

responsiveness observed in cancer.”®!
immune cell adhesion mechanisms, leukocytes rely on
CAMs to travel through the bloodstream and locate spe-
cific entry sites into cancer tissues. Regulation of leuko-
cyte cell-cell adhesion can affect the abundance of TICs
and immune response of tumor.** In addition, the activa-
tion of TCR signals not only induces the proliferation of
T cells and the production of cytokines, but also promotes
the differentiation of T cells into effector cells and the

exercise of immune response function.>

The Construction of MIAT

Immune-Associated ceRNA Network

To investigate the potential molecular mechanisms under-
lying the immune regulation of MIAT in BC, we first
downloaded 1811 immune-related genes from ImmPort
database and intersected with 129 MIAT-co-expressed
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hypothesis that MIAT is involved in posttranscriptional
regulation by working as a sponge to directly modulate
DEMs and indirectly effect mRNA expressional levels. In
this present study, the reconstructed ceRNA network con-
sisted of 1 IncRNA MIAT node, 44 DEMs nodes, 24 IRGs
nodes and 343 edges, which was visualized using
Cytoscape (Figure 4D). Namely, a total of 299 MIAT-
miRNA-mRNA interaction pairs were identified in the

genes. And we then obtained 25 MIAT co-expressed IRGs
(Figure 4A). Meanwhile, 304 DEMs were analyzed from
TCGA database and visualized by heatmap in Figure 4B.
Further, we predicted 138 MIAT-targeting miRNAs by
miRcode and then intersected with 304 DEMs to acquire
52 MIAT-targeting DEMs (Figure 4C). To better under-
stand the regulatory relationship of the MIAT, DEMs and
IRGs in BC, the ceRNA network was constructed on the
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Figure 2 The prognostic significance of MIAT in BC patients across different subtypes. (A=H) Analysis of OS and PPS rates in BC subtypes. (A-D) OS, (E-H) PPS.

proposed ceRNA network. Taken together, the regulatory
mechanism of immune-related MIAT in BC was revealed
through the analysis of MIAT-miRNA-mRNA network
based on competitive endogenous RNA.

Significant Correlation Between MIAT
Expression and TICs in Tumor

Microenvironment of BC

In order to understand the relationship between the MIAT
and TICs, we evaluated the correlations between the MIAT
levels and immune cells and tumor purity in BC through
TIMER analysis. The expression of MIAT was positively
correlated with different types of immune cells, including
B cells, CD8" T cells, CD4" T cells, Macrophages,
Neutrophils and Dendritic cells (Figure 5A). Our results
showed that the correlation between the upregulated MIAT
and high immune infiltration in BC, which suggested the
lower tumor purity. We next used an established computa-
tional resource (CIBERSORT) to explore gene expression
profiles of downloaded samples to infer the density of 22
types of immune cells. And Figure 5B exhibits the results
of difference analysis of 21 subpopulations of immune
cells. Hereinto, Plasma cells, CD8 T cells, CD4 memory
resting T cells, CD4 memory activated T cells, gamma

delta T cells, activated NK cells, monocytes, Ml

macrophages, M2 macrophages and activated mast cells
are the main immune cells effected by MIAT expression.
Noteworthy, CD8 T cells, CD4 memory resting T cells,
CD4 memory activated T cells, gamma delta T cells and
MI1 macrophages are increased in high MIAT expression
group compared with low MIAT expression group. In
contrast, plasma cells, activated NK cells, monocytes,
M2 macrophages and activated mast cells showed the
opposite. To further explore the role of MIAT in tumor
immune, we determined the expression correlation of
MIAT with biomarkers of immune cells in BC using
GEPIA database. As listed in Table 1, MIAT was posi-
tively correlated with various immune cell related biomar-
kers in BC. These findings partially support that MIAT is
positively linked to immune cell infiltration. Altogether,
MIAT was involved in the immune regulation of BC via
immune infiltration, which was consistent with the pre-
vious enrichment results.

In addition, we analyzed the relationship of MIAT with
immune checkpoints PDCD1 (PD-1)/CD274 (PD-L1) and
CTLA-4 by TIMER database. As suggested in Figure 5C,
MIAT expression was significantly positively correlated
with PDCDI1, CD274 and CTLA-4 in BC, which is con-
sistent with the findings in GEPIA database (Figure 5D).
These results demonstrated that tumor immune escape
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might be involved in MIAT-mediated carcinogenesis
in BC. IPS is on the basis of the high pre-existing immu-
nogenic potential. Recent studies have reported the roles
that IPS played in the prediction of the response to
immune checkpoint inhibitors (ICIs) of cancer patients.>*
The relationship between IPS and MIAT was investigated
in our study (Figure 5E). The other IPS were significantly
higher in the high MIAT expression group except
IPS CTLA4 neg PD1 neg. The results suggested that
MIAT high-expressed group patients had a better opportu-
nity for ICI application.

Validation in Serum

To further verify the clinical implications, we detected
MIAT expression in serum samples from 82 tumor
patients and 82 healthy volunteers. As shown in
Figure 6A, the relative expression level of MIAT in
tumor group was higher than in healthy normal group

(P < 0.001). And the area under the ROC curve of

MIAT in serum was 0.86 with a sensitivity of 87.80%
and a specificity of 75.61%, which demonstrates that
MIAT has higher clinical value as a non-invasive biomar-
ker in BC (Figure 6B). Additionally, we compared the
transcription levels of MIAT among groups of patients,
according to different clinicopathological characteristics.
The results demonstrated that there was no significant
difference in body mass index (BMI), menopausal status,
oestrogen receptor (ER), progesterone receptor (PR), Her2
and Ki-67. Notably, high MIAT expression was positively
associated with TNM stage and lymph node metastasis
(Table 2).

Discussion

Although IncRNA MIAT is related to BC progression, the
detailed function and mechanism of MIAT in BC remains
unclear and need to be elucidated.''**>3¢ Prior to the
present study, the role of MIAT in regulating immune
response of BC has not been fully established. This study
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Immune-related DEGs
ImmPort dataset MIAT-coexpressed DEGs
C

MIAT-targeting DEMs

miRcode dataset

DEMs

Figure 4 Reconstruction of MIAT-associated ceRNA network. (A) Screening of candidate immune-related DEGs related to MIAT. (B) Heat map showed distinct miRNA
expression profiles of cases belong to normal vs tumor groups. (C) Screening of MIAT-targeting miRNAs between DEMs and miRcode dataset. (D) Construction of MIAT-
related and immune-related ceRNA regulatory networks. Orange rectangles indicate IncRNA MIAT, blue ellipses indicate DEMs, green diamond indicate IRGs, red fonts

indicate upregulation, black fonts indicate downregulated, edges indicate interactions.

demonstrated for the first time that MIAT may service as
a noninvasive biomarker for diagnosis and correlated with
immune infiltrates in BC.

We made the following new findings that had not been
previously reported:

First, high MIAT expression is a rather general feature of
human cancer without limited to BC, which was uncovered
by data mining of publicly available cancer clinical databases
(Figure 1A). Further, we identified MIAT as the specific
upregulate molecule based on analysis of bulk gene expres-
sion data from nearly 1500 cases of BC and its subtypes
(Figure 1B—E). Moreover, ROC analysis confirmed that the
high expression of MIAT has the potential diagnostic value in
patients with BC tissues (Figure 1F). In-depth analysis also
shows the poor PPS of SPDEF high expression in Luminal
A, Luminal B and Her2+ BC, whereas poor OS in Basal
like BC (Figure 2). The literature has approved that high-

expressed MIAT promotes BC progression and functions as
a ceRNA to regulate dual specificity phosphatase 7 (DUSP7)
expression by sponging miR-155-5p in BC.'? And it was also
demonstrated that knockdown MIAT significantly elevated
the expression of pl16Ink4A and cytochrome c oxidase sub-
unit 2 (Cox2), which commitment cellular senescence in BC
cells."! In brief, further in-depth mechanistic characterization
will answer whether MIAT is a novel target for therapeutic
development.

Second, the present study provided the first evidence that
MIAT and its co-expression genes may participate in multiple
biological processes and pathways involving in tumor
immune response (Figure 3C-D). The GO analysis sug-
gested that the high expression of MIAT could be involved
in the regulation of T cell activation, regulation of leukocyte
cell-cell adhesion, etc. Thereinto, T cell activation score has
significantly positive relationship with patients’ overall
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Figure 5 MIAT correlates with immune infiltrates in BC. (A) Based on TIMER database, there is a significant correlation between MIAT expression and immune cells,
including CD4" T cells, CD8" T cells, B cells, macrophages, neutrophils, and dendritic cells. (B) Correlation analysis between MIAT expression and TICs in tumor
microenvironment of BC. (C) Spearman correlation of MIAT with expression of PDCD| (PD-1), CD274 (PD-L1) and CTLA-4 adjusted by purity using TIMER. (D) Spearman
correlation of MIAT with PDCDI, CD274 and CTLA-4 expression determined by GEPIA database. (E) The association between IPS and the MIAT expression level of BC

patients in TCGA.

survival, and may serve as a marker of personalized immu-
notherapy in BC patients.>’” In vivo, angiogenic stimuli pre-
vent the formation of an effective leukocyte infiltrate in BC
by suppressing endothelial intercellular adhesion molecule 1
(ICAM-1) expression.*®
reference to KEGG mainly focused on CAMs, cytokine-
cytokine receptor interaction, Thl/ Th2/Thl7 cell differen-

tiation, TCR signaling pathway, primary immunodeficiency

Pathway enrichment analysis with

and so on. Recent study has suggested that tumour necrosis
factor (TNF) and its receptor 2 (TNFR2) expressed on BC
cells have important functional consequences, this cytokine/
receptor interaction is critical for promoting highly immune-
suppressive phenotypes by regulatory T cells.”” The involve-
ment of MIAT in tumor immune response has been rarely
reported before which could be the focus of our next

research.
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Table | Correlation Analysis Between MIAT and Immune Cells
Related Biomarkers in BRCA Determined from GEPIA Database

Immune Cell | Biomarker R Value P value
(Spearman)
B cell CDI9 0.49* 9.6e—66
CD79%A 0.47* 6.4e—60
CD8+ T cell CDS8A 0.54* 1.5e—82
CD8B 0.46* 1.5e—58
CD4+ T cell CD4 0.61%* 2.6e—113
Mi NOS2 0.15% 1.6e—06
macrophage IRF5 0.35% 5.1e-32
PTGS2 0.21%* 3.3e—12
M2 CDIl63 0.39* 7e—40
macrophage VSIG4 0.32*% 6.2e—28
MS4A4A 0.45* I.le—54
Neutrophil CEACAMS8 —0.029 0.33
ITGAM 0.54* 2.2¢-84
CCR7 0.49* |.4e—67
Dendritic cell HLA-DPBI 0.56* 8.1e—90
HLA-DQBI 0.36* 1.2e—34
HLA-DRA 0.60* 5.9e—106
HLA-DPAI 0.56* 3.6e—89
CDIC 0.37* 6.5e—-37
NRP| 0.38* 1.2e-37
ITGAX 0.68* |.4e—147

Note: *These results are statistically significant.

Third, we have constructed the MIAT-related ceRNA
network to infer how MIAT is involved in the immune

response of BC based on 24 immune-related MIAT co-

expressed IRGs and 44 potential MIAT-targeting DEMs
(Figure 4D). In the ceRNA regulatory network, we dis-
covered that 10 DEMs had been confirmed to have
a targeted relationship with MIAT in the 44 DEMs.
These 10 DEMs include, miR-155-5p,'> miR181b-5p,*
miR-200a-3p,*° miR-133-3p,*' miR-93-5p,** miR-139-
5p,% miR-145-5p,** miR-204-5p,*> miR-141-3p,*® and
miR-106.*" The remaining 34 DEMs have not been pre-
viously reported to be associated with MIAT, which may
help us to find new MIAT-miRNA relationship axis that
are involved in the BC regulation. Although it has not
been reported that MIAT as a ceRNA directly promotes
the expression of IRGs, we found that MIAT-targeting
miRNAs can interfere with the expression of IRGs.
Zhang et al confirmed that miR-155-5p overexpression in
CD4+ T
T lymphocyte

resulted in decreased
(CTLA-4)
a subsequent increased Th cells proliferative response.*®

cells cytotoxic

antigen 4 levels and
When mir-148a is expressed prematurely, targeting BTB
and CNC homology 2 (Bach2) can promote the differen-
tiation and survival of plasma blast, thereby affecting the
immune system.*> And miR-200a-3p is a negative regula-
tor of the chemokine (C-X-C motif) ligand 9 (CXCL9),
depletion of which exacerbates cecal inflammation in
Mdrla-/- mice.’® Altogether, these findings were not pre-
viously reported in the literature, thus and merits further
studies.

Fourth, this study reveals the significant correlation of
MIAT expression level with high immune infiltration
in BC. In recent years, the microenvironment involving
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Figure 6 Clinical validation of MIAT in BC patients. (A) Relative expression of MIAT in clinical serum samples. (B) The diagnostic value of serum MIAT in distinguishing BC

patients from normal persons was confirmed by ROC analysis.
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Table 2 Serum MIAT and Clinical Characteristic Correlations
in BC Patients

Variable Total (%) The Expression of | P
MIAT

Age 0.479
<50 41 (50.0%) 1.68+0.75
=50 41 (50.0%) 1.91+£0.98

BMI 0.217
<24 40 (48.8%) 1.91+£0.93
=24 42 (51.2%) 1.68+0.82

Menopause 0.160
Pre 45 (54.9%) 1.61+0.67
Post 37 (45.1%) 1.98+1.01

TNM Stage 0.032*
=l 64 (78.0%) 1.88+0.62
n-1v 18 (22.0%) 2.26+0.94

Tumor size 0.114
<2cm 16 (19.5%) 1.70+0.76
22cm 66 (80.5%) 2.08+1.02

Lymph node 0.028*

Metastasis
Yes 45 (54.9%) 2.11+0.88
No 37 (45.1%) 1.70+0.68

ER 0.586
+ 53 (64.6%) 1.70+0.73
- 29 (35.4%) 1.85+0.90

PR 0.249
+ 47 (57.3%) 1.72+0.81
- 35 (42.7%) 1.88+0.87

Her-2 0.642
+ 70 (85.4%) 2.00+0.78
- 12 (14.6%) 1.84+0.83

Ki-67 0.184
< 10% 21 (25.7%) 2.06+0.89
> 10% 61 (74.4%) 2.11£0.94

Note: *Significantly different.

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone
receptor; Her-2, human epidermal growth factor receptor 2; Ki-67, proliferating
antigen Ki67.

diverse cell clusters (such as immune cells, tumor cells,
and fibroblasts) in cancer has been a hotspot. How MIAT
participates in tumor microenvironment and influence
TICs in BC should be explored. Based on the expression
levels of MIAT, we found six types of TICs and their
surface markers, including B cells, CD8" T cells, CD4"
T cells, Macrophages (M1/M2), Neutrophils and Dendritic
cells, which were indicated to be positively correlated with

MIAT (Figure 5A). In addition, previous study has sug-
gested that breast cancers might be an immunogenic

5! Detailed characterization of the immune cell

tumor.
composition in tumor may be the basis for determining
the biomarkers of immunotherapy. Thus, we further
assessed the estimated fraction of tumor-infiltrating
immune cells in BC based on differentially expressed
MIAT with CIBERSORT analysis (Figure 5B). The results
demonstrated a substantial positive connection of MIAT
expression with filtration levels of CD8 T cells, CD4
memory resting T cells, CD4 memory activated T cells,
gamma delta T cells and M1 macrophages. Whereas,
plasma cells, activated NK cells, monocytes, M2 macro-
phages and activated mast cells were negatively correlated
with MIAT high expression in BC. Several studies have
suggested CD8 T as a prognostic favorable factor of

immunotherapy in some breast cancers,”*

which pro-
vides new insights to the development of effective cancer
immunotherapeutic approaches. On the other hand, pro-
grammed cell death protein-1 (PD-1) and programmed cell
death-ligand 1 (PD-L1) ecliminate T cell activation by
binding to the cell membrane of CD8 T, thereby promoting
immune escape of cancer cells.>* Therefore, immunother-
apy of anti-PD1/anti-PD-L1 maybe a potential treatment
of BC with high MIAT expressions. MIAT can be used as
a predictor of the efficacy of immunotherapy. Therefore,
we explored the association MIAT expression with the
immune checkpoints and IPS (Figure 5C-E). The
CD274 and CTLA4 was
positively correlated with abundant MIAT, and the
IPS CTLA4 pos PD1 neg, IPS CTLA4 neg PD1 pos,
IPS CTLA4 pos PD1 pos markedly increased in the
high MIAT expression group. It’s suggested that MIAT
may reflect the immunogenic tumor microenvironment

expression of PDCDI,

of BC to some extent. All above results support that
MIAT can predict which patients will benefit from ICI.

Finally, high MIAT expression is a promising biomar-
ker for BC thus is of high clinical relevance (Figure 6).
Moreover, MIAT overexpression is positively associated
with TNM stage and lymph node metastasis in BC, which
is consistent with the previous report.'? Together these
findings suggested that the levels of MIAT could be
explored as non-invasive screening for BC patients with
a better sensitivity and specificity.

In summary, the present study provides convincing
evidence for the first time that MIAT may serve as an
immune-related IncRNA and involve in tumor immune
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infiltration. Moreover, MIAT may be a great potential
biomarker for the diagnosis and treatment for BC thus is
of highly clinical relevance. In a word, the results of this
study suggested that IncRNA MIAT plays an important
role in BC immune response and provides a novel insight
into the immune regulation of BC.
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