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Abstract
The uptake of Ca2+ in mitochondria depends on the mitochondrial calcium uniporter and its regulatory
subunits, such as mitochondrial calcium uptake 1 and mitochondrial calcium uniporter regulator
1(MCUR1). We developed a prognostic biomarker gene network based on MCUR1 gene to provide survival
risk prediction for breast cancer. The Gene Expression Pro�ling Interactive Analysis was developed to
analyze survival rate of breast cancer patients in the MCUR1 high and low expression group from the
combined data of The Cancer Genome Atlas and The Genotype-Tissue Expression. The immune status
including immune cell in�ltration ratio and checkpoints have been explored. The signi�cantly enriched
KEGG pathway and GO terms in two groups have been also studied. A co-expression analysis was
generated for the connected gene network for MCUR1. It can be shown here the low expression of MCUR1
is closely related to the development and prognosis of breast cancer. From the immune cell in�ltration
ratio analysis, there is a signi�cant difference in the in�ltration degree of macrophages M1 and T cells
CD8 between MCUR1 high and low expression groups. Meanwhile, the expression of 6 checkpoints in low
expression group of MCUR1 was signi�cantly lower than that in high expression group of
MCUR1(P<0.05). The glycine serine and threonine metabolism related pathway in KEGG enrichment
analysis and oxidoreductase activity acting on the CH_NH2 group of donors oxygen as acceptor, negative
regulation of interleukin 10 production, regulation of tolerance induction in GO terms are activated in
MCUR1 high expression group. 8 genes show a close connection to MCUR1 from co-expression network
study. This study has explored a potential prognostic biomarker and established a MCUR1
based prognostic prediction model for breast cancer, which provides a valuable reference for future
clinical research.

1 Introduction
Breast cancer is the second most common cause of cancer mortality in women in the world, which
represents one of the most threatening malignant tumors to the health of the women population, with a
tremendous growing morbidity rate [1–3]. As estimated, one in eight women will be diagnosed in her
lifetime [4, 5]. Despite awareness of breast cancer, the curative and survival trends are far from
satisfactions. There remains a big challenge for early diagnosis due to the lack of an e�cient biomarker
as well as de�nitive screening tool with no speci�c early symptoms.

Calcium signaling is a key mechanism for the rapid conversion of tumor microenvironmental signals into
cellular responses [6]. In addition to playing an important role in the growth of the primary tumor, the
ubiquitous second messenger Ca2+ is also a crucial regulator for cell migration in the migration and
invasion of tumor cells [7]. The uptake of Ca2+ in mitochondria depends on the mitochondrial calcium
uniporter (MCU) and its regulatory subunits, such as MICU1 (mitochondrial calcium uptake 1) and
MCUR1 (mitochondrial calcium uniporter regulator 1) [8, 9]. Studies have shown that MCU complex and
its regulatory proteins display abnormal expression manners in multiple cancers such as in ovarian
cancer, colorectal cancer as well as other cancers [10–12]. It has been suggested that the upregulation of
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MCUR1 promotes the survival of cancer cells and leads to poor prognosis in liver cancer [13]. However,
the role of MCUR1 in breast cancer is still poorly understood.

Based on the fact of in�ated misdiagnosis rate and poor accuracy of prognosis, the breast cancer has
brought great di�culty to clinical treatment. To this end, a more comprehensive approach to implicate
biomarker for breast cancer survival based on the speci�c gene differentially expression is required.
Assessment of heterogeneity of immune cells landscape and remodeling of calcium signaling in immune
microenvironment have broad application prospects in the future treatment of cancer. However, the
relationship between MCUR1 and prognosis of patients with breast cancer has rarely been reported at this
moment. To address these issues, in this study, the relationship between the expression of MCUR1 and
the development, prognosis of breast cancer has been investigated deeply by a combination of
bioinformatics and machine learning method. Moreover, the 22 speci�c immune cell in�ltration as well as
immune checkpoints in breast cancer and MCUR1 functional process have been also studied
comprehensively. All of these promising outcomes enriched the precise prognosis of the disease, which
provide tremendous help for future breast cancer study.

2 Results
2.1 The low expression of MCUR1 may be closely related to the development and prognosis of breast
cancer

We compared the expression of MCUR1 in different TNM stage of breast cancer samples from TCGA, and
found that there was a signi�cant difference in the expression of MCUR1 between different TNM stages,
with the increase of stage following the dramatic decrease of MCUR1 expression (Fig. 1A).

In order to study the effect of MCUR1 expression on the prognosis of patients with breast cancer, we
analyzed the survival rate of the high and low expression groups of MCUR1 and found that the overall
survival of breast cancer patients with MCUR1 low expression was poor (P = 0.024, HR = 1.35, 95% CI:
1.04–1.75) (Fig. 1B) compared with the high expression group of MCUR1 as a reference. In addition,
GEPIA was developed to analyze the survival of TCGA and GTEx. It was demonstrated that the overall
survival and disease-free survival of breast cancer patients with MCUR1 low expression were poor
(Fig. 1C and 1D). These results suggest that MCUR1 low expression is closely associated with
progression and prognosis of breast cancer.

2.2 Comparison of immune in�ltration of breast cancer patients in high and low expression groups of
MCUR1

We analyzed the in�ltration of 22 immune cells in TCGA breast cancer patients using CIBERSORT method
combined with LM22 characteristic matrix, in which the in�ltration ratio of T cells CD4 naïve in all cancer
samples was 0. Figure 2A was the results of immune cell in�ltration in TCGA breast cancer patients,
where the 21 immune cell in�ltration ratios were diverse in different patients. We found that there was a
signi�cant difference in the in�ltration degree of macrophages M1 and T cells CD8 between MCUR1 high
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and low expression groups (Fig. 2B), which may represent a potential pathway for prognostic differences
between MCUR1 high and low expression groups. The expression of immune checkpoint has become a
biomarker for cancer patients to choose immunotherapy. We found that there was a signi�cant
correlation between the expression of MCUR1 and the expression of CTLA4, PDL1, PDL2, TIM3, LAG3 and
TIGIT (Fig. 2C). In addition, we studied the expression of 6 checkpoints in the low and high expression
group of MCUR1, suggesting that the expression of 6 checkpoints in low expression group of MCUR1 was
signi�cantly lower than that in high expression group of MCUR1(P < 0.05) (Fig. 2D)(Table S2).

2.3 GSEA enrichment analysis

We selected the 10 samples with the highest and lowest expression levels of MCUR1 for gene set
enrichment analysis (GSEA) using CP: KEGG gene set and C5: GO gene set, with the P < 0.05 as a criteria.
The KEGG pathway and GO terms are both enriched in samples with high expression of MCUR1.
According to the normalized enrichment score from high to low, the enriched KEGG pathways and GO
terms are displayed, shown as Fig. 3A-3D. The results show that compared with the samples with low
MCUR1 expression, the glycine serine and threonine metabolism related pathway in the samples with
high MCUR1 expression are activated. The GO terms such as oxidoreductase activity acting on the
CH_NH2 group of donors oxygen as acceptor, negative regulation of interleukin 10 production, regulation
of tolerance induction are activated.

2.4 Co-expression network analysis

We selected genes from the metabolic pathway, glycine serine and threonine metabolism, to generate co-
expression network analysis with MCUR1. The Spearman correlation coe�cient between the genes in the
pathway and MCUR1 can be seen in Table S3. The co-expression network showed that there was a strong
positive correlation between MCUR1 and the eight genes of MAOA, DLD, GOT1, GOT2, GCAT, GATM,
GNMT as well as PSAT1 using Spearman correlation coe�cient > 0.8 as criteria (Fig. 4).

3 Discussion
Prognosis for breast cancer is directly related to the stage of disease at the time of diagnosis. For
instance, those diagnosed at stage I, have a 5-year survival rate of 90% compared with 25% in those with
metastatic process [14]. Even the signi�cant advances in surgical, radiological as well as
chemotherapeutic strategies cause reduced morbidity in breast cancer, the improvements in the
prognosis are inferior [15, 16]. At present, there is still missing a breakthrough for the prognosis of breast
cancer, particularly lacking of an e�cient biomarker. In this study, we performed a comprehensive gene
expression analysis on breast cancer samples to imply the close connection between MCUR1 and breast
cancer prognosis. The intracellular calcium ions (Ca2+) functions as a second messenger to regulate
gene transcription, cell proliferation and migration. Accumulating evidences have demonstrated that
intracellular Ca2+ homeostasis is dysregulated in cancer cells and the alteration is involved in tumor
initiation, angiogenesis, progression and metastasis. Targeting derailed Ca2+ signaling for cancer therapy
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has become an emerging research area. MCUR1 stands for mitochondrial calcium uniporter regulator 1,
which has been shown to facilitate the process of epithelial-mesenchymal transition (EMT) and
metastasis via the mitochondrial calcium dependent ROS/Nrf2/Notch pathway in hepatocellular
carcinoma [17]. Except MCUR1 has been also studied in breast cancer as well as lung cancer [18–20].
However, the associated between MCUR1 and breast cancer has not been fully explored, which call for a
great point for the future study.

Here, we also deeply investigate the immune cell in�ltration in TCGA breast cancer patients, where
differences in the proportion of immune cell in�ltration may be an intrinsic feature of individual
differences receiving immunotherapy. In addition, the correlation between different types of immune cells
is weak, which indicates that there is a large heterogeneity in the in�ltration of different immune cells in
tumor patients. Previously, tumor-associated macrophages (TAMs) and T cells CD8 have been
demonstrated to contribute to tumor progression specially for ovarian cancer growth, through
transforming growth factor-β generated by macrophages [21]. Whereas, based on our search, there is still
no evidence for the connection between MCUR1 and these immune cells, which raise an interesting
aspect for the next step. In addition, the 6 immune checkpoints in the MCUR1 low expression group was
signi�cantly lower than the MCUR1 high expression group (shown as Fig. 2D), indicating that the poor
prognosis of the MCUR1 low expression group may be partly due to the immunosuppressive
microenvironment.

In addition to the comprehensive analysis of MCUR1 as a potential biomarker for prognosis of breast
cancer, another feature of this study is to establish multiple key pathways as well as connected gene
network in breast cancer patients. DLD represents dihydrolipoamide dehydrogenase, which has been
suggested to elevate in breast cancer patients from a clinical study [22]. Phosphoserine aminotransferase
1 (PSAT1) catalyzes the second step of the serine-glycine biosynthesis pathway [23]. PSAT1 has been
explored as an oxidation-reduction balancer which affects the growth and prognosis of breast cancer
[24]. Except for these, the roles of other genes in the process of breast cancer are still controversial.
Furthermore, the connection between the 8 genes and MCUR1 are not clear yet. All of these deserve
further investigation.

To conclude, in the light of the fact that there remains no gold standard prognosis and no reliable
disease-speci�c prediction for breast cancer, we summarize the differential expression pro�le of MCUR1
in the disease. The 2 immune cells, 6 key immune checkpoints as well as 8 speci�c genes demonstrate
close relation to MCUR1 from breast cancer aspect. With these together, a potential prognostic biomarker
has been developed. Overall, we shed light on questions and challenges posed by the breast cancer, and
we establish an innovative prediction target which can provide great help for future understanding of
breast cancer.

4 Material And Methods
4.1 Data Source
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The mRNA expression data and corresponding clinical information of 376 breast cancer patients and 80
control specimens were downloaded from The Cancer Genome Atlas (TCGA, https://tcga-
data.nci.nih.gov/tcga/) database, of which 375 patients have complete clinical information, which was
processed for the study. In order to study the in�uence of MCUR1 expression on the development and
prognosis of breast cancer, we used the median of MCUR1 expression to separate the samples into the
MCUR1 high expression group and the MCUR1 low expression group for further study.

4.2 GEPIA Analysis

GEPIA, which represents Analysis Gene Expression Pro�ling Interactive Analysis (http://gepia.cancer-
pku.cn/index.html) is an online data website that integrates data from TCGA and GTEx [25]. We use
GEPIA to analyze survival rate of breast cancer patients in the MCUR1 high and low expression group
from the combined data of TCGA and GTEx.

4.3 Survival analysis

The survival analysis was performed using the R language survival package and survminer
(https://CRAN.R-project.org/package=survminer). The package estimates the overall survival rate of
different TCGA groups based on the Kaplan-Meier method, and uses log-rank test to investigate the
signi�cance of survival difference between different groups.

4.4 Calculation of immune cell in�ltration ratio

The software CIBERSORT was utilized to calculate the relative proportion of 22 immune cells in breast
cancer sample [26]. The CICERSORT software could use the deconvolution algorithm with the preset 547
barcodes to characterize the composition of immune in�ltrating cells according to the gene expression
matrix. The sum of the proportions of all estimated immune cell types in each sample is equal to 1.

4.5 Gene set enrichment analysis (GSEA)

The software GSEA (version 4.0.3) for CP: KEGG and C5: GO gene sets was generated for enrichment
analysis and selection of the signi�cantly enriched KEGG pathway and GO terms with P < 0.05 [27].

4.6 Co-expression analysis

The R language corrgram package was developed to calculate the Spearman correlation coe�cient
between genes. Meanwhile, the Cytoscape (https://cytoscape.org/, version 3.7.2) software to visualize
the co-expression network [28].

4.7 Statistical analysis

The multi-factor Cox regression model was built to analyze whether risk score could predict the survival
of patients with breast cancer independently of all other factors. The Wilcoxon signed rank sum test
method was used to compare the differences of immune cell in�ltration in different groups, with P < 0.05
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as the signi�cant threshold. The statistical analysis was established by R software, with version number
v3.5.2.
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Figure 1

There is a close relationship between the expression of MCUR1 and the development and prognosis of
breast cancer. (A) The expression of MCUR1 in different TNM stages of breast cancer patients. (B)
Kaplan Meier survival curve of high-and low-expression MCUR1 samples. The P-value is based on the log-
rank test. The horizontal axis is time, the vertical axis is survival rate, and the color represents different
groups respectively. (C) The overall survival curve of Kaplan Meier in the high-and low-expression MCUR1
samples. (D) The combined TCGA and GTEx data for the Kaplan Meier disease-free survival curve of
high-and low-expression MCUR1 samples samples.
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Figure 2

The immunologic in�ltration in breast cancer patients with high and low expression of MCUR1. (A)
In�ltration ratio of 21 immune cells in all patients. (B) The boxplot of immune cells with signi�cantly
different in�ltration rates in the high and low MCUR1 expression groups. Different colors represent high
and low risk groups, and the longitudinal axis is the relative in�ltration ratio of different immune cells. *
indicates P-value < 0.05, NS indicates insigni�cance. (C) The correlation chord diagram of MCUR1 with
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the expression of six key immune checkpoints. (D) Violin plots of immune checkpoints with signi�cant
differences in expression between MCUR1 high and low expression groups.

Figure 3

GSEA enrichment results. (A-D) The most signi�cant KEGG pathways and GO terms activated in samples
with high MCUR1 expression in the GSEA analysis.
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Figure 4

The co-expression network. Blue represents genes negatively associated with MCUR1 expression and red
represents genes positively associated with MCUR1 expression. The darker the color, the stronger the
correlation.
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