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Objective: To study the expression of MRPLI3 in breast cancer tissues using TCGA
database, analyze the correlation between the expression and clinicopathological character-
istics of patients, and explore the role of MRPLI3 in the development of breast cancer (BC).
Methods: The BC mRNA data and clinical information were downloaded from TCGA
database. The correlation between MRPLI3 expression and clinicopathological parameters
was analyzed. Cox regression multivariate analysis was used to explore the factors affecting
the prognosis of BC patients. The UALCAN database was used to analyze the expression
level of MRPLI3 in BC and its relationship with clinical pathological factors. The GSEA
method was used to predict the possible regulatory pathways of MRPLI3. Immune responses
of MRPLI3 expression were analyzed using TISIDB and CIBERSORT. Additionally,
GEPIA, K-M survival analysis and data from the HPA were used to validate the outcomes.
Results: The expression of MRPLI3 in BC tissues was significantly higher than normal
counterparts, patients with low MRPLI3 expression had a better survival prognosis, also
indicated an independent prognostic factor. GSEA analysis showed that the regulation of cell
migration, positive regulation of endothelial cell migration, and Notch signaling pathway
were enriched in tissues with low expression of MRPLI3. Additionally, depleting MRPL13
expression inhibited invasion in MCF-10A and MCF-7 cells. Furthermore, PCR showed that
MRPLI13 affected VEGFA and MMP gene expression. CIBERSORT analysis revealed that
the amount of NK cells decreased when MRPL13 expression was high.

Conclusion: The expression of MRPLI3 mRNA is upregulated in BC tissues, and the
expression level of MRPLI3 is significantly related to the clinicopathological factors of
patients. High MRPL13 expression is a poor prognostic factor for BC, and it can be used as
a molecular marker for prognosis judgment and as a potential therapeutic target.
Keywords: cancer genome map, breast cancer, MRPLI3, clinical significance

Introduction
Breast cancer (BC) is one of the most common malignant tumors in women. Its
incidence rate ranks first among the common tumors of women, and its mortality
rate ranks second.! In recent years, the survival of BC patients has been greatly
improved, but there are still some patients with a poor prognosis and the incidence
has been increasing yearly.” Therefore, an in-depth study of the pathogenesis of BC
and identification of a highly sensitive molecular marker can be of great signifi-
cance for the early diagnosis and prognosis of BC.

Despite advances in screening and diagnosis and treatment technologies in
recent years that have largely improved the survival rate of BC patients, it remains
one of the major diseases with the highest female mortality rate and huge individual
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differences exist in the treatment results.’ Most current
genetic prognosis prediction schemes are based on gene
chips, which, while lacking specificity, may cause addi-
tional economic burden to patients.* Therefore, it is of
great clinical significance to discover more accurate and
economical new biomarkers for prognosis prediction.

Multiple studies have found that mitochondrial dys-
function or disorders can cause various diseases.’
Depending on the degree of dependence of different tis-
sues and organs on the mitochondria, different tissue-
specific manifestations occur, such as tumors, cardiovas-
cular diseases, hearing disorders, neurological diseases,
developmental disorders, sensory disorders, and metabolic
disorders.®® Mitochondria are organelles that produce the
energy required by cells and play a key role in cell energy
metabolism.” Mitochondrial ribosomal proteins (MRPs)
exist in the mitochondria of eukaryotic cells.'” After
synthesis in the cytoplasm, they are transported from the
cytoplasmic matrix to the mitochondria to complete the
assembly of mitochondrial ribosomes and participate in
the translation process of mitochondrial proteins.'’'?
Mitochondrial ribosomal proteins are also involved in
various cell life activities, including mitochondrial home-
ostasis regulation, cell differentiation, cell information
transmission, and apoptosis.'*'* Mitochondrial dysfunc-
tion is closely related to tumorigenesis and
development.'> Many MRPs have been found to be ele-
vated in tumors.'> For example, high MRPL35 expression
in colon cancer related to shorter overall survival and
depletion of MRPL35 led to increased production of reac-
tive oxygen species correlated with DNA damage, loss of
cell proliferation, G2/M arrest, a decrease in mitochondrial
membrane potential, apoptosis, and autophagy induction.'®
MRPLA41 protein stabilizes p53 and enhances its transloca-
tion to the mitochondria to induce apoptosis. Additionally,
MRPLA4] stabilizes Kipl and arrests the cell cycle at the
G1 phase in the absence of p53."” Another study showed
that MRPL41 arrests the cell cycle by increasing p2/ and
p27 levels under growth-inhibitory conditions.'®

The Cancer Genome Atlas (TCGA) database is a multi-
omics database that contains the genome, transcriptome,
proteomics, and epigenomics data, as well as the asso-
ciated clinical data, of different cancers. This study
demonstrated the expression of mitochondrial ribosomal
protein L13 (MRPLI3) in BC tissues using The Cancer
Genome Atlas (TCGA) database, analyzed its impact on
patient prognosis, and explored its clinical value.

Materials and Methods

Data Collection

The Bioconductor/TCGA biolinks function package was
used to download the BC RNA seq expression profile data
from the TCGA database (https://portal.gdc.cancer.gov/).

We used Perl script to combine the RNA seq data and
transform the gene symbols. The BC mRNA data set
comprised 1066 samples, of which 112 were paired sam-
ples adjacent to the tumor. The matched tumor and adja-
cent samples were selected according to the number of
paired samples for the analysis of differential mRNA. The
EdgR package in R software was used to normalize the
data and screen for differential mRNAs. The screening
conditions were P value <0.05 and | logFC [>2. The
relative expression of MRPLI3 was analyzed, and the
clinical data of BC were downloaded from the TCGA
database; the gender, age, TNM stage were selected for
later screening. The gene expression value of MRPLI3
was matched with the clinical data according to the sample
number, and then the data were sorted using R software to
obtain a baseline table of clinical data for subsequent Cox
univariate and multifactor analyses. The project protocol
was approved by the Institutional Ethics Committee of
China Medical University before initiation of the study,
and all patients provided a written informed consent for
the use of the tumor tissues for clinical research.

Analysis of Clinicopathological

Parameters and Gene Set Enrichment

By screening clinical data, cases with unknown or incom-
plete clinicopathological parameters and cases lacking
prognostic follow-up data were excluded, and only those
cases that included clinical parameters and survival data in
the TCGA data set were retained. Finally, the data of 860
cases containing complete clinicopathological parameters
and survival data were obtained. According to the mRNA
sequencing data, the MRPLI3 mRNA expression level
greater than the median value in BC tissue was defined
as high MRPLI3 expression; otherwise, it was defined as
low MRPLI3 expression; gene set enrichment analysis
(GSEA) software was used for analysis. According to the
method in 1.2, the cases were divided into the MRPLI3
high expression group and MRPLI3 low expression group
according to the expression level of MRPLI3. In this
study, the c2.cp.kegg.v7.0.symbols.gmt, c5.all.v7.0.sym-
bols.gmt, and c7.all.v7.0.symbols.gmt data sets were
obtained from the MsigDB database of the GSEA website.
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Next, enrichment analysis was performed according to the
default weighted enrichment statistics method, and the
number of random combinations was set to 1000 times.

Quantitative Real-Time PCR (SYBR
Green Method)

Quantitative real-time PCR was performed using SYBR
Green PCR master mix (Applied Biosystems) in a total
volume of 20 uL using the 7900HT fast real-time PCR
system (Applied Biosystems) as follows: 50°C for 2 min,
95°C for 10 min, 40 cycles of 95°C for 15 s, and 60°C for
60 s. The sequences of the primer pairs were as follows:
matrix metalloproteinase 2 (MMP-2) forward, 5-ACGA
ATTTGCCGACAGAGATG-3', MMP-2 reverse, 5'-
GGGTATCCGTGTAGCACATTCT-3’"; vascular endothe-
lial growth factor A (VEGFA) forward, 5'- GGCCTCCG
AAACCATGAACT-3', VEGFA reverse, 5'- TCGTGATG
ATTCTGCCCTCC -3'; GAPDH forward, 5'- ATAGCA
CAGCCTGGATAGCAACGTAC -3', GAPDH reverse,
5'- CACCTTCTACAATGAGCTGCGTGTG-3"; MRPLI3
forward 5'-CCACAATGACACCAGAATAC-3' MRPLI3
reverse, 5'-GAAGCCAACAGGACAGATA-3".

Real-time PCR was then performed for each sample
using the Human Tumor Metastasis RT? Profiler TM PCR
Array (No. 330231; Super Array Bioscience) in a Thermal
Cycler Dice Real-Time System (Applied Biosystems®
7900HT) according to the manufacturer’s instructions.
The data were normalized to the GAPDH levels using
the 274" method.

Western Blotting

The total protein fractions from tumor tissues and cultured
cells were extracted using the Nuclear and Cytoplasmic
Protein Extraction Kit (Beyotime, China). The protein con-
centrations were detected using the BCA protein assay kit
(Beyotime, Haimen, China). Twenty-five micrograms of
total nuclear protein was subjected to SDS-PAGE and then
were electrotransferred onto PVDF membranes (Millipore,
Billerica, MA, USA). After blocking with milk (5%) for 2 h,
the membranes were incubated overnight at 4°C with diluted
(1:2000) primary antibodies as follows: polyclonal rabbit
anti-MRPLI3 (1:500, Novus Biologicals, NBP2-32572),
polyclonal rabbit anti-MMP9 (Santa Cruz, 1:800), mouse
monoclonal antibody against VEGFA (1:500; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), mouse monoclonal
antibody against MMP-2 (1:500; Santa Cruz Biotechnology)
and vinculin (keygen, China, 1:1000). Each corresponding

secondary antibody was incubated at room temperature for 1
h at 37°C. The protein bands were identified using an ECL
system (Millipore, Bedford, MA, USA). The relative protein
levels were calculated based on vinculin protein as a loading
control.

Cell Culture and RNA Transfection
MRPLI3-targeting siRNA-1 (sc-77761) and negative
siRNA (sc-37007) were obtained from Santa Cruz
Biotechnology, siRNA-2 was from the published
literature:'* MRPLI3 (5'-GUCUAGAUGAGUACACA
CA and 5-UGUGUGUACUCAUCUAGAC). Human BC
cell lines (MCF-10A and MCF-7) were purchased from
the American Type Culture Collection (Manassas, VA,
USA). Both cell lines were plated at a density of 8x 10*
cells each per well in a 24-well plate and were maintained
in RPMI 1640 medium (Gibco, USA) without antibiotics
and supplemented with fetal bovine serum (FBS,
HyClone, USA) for 24 h before the experiment. The
cells were then transfected with MRPLI3 siRNAs for 36
h using Lipofectamine LTX reagent (Invitrogen) according
to the manufacturer’s recommendation.

Transwell Method to Detect Cell Invasion
Activity

For the invasion assay, polycarbonate filters were coated with
20 pL of Matrigel (1:5; BD Bioscience) and placed in
a Transwell Permeable chamber (Costar, USA). MCF-10A
and MCF-7 cells were plated into 96-well plates at 4x10*
cells/mL for each well for the invasion assay; 1x10° cells
were counted and suspended in 100 pL of serum-free med-
ium and then were added to the Transwell upper chamber
(Costar, Corning, NY, USA) after transfection; Next, 600 uL
of complete medium (DMEM; Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was added into the
lower chamber. Following a 48-h incubation, the untrans-
ferred cells and Matrigel were removed using a cotton swab.
The transfected cells were fixed using 4% paraformaldehyde
for 30 min, permeabilized with 0.2% Triton X-100 (KeyGen,
Nanjing, China) for 15 min, and stained using 0.05% gentian
violet (KeyGen) dye for 5 min. The cells in five random
regions were counted, and the average count was calculated.
The experiment was performed in triplicate.

Immune Infiltrate Analysis
The TISIDB correlation module was used to evaluate
potential relationships between MRPLI3 expression and
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TICs. The TISIDB database (http://cis.hku.hk/TISIDB/
index.php) uses the dataset information of currently pub-

lished immunotherapy cohorts and existing literature
reports. It is a useful website that provides a vast amount
of tumor immunity-related data and is beneficial for com-
prehensive study of the interaction between tumors and
immunity. First, the site manually compiled 4176 records
from 2530 publications and includes 988 genes related to
antitumor immunity. Second, this website analyzes high-
throughput screening and genomic profiling data to iden-
tify genes that are related to the resistance or sensitivity of
tumor cells to T-cell-mediated killing and immunotherapy.
Third, the website precalculates the association between
genes and immune functions (such as lymphocytes,
immune modulators and chemokines) for 30 TCGA cancer
types. The website uses ten analysis directions: function,
literature, high-throughput screening, immunotherapy,
tumor-infiltrating lymphocytes (TIL), immunomodulators,
chemokines, subtypes, clinical and drugs. Additionally, to
assess the relative variations in gene expression among the
sample sets, we used a deconvolution algorithm based on
gene expression called CIBERSORT (http://cibersort.stan
ford.edu/). Using CIBERSORT, we measured the immune

response of 22 TIICs to evaluate their association with

MRPLI3 expression in BC and to uncover correlations
among TIICs. We used standard annotation files to estab-
lish gene expression datasets and used the default signa-
ture matrix at 1000 permutations. R software (including
ggplot2, ggpubr, and ggExtra packages) was used to ana-
lyze the correlation between MRPLI3 and immune check-
points by TCGA data. To analyze the influence of
MRPLI3 on the microenvironment of the immune system,
we utilized 846 tumor samples that we classified into 2
groups. To determine the types of lymphocytes affected by
MRPLI13, we set up the p-value <0.05.

The human protein atlas database (HPA) (www.protei
natlas.org) was used to analyze the protein expression of
MRPLI13 between normal and BC tissues. The HPA pro-
vides access to 32 human tissues and their protein expres-
sion profiles and uses antibody profiling to accurately
assess protein localization. Additionally, the HPA provides
measurements of RNA levels.

Statistical Analysis

All statistical analyses were conducted using R (Version
3.5.3). To calculate the 95% CI and HR, we used both
univariate and multivariate models of Cox analysis.
A P-value <0.05 for MRPLI3 expression was set as the

threshold. The correlations between the clinical character-
istics and MRPL13 expression were analyzed using logis-
tic regression. The correlations between MRPLI3 and
immune checkpoints were used Pearson test. In GSEA,
gene sets with a false discovery rate (FDR) <0.2 were
taken as significantly enriched gene sets.

Results

Survival Outcomes and Variable Analysis
The TCGA database was used to identify differences in
the MRPL13 mRNA levels in normal and tumor tissues.
In total, 1066 tumor files and 112 normal files were
transformed to convert the count data to values more
similar to those obtained from microarrays. The expres-
sion of MRPLI3 in normal and BC samples was plotted
on a boxplot (Figure 1A and B). Our analysis revealed
the prevalence of MRPLI3 expression in tumor tissues
(p-value = 2.2 x 10™*®). Analysis of paired samples also
revealed that MRPLI3 is highly expressed in cancer
tissues (P-value=2.2%¥10"2%;

Table 1A, we used Cox analysis to explore connections

Figure 1C). As shown in

between MRPLI3 expression and OS, as well as other
multivariable characteristics in BC patients. Univariate
analysis of correlation revealed that some factors, includ-
ing age (HR = 1.034; p-value < 0.001), pathological
stage (HR = 2.114; p-value < 0.001), tumor status (T)
(HR = 1.456; p-value < 0.001), metastasis status (M)
(HR = 6.523; p-value < 0.001), node status (N) (HR =
1.700; p-value < 0.001) and MRPLI3 expression (HR =
1.040; p-value < 0.001) were significantly correlated
with OS. The distribution of MRPLI3 expression, survi-
val status of patients with BC, and expression profiles of
MRPLI3 are shown in Figure 1D. Our multivariate ana-
lysis, depicted as a forest boxplot in Figure 1E, revealed
that MRPL13 expression (p-value = 0.002) was an inde-
pendent factor for prognosis (Table 1B). Tissue expres-
of MRPLI3 protein was
immunohistochemistry via HPA or Western blotting
(Figure 1F-G).

sion visualized using

Relationship Between MRPLI3

Expression and Clinic Pathology

The relationship between the MRPLI3 expression levels
and various clinicopathological parameters of BC patients
was evaluated. TCGA contains 846 BC samples including
MRPLI3 expression data obtained from patients with var-
ious clinical characteristics. Increased expression of
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Figure |1 (A-C) Expression of MRPLI3between normal and tumor tissues from the UALCAN website and TCGA database. (D) Levels of MRPLI3 mRNA expression and
overall survival based on data obtained from TCGA. (E). Multivariate Cox analysis of MRPLI3 expression and other clinicopathological variables. (F-G) The expression of
MRPLI3 protein was visualized using immunohistochemistry via HPA and analyzed by Western blotting.

MRPLI3 was significantly correlated with cancer stage
(p-value < 0.001; Figure 2A), cancer subclass (p-value <
0.001; Figure 2B) and nodal metastasis status (p-value <
0.001; Figure 2C). From the UALCAN website (http://
analysis

ualcan.path.uab.edu/analysis.html), univariate

uncovered a correlation between MRPLI3 expression and
poor clinicopathological and prognostic characteristics.
Increased MRPLI3 expression levels in BC were signifi-
cantly correlated with the tumor status (III vs I; p-value =
0.019), stage (IIT vs I; p-value = 0.010), grade (II vs I,
p-value = 0.020; III vs I, p-value = 0.000; IV vs I, p-value

= 0.002), and patient age (p-value = 0.014). These results
suggest that BC patients with high levels of MRPLI3
expression are more prone to have tumors that are more
advanced in the nodal metastasis status, cancer subclass
and cancer stage than those with low levels of MRPLI3
expression (Table 2).

GSEA Investigation of MRPLI13

GO, KEGG pathway and immunologic analyses were per-
formed to explore the potential biological functions of
MRPLI13. GSEA revealed significant differences (NOM

OncoTargets and Therapy 2020:13
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Table | Correlation Between Overall Survival and Multivariable
Characteristics in TCGA Patients via (a) Cox Regression (b)
Multivariate Survival Model

(a) Cox Regression

ID HR HR.95L | HR95H | P value

Age 1.034 | 1.019 1.049 7.1 1E-06*
Gender 0.886 | 0.123 6.362 0.904518
Stage 2.114 | 1.662 2.688 |.03E-09*

T 1.456 | 1.165 1.821 0.000955%

M 6.523 | 3.651 11.65 2.38E-10*

N 1.700 | 1.405 2.056 4.66E-08*
MRPLI3 1.040 | 1.019 1.061 0.000143*

(b) Multivariate survival model

ID HR HR.95L | HR.95H | P value
Age 1.033 1.017 1.049 2.13E-05%
Gender 0.455 | 0.062 3.351 0.440
Stage 1.440 | 0.853 2.429 0.17188
T 1.005 | 0.741 1.362 0.973314
M 1.734 | 0.744 4.041 0.201902
N 1.303 | 0.964 1.760 0.084406
MRPLI3 1.034 | 1.013 1.057 0.00165*

Note: *P<0.05.

p-value < 0.050) in the enrichment of GO terms, KEGG
pathways and immunologic signatures in samples with
high levels of MRPLI3. We selected the most highly
enriched signaling pathways based on their normalized
enrichment score (NES).

As shown in Table 3, GO annotation revealed five
categories that were positively correlated with high levels
of MRPLI13: regulation of cell migration involved in
sprouting angiogenesis, regulation of smoothened signal-
ing pathway, cellular response to vascular endothelial
growth factor stimulus, smooth muscle cell migration,
and positive regulation of endothelial cell migration. GO
analysis also uncovered five negatively correlated cate-
gories: meiotic cell cycle process, mitochondrial transla-
tion, negative regulation of cell cycle G2 m phase
transition, ribosomal small subunit biogenesis and nega-
tive regulation of nuclear division. The biological pro-
cesses and molecular functions strongly associated with
MRPLI3 were cell migration, angiogenesis and smooth-
ened signaling pathway (Figure 2D).

KEGG pathway analysis showed five pathways that
had the strongest positive correlation with MRPLI3
expression: ECM receptor interaction, vascular smooth
muscle contraction, notch signaling pathway, MAPK sig-
naling pathway, and hedgehog signaling pathway. The five

pathways with the strongest negative correlation were cell
cycle, RNA degradation, RNA polymerase, DNA replica-
tion and basal transcription factors (Figure 2E). These
results indicate that the pathways regulating cell cycle
RNA degradation and DNA replication, which are criti-
cally important in BC patients, were strongly associated
with MRPL13 expression.

Immunologic signature analysis showed five pathways
that had the strongest positive correlation with MRPLI3
expression: IL12 and TGFB ACT vs ACT CD4 T cell
6 h up, UNSTIM vs IL15 stim NKCELL up, cent memory
CD4 T cell vs THI up, unstim vs FCGRIIB stim monocyte
dn, and memory CD4 T cell vs TH1 up. The five pathways
with the strongest negative correlation were naive vs 24
h in vitro stim infab CD8 T cell dn, brain vs colon tumoral
macrophage dn, SOCS3 KO vs wt liver up, ctrl vs ACT
IL4 and anti IL12 24 h CD4 T cell dn, ctrl vs ACT IL4 and
anti IL12 12 h CD4 T cell dn (Figure 2F). These results
indicate that the pathways regulating CD4+, CD8+ and
macrophage expression, which are critically important
in BC patients, are strongly associated with MRPLI3
expression.

MRPLI3 Regulates MMPs and VEGFA

Expression in BC Cells

To determine whether higher levels of MRPLI3 contribu-
ted to the invasion of BC cells, we employed siRNA to
knock down MRPL 13 expression in MCF-10A and MCF-7
cancer cell lines. MRPLI3 expression was unaffected by
transient transfection of negative siRNA (Neg. siRNA),
whereas MRPLI3-specific siRNA-1 (MRPLI3 siRNA)
considerably reduced the mRNA and protein expression
levels 36 h after siRNA treatment (data not shown). As
shown in Figure 3, MRPLI3 knockdown blocked BC cell
invasion using the Matrigel invasion assay.

To obtain further insight into the functions of MRPLI3
in BC cell invasion and metastasis, the mRNA expression
profile of siMRPL3-transfected MCF-10A cells was com-
pared with that of Neg. siRNA-transfected cells using
a Human Tumor Metastasis RT2 Profiler™ PCR Array
containing 84 cell metastasis-related genes. Four upregu-
lated genes and six downregulated genes (at least 2-fold)
were identified in MRPLI3 siRNA-transfected MCF-10A
cells but not in Neg. siRNA-transfected controls
(Supplementary Table S1). Subsequently, MMP2, MMP9
and VEGFA, which showed the greatest fold change
(3-fold) after MRPLI3 knockdown, were selected and
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Figure 2 (A) MRPLI 3 expression is correlated significantly with cancer stage, (B) cancer subclass histological grade (C) and nodal metastasis status. (D) The KEGG pathway
showed five positively correlated groups and five negatively correlated groups. (E) GO term analysis revealed five positively correlated groups and five negatively correlated
groups. (F) Immunologic signatures pathway showed five positively correlated groups and five negatively correlated groups.

evaluated by Western blot analysis. We observe remark-
able changes in their expression (Figure 3).

Relationship Between MRPLI3
Expression and Tumor-Infiltrating Immune

Cells

Independent tumor-infiltrating lymphocytes play a key role
in the prediction of the overall survival rate and sentinel
lymph node status. Therefore, we used TISIDB to analyze

possible correlations between MRPLI3 expression and the
levels of immune infiltration in BC. MRPLI3 expression
showed a positive correlation with the levels of active CD4
+ (Act CD4+; p-value =12 x 107'7), active CD8+
(Act_CD8+; p-value = 7.5 x 10°), active dendritic cells
(Act DC; p-value = 1.3 x 107°) and Tgd cells (p-value =
1.03 x 10°): negative correlation with the levels of NK cells
(p-value = 2.1 x 10 ?%), neutrophil cells (p-value<2.2 x
10" and active B cells (p-value = 4.05 x 10°%)
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Table 2 Association Between MRPLI3 Expression and

Clinicopathological Characteristics from UALCAN Website

Comparison Statistical Significance
Nodal metastasis status
Normal-vs-NO 1.62E-12
Normal-vs-N1 1.62E-12
Normal-vs-N2 4.38E-07
Normal-vs-N3 2.95E-12
NO-vs-N 9.77E-01
NO-vs-N2 4.72E-02
NO-vs-N3 8.68E-01
N1-vs-N2 4.78E-02
Cancer subclasses
Normal-vs-Luminal <|E-12
Normal-vs-HER?2 Positive 3.42E-07
Normal-vs-TNBC <IE-12
Cancer stages
Normal-vs-Stage | 1.62E-12
Normal-vs-Stage?2 <IE-12
Normal-vs-Stage3 2.74E-14
Normal-vs-Stage4 2.24E-03
Stage | -vs-Stage3 3.83E-02

(Figure 4A). These results indicate that MRPLI3 plays a key
role in immune infiltration in BC. Additionally, the correla-
tion between MRPLI3 and commonly used immune check-
points (CTLA4, PD-L1, LAG3, TIM3) were analyzed, the
results indicated that MRPLI3 was positively correlated
with CTLA4 (R=0.15, p-value = 5.0 x 1077), LAG3
(R=0.21, p-value = 1.2 x 10 '%) and TIM3 (R=0.058,
p-value = 0.045) (Figure 4B). Moreover, we tried to deter-
mine whether the tumor immune microenvironment was
different in BC patients with high MRPL13 levels compared
with that in BC patients with low MRPLI3 levels. The 846
tumor samples were divided into 2 groups based on MRPL13
expression, with 423 samples in the high expression group
and 423 samples in the low expression group. We used an
established computational resource, CIBERSORT, to explore
the gene expression profiles of downloaded samples to deter-
mine the levels of 22 types of immune cells. The
CIBERSORT algorithm applied to the 22 immune cell sub-
types helped to assess differences in their expression levels in
the high and low MRPLI3 expression groups (Figure 4C).
Resting CD4 memory T cells, activated resting CD4 memory
T cells, follicular helper T cells, monocytes, MO macro-
phages, M1 macrophages and resting mast cells were
affected by MRPLI3 expression between the high and low
MRPLI3 groups. Compared with the low expression group,

MO/M1 macrophages, T cells CD4 memory activated and
T cells follicular helper were increased (p-value < 0.001) in
the high expression group, whereas resting CD4 memory
T cells, B cells naive and resting mast cells were decreased
(p-value < 0.05). We also assessed possible correlations
among the 22 types of immune cells, the resulting heat map
revealed that the ratios of different tumor-infiltrating immune
cell subpopulations were weakly to moderately correlated
(Figure 4D).

Discussion

In this study, the TCGA database and multiple online
analysis tools were used to analyze the mRNA and
protein expression levels of MRPLI3 in BC tissues and
adjacent tissues, the expression levels of MRPLI3
mRNA in different BC stages, and the correlation
between MRPLI3 mRNA and patient prognosis. Gene
expression profiling, immunohistochemistry, and WB
that BC
MRPLI13 compared with adjacent tissues. Cancer sub-

results showed tissues highly expressed
classes were different from normal tissues, but no sig-
different

subclasses. Cancer stage analysis found significant dif-

nificant difference was found between
ferences in stage 1 vs stage 3, suggesting that MRPLI3
expression is related to BC progression. MRPLI3
expression was significantly related to overall survival,
which was significantly lower in patients with high
expression than in those with low expression (P
<0.001). In summary, MRPLI3 is an important molecule
to promote BC progression and may be a target for BC
treatment as previous studies.?’

Through pathway enrichment analysis, we found that
MRPLI3 participates in pathways such as regulation of
cell migration, positive regulation of endothelial cell
migration, notch signaling pathway, and MAPK signaling
pathway. Through cell invasion experiments, we con-
firmed that interference with BC cell invasion was
decreased after interference with MRPLI3 expression.
Additionally, further study by PCR leads to the question
of how MRPLI3 promotes BC progression. Invasion
experiments demonstrated that inhibition of MRPLI3
expression reduces the invasive ability of BC cells.
Additionally, MRPL13 knockdown decreases VEGFA,
MMP-2, and MMP-9expression. VEGF can stimulate
the proliferation of vascular endothelial cells and increase
vascular permeability. It is also considered one of the
main mediators of angiogenesis that plays a key role in
tumor progression. In the early stage of hypoxia, cancer
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Table 3 Signaling Pathways (KEGG, GO, Immunologic Signatures) Most Significantly Correlated with MRPLI3 Expression Based on
Their Normalized Enrichment Score (NES) and p-value

GO Analysis

Positive NAME NES NOM p-val | FDR g-val
GO POSITIVE REGULATION OF CELL MIGRATION INVOLVED IN 2,152 |0 0.046
SPROUTING ANGIOGENESIS
GO REGULATION OF SMOOTHENED SIGNALING PATHWAY 2.132 | 0.0019 0.043
GO CELLULAR RESPONSE TO VASCULAR ENDOTHELIAL GROWTH 2,096 | 0.0018 0.039
FACTOR STIMULUS
GO SMOOTH MUSCLE CELL MIGRATION 2.081 0 0.042
GO POSITIVE REGULATION OF ENDOTHELIAL CELL MIGRATION 2065 |0 0.042
NAME NES NOM p-val | FDR g-val

Negative GO MEIOTIC CELL CYCLE PROCESS 2617 | 0 0
GO MITOCHONDRIAL TRANSLATION -2.582 | 0 0
GO NEGATIVE REGULATION OF CELL CYCLE G2 M PHASE TRANSITION | —2.518 | 0 5.84E-05
GO RIBOSOMAL SMALL SUBUNIT BIOGENESIS -2.501 | 0 3.55E-05
GO NEGATIVE REGULATION OF NUCLEAR DIVISION -2495 | 0 3.31E-05

KEGG analysis

Positive NAME NES NOM p-val | FDR g-val
KEGG ECM RECEPTOR INTERACTION 1.961 0.0039 0.201
KEGG VASCULAR SMOOTH MUSCLE CONTRACTION 1.614 | 0.0152 0.252
KEGG NOTCH SIGNALING PATHWAY 1.712 | 0.0165 0.346
KEGG MAPK SIGNALING PATHWAY 1.583 | 0.0168 0.230
KEGG HEDGEHOG SIGNALING PATHWAY 1.639 | 0.0205 0.314

Negative NAME NES NOM p-val | FDR g-val
KEGG CELL CYCLE -2438 | 0 0
KEGG RNA DEGRADATION —-2.405 | 0 0
KEGG RNA POLYMERASE -2.231 | 0 9.78E-04
KEGG DNA REPLICATION -2235 | 0 0.001
KEGG BASAL TRANSCRIPTION FACTORS -2.187 | 0.0019 0.001

Immunologic signature

Positive NAME NES NOM p-val | FDR g-val
GSE2770 IL12 AND TGFB ACT VS ACT CD4 TCELL 6H UP 2276 |0 0.028
GSE22886 UNSTIM VS ILI5 STIM NKCELL UP 2274 |0 0.019
GSE3982 CENT MEMORY CD4 TCELL VS THI UP 2194 |0 0.044
GSE7509 UNSTIM VS FCGRIIB STIM MONOCYTE DN 2192 |0 0.036
GSE3982 MEMORY CD4 TCELL VS THI UP 2130 |0 0.0312

Negative NAME NES NOM p-val | FDR g-val
GSE15930 NAIVE VS 24H IN VITRO STIM INFAB CD8 TCELL DN -2.747 | O 0
GSE 18804 BRAIN VS COLON TUMORAL MACROPHAGE DN -2732 | 0 0
GSE369 SOCS3 KO VS WT LIVER UP -2722 | 0 0
GSE17974 CTRL VS ACT IL4 AND ANTI IL12 24H CD4 TCELL DN -2.703 | 0 0
GSE17974 CTRL VS ACT IL4 AND ANTI ILI2 I2H CD4 TCELL DN —2.701 | 0 0

cells activate multiple signaling pathways to produce metastasis, as well as the poor prognosis of

multiple VEGFs, promoting the proliferation of endothe-
lial cells and forming new vascular endothelial cells.
The higher expression of VEGFAis closely related to

tumor micro vessel density, tumor recurrence and

2122 iphibit cancer angiogenesis
Therefore, anti-VEGF therapies, such as the anti-VEGF
antibody bevacizumab, have been widely used clinically

and metastasis.

patients.”>** Silencing VEGFA in BC can significantly

25,26
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Figure 3 Invasion assays of MCF-10A and MCF-7 cells transfected with Neg. siRNA and MRPL/3 siRNA. The
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MRPLI3 siRNA group showed a measurable blocking effect on

cell invasion in both cell lines. The numbers of cells invading into the lower surface of the filter were counted, and a significant difference was observed (A, B; *P < 0.05).
Columns, mean; bars, SD; Expression of vascular endothelial growth factor A (VEGFA), matrix metalloproteinase 2 (MMP-2), and MMP-9in MRPLI3-depleted MCF-10A and
MCEF-7 cells. (C) Western blotting and (D) real-time PCR analysis showed the expression changes after silencing MRPLI 3 in MCF-10A and MCF-7 cells. The expression levels

of VEGFA, MMP-2, and MMP-9 were explored. (Columns, mean; bars, SD. *P < 0.05).

and have improved the survival of some patients.?’ During tumor development, immune cells in the tumor

Matrix metalloproteinases are well known to play an  microenvironment (TME) infiltrate and secrete inflamma-
important role in ECM degradation, tumor cell invasion tory mediators, forming an inflammatory microenviron-

and metastasis.”®> Matrix metalloproteinase 2 (MMP-2) ment, which ¢

an assist tumor immune escape and distant

and MMP-9 have been reported to promote invasion metastasis as the tumor progresses.’>>> In most patients
and tumorigenesis in different cancer cells and are corre-  with solid tumors, abnormal blood vessels can help the

lated with metastasis and poor patient prognosis in lung  tumor escape the immune system.>*> First, the leakage of

cancer, colorectal cancer, and prostate cancer.” >' Thus, tumor blood vessels and disturbance of lymphatic drainage
MRPLI3 expression may affect BC progression through  function will lead to an increase in TME interstitial fluid
its effect on MMPs. We examined VEGFA, MMP-2 and  pressure, but tumor cells can overcome these conditions to
MMP-9 expression before and after siRNA transfection.  obtain a stronger survival advantage.*® Abnormal blood
The result showed that MRPLI3 significantly affects vessels and damaged perfusion can also limit cytotoxic
invasiveness by  changing = MMP  expression. drugs and immune cells from circulating the tumor,
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Figure 4 (A) Correlation between MRPLI3 expression and immune infiltration levels from the TISIDB website (http://cis.hku.hk/TISIDB/index.php). (B) The correlation
between MRPLI3 and immune checkpoint molecules (PD-L/, CTLA4, TIM3 and LAG3). (C) Different proportions of 22 subtypes of immune cells in the high and low MRPLI3
expression groups in TCGA BC samples. (D) Heatmap of 22 immune infiltration cells in tumor samples.

thereby limiting their anticancer activity. In addition,
abnormally leaking blood vessels can promote the shed-
ding of cancer cells into the blood.*’** After entering the
systemic circulation, some tumor cells can spread to dis-
tant organs and form metastatic tumors. The infiltration of
cytokines such as VEGF from the TME into the systemic
circulation can also enhance the outflow and metastasis of
from blood vessels to distant
although CD8+ cytotoxic

metastatic cancer cells

39,40

organs. By contrast,

T lymphocytes (CTLs) can also colonize tumors, various
factors in the TME often make these cells dysfunctional or
restrict their entry into tumors.*' Therefore, drugs target-
ing these VEGF molecules can improve the response of
immunotherapy, normalize the abnormal tumor vascular
system, and increase the infiltration of immune effector
cells.*” When we found that MRPLI3 is involved in the
enrichment of vascular endothelial metastasis, we further

analyzed the expression of immune-infiltrating cells.
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Classical immunohistochemical analysis relies on a marker
to identify a specific immune cell subgroup, cannot iden-
tify more subgroups and performs poorly in capturing
certain cell phenotypes, such as activated and inactivated
lymphocytes. Therefore, we used CIBERSORT to infer the
proportion of the 22 immune cell subpopulations from
transcriptome data and used gene expression profiles to
assess the relative proportions of different immune cell
subpopulations. At the same time, by searching the data
from the TISIDB website, we further enriched our
research results, which revealed a systematic difference
between theMRPLI3 expression and infiltration levels of
immune cell macrophages and mast cells. Our findings
showed that MO/M1 macrophages were found at increased
levels in the high MRPLI3 expression group, whereas
levels of NK cells and mast cells were decreased from
TISIDB data. NK cells, as an important part of the body’s
innate immune system, play a major role in the immune
surveillance of BC.*> The activity of NK cells in BC
patients is significantly decreased, the expression of sur-
face receptors is altered, and the expression of activated
receptors is limited.** Additionally, inhibitory receptor
levels are significantly elevated. In vitro and in vivo stu-
dies have found that '*'I treatment can enhance the cyto-
toxicity of NK cells to BC cells, can increase the level
of BC cell death receptors, and can enhance NK cell
treatment by enhancing the cytotoxicity of NK cells to
tumor cells.**** Our results indicate a possible mechanism
where MRPL13 regulates the functions of NK cells in BC.
However, controlled trials and multicenter clinical trials
are required to more accurately understand the relationship
between MRPLI3 and NK cells in vivo.

Immune checkpoint molecules are regulatory mole-
cules, which inhibit the function of immune cells and
suppress the anti-tumor immune response in immune Sys-
tem, and eventually lead to immune escape.*® The main
immune checkpoint molecules related to tumors are: PD1/
PD-L1, CTLA4, TIM3 and LAG3.*” Immune checkpoint
inhibitors are a class of monoclonal antibodies developed
for the related immune checkpoints. Its main function is to
block the connection between tumor cells and immune
cells that expressing immune checkpoints, thereby relieves
the inhibitory effect and allows immune cells to kill cancer
cells.*®

CTLA4, also known as CD152, is expressed on acti-
vated CD4 + and CD8 + T cells and has a high degree of
homology with the costimulatory molecule receptor
(CD28) on the surface of T cells.*” Both CTLA-4 and

CD28 are members of the immunoglobulin superfamily,
which bind to the same ligands CD86 (B7-2) and CDS80
(B7-1). When the two signals B7-CD28 and B7-CTLA4
are activated at the same time, T cells can be activated
and expressed CTLA-4. CTLA4 forms a competitive rela-
tionship with CD28, and when combined with B7, it
blocks the B7-CD28 signaling pathway.’® Cancer cells
take advantage of the negative regulation of the human
immune system to promote the expression of CTLA4 and
compete with CD28 to achieve the goal of survival.
CTLA4 antibody binds to CTLA4, CD28 can bind to B7
again, the B7-CD28 signal channel is restarted, and
T cells are activated.’

From Figure 4, MRPLI3, positively correlated with
CTLA4, is differentially expressed with T cells CD4 mem-
ory activated, T cells follicular helper and other cells. This
result suggests whether we can participate in the immune
checkpoint by inhibiting the expression of MRPL13. Could
regulation predict the response to immune checkpoint
blockade? Could it be used as an effective immune check-
point blockade combination therapy to increase efficacy
and reduce side effects? A variety of methods were used to
avoid immune elimination, so a better understanding of the
immune suppression in tumor microenvironment is our
future focus.

In conclusion, this is the first report to identify
MRPLI3 as a new biomarker of BC. This work helps to
elucidate the roles of cytokinesis and immune cell infiltra-
tion, as well as the proteins that regulate these processes,
in the development of BC. With a better understanding of
its functional range, MRPLI3 could serve as an effective
tool for the diagnosis and treatment of BC and may help to
make biomarker therapies a promising option for the treat-
ment of breast diseases.
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