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Background: The latent involvement of MRPL13 in non-small cell lung cancer (NSCLC) 
remains unclear. This study aimed to explore the role of MRPL13 in NSCLC.
Methods: All analyses were performed in R software 4.0, SPSS version 23, and GraphPad 
Prism 8. The “limma” package was used to identify differentially expressed genes. 
Univariate and multivariate cox analyses were used to identify prognosis-related genes. 
A549 and H1299 lung cancer cell lines were selected for phenotypic experiments.
Results: The high level of MRPL13 was correlated with poor T classification and overall 
survival. In vitro experiments showed that MRPL13 was highly expressed in NSCLC tissue 
and cell lines. MRPL13 knockdown inhibited the proliferation of lung cancer A549 and 
H1299 cell lines, which was further validated by in vivo experiment. Moreover, GSEA 
analysis suggested that the pathway of MYC target, PI3K/AKT/mTOR/ signaling, oxidative 
phosphorylation, and G2/M checkpoints may be the potential pathway where MRPL13 was 
involved. Meanwhile, MRPL13 demonstrated a negative correlation with M1 macrophage, 
CD8+ T cells, and CD4+ T cells, making it an underlying immunotherapy target of NSCLC.
Conclusion: MRPL13 may promote the proliferation of NSCLC cells and serve as an 
independent tumor marker and an emerging therapeutic target.
Keywords: MRPL13, non-small cell lung cancer, proliferation

Introduction
Lung cancer is one of the most common malignant tumors and an extreme threat to 
human survival worldwide; approximately 2.1 million new cases and 1.8 million 
lung cancer-related deaths are recorded per year.1 According to the latest data of 
GLOBOCAN, lung cancer ranks first in all cancer types with 11.6% of the total 
cases and 18.4% of cancer deaths. Moreover, lung cancer is still the leading cause 
of cancer-related death throughout the world.2,3 Non-small cell lung carcinoma 
(NSCLC) is the most common pathological type of lung cancer and accounts for 
more than 80% of lung cancer cases.4,5 Despite the great advancement of NSCLC 
treatment, the prognosis of patients with lung tumor remains suboptimal, especially 
for advanced cases.6 Hence, identifying novel therapeutic targets and prognosis 
biomarkers related to NSCLC is of urgent need.

Mitochondrial ribosomal proteins (MRPs), encoded by nuclear genes, exist in 
the mitochondria of eukaryotic cells. After being transported to the mitochondria, 
MRPs combine with rRNA to form a mitochondrial ribosome, which translates 
proteins encoded by the mitochondria itself.7 Thus far, many MRPs are reported to 
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be involved in tumorigenesis.8 Mitochondrial ribosomal 
protein L13 (MRPL13), a member of the MRP family, is 
located on chromosome 8 q24.12 and participates in the 
biosynthesis of mitochondrial proteins. The suppression of 
MRPL13 is the key to the manifestation of mitoribosome 
defect-mediated OXPHOS dysfunctions, which can 
enhance the invasiveness of hepatoma cells.9 In addition, 
the expression of MRPL13 in breast cancer tissues is 
significantly higher than that in adjacent tissues. The 
expression of MRPL13 is closely related to the clinico-
pathological factors of patients.10 Furthermore, Zhou et al 
revealed that the level of MRPL13 was significantly up- 
regulated in the worse disease-free survival group of 
patients with breast cancer. Hence, MRPL13 could indi-
cate the poor prognosis of breast cancer.11 However, the 
role of MRPL13 in NSCLC has not been described yet.

With rapid technological development, massive data 
generated from next-generation sequencing are commonly 
used in biomedical research. Bioinformatics is a powerful 
tool for processing such data and deriving useful informa-
tion. This study aimed to identify novel differentially 
expressed genes that are associated with NSCLC prog-
nosis and might be therapeutic targets. In this study, we 
first identified MRPL13 as a candidate gene through 
a series of bioinformatics analysis. The high level of 
MPRL13 was associated with poor clinical-pathological 
features and prognosis. In vitro experiment showed that 
MRPL13 was highly expressed in NSCLC cell lines and 
promoted tumor proliferation, which was further validated 
by in vivo experiment. Overall, our data demonstrated that 
MRPL13 has the potential to be a valuable target of 
NSCLC treatment.

Materials and Methods
Data Acquisition and Preprocessing
Bulk transcriptome data as well as clinical and survival 
information of NSCLC were obtained from the TCGA data-
base (TCGA-LUAD and TCGA-LUSC), a public database 
that integrates the comprehensive data of 33 types of cancer. 
In detail, the whole expression profile of 1037 NSCLC sam-
ples and 107 paracancerous tissues were downloaded in the 
“FPKM” form and then converted into the “TPM” form for 
better comparability with chip data. The clinical data were 
“bcr-xml” file. Chip data were acquired from the GEO data-
base, including GSE18842, GSE21933, GSE116959, and 
GSE43458. The detailed information of the included data-
bases is shown in Table 1. Prior to the analysis, all data were 

preprocessed as follows: 1. gene annotation; 2. background 
correction; 3. normalization and removing batch effects; and 
4. supplementing missing values.

Differentially Expressed Genes (DEGs) 
Identification and Prognosis Analysis
DEGs between tumor and normal tissues were analyzed 
using “limma” package in R software with the threshold of 
|logFC (fold-change)|>1 and P-value <0.05. Intersection 
analysis was conducted to identify common DEGs 
among TCGA, GSE18842, and GSE21933. Univariate 
and multivariate cox analyses were performed to screen 
genes associated with prognosis, with the threshold set as 
P-value < 0.05. Kaplan-Meier survival curves were used to 
visualize patients in different groups.

Immunohistochemistry (IHC)
The IHC images of MRPL13 in NSCLC tissue were 
obtained from The Human Protein Atlas database, an 
open-accessed project that maps all the human proteins 
in cells, tissues, and organs. The antibody of MRPL13 in 
lung cancer and normal lung tissues was HPA060899.

Table 1 The Detailed Information of Databases Included in the 
Analysis

Cohort Platform Number 
of Input

Data Source

TCGA- 

LUAD/ 
LUSC

Illumina HumanHT-12 

V4.0 expression 
beadchip

1144 National 

cancer institute

GSE18842 [HG-U133_Plus_2] 
Affymetrix Human 

Genome U133 Plus 

2.0 Array (GPL570)

91 Hospital 
Universitario 

San Cecilio

GSE21933 Phalanx Human 
OneArray (GPL6254)

42 National 
Cheng Kung 

University

GSE116959 Agilent-039494 

SurePrint G3 Human 

GE v2 8x60K 
Microarray 039381 

(Probe Name version)

68 IPMC/CNRS

GSE43458 [HuGene-1_0-st] 

Affymetrix Human 

Gene 1.0 ST Array 
[transcript (gene) 

version]

110 University of 

Texas MD 

Anderson 
Cancer Center
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Gene Set Variation Analysis (GSVA)
GSEA analysis was conducted to explore the underlying 
biological pathway of MRPL13 in tumor development. 
The GSVA package in R software was used to perform 
GSVA analysis with “ssGSEA” method. The gene set was 
the “Hallmark” signature.

Immune Infiltration Analysis
The tumor immune microenvironment was quantitatively 
evaluated using the “CIBERSOT” algorithm developed by 
Newman et al, a powerful tool that utilizes expression 
profiles to estimate the abundance of member cell types 
in a mixed cell population. The parameters of 
CIBERSORT were set as follows: the number of permuta-
tions was “100”; the kappa was “999”; the q-value 
was “0.25”.

Cell Line and qPCR Analysis
Normal lung epithelial cell line BEAS-2B and four NSCLC 
cell lines, namely, A549, H23, H1299, and H520 were 
purchased from iCell (Shanghai, China). All the five cell 
lines were incubated in a 5% CO2 humidified incubator at 
37 °C. The total RNA of all cell lines was isolated using 
Trizol (Invitrogen, Carlsbad, CA, USA). cDNA was rever-
sely transcribed from the total RNA by using a reverse 
transcription kit (Promega) and PrimeScript RT Master 
Mix (Takara, Japan). The target gene was measured with 
SYBR Green assay in the 96-well plates following the 
manufacturer’s instructions (Applied Biosystems, 
Carlsbad, CA, USA). The primers used were as follows: 
MRPL13, forward: 5′-ACATAAACCTGTGTACCATG 
CAC-3′; MRPL13, reverse: 5′- GGTAGCCAGTATGCG 
AAGAGT-3′; GAPDH, forward: 5′-AC CACAGTCCATG 
CCATCAC-3′; and GAPDH, reverse: 5′-TCCACCACCC 
TG TTGCTGTA-3′.

Western Blot Analysis
Total proteins were extracted using the Total Protein 
Extraction Kit (Beyotime, P0013; Beijing, China). 
Protein concentration was determined with a BCA reagent 
kit (Pierce™ BCA Protein Assay Kit). SDS-PAGE gels 
were run with 8–12% gradient and transferred onto poly-
vinylidene fluoride (PVDF) membranes. The membranes 
were incubated with the diluted primary antibodies (anti- 
MRPL13, anti-caspase-3, anti-GAPDH, anti-Bax, and 
anti-Bcl-2) at 4 °C overnight. The second antibodies 

were incubated with the membranes for 2 h at RT (anti- 
rabbit or anti-mouse IgG (H+L), CST, USA).

Gene Transfection and RNAi
Control siRNA and MRPL13 siRNA were purchased from 
GenePharma. A549 and H1299 cell lines were transfected 
with control siRNA and siRNA-MRPL13 by using 
Lipofectamine 2000 (Invitrogen). The target sequence of 
shRNA MRPL13 was 5′-GGGATCCAGTGGCAATTG 
T-3′.

CCK8 Assay
CCK8 assays was performed using a CCK8 Kit (Dojindo, 
Shanghai, China). The cells were resuspended and culti-
vated in 96-well plates at a concentration of 1×104 cells 
per well. All the plates were incubated at 37 °C for 1 
h. ELISA plate reader (BioRad 680 ELISA Reader) was 
used to record absorbance at OD 450 nm.

Colony Formation Assay
Cell proliferation ability was assessed using colony for-
mation assay. Cells were inoculated into 6-well plates with 
250 cells/mL and cultured for 14 days. The medium was 
changed every 2–3 days. The number of cell was con-
ducted after 14 days.

Flow Cytometry Assay
Flow cytometry was performed for cell apoptosis detection 
(FACSCalibur) with Annexin V/propidium iodide (PI) 
staining. Cells were washed with phosphate-buffered sal-
ine (PBS) and resuspended in 1× binding buffer. FlowJo 
software was used for data processing.

In vivo Tumor Xenografts
Cells were trypsinized with 0.25% trypsin (Invitrogen) and 
resuspended in PBS. Afterward, 0.4 mL of the cell suspen-
sion was inoculated into the armpit of 40-week-old male 
BALB/c nude mice. The mice were randomly divided into 
control and shRNA groups. On day 20, all the mice were 
sacrificed, and tumors were isolated.

Statistical Analysis
All the data were analyzed using R software 4.0, SPSS 
version 23 and GraphPad Prism 8. P-value < 0.05 was 
regarded statistically significant. All the experiments were 
repeated three times. Data were presented with mean ± 
standard Deviation (SD). For the continuous variables 
following the normal distributions, an independent t-test 
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was used to compare the statistical difference between two 
groups. Mann–Whitney U-test was used to compare the 
continuous variables that were not normally distributed.

Results
Identification of DEGs
Genes that are differentially expressed in tumor and corre-
sponding paracancerous tissues in TCGA, GSE18842, and 
GSE21933 datasets were analyzed using the “limma” pack-
age with the threshold of |logFC| > 1 and P-value < 0.05 
(Figure 1A–C). Forty-three common upregulated genes and 
483 down-regulated genes were identified (Figure 1D and E).

Screening of Prognosis-Related Genes 
and Clinical Correlation
We then correlated the gene expression data of the 916 
DEGs with survival outcomes. Univariate and multivariate 
cox analyses were performed to identify prognosis-related 
genes (Table S1 and Figure 1F). The genes IGSF10, 
MRPL13, MMP14, FLRT3, RAD51, and DAAM2 were 
finally identified. MRPL13 has not been reported in 

NSCLC and was therefore selected for further analysis. 
Based on the public data of TCGA, GSE116959, and 
GSE43458, MRPL13 has higher expression level in 
tumor tissues (Figure 2A–D). Meanwhile, Kaplan-Meier 
survival curve indicated poor prognosis in the patients 
highly expressing MRPL13 (Figure 2E, P<0.05). The 
MRPL13 level was significantly higher in T3-4 than in 
T1-2 classification but was not significantly associated 
with N and M classification (Figure 2F–H).

MRPL13 is Upregulated in NSCLC Tissue 
and Cell Lines
The representative IHC images illustrating MRPL13 pro-
tein levels are shown in Figure 3A and B. The results 
indicated high protein level in NSCLC tissues. The 
MPRL13 mRNA level increased in NSCLC cell lines, as 
determined by qPCR analysis (Figure 4A). In parallel, 
Western blot assay showed a higher protein level of 
MRPL13 in cancer cell lines (Figure 4B). A549 and 
H1299 cell lines were transfected with siRNA due to 
their highest mRNA and protein level of MRPL13. 

Figure 1 Identification of DEGs shared between the three public databases. 
Notes: (A) The volcano plot of TCGA; (B) The volcano plot of GSE21933; (C) The volcano plot of GSE18842; (D) The venn plot of up-regulated genes in three databases; 
(E) The venn plot of down-regulated genes in three databases; (F) Six prognosis-related genes identified by multivariate cox analyses. 
Abbreviations: TCGA, The Cancer Genome Atlas; DEGs, differentially expressed genes.
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Western blot and qPCR assay revealed the successful 
knockdown of MRPL13 (Figure 4C).

MRPL13 Promotes Proliferation of 
NSCLC Cells
Considering that the Bax, Bcl2 and cleaved-Cas3 were the 
vital protein involved in the apoptosis process, we there-
fore assessed their protein level in control and MRPL13 
knockdown cells, which could measure cell proliferation 
capacity. The Western blot assay indicated that the 
MRPL13 knockdown decreased the Bcl-2 protein level 
but increased the levels of Bax and cleaved-Cas3, indicat-
ing that MRPL13 might promote the cell proliferation and 
inhibit apoptosis of lung cancer cells (Figure 5A and B). 
Colony formation assay revealed that the knockdown of 
MRPL13 remarkably decreased the number of colony cells 
(Figure 5C). In addition, a high apoptosis rate was 
observed in the sh-MRPL13 group (Figure 5D). The pro-
motion effect of MRPL13 on NSCLC cells was validated 

by CCK8 assay (Figure 5E). In vivo experiments sug-
gested that mice inoculated with sh-MRPL13 cells devel-
oped smaller tumors (Figure 5F).

Pathway Enrichment and Immune 
Infiltration Analyses
GSVA analysis was performed on patients with high and 
low MRPL13 in TCGA to explore the potential biological 
pathway. As shown in Figure 6, in the high MRPL13 
phenotype, the pathway of MYC target, mTORC1 signal-
ing, DNA repair, oxidative phosphorylation, E2F target, 
PI3K/mTOR signaling, and others, were enriched. 
Increasing lines of evidence has revealed that the recruit-
ment of tumor cells to immune cells could affect tumor 
progression. Thus, we explored the potential correlation 
between MRPL13 and multiple immune cells. All the 
patients were divided into low and high MRPL13 groups. 
Based on the transcriptional profiling data, the tumor 
microenvironment was assessed using the “CIBERSOT” 

Figure 2 Clinical correlation and prognosis analysis of MRPL13. 
Notes: (A) The expression of MRPL13 in TCGA-LUAD; (B) The expression of MRPL13 in TCGA-LUSC; (C) The expression of MRPL13 in GSE116959; (D) The 
expression of MRPL13 in GSE43458; (E) Kaplan-Meier curve of OS in high and low MRPL13 group; (F) The expression of MRPL13 in different T classification (G) The 
expression of MRPL13 in different N classification; (H) The expression of MRPL13 in different M classification. 
Abbreviations: OS, overall survival; TCGA, The Cancer Genome Atlas.

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S316428                                                                                                                                                                                                                       

DovePress                                                                                                                       
5539

Dovepress                                                                                                                                                              Jing et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


algorithm. The result demonstrated that MRP13 was nega-
tively correlated with M1 macrophage, CD8+ T cells, CD4 
+ memory activated T cells, follicular helper T cells, 
gamma delta T cells, resting mast cells, monocyte, native 
B cells, neutrophil, yet positively correlated with memory 
B cells, CD4+ memory resting T cells, Treg, activated 
mast cells (Figure 7).

Discussion
As the most dominant pathological subtype of lung cancer, 
NSCLC accounts for approximately 85% of patients with 
lung cancer and has the largest number of cancer-related 
deaths worldwide.12 Despite great advances in NSCLC 
treatment, the 5-year survival rate of patients with lung 
cancer is still less than 20% in most countries.13 In this 
regard, novel therapeutic and prognostic targets of NSCLC 
should be identified. In the study, we first identified DEGs 
between NSCLC tumors and adjacent normal tissues. 

MAPL13 has gained research interest because of its tight 
association with prognosis. Next, we found the high 
expression level of MAPL3 in NSCLC tissue and cancer 
cell lines. The knockdown of MRPL13 inhibited the pro-
liferation of NSCLC cancer cells.

To our knowledge, this study is the first to explore the 
role of MRPL13 in lung cancer. As a mitochondrial coding 
gene, MRPL13 was previously reported in breast cancer 
and liver cancer. For example, Zuo et al found that 
MRPL13 is a poor prognostic biomarker and associated 
with the immune infiltration status of breast cancer.10 

Considering the pivotal role of MRPL13 in the mitochon-
drion, MRPL13 may also be involved in cell metabolism. 
Lee et al revealed that the low expression of MRPL13 
could result in ribosomal defect, subsequently attenuating 
mitochondrial oxidative phosphorylation capacity. This 
phenomenon leads to increased glycolysis and cell 
invasiveness.9 As one of the core components of cells, 

Figure 3 MRPL13 is up-regulated in NSCLC tissue. 
Notes: (A) The representative IHC image of NSCLC cancer tissues obtained from HPA database; (B) The representative IHC image of normal lung tissues obtained from 
HPA database. 
Abbreviations: NSCLC, non-small cell lung cancer; IHC, immunohistochemistry; HPA, The Human Protein Atlas.
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the mitochondrion plays a central role in tumor progres-
sion, and defects may be the underlying reason for 
tumorigenesis.14 We observed the abnormal activation of 
MRPL13 in NSCLC, which may be a promising therapeu-
tic target.

We subsequently performed a pathway enrichment ana-
lysis of MPRL13 to explore the biological pathway. 

MRPL13 was associated with several cancer pathways, 
including MYC target, PI3K/AKT/mTOR/ signaling, oxi-
dative phosphorylation, and G2/M checkpoints. The MYC 
oncogene promotes various cancers and is strongly asso-
ciated with tumor metabolism.15 Enhanced MYC could 
upregulate L-lactate dehydrogenase A chain (LDHA) 
expression, a key molecule participating in glycolysis, 

Figure 4 MRPL13 is up-regulated in NSCLC cell lines. 
Notes: (A) MRPL13 is highly expressed in four NSCLC cell lines (H23, H520, H1299 and A549) by qPCR, **P<0.01, ***P<0.001; (B) Western blotting of MRPL13 in four 
NSCLC cell lines, *P <0.05, **P<0.01, ***P <0.001; (C) qPCR and Western blotting of MRPL13 is sh-NC and sh-MRPL13 group, **P<0.01.
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Figure 5 MRPL13 promote cell proliferation in vitro and in vivo. 
Notes: (A and B) Detection of apoptosis related proteins by Western blotting in A549 and H1299 cell lines, **P<0.01, ***P<0.001; (C) Colony formation assay in sh-NC 
and sh-MRPL13 group, **P<0.01; (D) Flow cytometry to detect cell apoptosis in sh-NC and sh-MRPL13 group, **P<0.01; (E) CCK8 assay in sh-NC and sh-MRPL13 group, 
**P<0.01; (F) In vivo experiment of sh-NC and sh-MRPL13 group.
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thereby promoting tumor development.16,17 Additionally, 
overexpressed MYC leads to a lower ATP level in the cells 
and activates AMP-activated kinase (AMPK) to induce 
metabolic stresses.18 Our analysis and previous study 
reported the association between MRPL13 and tumor 
metabolism.9 Therefore, MRPL13 may be involved in 
the complex interplay of MYC on cancers. The PI3L/ 
AKT/mTOR signaling pathway was regarded as the prin-
cipal modulator of cancer.19 Zhang et al revealed that the 
acquisition of epithelial-mesenchymal transition (EMT) 
and cancer stem cells (CSS) were regulated by the PI3K/ 
AKT/mTOR signaling pathway in prostate cancer.20 Maric 
et al found that GPNMB could facilitate tumor growth and 
metastasis by enhancing the PI3K/AKT/mTOR pathway 
signaling and β-catenin activity.21 The G2/M checkpoint is 
an essential link in cell proliferation and mitosis.22 Su et al 
demonstrated that diallyl disulfide (DADS) could induce 
G2/M checkpoint arrest through the Cdc25C/cyclin B1 

pathway mediated by Chk1 phosphorylation.23 Chen et al 
found that CtIP could promote G2/M phase arrest and 
enhance the cell sensitivity to Eto through the ATR/ 
Chk1/CDC25C pathway.24

Our result also found that MRPL13 significantly 
decreased the component of M1 macrophages, CD8+ 
T cells, and CD4+ T cells in the NSCLC tumor microenvir-
onment. Yuan et al suggested that M1 macrophages could 
suppress tumor development by inducing apoptosis, whereas 
M2a/M2c macrophages can promote lung cancer invasion 
and xenograft tumor growth.25 CD8+ T cells, an important 
type of immune cells, could produce cytotoxic molecules, 
such as perforin and granzymes, to kill tumor cells.26 

Activated CD8+ T cells participate in oxidative phosphor-
ylation, glycolysis, and glutaminolysis, which are important 
for acquiring effector functions.27 Zander et al demonstrated 
that CD4+ T cells might enhance the kill effect of CD8+ 
T cells on tumor cells with the help of IL21.28

Figure 6 GSVA analysis in high and low MRPL13 group. 
Abbreviation: GSVA, gene set variation analysis.
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This study has some limitations. First, the clinical infor-
mation of the samples included in our analysis is limited, 
which would bring potential bias for the final result. Thus, 
detailed clinical information is needed to reduce bias in sub-
sequent studies. Second, data obtained from TCGA were 
predominantly originated from Western countries. Our con-
clusion may not apply to Asian countries. Subsequent studies 
should validate these results in large Asian populations. 
Third, the mechanisms by which MRPL13 promoted the 
proliferation of lung cancer need to be further investigated.

Conclusion
We first identified MRPL13 as a prognosis-related gene in 
NSCLC. The qPCR and Western blot results showed that 
MRPL13 is highly expressed in A549 and H1299 cell lines 
than in normal BEAS-2B cell line. In vitro and in vivo 
experiments showed MRPL13 could promote proliferation 
in NSCLC, which has not been reported previously. The 
underlying interaction between MRPL13 with multiple 
immune cells makes it a potential target for NSCLC 
immunotherapy.

Figure 7 Immune infiltration analysis in high and low MRPL13 group. 
Notes: *P <0.05, **P<0.01, ***P <0.001.
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