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Mitochondrial Ribosomal Protein S17 Silencing Inhibits 
Proliferation and Invasiveness of Lung Cancer Cells
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Chromosomal alterations are frequent events in lung cancer progression. Although gains and losses of chromosomal position have 
been reported, the association between copy number alteration and lung cancer patient survival has not been extensively investi-
gated. In this study, we performed a meta-analysis of public cBioPortal datasets spanning 25 lung cancer studies to identify putative 
cancer driver genes with copy number alterations associated with overall patient survival. Ten copy-number altered genes enriched 
in deceased lung cancer patients were identified. Seven of these putative driver genes were located in the 7p11.2 chromosomal 
location, and two were in the 9p21.3 cytoband. Among these genes, the mitochondrial ribosomal protein S17 (MRPS17) amplifica-
tion was significantly associated with a lower patient survival rate (P = 1.47e-7). To investigate the functional role of MRPS17, small 
interfering RNA-mediated knockdown was performed in two non-small cell lung cancer cell lines, A549 and NCI-H460. MRPS17 
knockdown significantly reduced cell proliferation, migration, invasion, and anchorage-independent growth in both cell lines. Fur-
thermore, knockdown of MRPS17 decreased the activation of the phosphatidylinositol 3-kinase/protein kinase B signaling pathway, 
suggesting its role in driving lung cancer progression through this critical oncogenic pathway. Our findings highlight MRPS17 as a 
potential cancer therapy target and a prognostic biomarker that may improve the survival rates of lung cancer patients. Future stud-
ies should explore its inhibition as a therapeutic strategy as well as elucidate its molecular mechanisms in cancer progression.
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INTRODUCTION

Lung cancer is the second most commonly diagnosed cancer 
and the leading cause of cancer death for men and women 
in the United States [1]. Non-small cell lung cancer (NSCLC) 
accounts for 80% to 85% of all pulmonary malignancies [2]. 
According to the American Cancer Society, the 5-year relative 
survival rate of patients with localized NSCLC was 63% be-
tween 2010 and 2016 [3]. The previous study showed even 
lower survivability for patients with regional or distant NS-
CLC, yielding 5-year relative survival rates of just 35% and 
7%, respectively [4]. Therefore, an analysis of which gene 
alterations are closely associated with the growth of NSCLC 
is crucial for both the early diagnosis of potential high-risk 
cancer patients and the development of new treatments to 
mitigate the spread of NSCLC.
	 Copy number alterations (CNAs) result from structural 
alterations of DNA that lead to gain/amplification or loss/dele-
tion of DNA sections from a normal genome [5]. These CNAs 

have been shown to impact gene expression and appear 
to play a significant role in the pathogenesis of NSCLC [6]. 
Thus, there is an urgent need to identify CNA genes that are 
functionally associated with NSCLC development to support 
the development of alternative treatment options and improve 
the NSCLC therapeutic index.
	 Mitochondrial ribosomal protein S17 (MRPS17) belongs 
to a family of mammalian mitochondrial ribosomal protein 
genes, which encode proteins that comprise mitochondrial 
ribosomes (mitoribosomes) [7]. Mitoribosomes consist of a 
small 28S subunit and a large 39S subunit; MRPS17 en-
codes a protein that, joining together with other proteins and 
rRNA, forms the small 28S subunit of the mitoribosomes [8]. 
Since MRPS17 is one of the mitoribosome’s subunits, it may 
regulate protein synthesis in the mitochondria [9]. Therefore, 
alterations in these genes can potentially influence cellular 
respiration, a possible explanation for the correlation between 
MRPS17 amplification and reduced survival. The previous 
study indicated that MRPS17 is frequently overexpressed in 
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gastric cancer by activating the phosphatidylinositol 3-kinase 
(PI3K)/protein kinase B (AKT) signaling pathway [10]. Also, 
this study found that MRPS17 promotes cell proliferation and 
metastasis in gastric cancer cells [10]. However, the func-
tional role of MRPS17 in other malignancies, including lung 
cancer, remains unclear, and further investigation is required.
	 Understanding gene CNAs and their impact on overall sur-
vival in cancer patients is crucial for elucidating tumorigenesis 
mechanisms and developing novel therapeutic strategies [11]. 
This study investigates the MRPS17 gene, which, according 
to cBioPortal analysis, is frequently amplified in NSCLC pa-
tients. Our primary aim was to explore the effects of targeted 
small interfering RNA (siRNA) treatment on MRPS17 expres-
sion and to evaluate its functional role in NSCLC progression. 
Specifically, we assessed the consequences of MRPS17 
knockdown on cell proliferation, migration, invasion, and colo-
ny formation using NSCLC cells.

MATERIALS AND METHODS

Reagents and antibodies
The primary antibody for MRPS17 (ab175207) was the prod-
uct of Abcam. Phospho-AKT (# 9271), AKT (9272), and glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH; #2118) 
were the products of Cell Signaling Technology. Antibodies 
against primary antibodies were purchased from Santa Cruz 
Biotechnology, Inc. The bicinchoninic acid (BCA) protein 
assay reagent was a product of Pierce Biotechnology. The 
PrestoBlue™ cell viability reagent was purchased from Invit-
rogen. BD MatrigelTM Matrix was purchased from BD Biosci-
ence.

Analysis of copy number altered gene 
associated with patients’ overall survival by 
cBioPortal
Altered genes associated with overall survival status in lung 
cancer patients were identified by meta-analysis in 25 studies 
provided with cBioPortal: Lung Adenocarcinoma (Broad, Cell 
2012), Lung Adenocarcinoma (MSKCC, 2020), Lung Adeno-
carcinoma (MSKCC, Science 2015), Lung Adenocarcinoma 
(MSK, NPJ Precision Oncology 2021), Lung Adenocarci-
noma (OncoSG, Nat Genet 2020), Lung Adenocarcinoma 
(TCGA, Firehose Legacy), Lung Adenocarcinoma (TCGA, 
Nature 2014), Lung Adenocarcinoma (TCGA, PanCancer 
Atlas), Lung Adenocarcinoma (TSP, Nature 2008), Lung 
Cancer (SMC, Cancer Research 2016), Lung Squamous Cell 
Carcinoma (TCGA, Firehose Legacy), Lung Squamous Cell 
Carcinoma (TCGA, Nature 2012), Lung Squamous Cell Car-
cinoma (TCGA, PanCancer Atlas), Non-Small Cell Cancer 
(MSKCC, Cancer Discov 2017), Non-Small Cell Lung Can-
cer (MSK, Cancer Cell 2018), Non-Small Cell Lung Cancer 
(MSKCC, J Clin Oncol 2018), Non-Small Cell Lung Cancer 
(TRACERx, NEJM & Nature 2017), Non-Small Cell Lung 
Cancer (University of Turin, Lung Cancer 2017), Non-Small 

Cell Lung Cancer (MSK, Science 2015), Pan-Lung Cancer 
(TCGA, Nat Genet 2016), Small Cell Lung Cancer (CLCGP, 
Nat Genet 2012), Small Cell Lung Cancer (Johns Hopkins, 
Nat Genet 2012), Small Cell Lung Cancer (U Cologne, Na-
ture 2015), Small-Cell Lung Cancer (Multi-Institute, Cancer 
Cell 2017), Thoracic PDX (MSK, Provisional) [12]. cBioPortal 
group analysis was performed with the two groups of pa-
tients: living (2,929 samples/2,905 patients) vs. deceased 
(1,466 samples/1,425 patients). Then, the copy number 
altered genes associated with overall survival status in lung 
cancer patients were analyzed.

MRPS17 patient survival analysis by cBioPortal 
and Kaplan–Meier plotter
Patient survival was analyzed with MRPS17 amplified pa-
tients (n = 4,177) and MRPS17 non-amplified patients (n = 
172). Using the Kaplan–Meier and log-rank test, the P-value 
was calculated for statistical significance. Kaplan–Meier pro-
vides a method for estimating the survival curve, and the log-
rank test compares two groups statistically. Also, the Kaplan–
Meier plotter, an online biomarker validation tool (kmplot.
com/analysis), was used to estimate survival probabilities for 
2,176 lung cancer patients based on MRPS17 gene expres-
sion.

Cell culture and maintenance
NSCLC cell lines (A549 and NCI-H460) were purchased from 
Korea Cell Line Bank. The cells were maintained in Roswell 
Park Memorial Institute 1640 (RPMI-1640) medium supple-
mented with 10% FBS (Gibco BRL) and 1% penicillin and 
streptomycin (Gibco BRL). The cells were sub-cultured every 
two to three days to maintain the cells’ health. The cells were 
placed in the 5% CO2 incubator at 37°C.

siRNA transfection
The siRNA and transfection reagent complex were prepared 
by mixing the scramble RNA (siControl; cat# SN-1001; 
Bioneer) or siRNA oligonucleotide targeting MRPS17 (siM-
RPS17; cat# 51373-1; Bioneer) with RNAiMAX transfection 
reagent from Invitrogen. A549 cells were transfected with 10 
nM of specific or scrambled siRNA oligonucleotides using 
Lipofectamine RNAiMAX according to the manufacturer’s in-
struction Invitrogen.

Total RNA extraction
Total RNA Extraction kit (Intron) was used to extract total 
RNA from A549 samples. The protocol provided by the man-
ufactured company was used to extract the RNA. Fifty µL of 
Elution buffer was added to the membrane to elute the RNA 
from the membrane. The RNA was finally eluted after incu-
bating the elution buffer at room temperature for 1 minute and 
then centrifuged for 1 minute.
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Synthesis of complementary DNA by reverse 
transcription
A mixture consisting of 1 µL reverse transcription (RT) buf-
fer, 0.5 µL RT enzyme, 1 µL deoxynucleoside triphosphates 
mix, and 0.5 µL oligo dT primer was prepared (Enzynomics). 
Three µL of the mixture was added to 7 µL of extracted RNA 
from the cells. The mixtures were then put in a PCR Thermal 
Cycler machine (Bio-Rad) for a single cycle of 20°C for 5 
minutes, 42°C for 1 hour, and 95°C for 5 minutes.

PCR of complementary DNA
A 20 µL PCR reaction was performed using complementa-
ry DNA from each cell sample to amplify the MRPS17 and 
GAPDH gene. The following primer sequences were used 
to amplify MRPS17 and GAPDH gene (MRPS17 forward, 
5’-CGGAAAACCTACTTTGCTCACG-3’, and MRPS17 
reverse, 5’-TCTCAGCCAGTTCATGTTTCAC-3’; GAPDH 
forward, 5’-GGAGCGAGATCCCTCCAAAAT-3’, GAPDH 
reverse, 5’- GGCTGTTGTCATACTTCTCATGG-3’). The fol-
lowing six steps were used to amplify the gene: 1) 95°C for 3 
minutes, 2) 95°C for 30 seconds, 3) 61°C for 30 seconds, 4) 
72°C for 13 seconds, 5) repeat steps 2 to 4 for 30 cycles, 6) 
72°C for 5 minutes.

Western blot analysis
The cells were lysed in RIPA lysis buffer (150 mM NaCl, 0.5% 
Triton X-100, 50 mM Tri-HCl [pH 7.4], 25 mM NaF, 20 mM 
EGTA, 1 mM Na3VO4 and protease inhibitor cocktail tablets) 
for 20 minutes on ice. Afterward, the mixture was centrifuged 
at 13,000 g for 10 minutes to isolate the supernatant. The 
protein concentration of the supernatant was measured using 
the BCA reagent (Thermo Scientific). Twenty µg of protein 
was separated by running through an 12% SDS-PAGE gel 
and transferred to a polyvinylidene fluoride membrane (Pall 
Corperation). The blots were blocked with 5% nonfat dry milk/
TBS with Tween 20 (TBST) buffer containing 0.1% Tween-20 
for 1 hour at room temperature. The membranes were then 
incubated in a cold room for 12 hours with a 1:1,000 dilu-
tion of polyclonal antibody of MRPS17, Phospho-AKT, AKT 
(9272), and GAPDH. The blots were washed three times with 
TBST buffer for 5 minutes each. Washed blots were incubat-
ed with 1:10,000 dilutions of horseradish peroxidase-conju-
gated secondary antibody from Cell Signaling Technology for 
1 hour and then washed again three times with TBST buffer. 
The transferred proteins were visualized using an enhanced 
chemiluminescence detection kit (Thermo Scientific) and Im-
ageQuant™ LAS 4000 device (GE Healthcare).

Prestoblue cell proliferation assay
After A549 cells were seeded at 1 × 104 cells per well in a 96-
well culture plate, cell proliferation was assessed by adding 
Prestoblue reagent Invitrogen to the cells. Prestoblue solution 
(10%) was added to each well and incubated for 1 hour. The 
absorbance of 470 nm and 600 nm were measured by a mi-

croplate reader (BioTek Instruments).

Cell migration (wound healing assay)
After the cells were seeded (1 × 106 cells) on the 6-well 
plate and incubated for 24 hours, a cross-shaped wound 
was scratched onto adhered cells with a 200 µL polypro-
pylene micropipette tip. After the used RPMI-1640 media 
were removed, the cells were washed with 1 mL Dulbecco’s 
phosphate buffered saline. Two mL of new RPMI-1640 were 
added to the wells. Brightfield microscopy (Nikon) with a 40 X 
lens was used to capture the cross-region of each attached 
cell sample right after the scratch and 16 hours after the 
wounds were initially made. After the image was loaded on 
the ImageJ program (1.48v), the cell-free area was analyzed 
by the Montpellier Resources Imagerie (MRI) wound healing 
tool. The rate of migration was calculated as the following 
equation: Area without cells at 0 hour after transfection / Area 
without cells at 16 hours after transfection.

Cell invasion assay
Tumor cell invasion activities were assayed using Transwell 
chambers (Corning). Briefly, BD Matrigel Matrix was coated 
on the upper surface of the Transwell filters (8 µm pore, Nu-
cleopore), respectively. siRNA transfected A549 cells were 
cultured on the upper surface of Transwell filters for 48 hours 
and then suspended in RPMI-1640 supplemented with 0.1% 
bovine serum albumin (Gibco BRL). The live cells (2 × 105 in 
0.1 mL) were placed in the upper compartment of a chamber 
and incubated for 7 hours in triplicate. After fixing and staining 
the filters, the lower surfaces of the filters were photographed 
with a microscope EVOS m5000 (Thermo Scientific). Four 
fields per filter, randomly chosen, were recorded at 10×, and 
then the number of cells was counted using the single-blind 
method.

Soft agar colony-forming assay
To prepare 1.2% agar gel, 0.24 g of agar (Thermo Scientific) 
was mixed with 20 mL water. To prepare 0.6% agar gel, 0.12 g 
of agar powder was mixed with 20 mL water. To create the 
bottom agar layer, 1.2% agar gel was mixed with RPMI-1640 
at a 1:1 ratio, and 1.5 mL of the resulting mixture was add-
ed to each well in a 6-well plate. The 6-well plate was then 
incubated until the mixture solidified to form a bottom layer. 
Sample cells (either with transfected siControl or siMRPS17) 
were suspended in RPMI-1640 medium and mixed at a 1:1 
ratio with 0.6% agar gel. The 1.5 mL of the resulting mixtures 
were added to the solidified agar layers in the 6-well plate. 
The triplicate samples were prepared for each condition. The 
samples were incubated in the 5% CO2 incubator at 37°C for 
20 days.

Statistical analysis
All measurements were conducted in triplicate. All values are 
expressed as the mean ± SD. Log rank test and one-way 
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ANOVA followed by Tukey post-hoc test was used to calcu-
late the statistical significance using Prism 8 program (Graph-
Pad). A P-value less than 0.05 was considered statistically 
significant.

RESULTS

Association of MRPS17 gene amplification with 
a low lung cancer patient survival rate
To identify such gene alterations, we used cBioPortal, an 
analysis tool that allows users to explore large-scale genomic 
data sets [12]. To investigate the association between copy 
number altered genes and overall survival in patients, we 
divided the patient samples into living (n = 2,929) and de-
ceased (n = 1,466) groups in multiple studies using the cBio-

Portal database (Table 1). Enrichment analysis was then per-
formed to identify novel gene associations with overall surviv-
al status (Table 1). The top 10 significant copy number altered 
genes associated with overall survival status are presented 
in Table 1. Among these genes, seven (MRPS17, ZNF713, 
EGFR, NIPSNAP2, PSPH, CHCHD2, and SEPTIN14) were 
in the 7p11.2 chromosomal location, while two genes (CD-
KN2B and CDKN2A) were in the 9p21.3 cytoband. These 
results suggest that CNAs in these genes may play a critical 
role in lung cancer progression and could serve as prognostic 
markers for NSCLC patients.
	 To investigate the impact of MRPS17 amplification on pa-
tient survival, we compared the overall survival of patients 
with amplified MRPS17 to that of patients without amplifica-
tion in cBioPortal [12]. The results showed that the MRPS17 
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Figure 1. MRPS17 amplified and highly expressed NSCLC patients were associated with lower survival rates. (A) The median month overall 
survival from MRPS17 amplified group (n = 4,177): 38.50 (95% CI, 35.08-46.69), and from MRPS17 non-amplified group (n = 172): 54.40 (95% CI, 
50.24-58.80). Log-rank P-value = 1.47e-7. (B) NSCLC patient survival analysis based on the mean expression value of the MRPS17 gene expression (n 
= 2,165). Log-rank P-value = 2.1e-14. MRPS17, mitochondrial ribosomal protein S17; NSCLC, non-small cell lung cancer.

Table 1. Top ten copy number altered genes enriched in deceased lung cancer patients, analyzed by meta-analysis across multiple studies 
using the cBioPortal database

Gene Cytoband
Living

number of 
patients (%)

Deceased
number of 

patients (%)
Log ratio P-value Q-value Major CNA type

MRPS17 7p11.2 82 (3.59) 112 (9.05) –1.33 3.29E-11 6.390E-07 Amplification
ZNF713 7p11.2 83 (3.63) 112 (9.05) –1.32 5.15E-11 6.390E-07 Amplification
EGFR 7p11.2 128 (4.44) 133 (9.65) –1.12 9.40E-11 7.230E-07 Amplification
CDKN2B 9p21.3 443 (15.36) 324 (23.51) –0.61 1.17E-10 7.230E-07 Deletion
NIPSNAP2 7p11.2 81 (3.55) 108 (8.73) –1.30 1.80E-10 8.930E-07 Amplification
PSPH 7p11.2 81 (3.55) 107 (8.65) –1.29 3.05E-10 1.261E-06 Amplification
CDKN2A 9p21.3 456 (15.81) 327 (23.73) –0.59 4.94E-10 1.753E-06 Deletion
CHCHD2 7p11.2 79 (3.46) 104 (8.41) –1.28 6.21E-10 1.927E-06 Amplification
SEPTIN14 7p11.2 92 (4.03) 114 (9.22) –1.19 8.05E-10 2.219E-06 Amplification

The table shows the gene names, cytoband locations, and the number of patients with CNAs in both living and deceased groups. All genes 
were significantly enriched in the deceased group compared to the living group, as determined by a meta-analysis of large-scale genomic 
datasets (n = 1,466 for deceased patients and n = 2,929 for living patients). Statistical analysis was performed using Fisher’s exact test 
to calculate P-values, followed by Q-value adjustments for multiple testing. MRPS17, mitochondrial ribosomal protein S17; CNA, copy 
number alteration.
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amplified group had a median survival of 38.50 months, 
which was significantly lower than the median survival of 
54.40 months in the non-amplified group (Fig. 1A). The as-
sociation between MRPS17 amplification and decreased 
patient survival rate was statistically significant (P = 1.47e-7).
	 To examine the clinical importance of the MRPS17 expres-
sion level in NSCLC progression, we analyzed the NSCLC 
patient survival rate based on the mean expression value of 
MRPS17. Analysis of a cohort of NSCLC patients revealed 
that high MRPS17 gene expression led to a decreased sur-
vival rate compared with low MRPS17 gene expression (Fig. 

1B). These findings suggest that MRPS17 amplification and 
high expression level may serve as a potential prognostic 
marker for NSCLC patients and further support the critical 
role of MRPS17 in NSCLC progression.

Effects of MRPS17 knockdown on cell 
proliferation
To determine the functional role of MRPS17 in lung cancer 
cell proliferation, we performed siRNA-mediated gene knock-
down, and its effects on cell proliferation were analyzed in 
two NSCLC cancer cell lines: A549 and NCI-H460. RT-PCR 
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The mean and SD were plotted in the graph (n = 3). (C) Quantification of relative cell proliferation after siMRPS17 transfection. Data were analyzed 
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results indicated a significant reduction in MRPS17 mRNA 
expression in siMRPS17-transfected cells compared to the 
siControl group in both cell lines (Fig. 2A). This decrease in 
mRNA expression was corroborated by Western blot anal-
ysis, which confirmed a significant reduction in MRPS17 
protein levels following siMRPS17 transfection (Fig. 2B). 
Furthermore, a cell proliferation assay revealed that MRPS17 
knockdown significantly reduced A549 and NCI-H460 cell 
growth over 96 hours (Fig. 2C). These results suggest that 
MRPS17 plays an essential role in the proliferation of NSCLC 
cells.

Effects of MRPS17 knockdown on cell 
migration, invasion, and colony formation
Next, we analyzed the effect of MRPS17 on metastatic 
potential in lung cancer using cell migration, invasion, and 
colony formation assays. MRPS17 knockdown significantly 
reduced these processes in both A549 and NCI-H460 cells. 
In the scratch wound assay, cells transfected with siMRPS17 
exhibited a markedly lower migration rate than that in the 
siControl group, significantly reducing migration after 16 
hours (Fig. 3A). Similarly, the invasion assay revealed that 
MRPS17 knockdown substantially decreased the percentage 
of invading cells compared to controls (Fig. 3B). Furthermore, 

Figure 3. MRPS17 knockdown reduced cell migration, invasion, and colony formation in A549 and NCI-H460 cell lines. (A) Representative 
images of cells before and after migration following a scratch wound assay. The mean migration rate and SD are presented in the accompanying 
graph (n = 3). (B) Representative images of cells after the invasion. The mean percentage of invaded cells and SD are shown in the graph (n = 3). 
(C) Representative images of colony formation following transfection with siControl and siMRPS17. Quantification of the number of colonies formed 
is displayed in the graph (n = 3). Data were analyzed using one-way ANOVA followed by Tukey post-hoc test, **P-value < 0.01, ***P-value < 0.001, 
****P-value < 0.0001. Scale bar = 50 µM. siControl, scramble RNA; siMRPS17, small interfering RNA oligonucleotide targeting MRPS17; MRPS17, 
mitochondrial ribosomal protein S17.
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MRPS17 knockdown led to a significant reduction in colony 
formation, with fewer colonies observed in the siMRPS17 
group compared to the siControl group (Fig. 3C). These find-
ings suggest that MRPS17 promotes migration, invasion, and 
colony formation in both NSCLC cells.

Impact of MRPS17 knockdown on the AKT 
signaling pathway
Previous studies have shown that MRPS17 regulates the 
PI3K/AKT signaling pathway in gastric cancer [10]. To in-
vestigate this further, we examined the effects of MRPS17 
knockdown on the expression levels of phosphorylated AKT 
(P-AKT) and total AKT using Western blot analysis in A549 
and NCI-H460 cells (Fig. 4A). The results demonstrated a 
significant reduction in both P-AKT and total AKT expression 
levels in these cell lines following MRPS17 knockdown (Fig. 
4B). These findings suggest that MRPS17 may contribute to 
cancer progression by modulating the PI3K/AKT signaling 
pathway.

DISCUSSION

Gene amplification is a typical genetic alteration in which the 

copy number of a gene is increased [13,14]. With genomic 
data collected from lung cancer patients, many oncogenes 
have been identified to be amplified in human lung cancer 
[15,16]. Our data analysis demonstrates that an amplifica-
tion of the MRPS17 gene is negatively associated with the 
survival of lung cancer patients. In addition, the results of 
the in vitro study, which evaluated the effects of MRPS17 
downregulation on cell proliferation, migration, invasion, and 
anchorage-independent growth, validate that MRPS17 may 
be a proto-oncogene that affects cell proliferation, migration, 
and growth, likely by affecting cellular respiration.
	 Elevated MRPS17 expression has been previously linked 
to gastric cancer, where it facilitates tumor proliferation, mi-
gration, and metastasis [10]. This effect is mediated by acti-
vating oncogenic signaling pathways, such as the PI3K/AKT 
signaling pathway that plays a critical role in promoting cell 
survival and growth [10]. Our study suggests that MRPS17 
may exert similar oncogenic effects in lung cancer by modu-
lating cellular respiration and energy production. These find-
ings highlight the potential of MRPS17 as both a prognostic 
biomarker and a therapeutic target, offering new avenues for 
improving outcomes in lung cancer patients.
	 Mammalian mitochondrial ribosomal small subunit genes 

Figure 4. MRPS17 knockdown reduced AKT and P-AKT protein expression levels. (A) Image of Western blot of MRPS17, AKT, P-AKT, and 
GAPDH. (B) Quantification of the band intensity from Western blot using ImageJ densitometer program. The mean and SD were plotted in the graph 
(n = 3). Data were analyzed using one-way ANOVA followed by Tukey post-hoc test, *P-value < 0.05, **P-value < 0.01, ***P-value < 0.001. siControl, 
scramble RNA; siMRPS17, small interfering RNA oligonucleotide targeting MRPS17; MRPS17, mitochondrial ribosomal protein S17; AKT, protein 
kinase B; P-AKT, phosphorylated AKT; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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encode essential components of the mitochondrial ribosome, 
which is responsible for protein synthesis within mitochondria 
[17]. As mitochondria play a pivotal role in energy production, 
apoptosis, and metabolic regulation, disruptions in mitochon-
drial functions can have significant implications for disease 
progression, including cancer [18]. In cancer cells, mitochon-
drial dysfunction is often observed, contributing to altered 
metabolic states that support rapid cell proliferation and sur-
vival [19]. 
	 MRPS genes, which encode the small subunit of the mi-
tochondrial ribosome, have been increasingly recognized for 
their potential roles in cancer development and progression 
[20]. Aberrations in MRPS gene expression may lead to dys-
regulation of mitochondrial protein synthesis and oxidative 
phosphorylation, processes critical for maintaining the energy 
demands of rapidly dividing cancer cells [21]. As research 
continues to uncover the involvement of MRPS genes in can-
cer, they present promising targets for further investigation as 
potential biomarkers or therapeutic targets, with implications 
for understanding tumor metabolism and patient outcomes 
[22,23]. Additionally, because MRPS17 is a component of 
the mitochondrial ribosome, it may affect cellular respiration 
and energy production, processes often dysregulated in 
cancer cells to support rapid proliferation [9]. However, there 
have been no previous studies directly associating amplified 
MRPS17 with lung cancer, making MRPS17 a potential novel 
biomarker associated with decreased patient survival in lung 
cancer.
	 This study has several acknowledged limitations. One lim-
itation of this study is the exclusive use of publicly available 
datasets from cBioPortal, which may limit the generalizability 
of the findings to broader lung cancer populations due to 
potential biases in the original studies included in the me-
ta-analysis [24]. Additionally, the focus on CNAs in only ten 
genes may overlook other significant genetic changes or epi-
genetic factors that contribute to lung cancer progression and 
patient survival [25]. Furthermore, while MRPS17 knockdown 
experiments in A549 and NCI-H460 cells provided functional 
insights, the study was limited to in vitro assays using two 
lung cancer cell lines, which may not fully represent the het-
erogeneity of NSCLC. Future studies should include animal 
tumor models and additional lung cancer cell lines to confirm 
the functional role of MRPS17 and validate its potential as 
a prognostic biomarker and therapeutic target. Lastly, while 
the knockdown experiments revealed the impact of MRPS17 
reduction, the precise molecular mechanisms, particularly its 
role in modulating the PI3K/AKT signaling pathway and its 
influence on cancer progression, remain unclear and warrant 
further investigation.
	 The findings of our study demonstrate that targeted knock-
down of MRPS17 using siRNA significantly inhibits the prolif-
eration, migration, and anchorage-independent growth of lung 
cancer cells. These results suggest that MRPS17 plays a 
crucial role in the progression of lung cancer and support the 

observed association between MRPS17 amplification and re-
duced patient survival rates. Mechanistically, MRPS17 knock-
down was found to reduce the activation of the PI3K/AKT 
signaling pathway, a critical regulator of cell survival, growth, 
and metastasis. This suggests that MRPS17 promotes lung 
cancer progression, at least in part, through modulation of the 
PI3K/AKT pathway. Clinically, MRPS17 amplification could 
serve as a valuable prognostic biomarker, helping to identify 
lung cancer patients at higher risk of poor outcomes. Impor-
tantly, our study highlights the potential of targeted siRNA 
treatments for reducing lung cancer metastasis and suggests 
that MRPS17 represents a promising therapeutic target for 
slowing tumor progression and improving patient survival. 
Future studies should focus on validating MRPS17’s role as 
a biomarker and further explore its inhibition as a therapeutic 
strategy in clinical settings.
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