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Abstract: Overexpression of DARS2 may enhance the progression of hepatocellular carcinoma (HCC). However,
there are few extensive reports on DARS2 function in lung adenocarcinoma (LUAD). The differential expression of
DARS2 was detected by genomics and in vitro experiments, and the effect of DARS2 expression on LUAD cell activ-
ity was analyzed. Functional enrichment analysis was performed to explore possible signal pathways involved in
the biological functions of DARS2 and its co-expressed genes. Utilizing TIMER and GEPIA datasets, the association
between DARS2 expression and immunological infiltrating cells was analyzed. At the same time, the association
between DARS2 expression pattern and LUAD m6A modification and cuproptosis was examined utilizing TCGA and
GEO datasets. The level of DARS2 in LUAD increased, and inhibition of DARS2 expression could significantly inhibit
the proliferation of LUAD cells. ROC curves showed that DARS2 overexpression could accurately diagnose LUAD
and lead to a significant decline in the survival rates of OS, DSS, and PFl in LUAD. Enrichment analysis showed that
DARS2 and its co-expressed genes were closely associated with chromosome segregation and the cell cycle. TIMER
and GEPIA database analysis demonstrated that the DARS2 expression pattern was adversely correlated with the
infiltration of B cells and Tfh cells. TCGA and GEO dataset examination revealed that DARS2 expression was signifi-
cantly linked to four m6A-related genes and one cuproptosis-related gene. DARS2 expression is increased in LUAD
patients and is closely associated with LUAD immune cell infiltration, modification of m6A, and cuproptosis. DARS2
is a potential reliable prognostic biomarker of LUAD.
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Introduction tifying suitable biomarkers are key scientific
issues to be solved in lung cancer research.

Lung cancer is one of the most prevalent malig-

nancies and the main cause of cancer-related
deaths globally [1, 2]. With the aging of the
global population, lung cancer seriously
impacts global health. Lung adenocarcinoma
(LUAD) is the leading form of lung cancer, which
has attracted intensive research attention [2,
3]. However, despite the significant improve-
ment in LUAD diagnosis and medication, the
5-year survival rate of LUAD is still relatively low
[3, 4]. Although many scholars have done much
research on LUAD, our understanding of LUAD
is still very limited. Therefore, further exploring
the molecular mechanism of LUAD and iden-

Aspartyl-TRNA Synthetase 2, Mitochondrial
(DARS2) gene encodes a mitochondrial tRNA
synthetase, which accounts for the initial stage
of mitochondrial protein production by enabling
amino acid connection to their cognate tRNAs
to ensure the correct translation of genetic
codes. Previous studies have shown that the
DARS2 gene has a close relationship with the
development of hepatocellular carcinoma (HCC)
by inhibiting apoptosis and accelerating the cell
cycle. Other researchers found that DARS2 can
predict the overall survival (OS) rate of LUAD
and bladder urothelial carcinoma (BLCA) and
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Figure 1. Flow chart of the research design. The figure was created by Figdraw (www.figdraw.com).

can be employed as a predictive model to eval-
uate the clinical consequences. Although some
researchers have found that knocking down
the expression of DARS2 can inhibit the prolif-
eration of LUAD [5, 6], there are few extensive
reports on the function of DARS2 in LUAD.

Currently, tumor microenvironment (TME), N6-
methyladenosine (m6A) methylation modifica-
tion and cuproptosis are the focus of targeted
therapy for LUAD. Some studies have shown
that LUAD cells can inhibit immune cell infil-
tration into the TME by using the immune sys-
tem regulation mechanism to avoid antitumor
immunity [7, 8]. The modification of m6A RNA is
a continuous and reversible process, and m6A
has been implicated in developing numerous
human diseases, including tumorigenesis [9,
10]. Apoptosis, pyroptosis, and ferroptosis are
all known death mechanisms; however, copper-
dependent cuproptosis differs [11, 12]. Several
studies have shown that unbalanced copper
homeostasis interferes with apoptosis, auto-
phagy, oxidative response, and angiogenesis,
affecting tumorigenesis [13, 14]. Therefore, we
would like to know whether DARS2 is associat-
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ed with immunological infiltration, m6A modifi-
cation, and cuproptosis regulation in LUAD, if it
is implicated in carcinogenesis, and if it can
be used as a potential target for anticancer
therapeutics.

This research aimed to use the bioinformatics
analyses and in vitro experiment to study the
expression difference of DARS2 in LUAD and
the correlation between DARS2, clinicopathol-
ogy, and prognosis. In addition, to further ex-
ploring the molecular mechanism that DARS2
may participate in and the correlation between
its expression level and immunological cell
infiltration, m6A modification, and cuproptosis,
which may provide better management for
LUAD patients. The research roadmap is shown
in Figure 1.

Material and methods
Expression of DARS2 in LUAD
DARS2 expression patterns in multiple can-

cers were evaluated using the Tumor Immune
Estimation Resource (TIMER, http://timer.cis-
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Table 1. Primer sequences for real time PCR

Target Forward Reverse

B-actin TCTTCCAGCCTTCCTTCCT AGCACTGTGTTGGCGTACAG
DARS2 AAGATGTGGTCCTACTAACTGC TGTTTCTAGAAGGTCAGCACAT
HNRNPC CGTGTACCTCCTCCTCCTCCTATTG CCCGCTGTCCACTCTTAGAATTGAAG

YTHDF1 ATGTCGGCCACCAGCGTGGACA

TCATTGTTTGTTTCGACTCTGC

trome.org/; https://cistrome.shinyapps.io/tim-
er/) online database [15-17]. In TIMER analysis,
immunity infiltration and gene expression are
systematically analyzed in numerous forms of
cancer. We downloaded TCGA LUAD cohort
data from the TCGA portal (https://tcga-data.
nci.nih.gov/tcga/) [18]. RNA-seq data were
used for gene expression evaluation, while clini-
cal sample data were used for subsequent clini-
cal feature analysis. Consequently, we down-
loaded four sequencing data containing GEO
LUAD or NSCLC samples (http://www.ncbi.nim.
nih.gov/geo/; GSE7670, GSE18842, GSE31-
210, and GSE50081) for subsequent gene
expression and prognostic analysis [19].

Immunohistochemistry (IHC)

LUAD samples and matched normal samples
were obtained from 42 patients treated surgi-
cally at Taihe Hospital Affiliated of Hubei Uni-
versity of Medicine between 2018 and 2019. In
short, tissue sections were incubated over-
night with antibodies against DARS2 (1:200,
Proteintech), then incubated with HRP second-
ary antibodies (1:500, Abcam), then stained
with DAB, and finally counterstained with
hematoxylin.

IHC staining scores of DARS2 was assessed by
two experienced observers. IHC score of tumor
cells was 0-3: O, negative; 1, weak; 2, medium;
3, strong.

Cell culture and transfection

A549 (BNCC337696) and H1299 (BNCC1002-
68) LUAD cell lines were obtained from the
BeNa Culture Collection (BNCC, China). RPMI-
1640 complete medium and incomplete medi-
um were purchased from KeyGEN Biotech
(KeyGEN, China). Cells were washed with PBS
(KeyGEN, China) and treated with 0.25% try-
psin (T1300, Solarbio, China). LUAD cells were
transiently transfected with siRNA or si-NC
using Lipofectamine 8000 (Beyotime, China).
The following primers were used: siDARS2-1,
Sense: 5-GCCAACAGGUGAGAUUGAATT-3’; An-
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tisense: 5-UUCAAUCUCACCUGUUGGCTT-3'. si-
DARS2-2, Sense: 5-CCACCUAUGGAACUGAU-
AATT-3’; Antisense: 5-UUAUCAGUUCCAUAGGU-
GGTT-3..

Western blot and quantitative real time PCR

The complete experimental method refers to
our previous research [20]. The main experi-
mental reagents and instruments include BCA
kit (Beyotime Biotechnology), PVDF membran-
es (Millipore, USA), anti-DARS2 (Proteintech,
China), anti-GAPDH (Cell Signaling Technology,
USA), TRIzol reagent (Thermo Fisher Scientific,
USA), RT Master Mix kit (TaKara, China), TB
Green Premix Ex Taq Kit (TaKaRa, China), and
Applied Biosystems ViiA TM 7 Real-time PCR
system (Life Technologies, CA). We used -actin
as an internal control for normalization. The
primer sequence used is shown in Table 1.

Cell viability analysis using MTS

siRNA-transfected LUAD cells were seeded into
96-well culture plates. Cell viability was mea-
sured using MTS (CellTiter 96 Aqueous One
Solution Cell Proliferation Assay, Promega)
assay 0, 24, 48 and 72 hours after transfec-
tion. The optical density (OD) was measured at
490 nm by the microplate reader (SpectraMax
M3).

Correlation analyses between DARS2 expres-
sion and clinicopathological characteristics
and prognosis

To further understand the clinical significance
of DARS2, based on TCGA normal lung tissue
and LUAD samples, the diagnostic role of
DARS2 in LUAD was assessed through ROC
curve analysis. Furthermore, we investigated
the TCGA LUAD cohort to examine the relation-
ship between DARS2 expression and clinico-
pathological characteristics of LUAD patients,
including gender, age, pathological stage, OS,
disease-specific survival (DSS) as well as
progression-free survival (PFl). Meanwhile, we
assessed the prognostic value of DARS2 using
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the Kaplan-Meier plotter (http://kmplot.com/
analysis/index.php?p=service) and Progno-
Scan (http://dna00.bio.kyutech.ac.jp/Progno-
Scan/index.html) online website. Kaplan-Meier
Plotter is a database that can be accessed
online and contains gene expression patterns
as well as information about cancer patients’
survival [21]. PrognoScan is a microarray data-
set documenting the biological connection
between gene expression and clinical progno-
sis in several malignancies [22].

Co-expression and functional enrichment
analysis of DARS2 in LUAD

First, we calculated the correlation of DARS2
with other genes in the TCGA LUAD cohort using
Pearson’s correlation. The thresholds for co-
expression were |cor] > 0.3 and P < 0.001.
Then, we used heat maps to show the first 40
genes strongly and adversely linked to DARS2
expression, respectively. Simultaneously, we
determined the first five genes positively linked
to DARS2 expression, analyzed the correlation
between these six genes, and displayed them
using the circlize R package [23]. Finally, we
defined a new threshold, cor > 0.05, P < 0.001,
for functional enrichment testing of co-ex-
pressed genes that meet the threshold condi-
tions by the clusterProfiler R package [24]. The
functional enrichment testing includes Gene
Ontology (GO; http://www.geneontology.org/)
and Kyoto Encyclopedia of Genes and Genomes
(KEGG; http://www.genome.ad.jp/kegg). Other
findings visualizations were plotted by ggplot2
R package.

Correlation between immune infiltration and
DARS2 expression patterns in LUAD

Furthermore, to investigate the possible im-
mune regulatory mechanism of DARS2 in LUAD,
the association between DARS2 expression
and six immunological cells in LUAD was evalu-
ated utilizing the TIMER database. The six
immunological cells were B Cell, CD8+ T Cell,
CD4+ T Cell, Macrophage, Neutrophil and
Dendritic Cell. Moreover, TIMER and GEPIA
were employed to investigate the association
that exists in LUAD between DARS2 and im-
munological cell genetic markers. Previous
research is referred to as immunological cell
markers [9].
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Correlation between m6A-related genes and
DARS2 expression profiles in LUAD

Analyses of the connection between DARS2
and m6A-related gene expression patterns in
the GSE50081, GSE31210, as well as TCGA
LUAD cohorts were conducted using the R pro-
gram. The selection of mO6A-related genes
refers to previous studies [25]. There are 20
genes, including ALKBH5, FTO, HNRNPA2B1,
HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3, ME-
TTL14, METTL3, RBM15, RBM15B, RBMX,
VIRMA, WTAP, YTHDC1, YTHDC2, YTHDF1,
YTHDF2, YTHDF3, and ZC3H13. Employing the
limma R tool, we assessed the expression dif-
ferences of the above-mentioned m6A-associ-
ated genes in the GSE31210 and TCGA LUAD
cohorts. In the TCGA LUAD cohort, the level of
DARS2 expression was classified into two dif-
ferent (high and low) expression categories.
The levels of expression of mB6A-related genes
were then examined between the two groups.
Therefore, the prognosis of genes correlated
with m6A found in the TCGA LUAD cohort was
evaluated. Finally, the UpSetR R program was
used to screen and display the positive genes
that meet the above requirements. Other data
visualizations were plotted by ggplot2 R pack-
age. In order to further verify the potential rela-
tionship between DARS2 and m6A, we detect-
ed the expression level of HNRNPC and YTHDF1
in H1299 cell line after interfering with DARS2
expression.

Correlation between cuproptosis-related genes
and DARS2 expression in LUAD

The R program assessed the connection
between DARS2 expression and cuproptosis
gene expression in the GSE50081, GSE31210,
and TCGA LUAD cohorts. The choice of cupro-
ptosis-related genes corresponds to earlier
studies [11]. There are 10 genes, FDX1, LIAS,
LIPT1, DLD, DLAT, PDHA1, PDHB, MTF1, GLS
and CDKN2A. Concurrently, we investigated the
gene expression variations of the cuproptosis
mentioned above genes in the GSE31210 and
TCGA LUAD cohort by employing the limma R
tool. In the TCGA LUAD cohort, DARS2 expres-
sion was categorized into high and low expres-
sion categories. Variations in cuproptosis-relat-
ed gene expression in the two expression
groups were further investigated. Additionally,
the prognosis of cuproptosis-related genes was
examined in the TCGA LUAD cohort. Finally, the
UpSetR R program was used to detect and dis-
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Figure 2. DARS2 expression in LUAD. A. The TIMER data analyzed the expression difference of DARS2 in pan-
cancer; B. The expression difference of DARS2 in TCGA LUAD paired samples; C-E. Expression differences of DARS2
between tumorous samples and control samples in GSE7670, GSE11842 and GSE31210 datasets; F. ROC curve
demonstrating the diagnostic value of DARS2 expression based on TCGA LUAD cohort. *, P < 0.05; **, P < 0.01;

**% P <0.001.

play positive genes that meet the above re-
quirements. Other data visualizations were
plotted using the ggplot2 R package.

Statistical methods

Most statistical analysis is done through the
bioinformatics mentioned above tools; this
includes the Xiantao platform (www.xiantao.
love), a database that integrates data from
TCGA tumor chips, which contains R software
and its appropriate R software package. It is
primarily utilized on behalf of gene expression,
correlation, enrichment, interactive network,
clinical significance, and related mapping anal-
yses. P < 0.05 was judged as statistically
significant.

Results
Expression of DARS2 in LUAD

When analyzing the expression of DARS2 in
several cancers, we referred to the TIMER data-
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base for our research. Figure 2A demonstrates
that the pattern of DARS2 expression in 15
cancers was significantly elevated contrasted
with the control group, including BLCA (P =
7.25E-08), breast invasive carcinoma (BRCA, P
= 2.81E-26), cervical squamous cell carcinoma
and endocervical adenocarcinoma (CESC, P =
3.30E-03), cholangiocarcinoma (CHOL, P
5.98E-07), colon adenocarcinoma (COAD, P =
6.15E-04), esophageal carcinoma (ESCA, P =
3.00E-07), glioblastoma multiforme (GBM, P =
3.00E-04), head and neck squamous cell carci-
noma (HNSC, P = 1.94E-16), liver hepatocellu-
lar carcinoma (LIHC, P = 3.02E-20), LUAD (P =
9.81E-27), lung squamous cell carcinoma
(LUSC, P = 5.75E-27), prostate adenocarcino-
ma (PRAD, P = 2.90E-04), rectum adenocarci-
noma (READ, P = 3.52E-02), stomach adeno-
carcinoma (STAD, P = 7.61E-18) and uterine
corpus endometrial carcinoma (UCEC). How-
ever, the expression level of DARS2 in five
tumors was significantly reduced compared
to the control group, including kidney chromo-
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Figure 3. DARS2 knockdown inhibits cell proliferation. A. IHC staining picture of DARS2; B, C. The expression differ-
ence of DARS2 between the LUAD samples and the normal samples were analyzed using the IHC (Wilcoxon rank
sum test); D, G. Western blot analysis confirming the success of siDARS2 transfection; E, H. gRT-PCR analysis con-
firming the success of siDARS2 transfection; F, I. Silencing of DARS2 expression reduced the growth of A549 and
H1299 cells. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

phobe (KICH, P = 9.72E-06), kidney clear cell ings, the expression pattern of DARS2 in the
carcinoma (KIRC, P = 1.59E-29), kidney renal tumor group was significantly elevated, con-
papillary cell carcinoma (KIRP, P = 2.33E-04), trasted with the typical control group (Figure
pheochromocytoma and paraganglioma (PCPG, 2B-E, P < 0.001). These findings were based on
P = 2.56E-02) and thyroid carcinoma (THCA, data from TCGA LUAD paired samples and the
P = 3.02E-08). See Supplementary Table 1 for GEO cohort.

the differential analysis results of Pan-cancer

expression of DARS2. Therefore, we analyzed DARS2 knockdown inhibits cell proliferation
the paired data in TCGA LUAD cohort data and

three GEO cohort data to confirm the expres- IHC staining further verified the expression of
sion difference of DARS2 between LUAD sam- DARS2 protein in LUAD and control samples
ples and healthy tissues. According to our find- (Figure 3A). Statistical analysis showed that
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Figure 4. A-l. Correlation analyses between the expression of DARS2 and the clinicopathological characteristics. *,

P <0.05; **, P <0.01; ***, P < 0.001.

the expression of DARS2 in LUAD was signifi-
cantly higher than that in normal samples
(Figure 3B, 3C). In order to explore the effect of
DARS2 on LUAD cells, siRNA was used to inter-
fere with the expression of DARS2 in A549 and
H1299 cells. The interference efficiency was
confirmed by Western blot (Figure 3D, 3G, P <
0.05) and gRT-PCR (Figure 3E, 3H, P < 0.05)
analysis. We used MTS assay to determine the
proliferation activity of the two transfected
cells. The results showed that the cell prolifera-
tion activity of the two siRNA groups was signifi-
cantly lower than that of the siRNA control
group (Figure 3F, 3I, P < 0.05).
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Correlation analyses between DARS2 expres-
sion and clinicopathological characteristics
and prognosis

To further explore the diagnostic accuracy of
DARS2 for LUAD, ROC curves were constructed,
and the ROC area under the curve (AUC) was
computed. ROC curve results demonstrated
that DARS2 has a diagnostic value in LUAD
(AUC: 0.918; CI: 0.895-0.940; P < 0.05) (Figure
2F). However, in the correlation analysis of clini-
cal features, we observed the DARS2 expres-
sion to be significantly elevated in male patients
in comparison with female patients (Figure 4A,
P < 0.001), but DARS2 expression showed no

Am J Cancer Res 2023;13(3):818-834
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relation with age (Figure 4B, P > 0.05). In the
pathological stage, the expression level of
DARS2 in stage IV was significantly elevated
compared with stage | and stage Il (Figure 4C,
P < 0.05). The findings demonstrated no sig-
nificant variation in the expression of DARS2
between the pathological T stage and patho-
logical N stage (Figure 4D, 4E, P > 0.05).
However, in the pathological M stage, the
DARS2 expression pattern in M1 was signifi-
cantly elevated in comparison with MO (Figure
4F, P < 0.001). In prognostic events (OS event,
DSS event and PFI event), the DARS2 expres-
sion level was significantly increased in dead
subjects compared with in alive subjects
(Figure 4G-I, P < 0.05). Meanwhile, through
Kaplan-Meier plotter and PrognoScan analysis,
we found that DARS2 expression level in pa-
tients is associated with poorer OS, DSS and
recurrence-free survival (RFS) (Figure 5, P <
0.05).
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Co-expression and functional enrichment
analysis of DARS2 in LUAD

Pearson’s correlation test found that 2978 pro-
tein-coding genes were positively correlated
with DARS2 expression, and 101 protein-cod-
ing genes showed a negative correlation.
Volcano map shows the distribution of co-
expressed genes with correlation (Figure 6A).
Simultaneously, we demonstrated the foremost
40 genes positively or adversely linked to
DARS2 expression by heat map (Figure 6B, 6C;
Supplementary Table 2). According to the cor-
relation coefficient values, we screened the
top five genes, including URB2 (URB2 Ribo-
some Biogenesis Homolog), NDUFS1 (NADH:
Ubiquinone Oxidoreductase Core Subunit S1),
IARS2 (Isoleucyl-TRNA Synthetase 2, Mitochon-
drial), LRPPRC (Leucine Rich Pentatricopep-
tide Repeat Containing) and UCHL5 (Ubiquitin
C-Terminal Hydrolase L5). Interestingly, we
found that these six genes were significantly
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Figure 6. Co-expression and functional enrichment analysis of DARS2 in LUAD. A. Volcano map shows the distribu-
tion of co-expressed genes with correlation; B, C. Top 40 genes positively or adversely linked to DARS2 expression
by heat map; D. The circled plot shows the correlation between the six genes; E. The bubble diagram shows the
enrichment analysis of DARS2 and its co-expressed genes. ***, P < 0.001.

correlated with each other (Figure 6D, cor >
0.5, P <0.001). To analyze the possible biologi-
cal activities of DARS2 and its co-expressed
genes, we redefined the threshold as cor >
0.05, P < 0.001, and finally, we got 375 co-
expressed genes. Through the enrichment
analysis of DARS2 and the above 375 co-
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expressed genes, we found that the GO enrich-
ment analysis identified 629 enriched GO
terms (445 BP, 106 MF, and 78 CC), and the
KEGG enrichment analysis identified eight
KEGG pathways. DARS2 and its co-expressed
genes are mainly involved in the chromo-
some segregation, chromosomal region, cata-
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lytic activity, acting on RNA and Cell cycle of
LUAD (Figure 6E; Supplementary Table 3).

Correlation between immune infiltration and
DARS2 expression in LUAD

Using timer data, we analyzed the relationship
between DARS2 expression and immunological
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cell infiltration in LUAD. According to the find-
ings, the level of expression of DARS2 was
found to have a negative association with the
expression patterns of B cells (r =-0.244, P =
5.32e-8), CD4+ T cells (r =-0.206, P = 4.91e-6)
and dendritic cells (r = -0.143, P = 1.55e-3)
(Figure 7A). Meanwhile, we analyzed the con-
nection between DARS2 and immunity marker
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genes of multiple immunological cells utilizing
the TIMER and GEPIA databases (Figure 7B).
Analysis revealed that DARS2 expression was
related to B cells, Tfh, and monocyte immunity
marker genes, such as CD19, MS4A1, CD79A,
CXCR3, CXCR5, ICOS, CD14, CD33 and ITGAX.
Combined analysis of immune cell infiltration
and immune cell gene markers, we screened
gene markers of B cells and Tfh and displayed
them using scatter plots (Figure 7C).

Correlation between m6A-related genes and
DARS2 expression in LUAD

In tumorigenesis, proliferation, and metastasis,
m6A modification plays a crucial role. We inves-
tigated the connection between DARS2 expres-
sion and 20 m6A-related gene expression in
LUAD by examining GSE50081, GSE31210 and
TCGA LUAD cohort results. These results sh-
owed that DARS2 expression was significantly
associated with ALKBH5, HNRNPC, IGF2BP1,
IGF2BP3, RBM15, YTHDF1, as well as YTHDF3
in the cohort data of GSE50081, GSE31210
and TCGA LUAD (Figure 8A, P < 0.05). Fur-
thermore, in GSE50081, DARS2 expression
was positively linked to both IGF2BP2 and
WTAP expressions and adversely linked to the
expression of METTL14, YTHDC2 and ZC3H13
(Figure 8A, P < 0.05). In GSE31210, DARS2
was positively correlated with the expression of
RBM15B and adversely linked to the expres-
sion of METTL14, METTL3, RBMX, WATP,
YTHDC1, YTHDC2 and ZC3H13 (Figure 8A, P <
0.05). In the TCGA LUAD cohort data, DARS2
was positively linked to the expression of FTO,
HNRNPA2B1, IGF2BP2, METTL14, METTL3,
RBM15B, RBMX, VIRMA, WTAP, YTHDC1,
YTHDC2, YTHDF2, as well as ZC3H13 (Figure
8A, P < 0.05). Through limma differential ex-
pression analysis, the findings revealed signifi-
cant variations in FTO, HNRNPC, IGF2BP1,
IGF2BP3, METTL14, RBM15, RBMX, WTAP,
YTHDF1, YTHDF2 and ZC3H13 expression bet-
ween tumor samples and control samples in
GSE31210 and TCGA LUAD cohort data (Figure
8B, P < 0.05). In the difference analysis
between the two DARS2 groups, we observed
significant variations in these 20 genes, and
the expression level of these 20 genes in the
high DARS2 expression group was increased
compared with the DARS2 low expression
group (Figure 8C, P < 0.05). In further prognos-
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tic analysis, we observed that the expression
patterns of seven genes had prognostic effects;
moreover, the genes with elevated expression
predicted worse 0S, namely ALKBH5, HNRN-
PA2B1, HNRNPC, IGF2BP1, IGF2BP2, IGF2BP3
and RBM15 (Figure 8D, P < 0.05). Finally, we
screened the positive genes that met the above
conditions and displayed them using UpSetR R
package (Figure 8E, P < 0.05). We found that
simultaneously HNRNPC, IGF2BP1, IGF2BP3,
and RBM15 met all the above screening condi-
tions. Cell experiments showed that the expres-
sion of HNRNPC and YTHDF1 genes decreased
significantly after interfering with the expres-
sion of DARS2 (Figure 8F, P < 0.05).

Correlation between cuproptosis-related genes
and DARS2 expression in LUAD

The induction of cuproptosis is becoming a
promising method to manage human cancer.
We investigated the relationship between
DARS2 expression and 10 cuproptosis genes
expression in LUAD by examining GSE50081,
GSE31210 and TCGA LUAD cohort data. These
findings declared that DARS2 expression was
significantly positively associated with CDKN2A,
DLAT, PDHA1 and PDHB in the GSE50081,
GSE31210, and TCGA LUAD cohort data (Fi-
gure 9A, P < 0.05). Furthermore, in GSE50081,
DARS2 expression was adversely linked to the
expression of GLS (Figure 9A, P < 0.05). In
GSE31210, DARS2 was positively linked to the
expression of DLD and LIAS (Figure 9A, P <
0.05). In the TCGA LUAD cohort data, DARS2
was positively linked to the expression of DLD,
LIAS, LIPT1 and MTF1 (Figure 9A, P < 0.05).
Limma differential expression analysis revealed
significant variations in CDKN2A, DLAT, LIAS
and MTF1 expression between tumorous sam-
ples and control samples in GSE31210 and
TCGA LUAD cohort data (Figure 9B, P < 0.05).
We observed significant variations in seven dis-
tinct genes when we compared the high DARS2
group to the low DARS2 group using different
expression analyses. Compared to the DARS2
low expression group, the level of expression of
these seven genes was significantly increased
when they were studied in the DARS2 high
expression group. The seven genes were DLAT,
DLD, LIAS, LIPT1, MTF1, PDHA1, PDHB, respec-
tively (Figure 9C, P < 0.05). In further prognos-
tic analysis, we found that the expression levels
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meet the above requirements; F. Cell experiment confirmed that the expression of YTHDF1 and HNRNPC decreased
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of DLD had prognostic effects, and the high
expression of genes predicted worse OS (Figure
9D, 9E, P < 0.05). Finally, we screened positive
genes that met the above conditions and dis-
played them using the UpSetR R package.
Because the results of prognosis analysis are
too few, we excluded the results of prognosis
analysis in UpSetR analysis (Figure 9F, P <
0.05). We found that DLAT met all of the above
screening conditions simultaneously.
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Discussion

Lung cancer has the highest incidence and
mortality worldwide [1, 2]. LUAD is a common
histological form of lung cancer [3]. After that, it
is essential to recognize new biomarkers and
pathways for treating LUAD [2]. In previous
studies, DARS2 estimated the OS of LUAD [26-
28] and BLCA [29-31] as a prognostic model.
Jin et al. [6] and Jiang et al. [5] found that
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knocking down the expression of DARS2 could
significantly inhibit the proliferation of LUAD.
Qin et al. [32] found that DARS2 is overex-
pressed in HCC and can promote the progres-
sion of the HCC cell cycle and inhibit apoptosis
of HCC cells, thus promoting the development
of HCC. However, there is no comprehensive
analysis of DARS2 in LUAD.
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This investigation found that DARS2 expre-
ssion increased in many cancers by analyz-
ing TCGA and GEO data. This expression pat-
tern is associated with the clinicopathological
parameters of many patients with LUAD. We
also found that highly expressed DARS2 can
accurately predict LUAD outcomes. Concu-
rrently, patients with high DARS2 expression
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exhibit poorer prognoses, consistent with pre-
vious findings [26-28]. These results suggest
that DARS2 may promote LUAD and may be
a potential predictive and diagnostic indica-
tor.

To understand and interpret the regulating
function of DARS2 in LUAD, we conducted a co-
expression analysis. Through co-expression
analysis, we first screened the top five genes
positively correlated with DARS2 expression,
namely URB2, NDUFS1, IARS2, LRPPRC and
UCHL5. Zhan et al. [33] found that NDUFS1
showed reduced expression in LUAD cells, and
overexpression of NDUFS1 could inhibit the
growth and migration of LUAD cells. Yin et al.
[34] found that IARS2 silencing induced growth
inhibition and cell cycle arrest and promoted
apoptosis of NSCLC cells. Tian et al. [35] found
that LRPPRC exerts a significant role in LUAD by
its antiapoptotic and high invasiveness proper-
ties. According to Liu et al. [36], UCHL5 can
enhance the growth and metastasis of LUAD
induced by EIF3m. In the enrichment analysis
of DARS2 co-expressed genes, we found that
DARS2 and its co-expressed genes were mainly
included in the chromosome segregation, chro-
mosomal region, catalytic activity, acting on
RNA, and the LUAD cell cycle. The above results
indicate that DARS2 and its co-expressed
genes play a key role in establishing LUAD, so
we speculate that DARS2 can also participate
in developing LUAD through different biological
functions.

In view of the important role of immune regula-
tion in LUAD, we tried to explore the relation-
ship between DARS2 expression and immune
cell infiltration in LUAD. The results showed that
DARS2 was negatively correlated with immune
cells (B cell and Tfh). Interestingly, this study
found that the expression of DARS2 in LUAD
was significantly up-regulated, and the up-regu-
lated expression of DARS2 may reduce the infil-
tration level of B cell and Tfh. However, the
lower level of B cell infiltration can predict a
worse survival period of LUAD patients [37]. In
summary, these data provide new insights into
the immune mechanism of DARS2 in LUAD,
which will lay the foundation for targeted pre-
vention, progression monitoring, prognostic
assessment, and personalized medicine.

Various cancers have been linked to abnormali-
ties in the modification of m6A on RNA [38, 39].
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By analyzing the TCGA and GEO datasets, we
discovered four mBA-related genes, HNRNPC,
IGF2BP1, IGF2BP3 and RBM15, met the ex-
pression-related genes, grouping difference
genes and prognostic value genes. Yan et al.
[40] found that overexpression of HNRNPC in
NSCLC cell lines can significantly enhance
tumor cell aggressiveness in vitro and in vivo.
Huang et al. [41] discovered that circxpol pro-
motes the growth and migration of LUAD
through interacting with IGF2BP1 and regulat-
ing the transcriptional stability of CTNNB1. As
per Yan et al. [42] findings, IGF2BP3 promoted
the progression of lung cancer cells by down-
regulating miR-1202. Ma et al. [43] observed
that RBM15 showed elevated expression in
LUAD tissues and cells, and RBM15 knock-
down could reduce methylation levels, reduce
proliferation, accelerate apoptosis, and inhibit
tumor growth. If the prognostic value is uncon-
sidered, YTHDF1 and DARS2 are significantly
correlated, with significant differences between
different groups. Shi et al. [44] observed that
YTHDF1 depletion decreased NSCLC cell gr-
owth and xenograft carcinogenesis through
modulating CDK2, CDK4, and cyclin D1 transla-
tion effectiveness. In summary, we believe that
the promotion of DARS2 in the emergence and
progression of LUAD can be associated with
mMG6A alteration, which can influence the level of
LUAD methylation by altering the expression
level of HNRNPC, IGF2BP1, IGF2BP3, RBM15
and YTHDF1, and then affect the progress of
LUAD. Interestingly, in vitro cell experiments
confirmed that the expression level of HNRNPC
and YTHDF1 genes decreased significantly
after interfering with the expression of DARS2.
Although bioinformatics analysis showed that
the expression of YTHDF1 had no prognostic
significance, YTHDF1 was significantly correlat-
ed with DARS2 in LUAD data set, and there was
significant difference between tumor samples
and normal samples. Therefore, we speculate
that HNRNPC and YTHDF1 genes may be poten-
tial targets of DARS2, and may affect the prog-
ress of LUAD by regulating the expression of
HNRNPC and YTHDF1.

Cuproptosis and copper are closely related to
cancer genesis, severity, and progression, mak-
ing them vulnerable targets for cancer preven-
tion [12, 13]. A meta-analysis included 33 arti-
cles, including 3026 cases and 9439 controls.
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The combined results showed that the serum
copper level of lung cancer patients was
increased compared with that of the healthy
control group, suggesting that elevated serum
copper levels can raise the risk of lung cancer
[45]. This research declared that only DLAT met
the conditions of expression pattern correla-
tion and grouping difference significance simul-
taneously. Chen et al. found that the increased
DLAT expression positively correlated with the
tumor size, bad fate and SUVmax value of
BF-FDG PET/CT scanning of NSCLC patients,
suggesting that DLAT-related pathways may be
targets of NSCLC treatment [46]. Therefore, we
believe that the promotion of DARS2 on the
onset and progression of LUAD may be con-
nected with DLAT, and the overexpression of
DARS2 in LUAD may affect the copper ion
imbalance of LUAD by impairing DLAT expres-
sion and then affect the progress of LUAD.

Despite the fact that this contributes to the lit-
erature on the reliability of DARS2 as a prog-
nostic biomarker of LUAD, it is important to
keep in mind that it is not without its draw-
backs. First, most of our study inputs were col-
lected through online databases, so we could
not assess the quality of the data. Second, fur-
ther experiments are needed to validate our
findings.

Conclusions

We concluded that increased DARS2 expres-
sion in LUAD patients predicts a worse survival
prognosis and is closely related to aggressive
clinical features, unfavourable immune infiltra-
tion, m6A modification and cuproptosis. The
present results revealed that DARS2 could
serve as a novel prognostic and diagnostic bio-
marker of LUAD. However, the DARS2 mecha-
nism that regulates LUAD tumorigenesis and
progression needs further clarification.
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Supplementary Table 1. Differential analysis results of Pan-cancer expression of DARS2

Tumor Nor p

BLCA.Tumor (n=408) BLCA.Normal (n=19) 7.25E-08
BRCA.Tumor (n=1093) BRCA.Normal (n=112) 2.81E-26
CESC.Tumor (n=304) CESC.Normal (n=3) 3.30E-03
CHOL.Tumor (n=36) CHOL.Normal (n=9) 5.98E-07
COAD.Tumor (n=457) COAD.Normal (n=41) 6.15E-04
ESCA.Tumor (n=184) ESCA.Normal (n=11) 3.00E-07
GBM.Tumor (n=153) GBM.Normal (n=5) 3.00E-04
HNSC-HPV+.Tumor (n=97) HNSC-HPV-.Tumor (n=421) 1.02E-04
HNSC.Tumor (n=520) HNSC.Normal (n=44) 1.94E-16
KICH.Tumor (n=66) KICH.Normal (n=25) 9.72E-06
KIRC.Tumor (n=533) KIRC.Normal (n=72) 1.59E-29
KIRP.Tumor (n=290) KIRP.Normal (n=32) 2.33E-04
LIHC.Tumor (n=371) LIHC.Normal (n=50) 3.02E-20
LUAD.Tumor (n=515) LUAD.Normal (n=59) 9.81E-27
LUSC.Tumor (n=501) LUSC.Normal (n=51) 5.75E-27
PAAD.Tumor (n=178) PAAD.Normal (n=4) 3.02E-01
PCPG.Tumor (n=179) PCPG.Normal (n=3) 2.56E-02
PRAD.Tumor (n=497) PRAD.Normal (n=52) 2.90E-04
READ.Tumor (n=166) READ.Normal (n=10) 3.52E-02
SKCM.Tumor (n=103) SKCM.Metastasis (n=368) 2.48E-07
STAD.Tumor (n=415) STAD.Normal (n=35) 7.61E-18
THCA.Tumor (n=501) THCA.Normal (n=59) 3.02E-08
UCEC.Tumor (n=545) UCEC.Normal (n=35) 1.25E-13




