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Abstract 

Objective

Lung cancer has the highest incidence and mortality rates globally, with the majority of 

cases classified as non-small cell lung cancer (NSCLC). Due to the absence of specific 

tumor biomarkers, most lung cancer cases are diagnosed at an advanced stage. There-

fore, the identification of novel molecular biomarkers with high sensitivity and specificity 

for early diagnosis is deemed crucial for enhancing the treatment of NSCLC. Transfer 

RNA-derived small RNA (tsRNA) is closely associated with malignant tumors and holds 

promise as a potential biomarker for tumor diagnosis. This study aimed to investigate 

whether serum tsRNA could serve as a biomarker for NSCLC.

Methods

Differentially expressed tsRNAs were identified through high-throughput sequencing of 

serum samples obtained from patients with NSCLC and healthy individuals. Additional 

serum samples were collected for validation using Reverse Transcription Quantitative 

Polymerase Chain Reaction (RT-qPCR). The diagnostic performance of these tsRNAs was 

assessed through Receiver Operating Characteristic (ROC) Curve Analysis. Furthermore, 

preliminary functional exploration was undertaken through cell experiments.

Results

tsRNA-49-73-Glu-CTC is highly expressed in the serum of patients with NSCLC and 

demonstrates superior diagnostic value compared to commonly used tumor markers 

in clinical practice, such as Carcinoembryonic Antigen (CEA), Neuron-Specific Eno-

lase (NSE), and Cytokeratin 19 Fragment (CYFRA). A combined diagnostic approach 

enhances the accuracy of NSCLC detection. Additionally, tsRNA-49-73-Glu-CTC is highly 

expressed in A549 cells, and transfection with a tsRNA-49-73-Glu-CTC inhibitor signifi-

cantly reduces both proliferation and migration capabilities.
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Conclusions

tsRNA-49-73-Glu-CTC has the potential to serve as a novel molecular diagnostic bio-

marker for NSCLC and plays a significant role in the biological processes associated with 

NSCLC proliferation and migration.

1  Introduction
According to global cancer statistics, lung cancer is the most common cancer worldwide 
[1,2]. Recent data indicate that lung cancer ranks first globally in terms of new cases, with 
an estimated 2.5 million diagnoses annually [2]. It is also the leading cause of cancer-related 
deaths, accounting for approximately 1.8 million fatalities, or 18.7% of all cancer deaths—far 
surpassing colorectal cancer, which ranks second at 9.3% [2,3]. The five-year survival rate 
for lung cancer remains below 20% [4–6]. NSCLC and small cell lung cancer (SCLC), with 
NSCLC comprising over 85% of cases [2]. Among NSCLC subtypes, adenocarcinoma is 
the most prevalent, accounting for approximately 40% of cases, followed by squamous cell 
carcinoma, which accounts for about 25% [6,7]. The lack of specific diagnostic biomarkers 
often leads to lung cancer being diagnosed at an advanced stage [8,9]. CEA, a commonly 
used clinical cancer biomarker, shows relatively high sensitivity for NSCLC, particularly 
adenocarcinoma [10–13]. However, as a broad-spectrum biomarker, its specificity is limited, 
as elevated levels can also be observed in other malignancies and some benign conditions 
[14,15]. Squamous Cell Carcinoma Antigen (SCCA) provides diagnostic value for advanced-
stage lung squamous cell carcinoma but exhibits low sensitivity for early-stage lung cancer 
[3,16]. Pro-Gastrin-Releasing Peptide (Pro-GRP) is a specific biomarker for SCLC, with a 
sensitivity of 60%-70% for early-stage SCLC; however, it has no diagnostic utility for NSCLC 
[17,18]. Although tissue biopsy remains the gold standard for lung cancer diagnosis, invasive 
procedures can cause significant discomfort to patients and carry risks such as infection, 
pneumothorax, and other iatrogenic injuries. Imaging studies, particularly low-dose com-
puted tomography (CT), have demonstrated diagnostic value in lung cancer [19]. However, 
their high cost and limited accessibility impede widespread adoption. Despite the reduced 
radiation dose, repeated screenings may result in cumulative radiation exposure, thereby 
increasing patients’ overall radiation risk. Therefore, finding safer and non-invasive diag-
nostic methods is of great importance. This study aims to explore the potential of tsRNA as 
a diagnostic biomarker for lung cancer. With the advancement of high-throughput sequenc-
ing, an increasing number of non-coding RNAs have come into focus. Initially regarded as 
mere degradation products of tRNA [20]. tsRNAs have since been shown to play significant 
roles in various biological processes, including the inhibition of translation, regulation of 
mRNA function, and mediation of intercellular communication [21–23]. tsRNAs are pri-
marily categorized into two types: tiRNA halves (tiRNA) generated by angiogenin (ANG) 
cleavage of the mature tRNA anticodon loop, and tRNA-derived fragments (tRFs) produced 
by ribonuclease (RNase) cleavage of precursor or mature tRNA ends [24]. tiRNAs typically 
range from 31–40 nucleotides in length, with both 5’-tiRNA and 3’-tiRNA types, while tRFs 
are shorter, usually 14–30 nucleotides in length, and can be cleaved from different regions of 
tRNA [25,26]. The surface of tsRNAs is modified in multiple ways, which confers stability in 
diverse body fluids, thereby positioning them as potential molecular diagnostic biomarkers.

Research has demonstrated that tsRNAs exhibit stable expression under normal physiological 
conditions; however, their expression levels become dysregulated in response to stress [27,28]. 
The expression profiles of tsRNAs vary across different diseases and cancers, and may also 
change depending on the stage of the disease or malignancy. For example, 5’-tiRNA-Cys-GCA 
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expression is downregulated in patients with aortic dissection [29]. tRF-20-S998LO9D is 
expressed at low levels in patients with endometrial cancer [30]. tRF-23-Q99P9P9NDD, highly 
expressed in the serum of gastric cancer patients, effectively distinguishes between gastric cancer 
and healthy individuals, as well as between benign gastric conditions and different stages of 
gastric cancer [31]. tiRNA-1:33-Pro-TGG-1 can assist in the diagnosis of sessile serrated lesions, 
contributing to the early prevention of colorectal cancer [32]. tsRNAs are stable in serum, 
and serum tsRNA can serve as valuable non-invasive biomarkers for pancreatic, gastric, and 
liver cancers [33–35]. Research has demonstrated through data analysis that certain tsRNAs 
in plasma could effectively differentiate lung adenocarcinoma patients from healthy individu-
als, indicating the potential of tsRNAs as diagnostic biomarkers for lung cancer. However, the 
expression and diagnostic value of tsRNAs in the serum of lung cancer patients remain inade-
quately understood and warrant further investigation.

The primary objective of this study was to investigate the relationship between serum 
tsRNA and NSCLC. Initially, high-throughput sequencing analysis of serum samples from 
three pairs of NSCLC patients and healthy individuals identified tsRNA-49-73-Glu-CTC 
as significantly differentially expressed. This finding was subsequently validated through 
RT-qPCR on the serum of 32 patients and 20 healthy individuals, confirming that tsRNA-49-
73-Glu-CTC is highly expressed in the serum of NSCLC patients. ROC curve analysis revealed 
that tsRNA-49-73-Glu-CTC has a greater diagnostic value for NSCLC than CEA, NSE, 
and CYFRA. Moreover, a combined diagnostic approach significantly enhances diagnostic 
accuracy, suggesting that tsRNA-49-73-Glu-CTC may serve as a specific molecular diagnostic 
biomarker for NSCLC. Furthermore, the inhibition of tsRNA-49-73-Glu-CTC expression 
reduced the proliferation and migration abilities of A549 cells, indicating that tsRNA-49-73-
Glu-CTC may play a role in the proliferation and migration processes associated with NSCLC.

2  Methods and materials

2.1  Samples and cells
All serum samples utilized in this study, which were gotten from 32 NSCLC patients and 20 
healthy controls from 20/09/2024 to 30/10/2024, were sourced from the Qingdao Central 
Hospital, University of Health and Rehabilitation Science (Qingdao Central Hospital). The 
NSCLC patients included in the study were pathologically confirmed, had not undergone any 
treatment at the time of serum collection, and provided informed consent in accordance with 
ethical guidelines. Serum samples were collected and stored following standard procedures. 
The clinical information of the patients is provided in S1 Table.

The human bronchial epithelial cell line (BEAS-2B) cells served as a control to simulate 
normal lung epithelial cells, while A549 cells were chosen because lung adenocarcinoma was 
the predominant pathological type observed among patients, and A549 is a commonly used 
lung adenocarcinoma cell line. BEAS-2B cells were obtained from FuHeng Biology (Shanghai, 
China). A549 cells were obtained from Pricella Biotechnology (Wuhan, China). BEAS-2B 
cells were cultured in high-glucose DMEM medium (ThermoFisher Scientific, MA, USA) 
supplemented with 10% fetal bovine serum (FBS) (ThermoFisher Scientific, MA, USA) and 
1% penicillin/streptomycin. A549 cells were cultured in Ham’s F-12K medium (ThermoFisher 
Scientific, MA, USA) supplemented with 10% FBS and 1% penicillin/streptomycin. Cells were 
maintained in a 37°C incubator with 5% CO₂.

2.2  Sequencing with high throughput
Total RNA (extracted from the serum of 3 NSCLC patients and 3 healthy controls) are qual-
ified by agarose gel electrophoresis and quantified using Nanodrop™ instrument. Aksomics 



PLOS ONE | https://doi.org/10.1371/journal.pone.0320187  March 28, 2025 4 / 15

PLOS ONE A promising serum biomarker in non-small cell lung cancer

(Shanghai, China) was commissioned to perform tRF & tiRNA-seq library preparation, which 
includes 3’ and 5’ small RNA adapters, cDNA synthesis and library PCR amplification. The 
prepared tRF and tiRNA-seq libraries were subsequently quantified using the Agilent Bio-
Analyzer 2100 and sequenced with an Illumina sequencer. The high-throughput sequencing 
results have been uploaded to the GEO database (GSE278659).

2.3  Extraction of total RNA, reverse transcription into cDNA, and 
quantitative RT-PCR
RNA was extracted from serum and cells using TRIzol reagent (Invitrogen, Shanghai, China). 
First-strand cDNA synthesis was carried out using the miRNA 1st Strand cDNA Synthesis 
Kit (by stem-loop) (Vazyme, Nanjing, China), followed by PCR amplification using miRNA 
Universal SYBR qPCR Master Mix (Vazyme, Nanjing, China).

The primer sequences used for tsRNA-49:73-Glu-CTC were as follows:

Forward (F): AAGAAGACGGGTTCGATTCCCG

Reverse (R): ATCCAGTGCAGGGTCCGAGG

Reverse Transcription (RT): GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA 
TACGACGTTCCC

U6 small nuclear RNA was used as the internal reference gene, with the following primer 
sequences:

Forward (F): GCTTCGGCAGCACATATACTAAAAT

Reverse (R): CGCTTCACGAATTTGCGTGTCAT

Primer sequences are all synthesized by Sangon Biotech (Shanghai, China).

2.4  Functional analysis
2.4.1  Cell transfection.  Based on the sequence of tsRNA-49-73-Glu-

CTC, tsRNA-49-73-Glu-CTC Negative Control (NC) and inhibitor were 
synthesized by Sangon Biotech (Shanghai, China). The inhibitor NC sequence is 
5’-CAGUACUUUUGUGUAGUACAA-3’, and the tsRNA-49-73-Glu-CTC inhibitor 
sequence is 5’-GUUCCCUGACCGGGAAUCGAACCCG-3’. The solutions were prepared at 
a concentration of 20 μM, following the manufacturer’s instructions. Transfection into A549 
cells was carried out using Lipofectamine 2000 transfection reagent (ThermoFisher Scientific, 
MA, USA) at the recommended concentrations (15 pmol/well in 24-well plates). Functional 
assays were performed 24 to 48 hours post-transfection.

2.4.2  Cell Counting Kit-8.  Transfected A549 cells were uniformly seeded into 96-well 
plates at a density of 1,000 cells per well. The CCK-8 reagent was subsequently added on day 
1, 2, 3, 4, and 5 to measure the optical density (OD) values.

2.4.3  Migration analysis.  Cells transfected with tsRNA-49-73-Glu-CTC NC or inhibitor 
were seeded into 6-well plates. Once the cells achieved 80% confluence, a scratch assay was 
conducted. The cells were subsequently cultured in media devoid of antibiotics, without 
serum, or with less than 1% serum. Scratch areas were measured at 0 h and 48 h, and the 
change in area was calculated to evaluate cell migration.

2.5  Statistical analysis
The diagnostic capability of candidate tsRNAs for NSCLC was assessed using receiver 
operating characteristic (ROC) curves [36], with the Youden index assisting in determining 
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the cutoff values. Data analysis was performed using SPSS (IBM SPSS Statistics 26.0; SPSS, 
Chicago, IL, USA) and GraphPad Prism 10 (GraphPad Software 10.1.2, San Diego, CA, USA). 
Data are presented as mean ±  SE. Where appropriate, t-tests were used for data comparison. 
Pie charts, stacked bar charts, scatter plots, volcano plots, and heat maps were generated using 
the R package. A probability (P) value <  0.05 was considered statistically significant.

2.6  Approval and consent for ethics participation
The study protocol was approved by the Ethics Committee of the Affiliated Qingdao Central 
Hospital of the University of Rehabilitation (KY202415201) on 18/09/2024. The study was 
conducted in accordance with the ethical principles for medical research involving human 
subjects as described in the Declaration of Helsinki. Written informed consent was obtained 
from all participants prior to their inclusion in the study. All patient information has been 
replaced with identification codes, and no personal or identifiable data has been revealed.

3  Results

3.1  TsRNA expression profiles in NSCLC patients and healthy individuals
Serum samples were collected from three untreated NSCLC patients and three healthy indi-
viduals undergoing routine physical examinations. High-throughput sequencing was con-
ducted on these samples, resulting in the identification of 3,522 types of tsRNAs (Fig 1A). The 
majority of the tsRNAs detected in the serum of both NSCLC patients and healthy individuals 
were novel discoveries, not previously recorded in common RNA databases (Fig 1C, D). The 
analysis revealed that 786 highly expressed tsRNAs (CPM >  20) were present in both NSCLC 
patients and healthy individuals, while 1,014 tsRNAs were specifically expressed in the serum 
of NSCLC patients, and only 195 tsRNAs were expressed in the serum of healthy individuals 
(Fig 1B). Further classification of tsRNAs showed that glutamate (Glu)-related tsRNAs were 
the most abundant. Moreover, we observed that while the types of tRNAs did not differ sig-
nificantly between NSCLC patients and healthy individuals, there were notable differences in 
expression levels (Fig 1E, F).

3.2  Differential expression of tsRNAs
Further analysis revealed that 786 tsRNAs were differentially expressed in the serum of 
NSCLC patients compared to healthy individuals (Fig 2A). Using a fold change threshold of 
≥ 1.5 and a p-value of ≤ 0.05, we identified 18 tsRNAs that were significantly upregulated and 
15 tsRNAs that were significantly downregulated in cancer patients (Fig 2B, C). Subsequently, 
we selected the five most differentially expressed tsRNAs—tsRNA-49:73-Glu-CTC, tsRNA-
19:32-Lys-CTT, tsRNA-18:32-Lys-CTT, tsRNA-14:32-Lys-CTT, and tsRNA-16:31-Lys-CTT—
for RT-qPCR validation. RT-qPCR analysis of serum from the three NSCLC patients and 
three healthy individuals showed that tsRNA-49:73-Glu-CTC, tsRNA-19:32-Lys-CTT, and 
tsRNA-18:32-Lys-CTT were significantly upregulated in NSCLC patients compared to healthy 
individuals (P <  0.05) (Fig 2D, E, F). However, no significant differences were observed in the 
expression levels of tsRNA-14:32-Lys-CTT and tsRNA-16:31-Lys-CTT (S1 Fig).

3.3  Secondary structure prediction
The secondary structures of tsRNA-49:73-Glu-CTC, tsRNA-19:32-Lys-CTT, and tsRNA-
18:32-Lys-CTT were predicted using the RNA secondary structure visualization tool (http://
rna.tbi.univie.ac.at/forna/) (Fig 3). Given the requirements for subsequent experiments and 
the intrinsic stability of tsRNAs, we selected the longer and more structurally stable tsRNA-
49:73-Glu-CTC as the target for further investigation.

http://rna.tbi.univie.ac.at/forna/
http://rna.tbi.univie.ac.at/forna/
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Fig 1.  Serum tsRNA expression profiles in NSCLC patients. (A) Venn diagram showing the number of known and 
detected tsRNAs. (B) Number of tsRNAs expressed in the serum of NSCLC patients and healthy controls. (C, D) Dis-
tribution of tsRNA subtypes in NSCLC and healthy serum samples. (E, F) The number of subtype tsRNA against tRNA 
isodecoders. The X axes represents tRNA decoders and the Y axes shows the number of all subtype tsRNA against tRNA 
isodecoders. The color represents the subtype tsRNA.

https://doi.org/10.1371/journal.pone.0320187.g001

https://doi.org/10.1371/journal.pone.0320187.g001
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Fig 2.  Differentially expressed tsRNAs. (A) Scatter plot of differentially expressed tsRNAs between NSCLC and 
healthy controls. The values on the X and Y axes represent the average CPM values for each group (log2 scaled). Red 
dots above the top line (upregulated) or green dots below the bottom line (downregulated) indicate tsRNAs with a 
fold change greater than 1.5 between the two comparison groups. Gray dots represent non-differentially expressed 
tsRNAs. (B) Volcano plot of significantly differentially expressed tsRNAs between NSCLC and healthy controls. (C) 
Heatmap of significantly differentially expressed tsRNAs between NSCLC and healthy controls. (D, E, F) Expression 
levels of tsRNA-49:73-Glu-CTC, tsRNA-19:32-Lys-CTT, and tsRNA-18:32-Lys-CTT in the serum of NSCLC patients 
and healthy controls, ****P <  0.0001.

https://doi.org/10.1371/journal.pone.0320187.g002

https://doi.org/10.1371/journal.pone.0320187.g002
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3.4  Diagnostic value of tsRNA-49:73-Glu-CTC in serum
We conducted RT-qPCR analysis on the serum of 32 patients with NSCLC and 20 healthy 
controls. Compared to the control group, tsRNA-49:73-Glu-CTC was significantly upregu-
lated in NSCLC patients, with a statistically significant difference (P <  0.05) (Fig 4A). Subse-
quently, we performed ROC analysis to assess the diagnostic value of tsRNA-49:73-Glu-CTC 
(Table 1). The results indicated that the area under the curve (AUC) for tsRNA-49:73-Glu-
CTC was 0.785, with a sensitivity of 68.8% and a specificity of 84.2% (Fig 4B). In comparison 
to commonly used tumor markers (CEA, AUC =  0.589; NSE, AUC =  0.591; CYFRA, AUC =  
0.560) (Fig 4C), tsRNA-49:73-Glu-CTC exhibited superior diagnostic value based on random 
samples from 72 NSCLC patients and 100 healthy individuals collected between April 2023 
and July 2024. When combined with CEA, NSE, and CYFRA, the AUC for tsRNA-49:73-
Glu-CTC was further enhanced, achieving a maximum of 0.870 when all four markers were 
utilized together (Fig 4D). These findings suggest that tsRNA-49:73-Glu-CTC has the poten-
tial to serve as a valuable diagnostic biomarker, and its combination with other clinical tumor 
markers can significantly enhance diagnostic accuracy.

3.5  Preliminary exploration of the function of tsRNA-49:73-Glu-CTC in 
NSCLC
Given the high expression of tsRNA-49:73-Glu-CTC in patients with NSCLC, we conducted 
a preliminary study to investigate its role in NSCLC development. Initially, we assessed the 
expression levels of tsRNA-49:73-Glu-CTC in normal lung epithelial cells (Beas-2b) and lung 
adenocarcinoma cells (A549). Our results revealed that tsRNA-49:73-Glu-CTC was signifi-
cantly more expressed in A549 cells compared to Beas-2b cells, aligning with the changes 
observed in serum (Fig 5A). Following the transfection of A549 cells with a tsRNA-49:73-
Glu-CTC inhibitor, we noted a substantial reduction in tsRNA-49:73-Glu-CTC expression, 
confirming the success of the inhibition (Fig 5B). Subsequent functional assays indicated that 
A549 cells transfected with the tsRNA-49:73-Glu-CTC inhibitor exhibited decreased prolifer-
ation compared to the control group, as evidenced by the CCK-8 assay (Fig 5C). Furthermore, 
the wound healing assay demonstrated that transfection with the tsRNA-49:73-Glu-CTC 
inhibitor hindered the migratory capacity of A549 cells (Fig 5D). These findings suggest 
that tsRNA-49:73-Glu-CTC may play a significant role in the proliferation and migration of 
NSCLC cells.

Fig 3.  Secondary structures of tsRNA-49:73-Glu-CTC, tsRNA-19:32-Lys-CTT, and tsRNA-18:32-Lys-CTT.

https://doi.org/10.1371/journal.pone.0320187.g003

https://doi.org/10.1371/journal.pone.0320187.g003
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4  Discussion
Lung cancer is the leading cause of both incidence and mortality rates worldwide, with 85% 
of cases classified as NSCLC. The five-year survival rate for this type of cancer is less than 
20% [2]. One of the primary reasons for the high mortality rate associated with lung cancer 
is the absence of effective early diagnostic methods, which often result in late-stage diagno-
ses. This delay frequently leads to missed opportunities for optimal therapeutic intervention 
[8,9]. However, for early-stage lung cancer, the five-year survival rate can reach up to 70% 

Fig 4.  Diagnostic value analysis of tsRNA-49:73-Glu-CTC in serum. (A) Expression levels of tsRNA-49:73-Glu-CTC in 
the validation cohort. (B) ROC curve analysis of tsRNA-49:73-Glu-CTC. (C) ROC curve analysis of tsRNA-49:73-Glu-CTC 
combined with CEA, NSE, and CYFRA individually. (D) ROC curve analysis of tsRNA-49:73-Glu-CTC combined with CEA, 
NSE, and CYFRA. AUC: Area Under the Curve; NSE: Neuron-Specific Enolase; CYFRA: Cytokeratin 19 Fragment; tsRNA: 
tsRNA-49:73-Glu-CTC. *  P < 0.05.

https://doi.org/10.1371/journal.pone.0320187.g004

https://doi.org/10.1371/journal.pone.0320187.g004
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with treatment [37]. Therefore, early diagnosis and intervention are essential for the effective 
management of lung cancer. Among the various diagnostic approaches being explored, liquid 
biopsy has emerged as a promising tool due to its ability to detect molecular biomarkers in 
body fluids, offering new avenues for early cancer detection. Liquid biopsy presents several 
advantages, including its non-invasive nature, easy accessibility, and high clinical practicality 
[38]. Serum, as a commonly used diagnostic sample, is devoid of anticoagulants when com-
pared to plasma, which leads to fewer interfering factors and enhanced stability [39]. Studies 
have identified tRF 17 18VBY9M in serum as a potential diagnostic biomarker for gastric 
cancer, demonstrating its ability to effectively differentiate between stage I/II and stage III/IV 
gastric cancer [40]. There are studies investigating the use of serum tsRNAs as molecular diag-
nostic biomarkers in various cancers, including pancreatic cancer, breast cancer, and renal 
cell carcinoma [41–43]. Therefore, this study aimed to address the critical question of whether 
potential molecular diagnostic biomarkers for NSCLC can be identified in serum.

Initially, this study employed high-throughput sequencing on serum samples from three 
pairs of NSCLC patients and healthy controls to identify tsRNA-49:73-Glu-CTC, which 
demonstrated significant differential expression in the serum of NSCLC patients. The sample 
size was subsequently expanded, and the elevated expression of tsRNA-49:73-Glu-CTC in the 
serum of NSCLC patients was validated using RT-qPCR. ROC curve analysis was conducted 
to compare tsRNA-49:73-Glu-CTC with commonly utilized clinical tumor markers (CEA, 
NSE, CYFRA), revealing that tsRNA-49:73-Glu-CTC achieved an AUC of 0.785, with a sen-
sitivity of 68.8% and a specificity of 84.2%. This indicates a superior diagnostic performance 
compared to CEA, NSE, and CYFRA, highlighting its potential as a molecular biomarker. In 
this study, 88.9% of the NSCLC patients were in the early stages (IA-IIB), and it was observed 
that CEA, NSE, and Cyfra21-1 exhibited lower diagnostic capabilities for early-stage NSCLC 
compared to late-stage lung cancer, complicating the differentiation of early-stage lung cancer 
patients from healthy individuals [15]. Furthermore, tsRNA-49:73-Glu-CTC exhibits superior 
screening capability and, when combined with CEA, NSE, and CYFRA, significantly enhances 
the diagnostic performance of these biomarkers.

tsRNAs exhibit properties akin to microRNAs (miRNAs) and are implicated in the 
development and progression of cancer [21–23]. For instance, tRFdb-3013a/b can tar-
get and regulate the expression of ST3GAL1 in colon adenocarcinoma, thereby exerting 

Table 1.  ROC curve analysis of individual and combined groups.

AUC SEN SPE cut off 95% CI
Lower-bound Upper-bound

tsRNA-49:73-GLU-CTC 0.785 0.688 0.842 1.958 0.660 0.909
CEA 0.589 0.688 0.632 2.205 0.420 0.757
NSE 0.591 0.375 0.947 15.900 0.436 0.747
CYFRA 0.560 0.719 0.474 1.370 0.392 0.728
tsRNA-49:73-GLU-CTC+CEA 0.785 0.688 0.842 0.550 0.661 0.908
tsRNA-49:73-GLU-CTC+NSE 0.865 0.844 0.789 0.503 0.766 0.964
tsRNA-49:73-GLU-CTC+CYFRA 0.786 0.719 0.895 0.541 0.661 0.911
tsRNA-49:73-GLU-CTC+CEA+NSE 0.865 0.844 0.789 0.523 0.767 0.963
tsRNA-49:73-GLU-CTC+CEA+CYFRA 0.868 0.75 0.947 0.575 0.771 0.966
tsRNA-49:73-GLU-CTC+NSE+CYFRA 0.789 0.719 0.895 0.555 0.666 0.913
tsRNA-49:73-GLU-CTC+CEA+NSE+CYFRA 0.870 0.75 0.947 0.585 0.774 0.966

AUC: Area Under the Curve; SEN: Sensitivity; SPE: Specificity; CI: Confidence Interval.

https://doi.org/10.1371/journal.pone.0320187.t001

https://doi.org/10.1371/journal.pone.0320187.t001
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antitumor effects [44]. tiRNA-Val-CAC-2 is significantly upregulated in metastatic pancre-
atic cancer lesions, promoting metastasis by enhancing FUBP1 stability and upregulating 
c-MYC transcription [45]. A specific group of tRFs functionally binds to the oncogenic 
RNA-binding protein YBX1, displacing YBX1 from its target transcripts and suppressing 
breast cancer progression [46]. Additionally, several studies have investigated the mech-
anisms of tsRNAs in lung cancer. For example, tsRNA-5001a can inhibit the antitumor 
function of the tumor suppressor gene GADD45G by reducing its stability, which in 
turn enhances tumor proliferation [47]. AS-tDR-007333 can enhance the proliferation 
of NSCLC cells by activating the interaction between HSPB1 and MED29, as well as by 

Fig 5.  Preliminary functional exploration of tsRNA-49:73-Glu-CTC. (A) Expression levels of tsRNA-49:73-Glu-
CTC in BEAS-2B and A549 cells. (B) Expression of tsRNA-49:73-Glu-CTC in A549 cells after transfection with 
tsRNA-49:73-Glu-CTC inhibitor. (C) CCK-8 cell proliferation assay. (D) Cell scratch assay. NC-IN: inhibitor NC; 
tsRNA-IN: tsRNA-49:73-Glu-CTC inhibitor. *  P < 0.05, **** P < 0.0001.

https://doi.org/10.1371/journal.pone.0320187.g005

https://doi.org/10.1371/journal.pone.0320187.g005
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interacting with ELK4 to modulate the transcription of the MED29 promoter. This finding 
reveals a novel mechanism through which transfer RNA fragments (tRFs) interact with 
HSPB1 and ELK4 to regulate NSCLC cell proliferation [48]. This study found that  
tsRNA-49:73-Glu-CTC was expressed at significantly higher levels in A549 cells com-
pared to normal lung epithelial cells. To investigate the effect of tsRNA-49:73-Glu-CTC 
on NSCLC, we transfected A549 cells with a tsRNA-49:73-Glu-CTC inhibitor. The results 
indicated that transfected cells exhibited reduced proliferation and diminished migratory 
ability, suggesting that tsRNA-49:73-Glu-CTC may play a role in the proliferation and 
migration processes associated with NSCLC. However, due to the small sample size and 
limited geographic scope of this study, future research should incorporate larger sample 
sizes and broader geographic representation to validate these findings. Additionally, the 
function of tsRNA-49:73-Glu-CTC has only been preliminarily examined, necessitating 
further research to elucidate its underlying mechanisms.

5  Conclusion
This study demonstrates that tsRNA-49:73-Glu-CTC is highly expressed in the serum of 
patients with NSCLC, indicating its potential as a novel non-invasive biomarker. Further-
more, it is implicated in the proliferation and migration of A549 cells, thereby opening new 
avenues for research into the pathogenesis of NSCLC.

Supporting information
S1 Table.  Patient characteristics. 
(DOCX)

S1 Fig.  Expression levels of tsRNA-14:32-Lys-CTT and tsRNA-16:31-Lys-CTT in the 
serum of NSCLC patients and healthy controls. 
(TIF)

Acknowledgments
We sincerely acknowledge the support from Qingdao Central Hospital and the invaluable 
guidance of our mentor. Special thanks to the team members for their collaborative spirit. We 
also appreciate the reviewers for their patience and valuable feedback.

Author contributions
Conceptualization: Xiaofeng Mu.
Writing – original draft: Chenyu Li, Shenjie Zhong.
Writing – review & editing: Juan Chen, Xiaofeng Mu.

References
	1.	 Sung H, Ferlay J, Siegel RL, Rebecca LM, Soerjomataram I, Jemal A, et al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2021;71(3):209–49. https://doi.org/10.3322/caac.21660 PMID: 33538338

	2.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global cancer statistics 
2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2024;74(3):229–63. https://doi.org/10.3322/caac.21834 PMID: 38572751

	3.	 Trulson I, Holdenrieder S. Prognostic value of blood-based protein biomarkers in non-small cell 
lung cancer: A critical review and 2008-2022 update. Tumour Biol. 2024;46(s1):S111–61. https://doi.
org/10.3233/TUB-230009 PMID: 37927288

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0320187.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0320187.s002
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21834
http://www.ncbi.nlm.nih.gov/pubmed/38572751
https://doi.org/10.3233/TUB-230009
https://doi.org/10.3233/TUB-230009
http://www.ncbi.nlm.nih.gov/pubmed/37927288


PLOS ONE | https://doi.org/10.1371/journal.pone.0320187  March 28, 2025 13 / 15

PLOS ONE A promising serum biomarker in non-small cell lung cancer

	 4.	 Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Nikšić M, et al. Global surveillance of trends 
in cancer survival 2000-14 (CONCORD-3): Analysis of individual records for 37 513 025 patients 
diagnosed with one of 18 cancers from 322 population-based registries in 71 countries. Lancet. 
2018;391(10125):1023–75. https://doi.org/10.1016/S0140-6736(17)33326-3 PMID: 29395269

	 5.	 Guan Y, Ren M, Guo D, He Y. Research progress on lung cancer screening. Zhongguo Fei Ai Za Zhi. 
2020;23(11):954–60. https://doi.org/10.3779/j.issn.1009-3419.2020.101.37 PMID: 32819054

	 6.	 Zappa C, Mousa SA. Non-small cell lung cancer: Current treatment and future advances. Transl Lung 
Cancer Res. 2016;5(3):288–300. https://doi.org/10.21037/tlcr.2016.06.07 PMID: 27413711

	 7.	 Leiter A, Veluswamy RR, Wisnivesky JP. The global burden of lung cancer: Current status and future 
trends. Nat Rev Clin Oncol. 2023;20(9):624–39. https://doi.org/10.1038/s41571-023-00798-3 PMID: 
37479810

	 8.	 Marmor HN, Zorn JT, Deppen SA, Massion PP, Grogan EL. Biomarkers in lung cancer screening: 
A narrative review. Curr Chall Thorac Surg. 2023;5:5. https://doi.org/10.21037/ccts-20-171 PMID: 
37016707

	 9.	 Nooreldeen R, Bach H. Current and future development in lung cancer diagnosis. Int J Mol Sci. 
2021;22(16):8661. https://doi.org/10.3390/ijms22168661 PMID: 34445366

	10.	 Hall C, Clarke L, Pal A, Buchwald P, Eglinton T, Wakeman C, et al. A review of the role of Carcinoem-
bryonic antigen in clinical practice. Ann Coloproctol. 2019;35(6):294–305. https://doi.org/10.3393/
ac.2019.11.13 PMID: 31937069

	11.	 Gan T, An W, Long Y, Wang J, Zhang H, Liao M. Correlation between carcinoembryonic antigen 
(CEA) expression and EGFR mutations in non-small-cell lung cancer: A meta-analysis. Clin Transl 
Oncol. 2024;26(4):991–1000. https://doi.org/10.1007/s12094-023-03339-7 PMID: 38030870

	12.	 Nasralla A, Lee J, Dang J, Turner S. Elevated preoperative CEA is associated with subclinical nodal 
involvement and worse survival in stage I non-small cell lung cancer: A systematic review and 
meta-analysis. J Cardiothorac Surg. 2020;15(1):318. https://doi.org/10.1186/s13019-020-01353-2 
PMID: 33059696

	13.	 Grunnet M, Sorensen JB. Carcinoembryonic antigen (CEA) as tumor marker in lung cancer. Lung 
Cancer. 2012;76(2):138–43. https://doi.org/10.1016/j.lungcan.2011.11.012 PMID: 22153832

	14.	 Hao C, Zhang G, Zhang L. Serum CEA levels in 49 different types of cancer and noncancer diseases. 
Prog Mol Biol Transl Sci. 2019;162:213–27. https://doi.org/10.1016/bs.pmbts.2018.12.011 PMID: 
30905451

	15.	 LIn P, Fu Z-H, Zhuang X. The value of tumor markers CEA, NSE, Cyfra21-1 and SCC in the 
auxiliary diagnosis of lung cancer. Med Lab Sci Clin. 2022;33:8–12. https://doi.org/10.3969/j.
issn.1673-5013.2022.08.003

	16.	 Stieber P, Hasholzner U, Bodenmüller H, Nagel D, Sunder-Plassmann L, Dienemann H, 
et al. CYFRA 21-1: A new marker in lung cancer. Cancer. 1993;72(3):707–13. https://doi.
org/10.1002/1097-0142(19930801)72:3<707::aid-cncr2820720313>3.0.co;2-x

	17.	 Cavalieri S, Morelli D, Martinetti A, Galli G, Nichetti F, de Braud F, et al. Clinical implications for 
pro-GRP in small cell lung cancer. A single center experience. Int J Biol Markers. 2018;33(1):55–61. 
https://doi.org/10.5301/ijbm.5000305 PMID: 28967066

	18.	 Wang H, Qian J. Serum pro-gastrin-releasing peptide in diagnosis of small cell lung cancer: A 
meta-analysis. J Cancer Res Ther. 2016;12:C260–3. https://doi.org/10.4103/jcrt.JCRT_1118_16 PMID: 
28230031

	19.	 Horeweg N, Scholten ET, de Jong PA, van der Aalst CM, Weenink C, Lammers J-WJ, et al. Detection 
of lung cancer through low-dose CT screening (NELSON): A prespecified analysis of screening test 
performance and interval cancers. Lancet Oncol. 2014;15(12):1342–50. https://doi.org/10.1016/S1470-
2045(14)70387-0 PMID: 25282284

	20.	 Schimmel P. The emerging complexity of the tRNA world: Mammalian tRNAs beyond protein synthe-
sis. Nat Rev Mol Cell Biol. 2018;19(1):45–58. https://doi.org/10.1038/nrm.2017.77 PMID: 28875994

	21.	 Chen Q, Li D, Jiang L, Wu Y, Yuan H, Shi G, et al. Biological functions and clinical significance of 
tRNA-derived small fragment (tsRNA) in tumors: Current state and future perspectives. Cancer Lett. 
2024;587:216701. https://doi.org/10.1016/j.canlet.2024.216701 PMID: 38369004

	22.	 Zhao Y, Li X, Ye C, Huang C, Lv X, Li J. The biogenesis, mechanism and function of the tRNA-derived 
small RNA (tsRNA): A review compared with microRNA. Am J Cancer Res. 2023;13(5):1656–66. 
PMID: 37293177

	23.	 Lee S, Kim J, Valdmanis PN, Kim HK. Emerging roles of tRNA-derived small RNAs in cancer biology. 
Exp Mol Med. 2023;55(7):1293–304. https://doi.org/10.1038/s12276-023-01038-5 PMID: 37430089

https://doi.org/10.1016/S0140-6736(17)33326-3
http://www.ncbi.nlm.nih.gov/pubmed/29395269
https://doi.org/10.3779/j.issn.1009-3419.2020.101.37
http://www.ncbi.nlm.nih.gov/pubmed/32819054
https://doi.org/10.21037/tlcr.2016.06.07
http://www.ncbi.nlm.nih.gov/pubmed/27413711
https://doi.org/10.1038/s41571-023-00798-3
http://www.ncbi.nlm.nih.gov/pubmed/37479810
https://doi.org/10.21037/ccts-20-171
http://www.ncbi.nlm.nih.gov/pubmed/37016707
https://doi.org/10.3390/ijms22168661
http://www.ncbi.nlm.nih.gov/pubmed/34445366
https://doi.org/10.3393/ac.2019.11.13
https://doi.org/10.3393/ac.2019.11.13
http://www.ncbi.nlm.nih.gov/pubmed/31937069
https://doi.org/10.1007/s12094-023-03339-7
http://www.ncbi.nlm.nih.gov/pubmed/38030870
https://doi.org/10.1186/s13019-020-01353-2
http://www.ncbi.nlm.nih.gov/pubmed/33059696
https://doi.org/10.1016/j.lungcan.2011.11.012
http://www.ncbi.nlm.nih.gov/pubmed/22153832
https://doi.org/10.1016/bs.pmbts.2018.12.011
http://www.ncbi.nlm.nih.gov/pubmed/30905451
https://doi.org/10.3969/j.issn.1673-5013.2022.08.003
https://doi.org/10.3969/j.issn.1673-5013.2022.08.003
https://doi.org/10.1002/1097-0142(19930801)72:3<707::aid-cncr2820720313>3.0.co;2-x
https://doi.org/10.1002/1097-0142(19930801)72:3<707::aid-cncr2820720313>3.0.co;2-x
https://doi.org/10.5301/ijbm.5000305
http://www.ncbi.nlm.nih.gov/pubmed/28967066
https://doi.org/10.4103/jcrt.JCRT_1118_16
http://www.ncbi.nlm.nih.gov/pubmed/28230031
https://doi.org/10.1016/S1470-2045(14)70387-0
https://doi.org/10.1016/S1470-2045(14)70387-0
http://www.ncbi.nlm.nih.gov/pubmed/25282284
https://doi.org/10.1038/nrm.2017.77
http://www.ncbi.nlm.nih.gov/pubmed/28875994
https://doi.org/10.1016/j.canlet.2024.216701
http://www.ncbi.nlm.nih.gov/pubmed/38369004
http://www.ncbi.nlm.nih.gov/pubmed/37293177
https://doi.org/10.1038/s12276-023-01038-5
http://www.ncbi.nlm.nih.gov/pubmed/37430089


PLOS ONE | https://doi.org/10.1371/journal.pone.0320187  March 28, 2025 14 / 15

PLOS ONE A promising serum biomarker in non-small cell lung cancer

	24.	 Sobala A, Hutvagner G. Transfer RNA-derived fragments: Origins, processing, and functions. Wiley 
Interdiscip Rev RNA. 2011;2(6):853–62. https://doi.org/10.1002/wrna.96 PMID: 21976287

	25.	 Lee YS, Shibata Y, Malhotra A, Dutta A. A novel class of small RNAs: tRNA-derived RNA fragments 
(tRFs). Genes Dev. 2009;23(22):2639–49. https://doi.org/10.1101/gad.1837609 PMID: 19933153

	26.	 Sun C, Fu Z, Wang S, Li J, Li Y, Zhang Y, et al. Roles of tRNA-derived fragments in human cancers. 
Cancer Lett. 2018;414:16–25. https://doi.org/10.1016/j.canlet.2017.10.031 PMID: 29107107

	27.	 Zong T, Yang Y, Zhao H, Li L, Liu M, Fu X, et al. tsRNAs: Novel small molecules from cell function and 
regulatory mechanism to therapeutic targets. Cell Prolif. 2021;54(3):e12977. https://doi.org/10.1111/
cpr.12977 PMID: 33507586

	28.	 Liu B, Cao J, Wang X, Guo C, Liu Y, Wang T. Deciphering the tRNA-derived small RNAs: Origin, 
development, and future. Cell Death Dis. 2021;13(1):24. https://doi.org/10.1038/s41419-021-04472-3 
PMID: 34934044

	29.	 Li K, Lin Y, Luo Y, Xiong X, Wang L, Durante K, et al. A signature of saliva-derived exosomal small 
RNAs as predicting biomarker for esophageal carcinoma: A multicenter prospective study. Mol Can-
cer. 2022;21(1):21. https://doi.org/10.1186/s12943-022-01499-8 PMID: 35042519

	30.	 Dou S, Wang Y, Lu J. Metazoan tsRNAs: Biogenesis, evolution and regulatory functions. Noncoding 
RNA. 2019;5(1):18. https://doi.org/10.3390/ncrna5010018 PMID: 30781726

	31.	 Saikia M, Krokowski D, Guan B-J, Ivanov P, Parisien M, Hu G, et al. Genome-wide identification 
and quantitative analysis of cleaved tRNA fragments induced by cellular stress. J Biol Chem. 
2012;287(51):42708–25. https://doi.org/10.1074/jbc.M112.371799 PMID: 23086926

	32.	 Zong T, Yang Y, Lin X, Jiang S, Zhao H, Liu M, et al. 5’-tiRNA-Cys-GCA regulates VSMC prolifer-
ation and phenotypic transition by targeting STAT4 in aortic dissection. Mol Ther Nucleic Acids. 
2021;26:295–306. https://doi.org/10.1016/j.omtn.2021.07.013 PMID: 34513311

	33.	 Qian T, Yu X, Xu A, Li H, Chen W, Zhong S. tRF-20-S998LO9D inhibits endometrial carcinoma by 
upregulating SESN2. Epigenomics. 2022;14(24):1563–77. https://doi.org/10.2217/epi-2022-0349 
PMID: 36803014

	34.	 Zhang Y, Gu X, Qin X, Huang Y, Ju S. Evaluation of serum tRF-23-Q99P9P9NDD as a potential 
biomarker for the clinical diagnosis of gastric cancer. Mol Med. 2022;28(1):63. https://doi.org/10.1186/
s10020-022-00491-8 PMID: 35690737

	35.	 Wang X-Y, Zhou Y-J, Chen H-Y, Chen J-N, Chen S-S, Chen H-M, et al. 5’tiRNA-Pro-TGG, a novel 
tRNA halve, promotes oncogenesis in sessile serrated lesions and serrated pathway of colorectal 
cancer. World J Gastrointest Oncol. 2023;15(6):1005–18. https://doi.org/10.4251/wjgo.v15.i6.1005 
PMID: 37389118

	36.	 Zweig MH, Campbell G. Receiver-operating characteristic (ROC) plots: A fundamental evaluation tool 
in clinical medicine. Clin Chem. 1993;39(4):561–77. PMID: 8472349

	37.	 Padda SK, Burt BM, Trakul N, Wakelee HA. Early-stage non-small cell lung cancer: Surgery, stereo-
tactic radiosurgery, and individualized adjuvant therapy. Semin Oncol. 2014;41(1):40–56. https://doi.
org/10.1053/j.seminoncol.2013.12.011 PMID: 24565580

	38.	 Vos D, Rao S, Pierce JD, Smith DA, Tirumani SH, Yoest JM, et al. The past, present, and future 
(Liquid Biopsy) of Serum Tumor markers in lung cancer: A primer for the radiologist. J Comput Assist 
Tomogr. 2021;45(6):950–8. https://doi.org/10.1097/RCT.0000000000001204 PMID: 34347703

	39.	 Vignoli A, Tenori L, Morsiani C, Turano P, Capri M, Luchinat C. Serum or plasma (and which plasma), 
that is the question. J Proteome Res. 2022;21(4):1061–72. https://doi.org/10.1021/acs.jpro-
teome.1c00935 PMID: 35271285

	40.	 Mao C, Zhang Z, Fang R, Yuan W, Wu Y, Cong H. A novel tRNA-derived fragment tRF-17-
18VBY9M works as a potential diagnostic biomarker for gastric cancer. J Cancer Res Clin Oncol. 
2024;150(5):263. https://doi.org/10.1007/s00432-024-05792-5 PMID: 38767702

	41.	 Jin F, Yang L, Wang W, Yuan N, Zhan S, Yang P, et al. A novel class of tsRNA signatures as bio-
markers for diagnosis and prognosis of pancreatic cancer. Mol Cancer. 2021;20(1):95. https://doi.
org/10.1186/s12943-021-01389-5 PMID: 34273975

	42.	 Wang J, Ma G, Li M, Han X, Xu J, Liang M, et al. Plasma tRNA fragments derived from 5’ Ends as 
novel diagnostic biomarkers for early-stage breast cancer. Mol Ther Nucleic Acids. 2020;21:954–64. 
https://doi.org/10.1016/j.omtn.2020.07.026 PMID: 32814252

	43.	 Ding M, Zhou W, Chen W, Mo W, Guo X, Li Y, et al. Plasma tsRNAs as novel diagnostic biomarkers 
for renal cell carcinoma. Clin Transl Med. 2024;14(2):e1575. https://doi.org/10.1002/ctm2.1575 PMID: 
38356436

https://doi.org/10.1002/wrna.96
http://www.ncbi.nlm.nih.gov/pubmed/21976287
https://doi.org/10.1101/gad.1837609
http://www.ncbi.nlm.nih.gov/pubmed/19933153
https://doi.org/10.1016/j.canlet.2017.10.031
http://www.ncbi.nlm.nih.gov/pubmed/29107107
https://doi.org/10.1111/cpr.12977
https://doi.org/10.1111/cpr.12977
http://www.ncbi.nlm.nih.gov/pubmed/33507586
https://doi.org/10.1038/s41419-021-04472-3
http://www.ncbi.nlm.nih.gov/pubmed/34934044
https://doi.org/10.1186/s12943-022-01499-8
http://www.ncbi.nlm.nih.gov/pubmed/35042519
https://doi.org/10.3390/ncrna5010018
http://www.ncbi.nlm.nih.gov/pubmed/30781726
https://doi.org/10.1074/jbc.M112.371799
http://www.ncbi.nlm.nih.gov/pubmed/23086926
https://doi.org/10.1016/j.omtn.2021.07.013
http://www.ncbi.nlm.nih.gov/pubmed/34513311
https://doi.org/10.2217/epi-2022-0349
http://www.ncbi.nlm.nih.gov/pubmed/36803014
https://doi.org/10.1186/s10020-022-00491-8
https://doi.org/10.1186/s10020-022-00491-8
http://www.ncbi.nlm.nih.gov/pubmed/35690737
https://doi.org/10.4251/wjgo.v15.i6.1005
http://www.ncbi.nlm.nih.gov/pubmed/37389118
http://www.ncbi.nlm.nih.gov/pubmed/8472349
https://doi.org/10.1053/j.seminoncol.2013.12.011
https://doi.org/10.1053/j.seminoncol.2013.12.011
http://www.ncbi.nlm.nih.gov/pubmed/24565580
https://doi.org/10.1097/RCT.0000000000001204
http://www.ncbi.nlm.nih.gov/pubmed/34347703
https://doi.org/10.1021/acs.jproteome.1c00935
https://doi.org/10.1021/acs.jproteome.1c00935
http://www.ncbi.nlm.nih.gov/pubmed/35271285
https://doi.org/10.1007/s00432-024-05792-5
http://www.ncbi.nlm.nih.gov/pubmed/38767702
https://doi.org/10.1186/s12943-021-01389-5
https://doi.org/10.1186/s12943-021-01389-5
http://www.ncbi.nlm.nih.gov/pubmed/34273975
https://doi.org/10.1016/j.omtn.2020.07.026
http://www.ncbi.nlm.nih.gov/pubmed/32814252
https://doi.org/10.1002/ctm2.1575
http://www.ncbi.nlm.nih.gov/pubmed/38356436


PLOS ONE | https://doi.org/10.1371/journal.pone.0320187  March 28, 2025 15 / 15

PLOS ONE A promising serum biomarker in non-small cell lung cancer

	44.	 Tan L, Wu X, Tang Z, Chen H, Cao W, Wen C, et al. The tsRNAs (tRFdb-3013a/b) serve as novel 
biomarkers for colon adenocarcinomas. Aging (Albany NY). 2024;16(5):4299–326. https://doi.
org/10.18632/aging.205590 PMID: 38451187

	45.	 Xiong Q, Zhang Y, Xu Y, Yang Y, Zhang Z, Zhou Y, et al. tiRNA-Val-CAC-2 interacts with FUBP1 to pro-
mote pancreatic cancer metastasis by activating c‑MYC transcription. Oncogene. 2024;43(17):1274–
87. https://doi.org/10.1038/s41388-024-02991-9 PMID: 38443680

	46.	 Goodarzi H, Liu X, Nguyen HCB, Zhang S, Fish L, Tavazoie SF. Endogenous tRNA-derived fragments 
suppress breast cancer progression via YBX1 displacement. Cell. 2015;161(4):790–802. https://doi.
org/10.1016/j.cell.2015.02.053 PMID: 25957686

	47.	 Hu F, Niu Y, Mao X, Cui J, Wu X, Simone II CB, et al. tsRNA-5001a promotes proliferation of lung ade-
nocarcinoma cells and is associated with postoperative recurrence in lung adenocarcinoma patients. 
Transl Lung Cancer Res. 2021;10(10):3957–72. https://doi.org/10.21037/tlcr-21-829 PMID: 34858784

	48.	 Yang W, Gao K, Qian Y, Huang Y, Xiang Q, Chen C, et al. A novel tRNA-derived fragment 
AS-tDR-007333 promotes the malignancy of NSCLC via the HSPB1/MED29 and ELK4/MED29 axes. 
J Hematol Oncol. 2022;15(1):53. https://doi.org/10.1186/s13045-022-01270-y PMID: 35526007

https://doi.org/10.18632/aging.205590
https://doi.org/10.18632/aging.205590
http://www.ncbi.nlm.nih.gov/pubmed/38451187
https://doi.org/10.1038/s41388-024-02991-9
http://www.ncbi.nlm.nih.gov/pubmed/38443680
https://doi.org/10.1016/j.cell.2015.02.053
https://doi.org/10.1016/j.cell.2015.02.053
http://www.ncbi.nlm.nih.gov/pubmed/25957686
https://doi.org/10.21037/tlcr-21-829
http://www.ncbi.nlm.nih.gov/pubmed/34858784
https://doi.org/10.1186/s13045-022-01270-y
http://www.ncbi.nlm.nih.gov/pubmed/35526007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

