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Introduction

Lung cancer is recognized as a frequent type of cancer in 
human. The mortality of lung cancer continually occupies 
first place among all malignancies in China. Non-small cell 
lung cancer (NSCLC) causes more than 80% of lung cancer 

incidences (1). Over the past 20 years, a never-ending 
series of treatments for NSCLC has largely been used to 
decrease the number of deaths and enhance the well-being 
of patients. However, the five-year surviving chance of 
patients remains only 15%, partly because most patients 
have advanced-stage lung cancer at initial diagnosis (2-4). 
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Therefore, it is critical to explore novel biomarkers and 
effective molecular targets in NSCLC.

Small RNAs (tsRNAs) formed from transfer RNA 
(tRNA) is a unique type of small non-coding RNAs 
(sncRNAs) discovered lately as  a  consequence of 
developments in high-throughput sequencing and 
bioinformatic research (5,6). According to their catalytic 
sites of tRNA and length, tsRNAs can be divided into two 
subgroups: tRNA-derived fragments (tRFs) and tRNA 
halves (tiRNAs) with lengths of 14–36 and 30–40 nt, 
respectively (7-9). Although the investigation of tsRNA 
biology is still in its infancy, emerging evidence has revealed 
the diverse functional roles of tsRNAs, such as regulating 
post-transcriptional gene silencing (10), promoting 
translation by accelerating ribosome biogenesis (11), 
and modulating noncoding RNA biogenesis and global 
chromatin organization (12).

Growing evidence evinces the participation of tsRNAs 
in cell proliferation, epigenetic regulation, gene silencing, 
and various human diseases (13,14). For example, hypoxic 
microenvironment-induced half-tRNA 5’tiRNA-His-GTG 
encourages the gene expression that favors the rapid growth 
of cancerous cells by attacking the large tumor suppressor 
kinase 2 (LATS2) (15). Han et al. reported that tRF3008A 
expression was significantly reduced in colorectal cancer 
(CRC) and tRF3008A could suppress the proliferation and 
migration of CRC through destabilization of FOXK1 in 
an AGO-dependent way (16). tRF-Leu-CAG is increased 
in cell lines and tissues of NSCLC, which promotes cell 
proliferation and the cell cycle (17). In addition, Huang 
et al. report the landscape of tRF and tiRNA expression 
profiles in lung adenocarcinoma (LUAD) tissues and 

found that downregulated tRF-1s may be involved in the 
pathogenesis of LUAD (18). The tsRNAs expression in 
serum from NSCLC patients, on the other hand, is yet to 
be identified. RNA-sequencing and quantitative reverse 
transcription polymerase chain reaction (qRT-PCR) 
verification were utilized for evaluating the expression 
profiles of tRFs/tiRNAs in NSCLC serum samples in this 
investigation. We next established a tRF-mRNA network 
utilizing bioinformatic analysis to locate functioning tRFs. 
These discoveries could lead to obtaining clues for possible 
biological markers and therapeutic targets for NSCLC. 
We present this article in accordance with the REMARK 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-2364/rc).

Methods

Patients and samples

In the retrospective study, the clinical serum samples for 
this investigation were gathered from patients at The 
Affiliated People’s Hospital of Ningbo University between 
2020 and 2022. The tRFs/tiRNAs sequencing group 
included three serum samples of NSCLC and three healthy 
controls. The validation group included 20 serum samples 
of NSCLC patients before surgery and serum samples 
from 20 healthy controls. Inclusion criteria for patients 
enrolled were as follows: (I) older than 18 years of age, (II) 
confirmation of disease by histopathology, (III) no receipt of 
chemotherapy and radiography. The exclusion criteria for 
patients were: (I) concurrent pregnancy or breast-feeding, 
(II) diagnosis of other cancers or serious diseases. All serum 
samples were centrifuged immediately after collection and 
the supernatant was kept at −80 ℃ before its usage. This 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This investigation was 
approved by The Affiliated People’s Hospital of Ningbo 
University’s Ethical Committee (approval ID. 2017040). 
All the recruited subjects signed the informed consent 
voluntarily. Clinical information of the samples is described 
in Table S1.

RNA preparation and quantitative PCR

Total RNA was separated from serum using the TRIzolTM 
LS Reagent (Invitrogen, CA, USA) as per the directions 
provided by the manufacturer. To reverse transcribe total 
RNA, the ImProm-II Reverse Transcription System 
(Promega, WI, USA) was used as per the instructions of 
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manufacturer. Based on the reported literatures (19,20), 
stem-loop quantitative PCR method was used for 
quantification of mature tRFs, and for the quantification 
of tRFs, miR-16 was chosen as internal control. The 2−∆∆Ct 
technique was utilized to determine the relative expression 
levels. Table S2 lists the primers used for quantitative PCR. 

Library preparation and sequencing

Total RNA was first treated with the rtStarTMtRF and 
tiRNA Pretreatment Kit (KangChen Bio-tech, Shanghai, 
China) to remove RNA modifications (such as, deacylation, 
phosphorylation, or demethylation). The entire RNA 
from all samples was then ligated to 3' and 5' small RNA 
adapters sequentially. Illumina’s proprietary RT primers 
and amplification primers were used to synthesize and 
amplify cDNA. Following that, the PAGE gel was used to 
extract and purify ~134–160 bp PCR generated fragments. 
Finally, the Agilent 2100 Bioanalyzer was used to quantify 
the finished libraries. The abundance of tRF, tiRNA, and 
miRNA was measured and was normalized as counts per 
million of total aligned reads (CPM).

Bioinformatic analysis of tRFs/tiRNAs

We used TargetScan and miRanda algorithms to predict 
gene targets of tRF-31-87R8WP9N1EWJ0 and tRF-31-
79MP9P9NH57SD. The Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analysis were carried out by utilizing DAVID 
database (http://david.ncifcrf.gov/). Cytoscape 3.7.2 was 
used to graph the data.

Statistical analysis 

Statistical analysis was performed by availing GraphPad 
Prism 7.0 (GraphPad, Inc., CA, USA). The two-tail 
unpaired Student t-test was performed to examine the 
variations among the groups. The receiver operating 
characteristic (ROC) curve studies were performed using 
MedCalc 11.0 (MedCalc, Ostend, Belgium). In these 
studies, the significance level was set as P<0.05.

Results

General features of tRFs/tiRNAs expression in NSCLC serum

To study the expression of tsRNAs in NSCLC, we 

conducted tRFs/tiRNAs sequencing on serum samples from 
three NSCLC patients and three healthy controls. Only 
high-quality reads with 16–40 nt insertion were recorded 
after the raw sequencing data were processed by eliminating 
both 5' and 3' adaptors. As demonstrated in Figure 1A,1B, 
tRF-5 was the most abundant tRNAs in both NSCLC 
patients and healthy controls. The majority of tRNAs in 
NSCLC were 22 and 32 nt in length, according to the 
length distribution of tsRNAs, while healthy controls were 
mainly 20 nt in length (Figure 1C,1D).

Differentially expressed tRFs/tiRNAs between NSCLC and 
healthy groups

The commonly and specifically expressed tRFs/tiRNAs are 
depicted in a Venn diagram (Figure 2A). The CPM values 
that were higher than 20 in both groups were represented 
by the commonly expressed tRFs/tiRNAs, and the CPM 
values that were more than 20 in one group but less than 
20 in the other group were represented by the particularly 
expressed tRFs/tiRNAs. In total, we discovered 197 
upregulated tRFs/tiRNAs and 296 downregulated tRFs/
tiRNAs. The heatmap depicts hierarchical clustering of 
tRFs/tiRNAs that are significantly differentially expressed 
(Figure 2B). In the volcano plots, we show the entire 
alterations in tRFs/tiRNAs expression among the 2 groups 
(Figure 2C). There were 11 up-regulated and 18 down-
regulated tRFs/tiRNAs after restricting the condition to 
fold change ≥2.0 and P<0.05 (Table S3).

tRF-31-87R8WP9N1EWJ0 and tRF-31-
79MP9P9NH57SD were upregulated in NSCLC serum

To determine the tRFs/tiRNAs’ potential for the biological 
marker, we performed qRT-PCR to detect the top five 
upregulated tRFs/tiRNAs in 20 paired healthy controls and 
NSCLC samples. As shown in Figure 3A,3B, the NSCLC 
patients exhibited significantly higher levels of tRF-31-
87R8WP9N1EWJ0 and tRF-31-79MP9P9NH57SD 
in the serum samples compared with healthy controls. 
However, no discernible differentiation in tRF-29-
1OR6QOH04MI9, tRF-30-1OR6QOH04MR1 and tRF-
28-1OR6QOH04MDY expression between NSCLC 
patients and healthy controls was noted (Figure 3C-3E). 
Then, the ROC curve was constructed to determine the 
potential diagnostic power of tRF-31-87R8WP9N1EWJ0 
and tRF-31-79MP9P9NH57SD.As shown in Figure 3F,  
the area under the ROC curve (AUC) of tRF-31-
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87R8WP9N1EWJ0 was 0.773 (95% confidence interval: 
0.613–0.890), with 70% sensitivity and 80% specificity, 
the AUC of tRF-31-79MP9P9NH57SD was 0.707 (95% 
confidence interval: 0.543–0.840), with 80% sensitivity and 
65% specificity. These results demonstrated that serum tRF-
31-87R8WP9N1EWJ0 and tRF-31-79MP9P9NH57SD 
might be utilized as new biomarkers for diagnosing 
NSCLC. To further establish the diagnostic utility of tRFs, 
more individual patient samples are required.

Target gene prediction with bioinformatic tool

TargetScan and miRanda online tools were availed to study 
the putative target genes of tRF-31-87R8WP9N1EWJ0 
and tRF-31-79MP9P9NH57SD. As shown in Figure 4A, 
we predicted 3218 targets and 1572 targets, respectively. 
Overlapped between tRF-31-87R8WP9N1EWJ0 and tRF-
31-79MP9P9NH57SD were 307 potential target genes. 
In the network diagrams created by Cytoscape, the target 

genes were displayed (Figure 4B).

GO/KEGG enrichment analysis

For target genes of tRF-31-87R8WP9N1EWJ0 and 
tRF-31-79MP9P9NH57SD, we used GO and KEGG 
enrichment analysis. GO functional enrichment analysis 
hinted that tRF-31-87R8WP9N1EWJ0 might have a 
role in regulation of biological quality, organic substance 
transport, and nervous system development (Figure 5A), 
Whereas, the most enriched terms of target genes of tRF-
31-79MP9P9NH57SD were “Regulation of nucleobase-
containing compound metabolic process” (Figure 5B). 
Next, enrichment analysis of the KEGG signaling pathway 
indicated that tRF-31-87R8WP9N1EWJ0 might participate 
in Ras signaling pathway and Endocytosis (Figure 5C). While, 
the most enriched pathways of tRF-31-79MP9P9NH57SD 
were Herpes simplex virus 1 infection, Proteoglycans in 
cancer and mTOR signaling pathway (Figure 5D).

Figure 1 General features of tRFs/tiRNAs expression in healthy controls and NSCLC patients. (A) tRF/tiRNA subtypes in opposition to 
tRNA isodecoders in healthy controls. (B) The number of subtype tRF/tiRNA against tRNA isodecoders in NSCLC. (C) Reads length 
distribution in healthy controls. The overall read counts are plotted versus the lengths of the trimmed reads in a bar chart. (D) NSCLC read 
length distribution. The overall read counts are plotted versus the lengths of the trimmed reads in a bar chart. tRFs, transfer RNA-derived 
fragments; NSCLC, non-small cell lung cancer.
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Figure 2 tRF/tiRNA expression profiles in healthy controls and NSCLC patients. (A) Venn diagram based on the amount of tRF and tiRNA 
that are expressed both broadly and specifically. (B) The tRF and tiRNA unsupervised hierarchical clustering heatmap, the abundance of 
tRF/tiRNA was normalized as CPM, the colored bar at the left side of the panel indicated the divisions which were performed using K-means. 
(C) The tRF and tiRNA volcano graphic. NSCLC, non-small cell lung cancer; tRF, transfer RNA-derived fragment; CPM, counts per 
million of total aligned reads.

Discussion

Despite the fact that the clinical effect of NSCLC has 
been significantly enhanced during the previous few 
decades, its incidence and malignancy remain elevated, 
and its 5-year estimation of life is lesser than that of other 
cancerous tumors, owing to the deficiency of a valid and 
useful diagnostic tool and targeted therapies (3,21). As a 
result, finding novel and accurate biomarkers for correctly 
diagnosing NSCLC and clinical decision-making is a top 
priority.

Recent studies have found that tsRNAs are dysregulated in 
various types of cancer (22-24). Chen et al. reported that tRF-
phe-GAA-031 and tRF-VAL-TCA-002 were upregulated 

and linked with distant metastasis and in CRC (25). The 
bi-sesncRNA signature (composing of exosomal tRNA-
GlyGCC-5 and sRESE) could be a potential biomarker for 
esophageal squamous cell carcinoma (26). However, the 
exploration of the potentials of tsRNAs is at an early stage 
(13,24,27). tRFs/tiRNAs sequencing was carried out in  
three pairs of serum samples from NSCLC patients and 
healthy controls in this investigation. In addition, 11 up-
regulated and 18 down-regulated tsRNAs were effectively 
identified. By increasing the quantity of NSCLC serum 
samples to carry out the stem-loop qRT-PCR analysis, 
we found that tRF-31-87R8WP9N1EWJ0 and tRF-31-
79MP9P9NH57SD exhibited significantly higher levels in 
NSCLC serum samples compared with healthy controls. 
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Figure 3 Validation of serum tRFs/tiRNAs in healthy controls and NSCLC patients. qRT-PCR analyses of tRF-31-87R8WP9N1EWJ0 
(A), tRF-31-79MP9P9NH57SD (B), tRF-29-1OR6QOH04MI9 (C), tRF-30-1OR6QOH04MR1 (D) and tRF-28-1OR6QOH04MDY (E) 
between healthy controls and NSCLC patients. miR-16 was used for normalization. (F) ROC curve assessed the diagnostic value of tRFs. 
NSCLC, non-small cell lung cancer; tRF, transfer RNA-derived fragment; qRT-PCR, quantitative reverse transcription polymerase chain 
reaction; ROC, receiver operating characteristic.

Figure 4 Target gene prediction of tRF-31-79MP9P9NH57SD and tRF-31-87R8WP9N1EWJ0. (A) Venn diagram assessed the target 
genes based on TargetScan and miRandan predictions. (B) Indication of network map of tRF-31-79MP9P9NH57SD and tRF-31-
87R8WP9N1EWJ0 by Cytoscape analysis.
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The positive results suggest that tRF-31-87R8WP9N1EWJ0 
and tRF-31-79MP9P9NH57SD may be new potential 
biomarkers for NSCLC. Tissue or blood expression level in 
larger samples of NSCLC patients with different stages and 
healthy people could further help determine the diagnostic 
and prognostic value of the two tRFs.

It has been recognized that by silencing of target genes, 
controlling transcription and modifying mRNA stability, 
tsRNAs can influence cancer development (28,29). Xu et al. 
reported that tRF-Glu-TTC-027 was downregulated and 
repressed the cancerous progression via MAPK pathway in 
gastric carcinoma (30). Parallel outcomes were observed that 
tRF-5026a could be a new tumor-suppressor through the 

PTEN/PI3K/AKT signaling pathway in gastric cancer (31).  
Recently, Wang et al. reported that tRF-3024b could hijack 
miR-192-5p to increase BCL-2-mediated resistance to 
cytotoxic T lymphocytes in Esophageal Squamous Cell 
Carcinoma (32). In lung cancer, AS-tDR-007333 was found 
to promote the malignancy of NSCLC via the HSPB1/
MED29 and ELK4/MED29 axes (33). We used KEGG 
pathway analysis to see if tRF-31-87R8WP9N1EWJ0 
and tRF-31-79MP9P9NH57SD are responsible for the 
manifestation of NSCLC. The Ras signaling route, the 
Rap1 signaling pathway, the AMPK signaling pathway, 
and the mTOR signaling pathway are among the top 10 
enriched pathways, and have been linked to carcinogenesis 

Figure 5 GO/KEGG enrichment analysis. GO enrichment analysis of tRF-31-87R8WP9N1EWJ0 (A) and tRF-31-79MP9P9NH57SD (B). 
KEGG pathway analysis of tRF-31-87R8WP9N1EWJ0 (C) and tRF-31-79MP9P9NH57SD (D). DE, differentially expressed; GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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in prior studies (34-36). Our findings showed that tRF-
31-87R8WP9N1EWJ0 and tRF-31-79MP9P9NH57SD 
may be implicated in the pathogenesis of NSCLC, but 
protein functional experiments are needed to confirm these 
theories.

Conclusions

To conclude, we determined the expression profiles of 
tRFs/tiRNAs in NSCLC serum samples and found that 
serum levels of tRF-31-87R8WP9N1EWJ0 and tRF-31-
79MP9P9NH57SD were dramatically increased in NSCLC 
patients when compared to the healthy controls, suggesting 
that they may be novel diagnostic biomarkers for NSCLC. 
In addition, bioinformatic analysis found that tRF-31-
87R8WP9N1EWJ0 and tRF-31-79MP9P9NH57SD might 
have a part in the pathological development of NSCLC, 
which lays a theoretical foundation for our further study.
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