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Abstract: Gastric cancer (GC) is one of the leading causes of cancer-related deaths worldwide. In this study, our ob-
jective was to identify a specific tRNA-derived small RNA (tsRNA) as a biomarker for GC. We developed and validated
a methodology to detect the expression level of tRF-30-RRJ8909NF5WS8 in the serum of GC patients. The results
showed that the expression of tRF-30-RRJ8909NF5W8 was significantly downregulated in the serum of GC patients
and increased after radical surgery. Clinicopathological correlation analysis revealed that its expression level was
closely associated with TNM stage, T stage, and neural/vascular invasion. Compared with existing GC diagnostic
markers, tRF-30-RRJ8909NF5W8 demonstrated superior diagnostic performance, effectively distinguishing GC
patients from those with gastritis and healthy controls. These findings suggest that tRF-30-RRJ8909NF5W8 may
serve as a promising candidate diagnostic biomarker for GC and provide theoretical support for its potential as a

therapeutic target.
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Introduction

Gastric cancer represents the fifth most preva-
lent cancer globally and is the third leading
cause of cancer-related mortality [1, 2]. Con-
tributory factors for this malighancy encom-
pass Helicobacter pylori infection, advancing
age, elevated salt consumption, and a diet defi-
cient in fruits and vegetables [3]. In recent
decades, there has been a notable increase in
the emphasis on the detection of Helicobacter
pylori, concomitant with an overall decline in
the incidence and prevalence of gastric cancer.
The primary diagnostic approach for gastric
cancer involves endoscopic resection, with his-
tological diagnosis performed following endo-
scopic biopsy, while staging employs computed
tomography (CT), endoscopic ultrasound, posi-
tron emission tomography (PET), and laparos-
copy [4]. Early-stage gastric cancer typically
presents with subtle symptoms, complicating
its detection; consequently, this expensive and
invasive upper gastrointestinal endoscopy is

infrequently utilized during the initial stages
[B]. Furthermore, traditional biomarkers such
as carcinoembryonic antigen (CEA), carbohy-
drate antigen (CA-199), and CA-724 are appli-
cable for examination; however, their positive
rates and sensitivity remain suboptimal, thus
necessitating the urgent identification of new
biomarkers characterized by heightened speci-
ficity and sensitivity.

Recent advancements in high-throughput se-
quencing technologies have elucidated that
certain DNA fragments generate non-coding
RNA, which does not translate into proteins [6].
Historically, such non-protein coding RNAs were
labeled as genetic “junk” and deemed devoid of
functional significance. The Encyclopedia of
DNA Elements (ENCODE) transcriptome project
determined that non-coding RNA constitutes a
substantial fraction of nucleic acids, with mere-
ly 1.2% of the genome containing protein-
coding genes, while approximately 80% of the
genome is actively transcribed into diverse non-
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coding RNAs [7]. Based on their length, non-
coding RNAs can be categorized into small non-
coding RNA (ncRNA) and long non-coding RNAs
(IncRNAs), including microRNAs (miRNAs), cir-
cular RNAs (circRNAs), transfer-derived small
RNA (tsRNAs), and piwi-interacting non-coding
RNAs (piwiRNAs) [8].

tsRNAs is classified as a small RNA derived
from tRNAs, which is ubiquitously present in
the transcriptomes of both eukaryotic and pro-
karyotic organisms [9]. tRNAs primarily func-
tions in the transport of amino acids for pro-
tein synthesis and is transcribed by RNA poly-
merase Il into precursor tRNAs, subsequently
undergoing a series of modifications to yield
mature tRNAs. Structurally, tRNAs exhibits a
highly folded four-leaf clover configuration,
comprising four arms and three loops [10]. tsR-
NAs can be divided into two principal catego-
ries: tRNA-derived fragments (tRFs) and tRNA-
derived stress-induced RNAs (tiRNAs) [11].
tRFs are generated through the cleavage of
mature tRNAs by Dicer in the cytoplasm, where-
as tiRNAs arise from the gradual accumulation
of ANG from the nucleus to the cytoplasm.
Notably, certain studies have identified the
presence of a specific subset of tsRNA within
mitochondria, referred to as mt-tRNA, highlight-
ing an additional avenue for comprehensively
understanding the mechanisms underlying tsR-
NAs [12]. Depending on the cleavage site and
biogenesis, tRFs can be categorized into four
primary isoforms: tRF-1, tRF-3, tRF-5, and i-tRF
[10]. Numerous experimental investigations
have substantiated the involvement of tsRNAs
dysregulation in tumorigenesis. For instance,
Lan et al. identified tRF-18-8R6546D2 as a
novel biomarker for pancreatic cancer [13].
Fang et al. demonstrated that tsRNA-5001a
promotes the proliferation of lung adenocarci-
noma cells and is associated with the progno-
sis of patients diagnosed with lung adenocarci-
noma [14]. Additionally, tiRNA-Gly is notably
upregulated in papillary thyroid carcinoma
(PTC), wherein it directly interacts with RBM17
and exhibits oncogenic effects via RBM17-
mediated alternative splicing, with ectopic ex-
pression of tiRNA-Gly facilitating cellular prolif-
eration and migration [15].

Materials and methods
Clinical samples

All serum samples in this study, including 107
GC patients, 70 healthy blood donors, 35 gas-
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tritis patients, and 27 postoperative GC pa-
tients, were obtained from the Department of
Laboratory Medicine, Affiliated Hospital of
Nantong University, between 2022 and 2024.
All collected samples were immediately stored
in a -80°C freezer to ensure sample quality. In
this study, gastritis patients were diagnosed by
clinicians, while GC patients were diagnosed by
two or more pathologists and had not received
preoperative radiotherapy, chemotherapy, or
targeted therapy. This study adhered to the
Declaration of Helsinki, ensuring the protection
of all participants through voluntary informed
consent. The project was approved by the
Ethics Committee of the Affiliated Hospital of
Nantong University (Ethics Review Report No.
2023-K167-01).

Cell culture

We purchased human GC cell lines (HGC-27,
BGC-823, AGS) and normal human gastric epi-
thelial cells (GES-1) from the Shanghai Institute
of Biological Sciences, Chinese Academy of
Sciences (Shanghai, China). HGC-27 and BGC-
823 cells were cultured in RPMI-1640 me-
dium containing 10% fetal bovine serum (FBS)
(Gibco, USA) and 1% penicillin-streptomycin
(XinXibao, Suzhou, China). AGS cells were cul-
tured in an AGS-specific medium and incubat-
ed at 37°C in an incubator with 5% CO,,.

RNA extraction and Real-Time Quantitative
Polymerase Chain Reaction (RT-gPCR)

Total RNA from serum samples was extracted
using the Rapid Blood Total RNA Extraction Kit
(BioTeke, Wuxi, China), while total RNA from
cells was extracted using the RNA-Easy Iso-
lation Reagent (Vazyme, Nanjing, China). tRF-
30-RRJ8909NF5W8 was used as the target
molecule, with RNUGB as the internal refer-
ence. The RevertAid RT Reverse Transcription
Kit (Thermo Fisher Scientific, USA) and specific
primers (Ribobio, Guangzhou, China) were
used to generate 10 pL cDNA, including tRF-
30-RRJ8909NF5W8 RT and RNU6GB RT. The
prepared 10 uL mixture was amplified at 42°C
for 1 hour, then inactivated at 70°C for 5 min-
utes, and stored at either 4°C for short-term
use -20°C for long-term storage. Next, real-time
quantitative PCR was performed using the ABI
QuantStudio 5 system with a 20 uL reaction
system composed of 10 yL ChamQ Universal
SYBR gPCR Master Mix (Vazyme Biotech Co.,
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Ltd., China), 5 uL cDNA, 1 pL forward primer, 1
UL reverse primer (Ribobio, Guangzhou, China),
and 3 uL nuclease-free water. The expression
levels of tRF-30-RRJ8909NF5WS8 were calcu-
lated using the 2*-AACT method, with the for-
mula: ACT = Ct (target) - Ct (reference) AACT =
ACT (experimental group) - ACT (control group)
All procedures were performed according to the
manufacturer’s instructions.

Gradient dilution experiment

RNA was extracted from a randomly mixed set
of 20 serum samples and used to synthesize
cDNA, which was then serially diluted 10x,
100x, 1,000x%, 10,000x%, and 100,000x.

Room temperature and freeze-thaw stability
experiment

A randomly mixed set of 20 serum samples was
used. Some mixed serum samples were incu-
bated at room temperature (25°C) for O, 6, 12,
18, and 24 hours. Additionally, other mixed
serum samples were repeatedly frozen and
thawed at -80°C and room temperature for O,
1, 3, 5, and 10 cycles. RNA was then extract-
ed and analyzed for tRF-30-RRJ8909NF5W8
expression using RT-qPCR.

Nuclear and cytoplasmic RNA separation as-
say

Cultured BGC-823 and AGS cells were digested
with trypsin and collected in 1.5 mL EP tubes
once the cell count reached 5 x 10°. The
Nuclear and Cytoplasmic Protein Extraction Kit
(Beyotime, China) was used to extract 60 uL of
nuclear and cytoplasmic RNA, which was sub-
sequently stored at -80°C.

Statistical analysis

Statistical analyses were performed using
SPSS version 26.0 (IBM SPSS Statistics,
Chicago, USA) and GraphPad Prism v10.2
(GraphPad Software, San Diego, California,
USA). The relative expression levels of tRF-
30-RRJ8909NF5WS in each group are report-
ed as mean * standard deviation (SD). The
Wilcoxon matched-pairs signed-rank test was
used to analyze the expression levels of tRF-
30-RRJ8909NF5WS in preoperative and post-
operative serum samples from gastric cancer
(GC) patients. An independent-samples t-test
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was used to compare two independent groups,
as well as GC tissues and their matched adja-
cent normal tissues. One-way analysis of vari-
ance (ANOVA) was performed to compare the
expression levels of tRF-30-RRJ8909NF5W8
among multiple groups. The chi-square test in
SPSS version 26.0 was used to evaluate the
correlation between tRF-30-RRJ8909NF5W8
expression and clinicopathological parameters.
Receiver operating characteristic (ROC) curves
and the area under the curve (AUC) were ge-
nerated and calculated to assess the diagno-
stic performance of serum tRF-30-RRJ8909N-
F5WS8 for GC. The cutoff value was determined
using the Youden index and ROC curve analy-
sis. Based on the reference ranges from the
Affiliated Hospital of Nantong University, the
cutoff values for CEA, CA-199, and CA-724 were
setat 5 ng/mL, 37 U/mL, and 10 U/mL, respec-
tively. A P-value < 0.05 was considered statisti-
cally significant.

Results

Database screening, structure, and origin of
tsRNA-GIn-5-0033

Based on the criteria of a p-value < 0.05 and
[log, (fold change)| > 2d3, three tsRNAs were
selected using the tsRFun database (https://
rna.sysu.edu.cn/tsRFun/index): tsRNA-GIn-5-
0033, tsRNA-Arg-i-0254, and tsRNA-iMet-i-
0014. Subsequently, we collected serum sam-
ples from 20 gastric cancer (GC) patients and
20 healthy individuals to assess the expression
levels of these tsRNAs (Figure 1A-C). Among
them, tsRNA-GIn-5-0033 exhibited the lowest
expression. To further validate the consistency
of tsRNA-GIn-5-0033 expression, we collected
paired gastric cancer and adjacent non-tumor
tissues from another 20 GC patients (Figure
1D) and found that the expression level of tRF-
30-RRJ8909NF5WS in tissues was consistent
with that observed in serum. Additionally, the
melting curves showed specific single peaks,
indicating the high stability and reproducibility
of the assay (Figure 1E). We accessed the
UCSC Genome Browser (https://genome-asia.
ucsc.edu/) and selected the human genome
assembly GRCh38/hg38 to retrieve the basic
information of tRF-30-RRJ8909NF5W8. It is
located on chromosome 6 at q24.3, with
coordinates 145,182,723-145,182,752 (Figure
1F). Due to the lack of a unified naming system,
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Figure 1. Selection of tsRNA-GIn-5-0033, and its structure and origin. A. Expression level of tsRNA-GIn-5-0033
in the serum of GC (gastric cancer) patients. B. Expression level of tsRNA-Arg-i-0254. C. Expression level of tsR-
NA-iMet-i-0014. D. Expression level of tsRNA-GIn-5-0033 in 20 paired GC tissues and adjacent non-tumorous tis-
sues. E. The melting curves show distinct single peaks, indicating good stability and reproducibility of the assay. F.
tsRNA-GIn-5-0033 is located at chr6, q24.3, coordinates 182,723-182,752. G. tsRNA-GIn-5-0033 is named tRF-
30-RRJ8909NF5W8 in MINTbase v2.0, where it is shown to be 30 nucleotides in length (5’-GGTCCCATGGTGTAATG-
GTTAGCACTCTGG-3’). H. The cleavage site of tRF-30-RRJ8909NF5WS8 is located in the tRF-5a and anticodon arm
region of the mature tRNA. *P < 0.05; *"P < 0.01; ""P < 0.001; *"*P < 0.0001.
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Table 1. The intra-assay and inter-assay
repeatability difference of tRF-30-RRJ8909N-
F5W8

tRF-30-RRJ8909NF5W8 U6
Intra-assay CV (%) 1.2 1.3
Inter-assay CV (%) 1.9 2.4

we named it tRF-30-RRJ8909NF5W8 accord-
ing to the MINTbase v2.0 database (https://
cm.jefferson.edu/MINTbase/).

We confirmed that tRF-30-RRJ8909NF5WS is
a 30 bp 5-tRF (5-GGTCCCATGGTGTAATGGTT-
AGCACTCTGG-3’) derived from tRNA-GIn-TTG. It
is cleaved at the junction between the tRF-5a
and the anticodon arm of the mature tRNA
(Figure 1G, 1H).

Evaluation of serum tRF-30-RRJ8909NF5W
assay

To better verify the stability of tRF-30-
RRJ8909NF5W, a comprehensive evaluation
of its measurementwas conducted. Additionally,
20 randomly selected serum samples were
mixed and allocated into 20 batches, including
GC patients and healthy donors. Total RNA was
extracted from 10 samples within the same
RT-gPCR batch, and Ct values were used to
calculate the intra-batch coefficient of variation
(CV). The inter-batch CV and intra-batch CV of
tRF-30-RRJ8909ONF5W were 1.2% and 1.9%,
respectively (Table 1), indicating high preci-
sion. The 20 mixed serum samples were divid-
ed into two groups for RNA extraction and
RT-gPCR analysis. One group was stored at
room temperature for O, 6, 12, 18, and 24
hours. The other group underwent repeated
freeze-thaw cycles (0, 1, 3, 5, and 10 times).
The results of both experiments showed no
significant difference in tRF-30-RRJ8909NF5W
expression, P > 0.05 (Figure 2A, 2B). Further-
more, gradient dilution experiments showed
that: The correlation coefficient (R?) for tRF-
30-RRJ8909NF5W was 0.9919, with a linear
equation of Y = -2.862*X + 16.72. The correla-
tion coefficient (R?) for U6 was 0.9996, with a
linear equation of Y =-3.316*X + 7.487 (Figure
2C, 2D). Agarose gel electrophoresis confirmed
thatthe RT-qPCR product of tRF-30-RRJ8909N-
F5W was approximately 80 bp in size (Figure
2E). All results exhibited excellent linear corre-
lation (Figure 2F).
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Analysis of serum tRF-30-RRJ8909NF5W8
expression and its correlation with clinicopath-
ological parameters

Investigation of tRF-30-RRJ8909NF5WS8 as a
Potential Biomarker for GC Diagnosis. To de-
termine whether tRF-30-RRJ8909NF5W could
serve as a biomarker for GC diagnosis, we eval-
uated its expression levels in serum samples
from 107 GC patients, 70 healthy donors, and
35 gastritis patients using RT-gPCR. The results
showed that tRF-30-RRJ8909NF5WS8 expres-
sion was significantly lower in GC patients com-
pared to healthy donors and gastritis patients
(Figure 3A). Moreover, there was no significant
difference in tRF-30-RRJ8909NF5W8 expres-
sion between healthy individuals and gastritis
patients (Figure 3B). By analyzing tRF-30-
RRJS909ONF5WS8 expression in 27 postopera-
tive GC patients, we found that its expression
increased after surgery, showing no significant
difference compared to healthy donors (Figure
3C). This suggests that tRF-30-RRJ8909N-
F5W8 could be used to monitor postoperative
dynamics in GC patients. To explore the correla-
tion between tRF-30-RRJ8Q09NF5W8 expres-
sion levels and clinicopathological parameters
of GC patients, we classified the patients into
two groups: The high-expression group: 54 GC
patients with expression levels above the medi-
an. Low-expression group: Remaining patients
with expression levels below the median. Chi-
square test results revealed that tRF-30-
RRJ8909NF5W expression was significantly
associated with T stage (P = 0.043), TNM stage
(P = 0.031), and neural/vascular invasion (P =
0.009). However, no significant correlation was
observed with age, sex, tumor size, differen-
tiation grade, lymph node metastasis, Lauren
classification, CEA, CA-199, or CA-724 (Table
2).

We divided 107 GC patients into two groups
based on the median expression level of tRF-
30-RRJ8909NF5WS8 in their serum: High-
expression group (N = 54). Low-expression
group (N = 53). This classification was used to
evaluate whether tRF-30-RRJ8909NF5W8 has
clinical value. Chi-square test results showed
that tRF-30-RRJ8909NF5W8 expression levels
were not associated with gender, age, tumor
size, CEA, CA-199, CA-724, or Lauren classifica-
tion. However, significant correlations were
found with the T stage (P = 0.043), tumor
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Figure 2. Evaluation of tRF-30-RRJ8909NF5W8 assay. A, B. Room temperature and repeated freeze-thaw experi-
ments showed no significant changes in tRF-30-RRJ8909NF5W8 expression levels. C, D. Standard curves of tRF-
30-RRJ8909NF5W8 (R? = 0.9919) and U6 (R? = 0.9996). E. tRF-30-RRJ8909NF5W8 length (80 bp) was verified by
agarose gel electrophoresis. F. Sanger sequencing of the RT-gPCR product confirmed that the product contained the

full-length sequence of tRF-30-RRJ8909NF5WS.

metastasis (TNM stage, P = 0.031), and neu-
ral/vascular invasion (P = 0.009) (Table 2). To
further explore these significant clinicopatho-
logical parameters, we analyzed tRF-30-RRJ-
8909NF5WS8 expression differences within ea-
ch subgroup: By analyzing tRF-30-RRJ8909N-
F5W8 expression in healthy donors and GC
patients at different T stages (T1-T4), we
observed that expression levels decreased as
tumor invasion depth increased (Figure 3D).
Based on TNM staging, we categorized GC
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patients into stage I|-Il and stage Ill-IV. The
results showed that tRF-30-RRJ8909NF5W8
expression in both stages was significantly
lower than in healthy donors (Figure 3E). GC
patients with vascular/neural invasion exhibit-
ed significantly lower tRF-30-RRJ8909NF5W8
expression compared to those without inva-
sion (Figure 3F). These findings suggest that
tRF-30-RRJ8909NF5WS8 has potential value in
monitoring the progression of gastric malig-
nancies.

Am J Cancer Res 2025;15(8):3486-3499
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Figure 3. Clinical value of tRF-30-RRJ8909NF5WS8 in GC serum. A. Expression levels of tRF-30-RRJ8909NF5W8
in serum samples from GC patients (n = 107), gastritis patients (n = 35), and healthy donors (n = 70). B. Differ-
ences in tRF-30-RRJ8909NF5WS8 expression levels in serum samples from postoperative GC patients and healthy
donors. C. Changes in serum tRF-30-RRJ8909NF5WS8 expression levels in 27 GC patients before and after surgery.
D. Expression levels of tRF-30-RRJ8909NF5WS in different stages of tumor invasion depth compared to healthy
donors (T1-T2: n = 54, T3-T4: n = 53, healthy donors: n = 70). E. Serum tRF-30-RRJ8909NF5WS8 expression levels
in GC patients at stages I-ll (n = 59), stages IlI-IV (n = 48), and healthy donors (n = 70). F. Expression levels of tRF-
30-RRJ8909NF5W8 in the serum of GC patients with (n = 46) or without (n = 61) neural/vascular invasion. "P <
0.05; P < 0.01; "*P < 0.001; """P < 0.0001.

Diagnostic value of tRF-30-RRJ8909NF5WS in
GC serum

Evaluation of the Diagnostic Value of tRF-
30-RRJ8909NF5WS8 in GC Serum, to assess
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the diagnostic value of tRF-30-RRJ890O9N-
F5W8 in GC serum, we performed ROC analysis
on tRF-30-RRJ8909NF5W8, CEA, CA-199, and
CA-724. The results showed that: tRF-30-
RRJ8909NF5W8 had an AUC of 0.803 (95% Cl:

Am J Cancer Res 2025;15(8):3486-3499
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Table 2. Clinicopathological analysis of tRF-30-RRJ8909NF5W8

Parameter n tRF-RRJ8909NF5WS (low) tRF-RRJ8909NF5WS (high) P value

Sex
Male 23 13 10 0.391
Femle 84 39 45

Age
<60 25 12 13 0.946
>60 82 40 42

Tumor size
<5 77 35 42 0.297
>5 30 17 13

Differentiation grade
Well differentiatiated 22 12 10 0.531
Poorly differentiated 85 40 45

T stage
T1-T2 54 21 33 0.043"
T3-T4 53 31 22

Lymph node status
Positive 59 32 27 0.196
Negative 48 20 28

TNM stage
-1 59 27 32 0.031"
-1V 48 32 16

Nerve/vascular invasion
Positive 46 29 17 0.009"™"
Negative 61 23 38

Lauren classification
Intestinal type 55 22 33 0.537
Mixed type 28 16 12
Diffuse type 29 14 15

CEA
<5 80 36 44 0.200
>5 27 16 11

CA-199
<370 84 40 44 0.699
>37.0 23 12 11

CA-724
<10.0 83 37 46 0.122
>10.0 24 15 9

“P < 0.05; ""P < 0.001.

0.740-0.867), higher than CEA (AUC = 0.771,
95% Cl: 0.702-0.840), CA-199 (AUC = 0.570,
95% Cl: 0.487-0.654), CA-724 (AUC = 0.550,
95% Cl: 0.464-0.637), indicating that tRF-
30-RRJ8909NF5W8 exhibits good diagnostic
performance in GC serum (Figure 4A). Fur-
thermore, SPSS analysis determined a cutoff
value of 0.62, with a corresponding Youden
index of 0.456. The diagnostic performance
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of tRF-30-RRJ8909NF5W8 was as follows:
Sensitivity (SEN): 74.76%, Specificity (SPE):
77.14%, Overall accuracy (AUUC): 75.70%,
Positive predictive value (PPV): 83.33%, Ne-
gative predictive value (NPV): 66.67%, Overall,
tRF-30-RRJ8909NF5W8 outperformed CEA,
CA-199, and CA-724, suggesting that serum
tRF-30-RRJ8909NF5WS8 can effectively distin-
guish GC patients from healthy donors. Addi-
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Figure 4. Diagnostic value of tRF-30-RRJ8909NF5WS8 in GC serum. A-C. ROC curves for independent diagnosis and
joint diagnosis of tRF-30-RRJ8909NF5WS8, CEA, CA199, and CA724 in differentiating GC patients from healthy do-
nors. D-F. ROC curves for independent diagnosis and joint diagnosis of tRF-30-RRJ8909NF5W8, CEA, CA199, and
CA724 in differentiating GC patients from gastritis patients.

tionally, we found that combining serum tRF-
30-RRJB909NF5W8 with CEA, CA-199, and
CA-724 improved diagnostic performance more
than any single biomarker. The combined four-
biomarker panel achieved a maximum sensitiv-
ity of 82.84%, further enhancing the diagno-
stic effectiveness of tRF-30-RRJ8909NF5W8
(Figure 4B, 4C; Table 3).

Studies have shown that chronic gastritis and
GC share similar early symptoms, making them
difficult to distinguish. Therefore, identifying
biomarkers that differentiate gastritis from GC
is crucial. We conducted ROC analysis on 107
GC patients and 35 gastritis patients and found
that: tRF-30-RRJ8909NF5W8 had an AUC of
0.727 (95% Cl: 0.700-0.833), Higher than CEA
(AUC = 0.667, 95% Cl: 0.564-0.758), CA-199
(AUC = 0.627, 95% Cl: 0.547-0.707), CA-724
(AUC = 0.502, 95% Cl: 0.421-0.582) (Figure
4D). When the cutoff value was set at 0.4714
with a Youden index of 0.483, tRF-30-RRJ89-
O9NF5W8 demonstrated a sensitivity (SEN) of
62.62% for differentiating GC from gastritis
patients. ACCU (67.83%) and NPV (42.86%)
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were also higher than those of CEA, CA-199,
and CA-724 (Table 4). When tRF-30-RRJ8909-
NF5W8 was combined with other markers, the
AUC further increased (Figure 4E, 4F), reaching
0.787. Additionally, when all four GC markers
were combined, the sensitivity increased to
76.63% (Table 4). In conclusion, tRF-30-
RRJ8909NF5WS is a promising biomarker for
distinguishing gastritis from GC.

Downstream forecast for tRF-30-RRJ8909N-
F5W8

We used nuclear and cytoplasmic RNA fra-
ctionation to visualize the distribution of tRF-
30-RRJ8909NF5W8 in BGC-823 and AGS
cells, revealing that tRF-30-RRJ8909NF5W8
is primarily localized in the cytoplasm (Figure
5A). This finding provides a general direction for
our subsequent experiments. Next, we utilized
the miRanda, RNAhybrid, and TargetScan data-
bases to identify potential target sites of tRF-
30-RRJ8909NF5WS8. The network diagram dis-
played 640 common target genes across all
three databases (Figure 5B), laying the foun-
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Table 3. Evaluation of the diagnostic value of tRF-30-RRJ8909NF5WS8, CEA, CA199, CA-724 and com-

binations for GC patients and healthy donors

SEN (%) SPE (%) AUUC (%) PPV (%) NPV (%)
tRF-30-RRJS909NF5WS 74.76 (80/107)  77.14 (54/70) 75.70(134/177)  83.33(80/96)  66.67 (54/81)
CEA 2523 (27/107) 98.57 (69/70) 54.23(96/177)  96.42(27/28)  46.30 (69/149)
CA-199 21.50(23/107) 100 (70/70)  52.54 (93/177) 100 (23/23)  45.45 (70/154)
CA-724 22.43(24/107) 87.14 (61/70) 48.02(85/177)  72.73(24/33)  42.36 (61/144)
tRF-30-RRJ8909NF5WS+CEA 7757 (83/107) 75.71(53/70) 76.84 (136/177) 83.00(83/100)  68.83 (53/77)
tRF-30-RRJB909NF5W8+CA199 78,50 (84/107) 77.14 (54/70) 77.97 (138/177)  84.00 (84/100)  70.12 (54/77)
tRF-30-RRJB909NF5W8+CA724 75.70 (81/107) 64.29 (45/70) 7119 (136/177)  76.42 (81/106)  63.38 (45/71)
tRF-30RRJ8909NF5W8+CEA+CA199 81.30 (81/107) 75.71(53/70) 79.10 (140/177)  83.65(83/104)  72.60 (53/73)
tRF-30RRJ8909NF5W8+CEA+CA724 78.50 (84/107) 62.86 (44/70) 72.32(128/177) 76.36 (84/110)  65.67 (44/67)
tRF-30RRJS90ONFEWS+CEA+CA199+CAT24  82.24(88/107) 62.86 (44/70) T74.58 (132/177) 7719 (88/114)  69.84 (44/63)

SEN, sensitivity; SPE, specificity; ACCU, overall accuracy; PPV, positive predictive value; NPV, negative predictive value.

Table 4. Evaluation of the diagnostic value of tRF-30-RRJ8909NF5WS8, CEA, CA199, CA724 and com-

binations for GC patients and gastritis patients

SEN (%) SPE (%) AUUC (%) PPV (%) NPV (%)
tRF-30-RRJS909NF5WS 62.62 (67/107)  85.71(30/35)  67.83(97/142) 93.05(67/72) 42.86 (30/70)
CEA 25.23(27/107)  94.28(33/35)  42.25(60/142) 93.10 (27/29) 29.20 (33/113)
CA199 21.50(23/107)  97.14(34/35)  40.14 (57/142) 95.83(23/24) 28.81(34/118)
CA724 20.56 (22/107)  88.57(31/35)  37.32(53/142) 84.62(22/26) 26.72(31/116)
tRF-30-RRJB909NF5WS+CEA 81.30 (87/107) 7714 (27/35) 80.28(114/142) 91.57 (87/95)  57.45 (27/47)
tRF-30-RRJ8909NF5W8+CA199 67.28 (72/107)  80.00(28/35)  70.42 (100/142) 91.14(72/79) 44.44 (28/63)
tRF-30-RRJB909NF5W8S+CA724 65.42 (70/107)  71.43(25/35)  66.90 (95/142) 87.50 (70/80)  40.32 (25/62)
tRF-30RRJ8909NF5W8+CEA+CA199 73.83(79/107) 7744 (27/35)  74.65(106/142) 90.80 (79/87) 49.09 (27/55)
tRF-30RRJ8909NF5W8+CEA+CA724 71.96 (77/107)  68.57 (24/35)  71.13(101/142) 87.50 (77/88)  44.44 (24/54)
tRF-30RRJB909NFEWS+CEA+CA199+CA724  76.63 (82/107)  65.71(23/35)  73.94 (105/142) 87.23(82/94)  47.92 (23/48)

SEN, sensitivity; SPE, specificity; ACCU, overall accuracy; PPV, positive predictive value; NPV, negative predictive value.

dation for further exploration of tRF-30-RRJ-
8909NF5WS8’s functional mechanisms. Accor-
ding to Gene Ontology (GO) enrichment an-
alysis (Figure 5C), the predicted target genes
may be involved in: Postsynaptic cytosol,
Anchored components of the synaptic mem-
brane, Inositol 1,4,5-trisphosphate binding.
Additionally, the Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment an-
alysis revealed that these genes are enriched
in: Endocytosis, Calcium signaling pathway,
and Proteoglycans in cancer (Figure 5D). These
findings provide new insights into the molecular
mechanisms of tRF-30-RRJ8909NF5WS8 in GC.

Discussion

Gastric cancer (GC) is one of the most prevalent
and lethal malignancies worldwide, particularly
in East Asia (e.g., China, Japan, and South
Korea) [16]. Although progress has been made
in the diagnosis and treatment of GC, many
patients are diagnosed at advanced stages
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due to the absence of early symptoms, leading
to poor treatment outcomes [17]. Therefore,
identifying novel biomarkers and therapeutic
targets is crucial for early diagnosis and preci-
sion therapy. Current diagnostic methods for
GC are often invasive and costly, making early
detection challenging. In recent years, tRNA-
derived small RNAs (tsRNAs), a novel class of
non-coding RNAs, have attracted attention for
their role in GC pathogenesis, progression, and
treatment [18]. Research has shown that tsR-
NAs participate in multiple biological process-
es, including cell proliferation, migration, can-
cer progression [19, 20], DNA damage repair
[24], sperm modification [22], and epigenetic
regulation [23]. Moreover, tsRNAs have been
implicated in cancer diagnosis and prognosis
prediction [24]. For instance, tsRNA-Thr-5-0015
is significantly elevated in the serum of hepato-
cellular carcinoma (HCC) patients compared to
hepatitis cases and healthy individuals. It is
associated with TNM stage and lymph node
metastasis and can serve as a novel biomarker
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Figure 5. tRF-30-RRJ8909NF5W8 downstream regulation mechanism. A. Nuclear and Cytoplasmic RNA Separation Assay was performed on BGC-823 and AGS for
the detection of tRF-30-RRJ8909NF5W8. B. The potential target genes of tRF-30-RRJI8909NF5W8. C. Functional enrichment analysis of GO of tRF-30-RRJ8909N-
F5W8 potential target genes. D. Enrichment analysis of the KEGG biological pathway of tRF-30-RRJI8909NF5W8 potential target genes.
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for HCC [25]. Additionally, tRF-Val-CAC-016 was
found to be downregulated in GC, and its over-
expression inhibited GC cell proliferation. Xu et
al. [26] demonstrated that tRF-Val-CAC-016
regulates the MAPK signaling pathway by tar-
geting CACNA1D. Despite existing challenges,
the growing research on tsRNAs and advance-
ments in technology suggest a promising future
for tsRNAs in disease diagnosis and treat-
ment.

In this study, we screened a differentially ex-
pressed tsRNA, tsRNA-GIn-5-0033, from the
tsRFun database and named it tRF-30-RRJ8-
909NF5W8 based on MINTbase v2.0. We con-
firmed that tRF-30-RRJ8909NF5W8 was con-
sistently downregulated in GC cells and serum
samples. Assay evaluations demonstrated its
stability, precision, and reliability, laying the
foundation for further investigations. Expre-
ssion analysis revealed that tRF-30-RRJ-
8909NF5W8 could distinguish GC patients
from healthy donors and gastritis patients.
Postoperative GC patients exhibited increased
tRF-30-RRJ8909NF5WS levels, with no signifi-
cant difference compared to healthy donors,
suggesting its potential role as a tumor sup-
pressor. tRF-30-RRJ8909NF5WS8 levels were
significantly correlated with the T stage, TNM
stage, and neural/vascular invasion, indicating
its involvement in GC progression. Traditional
GC biomarkers such as CEA, CA-199, and
CA-724 have limited diagnostic efficiency, mak-
ing early GC detection difficult. Notably, ROC
analysis showed that tRF-30-RRJ8909NF5W8
outperformed CEA, CA-199, and CA-724 in
diagnostic accuracy. Moreover, combining tRF-
30-RRJ8909ONF5W8 with these biomarkers
further enhanced diagnostic performance, sug-
gesting its potential in GC detection and dis-
ease monitoring.

Although our findings provide valuable insights,
several limitations remain: The mechanisms
underlying the dysregulated expression of tRF-
30-RRJ8909NF5WS8 remain unclear, tsRNAs
can interact with various proteins, contributing
to cancer progression. For instance: tRF-33-
PAR8YPILONA4VDP binds to AGO2, downregu-
lating STAT3 expression, thereby inhibiting GC
tumorigenesis [27], tiRNA-Val-CAC-2 interacts
with FUBP1, enhancing its stability and increas-
ing c-MYC transcription, leading to pancreatic
cancer metastasis [28]. 5'tiRNA-His-GTG, a
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stress-induced tsRNA, promotes colorectal
cancer progression under hypoxic conditions
via the HIFLa/angiogenin (ANG) axis, inhibiting
apoptosis and enhancing malignancy [29]. RNA
modifications also play a critical role in regulat-
ing cellular processes [30]: 5'tsRNA-GlyGCC,
upregulated in colorectal cancer (CRC), is modi-
fied by METTL1-mediated N’-methylguanosine
(M'G) tRNA methylation. It activates the JAK1/
STAT6 pathway via SPIB targeting, promoting
CRC progression [31]. m’G-3-tiRNA LysTTT
(mtiRL) interacts with ANXA2, enhancing Yesl
phosphorylation and promoting bladder cancer
metastasis [32]. Given these findings, we will
further investigate the downstream mecha-
nisms of tRF-30-RRJ8909NF5WS8. Using bioin-
formatics predictions, we identified potential
target genes and performed GO and KEGG
enrichment analyses, which will guide future
research into its regulatory pathways.

Conclusion

In summary, this study identified tRF-30-
RRJ8909NF5WS8 as a novel biomarker for GC,
demonstrating the downregulation of tRF-
30-RRJ8909NF5WS8 in GC for the first time.
Significant differentiation between GC patients,
gastritis patients, and healthy donors. Superior
diagnostic efficiency compared to traditional
markers (CEA, CA-199, CA-724). Postoperative
expression recovery suggests potential as a
therapeutic target. Moving forward, we will fur-
ther explore the downstream mechanisms of
tRF-30-RRJ8909NF5WS to understand its role
in GC development and progression.
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