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Abstract

Impact statement

The roles of transfer RNA-derived small RNAs
(tsRNAs) have been investigated in various
human diseases, although relatively few studies
have explored the functions of tsRNAs in gastric
cancer (GC). Therefore, the aim of this study was
to explore the role of tRF-18-79MP9P04 (previ-
ously named tRF-5026a) in the onset and devel-
opment of GC. The results of this study found that
plasma levels of tRF-18-79MP9P04 were sig-
nificantly decreased in early and advanced GC.
High-throughput transcriptome sequencing identi-
fied genes regulated by tRF-18-79MP9P04 in GC
cells, and the bioinformatics was performed to pre-
dict the functions of tRF-18-79MP9P04. Notably,
tRF-18-79MP9P04 can be used as a novel non-
invasive biomarker for early detection of GC and
was related to cornification, the type | interferon
signaling pathway, RNA polymerase Il activities,
and DNA binding, thereby providing a theoretical
basis for further functional research and devel-
opment drugs targeting tsRNAs in GC and other
malignancies.

Gastric cancer (GC) is a particularly malignant disease; thus, early diagnosis and
treatment are especially important. Transfer RNA-derived small RNAs (isRNAs)
have been implicated in the onset and progression of various cancers. Therefore,
the aim of this study was to explore the role of tRF-18-79MP9P04 (previously
named tRF-5026a) in the onset and progression of GC. Expression levels of tRF-
18-79MP9P04 were quantified in gastric mucosa specimens of healthy controls
and plasma samples of patients with different stages of GC. The results showed
that plasma levels of tRF-18-79MP9P04 were significantly decreased in the early
and advanced stages of GC. The results of the nucleocytoplasmic separation assay
found thattRF-18-79MP9P04 was localized in the nuclei of GC cells. High-throughput
transcriptome sequencing identified genes regulated by tRF-18-79MP9P04 in
GC cells, and the function of tRF-18-79MP9P04 was predicted by bioinformatics.
Collectively, the findings of this study suggest that tRF-18-79MP9P04 would
be useful as non-invasive biomarker for early diagnosis of GC and is related to
cornification, the type | interferon signaling pathway, RNA polymerase Il activities,
and DNA binding.
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Introduction

Gastric cancer (GC) is a particularly malignant tumor and
is the third most common cause of cancer-associated death
worldwide.! According to the International Agency for
Research on Cancer (IARC),? GC accounted for 1.09 mil-
lion new cases and 769,000 deaths globally in 2020. The
occurrence of GC is a multistage and progressive process
characterized by chronic superficial gastritis, atrophic gas-
tritis, intestinal metaplasia, and atypical hyperplasia.? GC
has no specific symptoms in the early stage. The 5-year
survival rate of GC is closely associated with the disease
stage at the time of diagnosis. Hence, early diagnosis and
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treatment are particularly important to improve patient
outcomes. Therefore, elucidation of the molecular mecha-
nisms underlying the onset and progression of GC and
identification of diagnostic biomarkers and therapeutic
targets are urgently needed.

Owing to recent advancements in high-throughput RNA
sequencing technology, transfer RNA-derived small RNAs
(tsRNAs), which were previously described as random deg-
radation products of transfer RNAs (tRNAs), continue to
attract increasingly attention.* tsSRNAs, which are formed
by the cleavage of mature or precursor tRNAs by specific
nucleases, are classified as tRNA-derived fragments (tRFs)
and tRNA halves, or tRNA-derived stress-induced RNAs
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(tiRNAs), based on the cleavage site.> The lengths of tRFs
range from 14 to 30 nucleotides (nt) and are classified as
tRE-1, tRF-2, tRF-3, tRF-5, and i-tRE. Of these, tRF-1 is a tiny
fragment of 15-22nt in length generated by cleavage of the 3’
end of the precursor tRNA by RNAse Z or ElaC ribonuclease
Z 2,5 while tRF-2 is produced by cleavage of the anticodon
loop, which includes the anticodon loop and stem, of the
mature tRNA, but lacks the 5" and 3’ ends;” tRF-3 is com-
posed of 18-22nt derived from the 3’ end of mature tRNA
and is generated by cleavage of the T-loop by angiogenin
(ANG), Dicer, or a member of the ribonuclease family;? tRF-
5, which is 14-30nt in length, is derived from the 5’ end of the
mature tRNA via cleavage of the D-loop by Dicer; and i-tRF
is cleaved from the internal region, including the D-loop or
T-loop, of the mature tRNA, but lacks the 5" and 3’ ends.*!
tiRNAs are grouped into two main isoforms, known as 5’
tiRNA and 3’ tiRNA, derived via cleavage of the anticodon
loop of the mature tRNAs by ANG.12

Accumulating evidence indicates that the roles of tsRNAs
include regulation of gene expression, protein translation,
epigenetic modifications, intercellular communication, and
apoptosis.'> More recent studies have reported the potential
of tsRNAs as cancer biomarkers. For example, plasma tRFs
can distinguish between breast cancer and control, thus pre-
senting potential novel diagnostic biomarkers.!* A previous
study found that significant increase of tRF-GIn-TTG-006
level in serum acts as a novel diagnostic biomarker for hepa-
tocellular carcinoma.!®

A previous study by our group found that tRF-18-
79MP9P04 (previously named tRF-5026a) suppressed the
proliferation of GC cells via the PTEN/PI3K/AKT signal-
ing pathway.’® As a continuation of our previous work,
the aim of this study was to investigate the expression
profiles of tRF-18-79MP9P04 as potential novel biomark-
ers of the onset and progression of GC and elucidate the
underlying mechanisms by high-throughput transcriptome
sequencing.

Materials and methods
Study approval

The study protocol was approved by the Ethics Committee of
Ningbo University (approval no. 2019022501) and conducted
in accordance with the ethical principles for medical research
involving human subjects described in the Declaration of
Helsinki. Prior to inclusion in this study, written informed
consent was obtained from all subjects.

Blood sample collection

Blood samples were collected from patients with healthy
gastric mucosa (HGM), benign lesions (BLs), precancer-
ous lesions (PLs), and early gastric cancer (EGC) who
were recruited from the First Affiliated Hospital of Ningbo
University. Blood samples were also collected from patients
with advanced gastric cancer (AGC) who were recruited
from the First Affiliated Hospital of Ningbo University.
All subjects underwent gastroscopic examinations.
Histopathological diagnoses were made by an experienced
pathologist.

Cell culture

Normal gastric mucosa epithelial GES-1 cells were obtained
from the Beijing Beina Chuanglian Institute of Biotechnology
(Beijing China). Gastric adenocarcinoma AGS and metastatic
GC HGC-27 cells were acquired from the Cell Resource
Center of the Shanghai Institutes for Biological Sciences
(Chinese Academy of Sciences, Shanghai, China). The GES-1
and AGS cells were cultured in high-glucose Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum and 1% penicillin/streptomycin. HGC-27
cells were cultured in Roswell Park Memorial Institute 1640
medium supplemented with 10% fetal bovine serum and
1% penicillin/streptomycin. All cells were incubated at 37°C
under an atmosphere of 5% CO,/95% air.

RNA extraction and quality testing

Total RNA was extracted from cells and plasma samples with
TRIzol and TRIzol LS reagents, respectively (Thermo Fisher
Scientific, Waltham, MA, USA) in accordance with the manu-
facturer’s instructions. Nucleoplasmic RNA was extracted
using the PARISTM Kit Protein and RNA Isolation System
kit (Invitrogen Corporation, Carlsbad, CA, USA). The con-
centration and purity of the RNA were determined with a
spectrophotometer (DeNovix Inc., Wilmington, DE, USA).
The RNA was considered sufficiently pure at an A,q/ Ay
ratio of 1.8-2.1. The RNA was stored at —80°C for later use.

Reverse transcription of RNA

Total RNA was reverse transcribed into complementary DNA
(cDNA) using the Tiosbio™ Polestar 1st cDNA Synthesis Kit
(gDNA removal) (Tiosbio, Beijing, China).

Quantitative reverse transcription polymerase
chain reaction

Cellular expression of tRF-18-79MP9P04 was quantified by
quantitative reverse transcription-polymerase chain reac-
tion (QRT-PCR) using the SYBR dye method with U6 small
nuclear RNA as an internal reference and performed with
KOD SYBR® quantitative polymerase chain reaction (qQPCR)
Mix (Toyobo, Osaka, Japan) and a QuantStudio™ 3 Real-
Time PCR System (Thermo Fisher Scientific).

Plasma expression levels of tRF-18-79MP9P04 were quan-
tified by absolute fluorescence gRT-PCR using the TagMan
dye method with a specific hydrolysis probe complemen-
tary to the template designed to enhance the specificity
of detection. A recombinant pUC57 plasmid coding for
tRF-18-79MP9P04 was constructed by General Biosystems
(Anhui) Co., Ltd. (Anhui, China). The concentration and
purity of the recombinant plasmid DNA were measured
with a spectrophotometer (DeNovix Inc.). The copy num-
ber of the recombinant plasmid was calculated with the for-
mula: copy number =plasmid concentration X 6.02 X 10?3/
(660 X total length of the plasmid). Then, the plasmid was
diluted with RNase-free water to 1 X 107 copies/pL as the
stock solution, which was serially diluted by 10-fold (1 X 106,
1X10% 1x10% 1X103, 1X10? and 1 X 10 copies/pL) with
RNase-free water. The plasmid dilutions were used as the
amplification templates for construction of a standard curve.



Amplifications were performed with TOROIVD® 5G qPCR
Premix (Toroivd, Shanghai, China) with the diluted plasmids
or cDNA as the amplification template with a QuantStudio™
3 Real-Time PCR System. All primers (Supplemental Table 1)
were constructed by General Biosystems (Anhui) Co., Ltd.

High-throughput sequencing

Total RNA was extracted from AGS cells transfected with
the tRF-18-79MP9P04 mimics or negative control (NC).
High-throughput transcriptome sequencing was performed
by Shanghai OE Biotech Co., Ltd. (Shanghai, China). Gene
ontology (GO) enrichment analysis of the differentially
expressed genes (DEGs) was performed with reference to
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database. The Database for Annotation, Visualization and
Integrated Discovery (https:/ /david.ncifcrf.gov/) was used
to explore the biological function of tRF-18-79MP9P04.

Statistical analysis

Statistical analyses were conducted with IBM SPSS Statistics
for Windows, version 21.0. (IBM Corporation, Armonk, NY,
USA). The figures were generated using GraphPad Prism 7
(GraphPad Software Inc., San Diego, CA, USA) and Adobe
Photoshop CC 2017 (Adobe, Inc., San Jose, CA, USA). Data
comparisons were performed using the Mann-Whitney U
test or the Kruskal-Wallis H test, where appropriate. Non-
normally distributed data are presented as the median and
interquartile range. A probability (P) value <0.05 was con-
sidered statistically significant.

Results

Characteristics and amplification results of tRF-18-
79MP9P04

Queries of the MINTbase database (https://cm.jefferson.
edu/MINTbase/) revealed that the length of tRF-18-
79MP9P04 is 18nt and derived from the 5" ends of tRNA-
Val-AAC and tRNA-Val-CAC (76 nt), which matched the 5
ends of 18 human tRNAs, and the cleavage site was located
in the D ring (Supplemental Figure 1). The base sequence
of tRF-18-79MP9P04 is 5-GUUUCCGUAGUGUAGUGG-3’,
which is the same as that of tRF-5026a, in agreement with
the results of our previous study.'® Based on the sequence of
tRE-18-79MP9P04, specific reverse transcription, upstream,
and downstream primers were designed (Supplemental Table
1) to quantify the expression levels of tRF-18-79MP9P04 by
qRT-PCR. The length of the qRT-PCR product was 73bp. The
position of the qRT-PCR product band of tRF-18-79MP9P04
was consistent with the theoretical position by agarose gel
electrophoresis (Figure 1). The sequence of the qRT-PCR
product, as determined with the TA Cloning® Kit (Thermo
Fisher Scientific), was consistent with the sequence retrieved
from the MINTbase database (Supplemental Figure 2).

Plasma levels of tRF-18-79MP9P04 in GC-related
processes

Since that there is no ideal reference for quantification of
tsRNAs level in bodily fluids, a method to quantify plasma

Figure 1. Electrophoresis results of qRT-PCR products.

levels of tRF-18-79MP9P04 was established. Briefly, the cDNA
amplification product of tRF-18-79MP9P04 was cloned into
the pUC57 plasmid by General Biosystems (Anhui) Co., Ltd.
(Supplemental Figure 3).

For detection of tRF-18-79MP9P04 in plasma samples by
qRT-PCR, the recombinant plasmids were serially diluted
to obtain the C, value. The formula of the standard curve
was y=-3.590x +43.910 with a coefficient of determination
R?2=0.999 (Supplemental Figure 4), thus indicating that the
established standard curve can accurately reflect amplifica-
tion of tRF-18-79MP9P04.

Comparisons of the plasma levels of tRF-18-79MP9P04
among the HGM, BL, PL, EGC, and AGC groups found
significant decreases in the copy number of tRF-18-
79MPI9P04 in the EGC and AGC groups, but no significant
difference between the BL and PL groups (Figure 2(A)).
A heatmap of the —log10 changes to the P values showed
that the largest difference in the copy number of tRF-
18-79MP9P04 was between the HGM and AGC groups
(Figure 2(B)).

Diagnostic value of plasma levels of tRF-18-
79MP9P04

Analysis of the diagnostic value of tRF-18-79MP9P04 in the
plasma samples of the HGM, BL, PL, EGC, and AGC groups
(Table 1) found that the largest area under the receiver opera-
tor characteristic curve (AUC) of 0.736 occurred between
the BL and EGC groups (Figure 3), while the sensitivity and
specificity were 0.431 and 0.958, respectively, the positive
predictive value was 0.939, and the negative predictive value
was 0.529.
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Figure 2. Plasma levels of tRF-18-79MP9P04 in GC-related processes. (A)
Plasma levels of tRF-18-79MP9P04 in GC-related processes. (B) Comparison of
data among groups. A heatmap of the —log10 changes to the P values.

HGM: healthy gastric mucosa (n=120); BL: benign lesion (n=48); PL:
precancerous lesion (n=48); EGC: early gastric cancer (n=72); AGC: advanced
(n=108); ns: no significance.

***P <0.001.

Nucleocytoplasmic localization of tRF-18-
79MP9P04

To elucidate the biological function of tRF-18-79MP9P04, the
localization of tRF-18-79MP9P04 in GES-1, AGS, and HGC-27
cells was determined with the nucleocytoplasmic separation
assay with U6 small nuclear RNA (snRNA) and glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) mRNA as
nuclear and cytoplasmic markers, respectively. The results
showed that the RNAs were successfully isolated from the
nucleocytoplasm (Figure 4). The results of the nucleocyto-
plasmic separation assay showed that tRF-18-79MP9P04 was
mainly localized in the nucleus (Figure 4).

Results of high-throughput transcriptome
sequencing

The total RNA extracted from AGS cells transfected with
tRE-18-79MP9P04 mimics or the NC was applied for high-
throughput transcriptome sequencing. Screening of the
mRNAs based on an adjusted P value <0.05 and fold change

>2 identified 56 DEGs between the tRF-18-79MP9P04 mimics
and NC groups (Figure 5). The functions of the mRNAs, as
determined by GO enrichment analysis based on the KEGG
database, were categorized as biological processes (BPs), cel-
lular components (CCs), or molecular functions (MFs). The
enriched BPs of the DEGs included “cornification”, “type I
interferon signaling pathway”, “sodium ion transmembrane
transport”, and “viral process,” while the enriched CCs
included “integral component of endoplasmic reticulum
membrane” and “extracellular exosome,” and the enriched
MFs included “RNA polymerase II cis-regulatory region
sequence-specific DNA binding”, “actin filament binding”,
“DNA-binding transcription factor activity”, “RNA poly-
merase II-specific”, “herpes simplex virus 1 infection”, and
“adrenergic signaling in cardiomyocytes” (Table 2).

The KEGG enrichment results showed that tRF-18-
79MP9P04 was mainly associated with “herpes simplex
virus type I infection” and “adrenergic signaling in cardio-
myocytes” (Table 3).

Discussion

The onset and progression of GC pose severe threats to
human health. Despite the continued improvement in diag-
nosis and treatment strategies, the morbidity and mortality
rates of GC remain high.!” A large proportion of deaths due
to GC are attributable to delayed diagnosis and treatment.
However, treatment options are limited for patients diag-
nosed with advanced or metastatic GC. Thus, highly sensi-
tive and specific biomarkers for early detection of GC are
urgently needed.

High-throughput RNA sequencing technology has facili-
tated the identification of novel non-coding small RNAs,
including tsRNAs, as diagnostic biomarkers for cancers of
the breast, colon, rectum, and stomach.'®-22 A previous study
by our group found that tRF-5026a (tRF-18-79MP9P04) acts
as a tumor suppressor in GC through the PTEN/PI3K/
AKT signaling pathway.!® As a continuation of this work,
the results of this study determined that tRF-18-79MP9P04
was an 18-nt segment derived from the 5" ends of tRNA-Val-
AAC and tRNA-Val-CAC, belonging to the tRE-5 subgroup.
Hu et al.?® reported that upregulation of tRF-5 was associ-
ated with an increased risk of postoperative recurrence and
poor prognosis of lung adenocarcinoma, demonstrating that
tRFs present in bodily fluids (e.g. plasma, serum, and urine)
are potential non-invasive biomarkers for the diagnosis of
malignancies.

The development of GC is a multistage process; thus, the
expression profiles of tRF-18-79MP9P04 were investigated in
plasma samples collected from five patient groups (HGM, BL,
PL, EGC, and AGC) to determine whether tRF-18-79MP9P04
is involved in the onset and progression of GC. The results
showed that as compared to healthy controls (HGM group), the
copy number of tRF-18-79MP9P04 was significantly decreased
in the EGC and AGC groups (Figure 2), while the largest
AUCs were between the BL and EGC groups (AUC=0.736)
and between the BL and AGC groups (AUC=0.735) (Table 1),
demonstrating that plasma tRF-18-79MP9P04 can be used to
identify the onset and progression of GC.
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Transfer RNA-derived fragments

Table 1. Diagnostic value of plasma tRF-18-79MP9P04 in gastric cancer—related processes.

Groups AUC Sensitivity Specificity Cut-off (copies/mL) PPV NPV

HGM versus BL 0.522 0.229 0.892 11,809,322 0.458 0.743
HGM versus PL 0.526 0.854 0.283 9,704,711 0.323 0.829
HGM versus EGC 0.714 0.681 0.667 6,275,240 0.551 0.777
HGM versus AGC 0.704 0.611 0.808 4,774,077 0.742 0.698
BL versus PL 0.537 0.875 0.313 9,950,057 0.560 0.714
BL versus EGC 0.736 0.431 0.958 4,069,975 0.939 0.529
BL versus AGC 0.735 0.528 0.958 4,007,097 0.966 0.474
PL versus EGC 0.718 0.681 0.723 6,358,212 0.790 0.603
PL versus AGC 0.704 0.546 0.958 4,131,580 0.967 0.484
EGC versus AGC 0.528 0.435 0.722 3,083,032 0.701 0.460

HGM: healthy gastric mucosa; BL: benign lesion; PL: precancerous lesion: EGC: early gastric cancer; AGC: advanced gastric cancer; AUC: area under curve; PPV:
positive predictive value; NPV: negative predictive value.
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Early detection of GC is critical to improve patient out-
comes. Plasma tRFs present promising novel diagnostic bio-
markers for breast cancer? as well as other malignancies.®®
A study conducted by Zhang et al.?> found that tRF-Gly-
CCC-046, tRF-Tyr-GTA-010, and tRF-Pro-TGG-001 combined
with some traditional biomarkers could be used to effectively
monitor the progression of breast cancer. At present, diagno-
sis of GC is mainly based on endoscopic and histopatho-

QQb‘ logical examinations of lesions and a differential diagnosis is

\‘8% usually required to distinguish primary GC from other dis-
A eases. Although there have been relatively few studies, tsR-
NAs are reportedly effective for screening and diagnosis of
early GC and to select effective and reliable treatment strate-

Figure 4. Nucleocytoplasmic localization of tRF-18-79MP9P04 in (A) GES-1, gies. The results of a previous study by our group found that
(B) AGS, and (C) HGC-27 cells (n=3). serum level of tRF-5026a (tRF-18-79MP9P04) was correlated

0.5

Ratio (HGC-27)

0.0-



Table 2. GO analysis of tRF-18-79MP9P04 upregulated genes.

Category Term Genes P value

GO_BP_DIRECT  Cornification KRT6A, KRT6B, PERP, SPRR2D <0.001

GO_BP_DIRECT  Type | interferon signaling pathway IFIT1, RSAD2, XAF1 0.001

GO_BP_DIRECT Sodium ion transmembrane transport SCN1B, SLC17A7, SLC34A3 0.003

GO_BP_DIRECT  Viral process G3BP2, IFIT1, PRMT6, PSMB9, RSAD2 0.012

GO_CC_DIRECT Integral component of endoplasmic reticulum membrane DHRS9, EMC6, PORCN 0.005

GO_CC_DIRECT  Extracellular exosome CD22, CFL2, H2BC5, KRT6A, KRT6B, LCP1, ORM2, 0.040

PSMB9, S100P, STOM, TPM4

GO_MF_DIRECT  RNA polymerase Il cis-regulatory region sequence-specific FOSB, ZNF354A, ZNF468, ZNF492, ZNF616, 0.021
DNA binding ZNF630, ZNF678, ZNF765

GO_MF_DIRECT  Actin filament binding CFL2, LCP1, TPM4 0.024

GO_MF_DIRECT  DNA-binding transcription factor activity, RNA polymerase FOSB, ZNF354A, ZNF468, ZNF492, ZNF616, 0.028
II-specific ZNF630, ZNF678, ZNF765

Table 3. KEGG analysis of tRF-18-79MP9P04 upregulated genes.

Category Term Genes P value

KEGG_PATHWAY Herpes simplex virus 1 infection ZNF354A, ZNF468, ZNF492, ZNF616, ZNF630, ZNF765 0.007

KEGG_PATHWAY Adrenergic signaling in cardiomyocytes RYR2, TPM4, SCN1B 0.016

with serum level of the tumor marker carbohydrate antigen
19-9 and tumor size, indicating that tRF-18-79MP9P04 is a
potential novel diagnostic biomarker for GC.1® Meanwhile,
the results of this study found that plasma tRE-18-79MP9P04
was a useful biomarker for early detection of GC (Figure 3).

Further analysis clarified that tRF-18-79MP9P04 was
mainly localized in the nucleus (Figure 4). Through high-
throughput transcriptome sequencing of differentially
expressed mRNAs after tRF-18-79MP9P04 was over-
expressed in GC cells, we performed GO and KEGG
enrichment analyses and found that in terms of BP, tRF-18-
79MP9P04 was mainly enriched in cornification and others
(Tables 2 and 3). GO enrichment analysis found that tRF-18-
79MP9P04 was involved in the onset and progression of GC
(Table 2). Werner et al.?> found that the use of cornification
and keratins as diagnostic biomarkers of various cancers,
especially tumor cell dissemination, metastasis, and treat-
ment responsiveness. In fact, a study by Xiong et al.26 found
that lung adenocarcinoma was associated with cornification.

GO enrichment analysis found that the DEGs identified
in this study were involved in the immune response, includ-
ing the type I interferon signaling pathway (Table 2), sug-
gesting that the immune response is closely related to the
progression of GC. The type I interferon signaling pathway
can directly or indirectly regulate tumor growth by acting
on tumor cells and immune cells, respectively.?” Changes
to the expression levels of tRF-18-79MP9P04 were linked to
mRNA levels of X-linked inhibitor of apoptosis-associated
factor 1 (XAF1). Zhang et al.? found that expression of XAF1
in GC is negatively correlated to the p53 tumor suppressor
protein, which can inhibit the transcription of XAF1 by inter-
acting with high-affinity response elements (-95 to —86nt)
within the XAF1 promoter, indicating a potential relation-
ship among tRF-18-79MP9P04, p53, and XAF1.

GO enrichment analysis also identified DEGs involved in
RNA polymerase Il activities and DNA binding (Table 2). These
findings indicate that tRF-18-79MP9P04 also plays important

roles in various cellular processes that could be linked to the
onset and progression of GC.

Several recent studies have investigated the use of tsR-
NAs as potential therapeutic targets.”81922 The results of our
previous study established the impact of tRF-18-79MP9P04
in the onset and progression of GC via the PTEN/PI3K/AKT
signaling pathway,'¢ while the findings of this study impli-
cated tRF-18-79MP9P04 in cornification, the type I interferon
signaling pathway, RNA polymerase II activities, and DNA
binding (Tables 2 and 3), thereby presenting promising
future directions of research to elucidate the mechanisms
employed by tsRNA in the development of GC.

Conclusions

The results of this study confirmed that tRF-18-79MP9P04
presents a novel non-invasive biomarker for early diagnosis
of GC. In addition, the involvement of tRF-18 in cornifica-
tion, the type I interferon signaling pathway, RNA polymer-
ase Il activities, and DNA binding provide a theoretical basis
for further functional research and development of drugs
targeting tsRINAs.
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