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Transfer RNA-derived fragment tRF-23-Q99P9PINDD promotes
progression of gastric cancer by targeting ACADSB
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Abstract: Gastric cancer (GC) is one of the most common gastrointestinal tumors. As a newly discovered type of non-coding
RNAs, transfer RNA (tRNA)-derived small RNAs (tsSRNAs) play a dual biological role in cancer. Our previous studies have
demonstrated the potential of tRF-23-Q99P9PINDD as a diagnostic and prognostic biomarker for GC. In this work, we
confirmed for the first time that tRF-23-Q99P9PINDD can promote the proliferation, migration, and invasion of GC cells
in vitro. The dual luciferase reporter gene assay confirmed that tRF-23-Q99P9PINDD could bind to the 3' untranslated region
(UTR) site of acyl-coenzyme A dehydrogenase short/branched chain (4CADSB). In addition, ACADSB could rescue the effect of
tRF-23-Q99P9PINDD on GC cells. Next, we used Gene Ontology (GO), the Kyoto Encyclopedia of Genes and Genomes
(KEGG), and Gene Set Enrichment Analysis (GSEA) to find that downregulated 4ACADSB in GC may promote lipid
accumulation by inhibiting fatty acid catabolism and ferroptosis. Finally, we verified the correlation between ACADSB and 12
ferroptosis genes at the transcriptional level, as well as the changes in reactive oxygen species (ROS) levels by flow cytometry.
In summary, this study proposes that tRF-23-Q99P9POINDD may affect GC lipid metabolism and ferroptosis by targeting ACADSB,
thereby promoting GC progression. It provides a theoretical basis for the diagnostic and prognostic monitoring value of GC and
opens up new possibilities for treatment.

Key words: Transfer RNA (tRNA)-derived small RNA (tsRNA); Gastric cancer (GC); Acyl-coenzyme A dehydrogenase
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1 Introduction when diagnosed, often accompanied by lymph nodes

or distant metastases (Shen et al., 2013). Consequently,

Gastric cancer (GC) is one of the most common
cancers in the world. The incidence of GC has decreased
with the advancement of medical treatments and the
eradication of Helicobacter pylori. However, the mortal-
ity rate of GC still ranks fourth among cancers (Correa,
2013; Sung et al., 2021). The prognosis of GC remains
poor as most patients are already in an advanced stage

P4 Yuejiao HUANG, huangyuejiao20@126.com
Shaoqing JU, jsq814@hotmail.com

" The two authors contributed equally to this work
Yu ZHANG, https://orcid.org/0000-0002-3409-5496
Xinliang GU, https://orcid.org/0009-0001-8118-5347
Yuejiao HUANG, https://orcid.org/0000-0001-6532-9497
Shaoqing JU, https://orcid.org/0000-0001-7448-2020

Received Apr. 6, 2023; Revision accepted Aug. 7, 2023;
Crosschecked Apr. 7, 2024

© Zhejiang University Press 2024

it is urgent to identify biomarkers that can aid in the
diagnosis and prognostic monitoring of GC and pro-
vide new treatment options for this disease.

With the development of next-generation sequenc-
ing technology, an emerging class of non-coding RNAs
(ncRNAs), transfer RNA (tRNA)-derived small RNAs
(tsRNAs), has been subject to extensive research.
According to the cleavage sites of nucleases, tsSRNAs
are mainly divided into two categories: tRNA halves
(tiRNAs) and tRNA-derived fragments (tRFs) (Liu
et al., 2021; Xu et al., 2022). tiRNAs include 5' tiRNAs
of approximately 31-36 nucleotides (nt) in length and
3'tiRNAs of 36-41 nt, which are usually generated
under stress by angiopoietin (ANG) cleavage of the
middle of the anticodon loop of mature tRNAs (Tao
et al., 2020; Wen et al., 2021). tRFs are about 14-30 nt



similar to microRNAs (miRNAs), mainly generated
through Dicer-dependent and -independent pathways.
Depending on the enzymatic cleavage site, tRFs can be
divided into tRF-1, tRF-3, tRF-5, and i-tRF (Kumar
et al., 2016; Park and Kim, 2018; Yang et al., 2023).
tsRNAs can exert dual biological effects on cancer
through multiple regulatory mechanisms (Li XZ et al.,
2021; di Fazio and Gullerova, 2023). For example,
tRF5-Glu has been reported to inhibit the expression
of breast cancer anti-estrogen resistance 3 (BCAR3) by
binding to its 3' untranslated region (UTR) position,
thereby hindering the proliferation of breast cancer
cells (Zhou et al., 2017). Luan et al. (2021) found that
hypoxic colorectal cancer (CRC) cells induced the pro-
duction of tRF-20-MEJB5Y13, which promoted CRC
cell migration and invasion by mediating endothelial—
mesenchymal transition (EMT). Taken together, tsRNAs
have the potential to become tumor biomarkers for
the dynamic monitoring of patients and provide new
possibilities for targeted therapy.

In our previous study, we screened the highly ex-
pressed tRF-23-Q99P9PINDD using high-throughput
sequencing and verified its potential as a diagnostic
marker for GC (Zhang et al., 2022). In the present
work, we first indicated that tRF-23-Q99P9P9NDD
could promote the proliferation, migration, and inva-
sion of GC cells, and the target gene acyl-coenzyme A
(CoA) dehydrogenase short/branched chain (4CADSB)
could rescue the effect of tRF-23-Q99P9PINDD on GC
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cells. ACADSB belongs to the acyl-CoA dehydrogenase
family, which mainly catalyzes the dehydrogenation
of acyl-CoA derivatives during the metabolism of fatty
acids (FAs) and branch-chained amino acids (BCAAs)
(Rozen et al., 1994). We have confirmed that down-
regulated ACADSB may promote the malignancy of GC
by regulating lipid accumulation and ferroptosis. Over-
all, our findings indicated that tRF-23-Q99P9P9NDD
promotes the progression of GC by targeting ACADSB
and is expected to become a new therapeutic target
for GC.

2 Results

2.1 Effects of tRF-23-Q99P9PINDD on the pro-
liferation, migration, and invasion of GC cells

In order to explore whether tRF-23-Q99P9PONDD
affected the malignant progression of GC, we first
detected the expression of tRF-23-Q99P9PINDD in
five GC cell lines by quantitative real-time polymerase
chain reaction (QRT-PCR). We found that the expres-
sion level of tRF-23-Q99P9PINDD was higher than
that of GES-1 (Fig. 1a), especially in HGC-27 and
AGS. Thus, we performed subsequent experiments
after transfection with tRF-23-Q99P9PINDD inhibi-
tors and mimics in HGC-27 and AGS, and the trans-
fection efficiency is shown in Fig. Sla. Cell counting
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Fig. 1 Effects of tRF-23-Q99P9PINDD on the proliferation, migration, and invasion of GC cells. (a) The expression level of
tRF-23-Q99P9PINDD in GC cells was detected by qRT-PCR. (b—f) The effects of transfection with tRF-23-Q99P9PINDD
inhibitor and mimics on the proliferation of HGC-27 and AGS were evaluated by CCK-8, cell colony formation assay,
and EdU assay. (g—j) The effects of transfection with tRF-23-Q99P9PINDD inhibitor and mimics on the migration and
invasion ability of HGC-27 and AGS were evaluated by transwell assay. Data were expressed as mean+standard deviation
(SD), n=3. " P<0.01, ™" P<0.001. GC: gastric cancer; NC: negative control; qRT-PCR: quantitative real-time polymerase
chain reaction; CCK-8: cell counting kit-8; EAU: 5-ethynyl-2'-deoxyuridine; OD: optical density.



kit-8 (CCK-8) and clone formation assays showed
that the knockdown of tRF-23-Q99P9PINDD inhibited
GC cell viability and clone formation compared to the
control (Figs. 1b—1d). The 5-ethynyl-2'-deoxyuridine
(EdU) experiments confirmed that GC cells treated
with tRF-23-Q99P9PINDD inhibitor reduced the
level of DNA synthesis in cells. However, the above
results showed the opposite trend after the overexpres-
sion of tRF-23-Q99P9PINDD (Figs. le and 1f). In
addition, we examined how tRF-23-Q99P9P9NDD
affected the motility of GC cells by transwell assays.
The results revealed that the knockdown of tRF-23-
Q99P9PINDD significantly inhibited the migration
and invasion of GC cells. On the contrary, the over-
expression of tRF-23-Q99P9PINDD accelerated the
migration and invasion of GC cells (Figs. 1g—1j). These
results indicated that tRF-23-Q99P9P9NDD could
promote the proliferation, migration, and invasion of
GC cells.
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2.2 Effect of tRF-23-Q99P9PINDD on the ex-
pression of ACADSB in GC cells

In order to fully investigate the mechanism of
tRF-23-Q99P9PINDD affecting GC progression, flu-
orescence in situ hybridization (FISH) experiment
was first performed in AGS to confirm that tRF-23-
Q99P9PINDD was mainly distributed throughout the
nucleoplasm (Fig. 2a). Since tsRNAs are similar to
miRNAs in size and structure, they can also inhibit
gene expression through RNA interference (RNA1)
(Han et al., 2022). We used the TargetScan (https://
www.targetscan.org/vert 80), miRanda (http:/www.
microrna.org/microrna’home.do), and RNAhybrid
(https://bibiserv.cebitec.uni-bielefeld.de/rahybrid) data-
bases to predict target genes that have binding sites with
tRF-23-Q99P9PINDD at the 3' UTR position (Fig. 2b).
The Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis showed that herpes simplex
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Fig. 2 Effects of tRF-23-Q99P9PINDD on the expression of ACADSB in GC cells. (a) The localization of tRF-23-Q99P9PINDD
in GC cells was determined by FISH experiments. (b) Prediction of target genes for tRF-23-Q99P9PINDD based on the
TargetScan, miRanda, and RNAhybrid databases. (c) KEGG biological pathway functional enrichment analysis of the target
genes of tRF-23-Q99P9PINDD. (d) GO functional enrichment analysis of the target genes of tRF-23-Q99P9PINDD.
(e, f) Heatmap and volcano plot analysis of genes differentially expressed in three GC tissues (GC1-GC3) and paired
non-tumor adjacent tissues (N1-N3). (g) The prediction of target genes, metabolic pathways, and sequencing of
downregulated genes were combined to identify target genes for tRF-23-Q99P9PINDD. (h) The expression of four target
genes after transfection with tRF-23-Q99P9PINDD inhibitor and mimics by qRT-PCR. (i) Schematic diagram of the binding
site between WT ACADSB and tRF-23-Q99P9PINDD. (j, k) The binding of tRF-23-Q99PIPINDD to ACADSB was verified
by dual fluorescein-free reporter gene assay in AGS and HGC-27. (1) The expression of ACADSB after transfection
with tRF-23-Q99P9PINDD inhibitor and mimics by western blot. Data were expressed as meanzstandard deviation
(SD), n=3." P<0.05, " P<0.01, " P<0.001. ACADSB: acyl-coenzyme A dehydrogenase short/branched chain; GC: gastric
cancer; FISH: fluorescence in situ hybridization; KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: Gene
Ontology; qRT-PCR: quantitative real-time polymerase chain reaction; WT: wild-type; MUT: mutant; NC: negative
control; ns: not significant; DAPI: 4',6-diamidino-2-phenylindole; DGKD: diacylglycerol kinase delta; BCKDHB:
branched chain keto acid dehydrogenase E1, subunit beta; NDST3: N-deacetylase and N-sulfotransferase 3; GAPDH:
glyceraldehyde-3-phosphate dehydrogenase.



virus 1 infection, metabolic pathways, and pathways
in cancer presented significant changes (Fig. 2¢). Gene
Ontology (GO) analysis indicated that these target
genes were significantly enriched in protein binding,
nucleus, cytosol, and cytoplasm (Fig. 2d). In addition,
we performed high-throughput sequencing of the pre-
vious three pairs of GC tissues and their paired non-
tumor adjacent tissues, and visualized the differen-
tially expressed genes by heatmaps and volcano plots
(Figs. 2e and 2f). Finally, we combined the predicted
target genes of tRF-23-Q99P9PINDD with the meta-
bolic pathway in the KEGG pathway (pathway ID:
hsa01100) and the downregulated messenger RNAs
(mRNAs) in the sequencing to screen out four candi-
date target genes (ACADSB, diacylglycerol kinase delta
(DGKD), branched chain keto acid dehydrogenase
El, subunit beta (BCKDHB), and N-deacetylase and
N-sulfotransferase 3 (NDST3)) (Fig. 2g). The expression
levels of these target genes were detected after trans-
fecting mimics of tRF-23-Q99P9PINDD in HGC-27
and AGS, and the most significantly downregulated
ACADSB was selected as the target gene of tRF-23-
Q99P9PONDD for further study (Fig. 2h).

In order to verify whether there was a direct
binding relationship between tRF-23-Q99P9PINDD
and ACADSB, we co-transfected luciferase reporter vec-
tors containing ACADSB 3' UTR wild type (WT) or
mutant (MUT) (Fig. 2i) with tRF-23-Q99P9PINDD
mimics or negative control (NC) in AGS and HGC-27.
As shown in Figs. 2j and 2k, compared with the NC
group, mimics of tRF-23-Q99P9PINDD inhibited the
luciferase activity of the ACADSB-WT group. How-
ever, the tRF-23-Q99P9P9NDD mimics or NC group
did not affect the luciferase activity in cells transfected
with ACADSB-MUT. The above results confirmed
that tRF-23-Q99P9PINDD had binding sites with the
3' UTR region of ACADSB. Next, we established that
the knockdown of tRF-23-Q99P9PINDD increased
the protein level of ACADSB in GC cells, and the
overexpression of tRF-23-Q99P9PINDD showed the
opposite trend (Fig. 21). These results suggested that
tRF-23-Q99P9PINDD targeted 4ACADSB and inhibited
its expression level.

2.3 Downregulated ACADSB in GC

By searching The Cancer Genome Atlas (TCGA)
stomach adenocarcinoma (STAD) database, we found
that the expression level of ACADSB in GC tissues was
significantly lower than that in adjacent normal tissues
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(Fig. 3a), and its expression in paired GC tissues was
also lower than that in non-tumor tissues (Fig. 3b). Re-
ceiver operating characteristic (ROC) analysis showed
that the area under the curve (AUC) of ACADSB in
the TCGA STAD database was 0.756 (Fig. 3c). Next,
we detected the level of ACADSB in fifty pairs of GC
tissues by qRT-PCR, and the results showed that it was
lowly expressed in GC (Fig. 3d). In addition, ROC
analysis revealed that the AUC of ACADSB was 0.766
(Fig. 3e), demonstrating its good diagnostic efficacy
for GC, consistent with the database findings. Spear-
man correlation analysis was performed to find that
tRF-23-Q99P9PINDD and 4CADSB were negatively
correlated in GC tissues (Fig. 3f), which proved that
tRF-23-Q99P9PINDD might have a regulatory effect
on ACADSB. In addition, according to the immuno-
histochemical staining results of two different ACADSB
antibodies in the Human Protein Atlas (HPA) database,
the staining was lighter in GC tissues than in normal
gastric tissues, indicating that ACADSB protein expres-
sion was relatively low in GC tissues (Fig. 3g).

2.4 Effects of ACADSB on the proliferation,
migration, and invasion of GC cells

Next, we transfected plasmids overexpressing and
knocking down ACADSB in AGS and HGC-27 and de-
tected the transfection efficiency through qRT-PCR and
western blot (Figs. S1b and Sl1c). As shown in Fig. 4,
the overexpression of ACADSB inhibited the prolifera-
tion, migration, and invasion of GC cells. However,
the knockdown of 4CADSB promoted the progression
of GC, similar to the effect of tRF-23-Q99P9PINDD
mimics.

2.5 Rescue effect of ACADSB against tRF-23-
Q99PI9PINDD on GC cells

We conducted rescue experiments to further ex-
plore whether tRF-23-Q99P9PINDD could promote the
malignant activity of GC cells by regulating ACADSB.
As shown in Fig. 5, the overexpression of ACADSB
reversed the enhanced ability of proliferation, migra-
tion, and invasion induced by tRF-23-Q99P9PINDD.
In addition, the knockdown of ACADSB restored the
damaging effect of the tRF-23-Q99P9PINDD inhibi-
tor on GC cells. These results suggested that tRF-23-
Q99P9PIONDD may promote the proliferation, migra-
tion, and invasion of GC cells by inhibiting the target
gene ACADSB.
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Fig. 3 Downregulated ACADSB in GC. (a) Expression level of ACADSB in TCGA STAD database (tumor: #=373; normal:
n=32). (b) Expression level of ACADSB in paired GC samples in TCGA STAD database. (c) ROC curve of ACADSB in TCGA
STAD database. (d) Expression level of ACADSB in GC tissues. (¢) ROC curve of ACADSB in GC tissues. (f) Correlation
between ACADSB and tRF-23-Q99P9PINDD in GC tissues. (g) Comparison of immunohistochemistry images of ACADSB
between GC and normal gastric tissues based on the HPA database. ACADSB: acyl-coenzyme A dehydrogenase short/branched
chain; GC: gastric cancer; TCGA: The Cancer Genome Atlas; STAD: stomach adenocarcinoma; ROC: receiver operating
characteristic; AUC: area under the curve; HPA: Human Protein Atlas; FPKM: fragments per kilobase per million.

2.6 Function and pathway prediction of ACADSB
enrichment in GC

In order to explore the mechanism of tRF-23-
Q99P9PONDD targeting ACADSB to promote GC pro-
gression, we performed GO and KEGG analyses on
431 genes with a correlation greater than 0.3 between
their expression levels in the TCGA STAD database
and those of ACADSB. The GO analysis showed sig-
nificant lipid modification, endosomal transport, and
macroautophagy enrichment in the biological process

(BP). Ubiquitin ligase complex, cullin-RING ubiqui-
tin ligase complex, and early endosome membrane
were significantly enriched in cellular component
(CC). The main differences in molecular function
(MF) included exonuclease activity, phosphatidylino-
sitol monophosphate phosphatase activity, and phos-
phatidylinositol phosphate phosphatase activity. KEGG
analysis showed that these genes were enriched in
the phosphatidylinositol signaling system, FA degra-
dation, and FA metabolism pathways (Figs. 6a and 6b).
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The Gene Set Enrichment Analysis (GSEA) results
showed that the ACADSB high-expression phenotype
was significantly enriched in MITOTIC SPINDLE,
ADIPOGENESIS, and BILE ACID METABOLISM,
while the ACADSB low-expression phenotype was
in MTORC1_ SIGNALING, TNFA SIGNALING
VIA NFKB, and CHOLESTEROL HOMEOSTASIS
(Fig. 6¢). The above results indicated that ACADSB
might be associated with lipid metabolism in GC.

2.7 Correlation of ACADSB with ferroptosis

Lipid metabolism is closely linked to ferroptosis
(Stockwell et al., 2017). Previous studies found that

ACADSB could inhibit the malignancy of CRC by
regulating ferroptosis in CRC cells (Lu et al., 2020;
Zhou and Bao, 2020). The FerrDb database (http://
www.zhounan.org/ferrdb) also showed that ACADSB
belonged to the ferroptosis driver genes. This study
defined 227 genes as ferroptosis driver genes based
on the FerrDb database. According to correlation analy-
sis, the expression level of ACADSB in the TCGA
STAD database was positively correlated with 12 fer-
roptosis genes, including nuclear receptor coactivator 4
(NCOA4), sirtuin 1 (SIRTI), mitogen-activated protein
kinase 1 (MAPKI), and MAPKS with >0.3 (Fig. 6d).
Next, we detected the expression of these 12 ferroptosis
genes after ACADSB overexpression in AGS and
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HGC-27 cells by qRT-PCR. Compared with the control
group, anoctamin 6 (ANOG6), Unc-51-like autophagy-
activating kinase 2 (ULK?2), MAPK9, and integrator
complex subunit 2 (/NTS2) were significantly upregu-
lated after ACADSB overexpression (Fig. 6e). We
further confirmed by flow cytometry that reactive

oxygen species (ROS) levels were increased after the
overexpression of ACADSB (Fig. 6f). The above results
suggested that ACADSB might act as a driver gene
of ferroptosis and simultaneously regulate other ferrop-
tosis driver genes to promote ferroptosis, thus inhibiting
the progression of GC.
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3 Discussion

Due to the high tumor heterogeneity and late diag-
nosis period, the mortality rate of GC continues to be
high despite the significant treatment advances (Lai
et al., 2020; Sung et al., 2021). Therefore, it is crucial
to find biomarkers that can provide assistance in the
early diagnosis of GC and explore the mechanisms that
regulate GC progression. As a new type of ncRNAs,
tsRNAs are widely distributed in the body and have
tissue or developmental stage-specific characteristics
(Hsieh et al., 2009; Torres et al., 2019). Researchers
have found that dysregulated tsSRNAs affect cancer pro-
gression through transcriptional gene silencing, post-
transcriptional gene silencing, reverse transcription
regulation, and translation regulation (Li J et al., 2021).
For example, tRF3E inhibits the growth of breast cancer
cells by forming a complex with nucleolin to destroy
the inhibitory effect of nucleolin on the translation of
protein 53 (p53) (Falconi et al., 2019). After binding
to the target sites of ribosomal protein S28 (RPS28)
mRNA, LeuCAG3'tsRNA enhances translation by
unfolding its secondary hairpin structure. Thus, the in-
hibition of LeuCAG3'tsRNA may lead to blocked
translation of RPS2S, inducing apoptosis and acting
as a target for hepatocellular carcinoma therapy (Kim
et al., 2017). Therefore, tsSRNAs have the potential to
become GC diagnostic markers and therapeutic targets,
whereas the exact mechanism remains to be further
investigated.

In this study, we first confirmed that tRF-23-
Q99PI9PINDD could promote the proliferation, migra-
tion, and invasion of GC cells. Next, we screened out
the most significantly downregulated ACADSB as the
target gene and found that ACADSB could rescue the
effect of tRF-23-Q99P9PINDD on GC cells. Bioinfor-
matics analysis suggested that downregulated ACADSB
might promote GC progression by inhibiting ferropto-
sis and promoting lipid accumulation. In summary,
this study proposes that tRF-23-Q99P9PINDD may
be involved in the lipid metabolism and ferroptosis of
GC by targeting ACADSB, thereby promoting the pro-
gression of GC.

Mechanistically, because tRFs are similar to
miRNAs, they can bind to the 3' UTR region of target
mRNAs to inhibit gene expression (Haussecker et al.,
2010). For example, tRF/miR-1280 impedes CRC cell
metastasis by targeting the 3' UTR region of Notch
ligand Jagged-2 (JAG2) mRNA (Huang et al., 2017). In
the present study, we found that tRF-23-Q99P9PONDD
could negatively regulate the target gene ACADSB,
and the mRNA and protein levels of ACADSB de-
creased significantly after transfection with tRF-23-
Q99P9PINDD mimics. Thus, we used the dual lucif-
erase reporter gene assay to confirm that tRF-23-
Q99PI9PIND can bind to the 3' UTR of ACADSB, simi-
lar to miRNA-mediated target gene silencing.

The downregulation of ACADSB has been reported
in diverse cancers (Ericksen et al., 2019; Lu et al.,
2020) but has not been studied in GC. Our study demon-
strated that 4CADSB had good diagnostic performance



in GC. GO, KEGG, and GSEA analyses were per-
formed to show that ACADSB might be related to
lipid metabolism. In addition, 4CADSB-related genes
were enriched in FA degradation and metabolism.
Therefore, downregulated ACADSB in GC could lead
to lipid accumulation by inhibiting FA catabolism
(Rozen et al., 1994; Carracedo et al., 2013; Qu et al.,
2020). Interestingly, lipid metabolism is related to fer-
roptosis, a form of iron-dependent cell death caused by
the accumulation of lipid hydroperoxides (Stockwell
et al., 2017; Qu et al., 2022). In clear cell renal car-
cinoma (ccRCC), lowly expressed ACADSB acceler-
ates the progression of ccRCC by inhibiting FA and
BCAA catabolism and ferroptosis (Liu et al., 2022).
Based on our results, 4CADSB had a positive corre-
lation with some ferroptosis-driven genes and the ROS
levels increased after the overexpression of ACADSB.
Therefore, we revealed that downregulated ACADSB
could contribute to the malignancy of GC by promot-
ing lipid accumulation and inhibiting ferroptosis.

However, our study has some limitations. For
example, the regulatory relationship between tRF-23-
Q99P9PINDD and ACADSB in GC remains to be fur-
ther investigated. In addition, the overall effect on
tRF-23-Q99P9NDD and other collaborative path-
ways needs to be further studied. Finally, experiments
are needed to further verify the relationship between
ACADSB and lipid metabolism and ferroptosis in GC.
In summary, we demonstrated for the first time that
tRF-23-Q99P9PINDD may affect lipid metabolism
and GC ferroptosis by targeting ACADSB, thereby pro-
moting the proliferation, migration, and invasion of GC
cells. This study provides a theoretical and experimen-
tal basis for tRF-23-Q99P9PINDD to aid in the diag-
nosis and prognosis of GC and also presents a novel
treatment target.

4 Conclusions

We indicated for the first time that tRF-23-
Q99P9PONDD can promote the proliferation, migra-
tion, and invasion of GC cells. Meanwhile, tRF-23-
Q99P9PINDD may be involved in the lipid metab-
olism and ferroptosis of GC by targeting ACADSB.

Materials and methods
Detailed methods are provided in the electronic supple-
mentary materials of this paper.
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