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Purpose: tsRNA is a type of small non-coding RNA derived from tRNA. Diffuse gliomas are the most common brain tumors. This
investigation focused on tsRNA identification and characterization within gliomas.

Methods: The sequences of human tRNA and tsSRNAs were taken from GtRNAdb, tRFdb and tRFexplorer databases. Data processing
and bioinformatic analysis were performed with R or Python software. The expression of tsSRNAs in glioma tissues was analyzed by
qRT-PCR assay.

Results: With computational approaches, we identified hundreds of tsRNAs with available expression abundance in the glioma
datasets, most of them derived from the 3’ end or 5’ end of mature tRNA. Among the tsSRNAs derived from tRNA-Leu-CAA, ts-26,
tRFdb-3012a, and tRFdb-3012b (tRFdb-3012a/b) were significantly decreased in diffuse gliomas. The clinical survivals of glioma
patients with low tsRNA (ts-26, tRFdb-3012a, and tRFdb-3012b) expression were remarkably worse than that of those with high
expression. Expression of tRFdb-3012a/b was correlated with /DH mutant status and MGMT promoter mutation in gliomas, and
tRFdb-3012a/b and ts-23 tended to be highly expressed in patients with the /DH mutant. The enrichment analysis showed that some
tRFdb-3012a/b-related genes were enriched in RNA splicing and processing, the spliceosome pathway and astrocyte molecular
signatures. Moreover, the 3’ untranslated region of the RBM43 gene was predicted to contain putative binding sites of tRFdb-
3012a/b, ts-26 may directly bind to the 3’ untranslated region of the HOXA13 gene, and the expressions of both RBM43 and HOXA13
were up-regulated in diffuse gliomas. High RBM43 and HOXA13 expressions were significantly associated with poor survival
outcome of glioma patients.

Conclusion: These results suggest that tRNA-Leu-CAA-derived tsRNAs (ts-26, tRFdb-3012a, and tRFdb-3012b) could be explored
as diagnostic and prognostic biomarkers for diffuse gliomas, and tRFdb-3012a/b and ts-26 may play an important role in the
progression of gliomas, through binding RBM43 and HOXA13, respectively.
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Introduction

tsRNA (tRNA-derived small RNA) is a type of small non-coding RNA derived from transfer-RNA (tRNA), and also named
tRNA-derived fragment (tRF).' tRNA fragments are short, ranging in length from 16 to 35 nucleotides, and are produced
through the cleavage of mature or premature tRNAs at various positions.” A popular classification of tsRNAs is based on their
position in accord with the parental tRNA sequence, which can be separated into five smaller categories, namely 5'-tRFs, 3'-
tRFs, internal tRFs, 5'U-tRFs, and tRF-1. For example, in the fragments derived from tRNA-Leu-CAA, which is a leucine-
transfer RNA, as shown in Figure 1A, the 5'-tRF (tRFdb-5023a) originated precisely from the 5'-end region of mature tRNA-
Leu-CAA, two 3'-tRFs (tRFdb-3012a and tRFdb-3012b) were derived from the cleavage of the 3’ end of mature tRNA-Leu-
CAA, and the tRF-1 fragment (ts-26) was derived from the downstream 3’ trailer sequence of the primary tRNA-Leu-CAA
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Figure | (A) Representative images of the sequence alignments between four tRNA fragments and candidate tRNA-Leu-CAA sources. (B) Expression patterns of three
tRNA-Leu-CAA-derived tsRNA fragments (tRFdb-3012a, tRFdb-3012b, and ts-26) in glioma samples (astrocytoma vs non-tumor controls) of TCGA datasets. (C) qRT-PCR
analysis of relative tRNA-Leu-CAA-derived tsRNA (tRFdb-3012a, tRFdb-3012b, and ts-26) expression between glioma tissues and non-tumor controls.
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gene.” * The cleavage of tRNAs is context dependent, being affected by gender, different diseases, and tissue type. These
dependencies give an increased urgency to the need to understand the regulatory roles of tsSRNAs. Efforts in this area are
gaining momentum, and include experimental and computational methods.” Subsequent in-depth reanalysis attempted to
classify and tabulate the tsSRNAs that were being discovered in some higher organisms into a curated repository, and an
exclusive database for tsRNAs was constructed.”®

A growing number of studies have demonstrated that many tsRNAs are differentially expressed in multiple tissues of cancer
patients, and these dysregulated tsSRNA fragments may serve as potential biomarker candidates for diagnosis and prognosis, and
even contribute to the biological functions of tumor progression.”™’ Diffuse gliomas, especially astrocytoma, are the most
common types of brain tumors originating from glial cells. The current standard of care includes surgical resection, followed by
radiotherapy plus temozolomide chemotherapy, and adjuvant novel feasible target therapy.'®'* According to the latest cancer
statistics, the mortality due to diffuse gliomas is highest among brain and central nervous system (CNS) tumors."> The
pathogenesis of gliomas is extremely complicated, involving the aberrant activation of proto-oncogenes and inactivation of anti-
oncogenes.'* As a critical functional molecule, tsSRNA may also be involved in the development and progression of gliomas.
However, it is not clear which tsSRNA could serve as novel biomarkers for the diagnosis, prognosis, and target therapy of diffuse
gliomas.

In this study, we aimed to identify the tsSRNAs profiles within small non-coding RNA sequencing (sncRNA-seq) datasets of
human glioma samples via a deterministic tsSRNAs mining pipeline, and investigated the expression pattern and biological
significance of tRNA-Leu-CAA-derived tsSRNAs (ts-26, tRFdb-3012a, and tRFdb-3012b) in diffuse gliomas. The interactional
relationships between three tsSRNAs and their target genes were also explored in order to reveal the underlying regulatory
mechanisms.

Materials and Methods

Datasets Collection

The sequences of human tsRNAs, including five fragment types: 5'-tRFs, 3'-tRFs, 5'U-tRFs, and tRF-1, were taken from
the tRFdb database (http://genome.bioch.virginia.eduw/trfdb/) and tRFexplorer database (https:/trfexplorer.cloud/).>'> The
hgl9 gene annotations and corresponding sequences of tRNAs in human genomes were taken from GtRNAdb (http://

gtrnadb.ucsc.edu/).l() Then, a custom annotation of the reference human genome (hgl9) containing only known tsRNAs
was assembled. The sncRNA-seq datasets of glioma samples within TCGA, the RNA sequencing data of low-grade
glioma (LGG) samples, and their corresponding patient clinical information were retrieved from GDC data portal
(https://portal.gdc.cancer.gov/).'” The gene expression profiles of GSE4290 were downloaded from the Gene

Expression Omnibus (GEO; http://www.ncbi.nlm.nih.gov/geo/) database'® and the gene expression microarrays are
based on the Affymetrix Human Genome U133 Plus 2.0 Array platform (Affymetrix, USA).

Identification Approach
Data processing approach and flowchart for tsSRNA identification are shown in Figure 2. A conservative pipeline was
implemented to obtain the accurate estimation of tsRNA expression, as described previously.'” In brief, the quality control

and filtering of raw files on sncRNA-seq datasets were preprocessed using Trim Galore (http://www.bioinformatics.babraham.

ac.uk/projects/trim_galore/), which is a wrapper tool for the Cutadapt and FastQC methods. Then, clean reads of small RNA

sequencing were remapped to the reference human genome (hgl9) and the sequences of our tsSRNAs annotation files by
applying the Bowtie tool.'” After alignment, only the mapped reads could be quantified to count the number of reads belonging
to each of the candidate tsRNAs with HTSeq software,”® while other ambiguous reads were removed to obtain a more accurate
and conservative analysis. Finally, the expression values of tsSRNAs were calculated and normalized as reads per million
(RPM) of total raw counts,?' and the tsRNAs with an average expression level less than one log2 RPM were filtered to exclude

random degradative sequences.
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Figure 2 A summary of tsRNA identification and characterization. (A) Flowchart of data processing and tsRNA identification pipeline. (B) Characterization and distribution
of tsRNA corresponding derived tRNA gene sources, including tRNA fragments derived from the 5’ end (5'-tRFs) and 3’ end (3'-tRFs) of mature tRNA, the 5’ leader (5’
U-tRFs) and 3’ trailer (tRF-Is) sequence of primary tRNA genes.

Bioinformatic Analyses

The RNA expression profiles of TCGA datasets were retrieved and prepared using TCGAbiolinks package of R.** Survival
analysis with Kaplan—-Meier curves and a log-rank test were performed and visualized using the R survival and survminer
packages.” Hierarchical cluster analysis was performed on tsRNA expression and primary pathology characteristics, and the
corresponding heatmap was visualized by the pheatmap package (https://cran.r-project.org/web/packages/pheatmap/).

Pearson correlations were estimated for each pair of tsSRNA and candidate mRNA genes, and scatter diagrams were plotted
by the ggplot2 and ggpubr package in R statistical software.* Enrichment analyses were performed to provide biological
insights concerning the given tsRNA-related genes, and the molecular signatures database (MSigDB) was used as a functional
gene set for gene set enrichment analysis (GSEA).>> Gene ontology (GO), KEGG pathway, and GSEA analyses were
performed and visualized using the enrichplot and clusterProfiler package of R (https:/yulab-smu.top/biomedical-

knowledge-mining-book/index.html). The computational binding relationships between a given tsSRNA and its target genes
were predicted via the tRFtarget database with RNAhybrid and IntaRNA methods.?® The interactional relationships of the top
50 targets and tsRNAs were organized as a network using Cytoscape (v3.7.2) software.

Clinical Specimens

Thirty-eight glioma tissue specimens were obtained from patients diagnosed with diffuse gliomas undergoing surgical
resection at the Department of Neurosurgery of Xiangya Hospital of Central South University from August 2015 to
January 2019. Six non-tumor brain tissues were obtained from adult patients with craniocerebral injuries, which required
partial resections of brain tissue as decompression treatment to reduce intracranial pressure. After excision, tissue
specimens were immediately frozen in liquid nitrogen for subsequent use. This study was approved by the Ethics
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Committees of Central South University and the patients provided written informed consent.?’” The study has been
confirmed to comply with the Declaration of Helsinki.

Quantitative RT-PCR Analysis

Total RNA was extracted from tissues using the TRIzol reagent (Invitrogen, USA). One microgram of total RNA from
each sample was reverse transcribed into cDNA under standard conditions. Quantitative real-time polymerase chain
reaction (QRT-PCR) was performed to quantify the expression of tsRNAs, using with the Bulge-Loop miRNA qRT-PCR
Starter Kit (Ribobio, China) with specific stem-loop RT primers, following the manufacturer’s protocol. RNU6 (U6) was
used as the internal control for tsSRNA template normalization. Relative quantification of gene expression was calculated
by the comparative cycle-threshold (CT) (-AACT) method.!' Stem-loop primers for tRFdb-3012a, tRFdb-3012b, ts-26,
and RNUG6 were designed and synthesized by Ribobio Biotech (Guangzhou, China).

Statistical Analysis
The statistical analyses were performed with R software (https://www.r-project.org/). GraphPad Prism version 8.0

(GraphPad Software, USA) was used for generating graphs and analysis. Data were shown as means =+ standard deviation
(SD). Regarding the numerical variables, statistical significance of differences between two groups was assessed using
the two-sided Student’s f-test, and comparisons of multiple groups were made by one-way analysis of variance. All
experiments were performed in triplicate and P values less than 0.05 were considered to indicate statistically significant
differences.

Results
Identification of tsRNAs Within Diffuse Glioma Datasets

First of all, data on thousands of human tsRNA signatures were collected from tRFdb® and tRFexplorer database;'” all
known tsRNA sequences were remapped to the specific regions of tRNA. As statistical analysis with the collected
tsRNA data, thesefragments are mainly derived from the 5’ end (5’-tRFs) and 3’ end (3'-tRFs) of mature tRNA, as well
as the 5’ leader (5'U-tRFs) and 3’ trailer (tRF-1s) sequences of primary tRNA genes.

Using computational identification approaches, we determined lots of tsSRNAs and assessed their expression profile
within the sncRNA-seq datasets of TCGA-LGG. A summary of the identification pipeline is shown in Figure 2A. After
filtering and calculating, a total of 163 tsRNAs with available expression abundance were identified within glioma
samples (Supplemental Material Table S1 and S2), of which about thirty-three percent were derived from the 3’ end (3'-
tRFs) and twenty-six percent from the 5’ end (5'-tRFs) of mature tRNA, as well as twenty-six percent tsSRNAs from the 3’
trailer (tRF-1s) sequence of primary tRNA genes (Figure 2B).

Significance of tsRNAs Derived from tRNA-Leu-CAA Within Diffuse Gliomas

Among the identified tsSRNAs, we were interested in the fragments derived from tRNA-Leu-CAA, which is a leucine-
transfer RNA. As shown in Figure 1A, we identified four tsSRNAs that derived from tRNA-Leu-CAA within the sncRNA-
seq datasets of glioma samples. There are two 3'-tRF fragments (tRFdb-3012a and tRFdb-3012b) that remap to the
cleavage of the 3’ end of five different mature tRNA-Leu-CAA (Figures 1A and 3A), only one 5'-tRF fragment (tRFdb-
5023a) that remaps to the 5’ end of mature tRNA-Leu-CAA-6-1, and a tRF-1 fragment (ts-26) that remaps to the
downstream regions (30 bases) of the primary tRNA-Leu-CAA-1-2 gene.

To reveal the implications of these tsSRNAs in diffuse gliomas, the expression patterns of the above tsRNAs were
analyzed in the glioma samples of TCGA datasets. This showed that the expression levels of three tsRNAs (ts-26, tRFdb-
3012a, and tRFdb-3012b) were decreased in astrocytoma samples compared to non-tumor controls (Figure 1B) (all
P<0.05); however, no significant difference for tRFdb-5023a was observed between astrocytoma and controls (both
P>0.05). As is well known, astrocytoma is the main subtype of diffuse gliomas. Our clinical specimen detections also
demonstrated that expression levels of three tsRNAs (tRFdb-3012a, tRFdb-3012b, and ts-26) were significantly
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Figure 3 Clinical significance of tRNA-Leu-CAA-derived tsRNAs in gliomas. (A) Secondary structure of tRNA-Leu-CAA and its derived fragments (tRFdb-3012a and tRFdb-
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https:

2614

Dove!

Cancer Management and Research 2022:14


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

decreased in glioma tissues compared to non-tumor controls (Figure 1C). These data imply that tRNA-Leu-CAA-derived
tsRNAs may play an important role in diffuse gliomas, particularly in astrocytoma.

Next, we investigated the relationship between the expression of three tsRNAs and the overall survival of glioma
samples using Kaplan—Meier curve analysis with a log-rank comparison. Based on the median of tsRNA expression,
glioma samples were divided into a high expression group and a low expression group. As shown in Figure 3B and C, the
clinical survival of glioma patients with low ts-26 expression (P=0.021) was significantly worse than that of the high-
expression patients; the survival of glioma patients with low tRFdb-3012a expression (P=0.032) was worse than that of
those with high expression; and the survival of patients with low tRFdb-3012b expression was also worse than that of
those with high expression. These results suggest that down-regulated tsSRNAs (ts-26, tRFdb-3012a, and tRFdb-3012b)
were associated with poor survival outcome of glioma patients, and that tRNA-Leu-CAA-derived tsRNAs could be
explored as diagnostic and prognostic biomarkers for diffuse gliomas.

Biological Insights into tRFdb-3012a/b and ts-26 on Gliomas

On the basis of the 2016 WHO CNS classification, the primary clinical and molecular pathology characteristics of glioma
patients were retrieved and preprocessed.'® The correlations of the expression of three tsRNA with pathology character-
istics were analyzed using chi-squared tests, and were visualized by hierarchical clustering heatmaps plus bee-swarm
plots. As shown in Figure 4A and B, glioma samples with IDH wide-type status were clustered more in the left green
block, with lower expression of the tsSRNAs, while tRFdb-3012a, tRFdb-3012b, and ts-26 (right red block) tended to be
up-regulated in patients with the /DH mutant (including /DH mutant codeletion and non-codeletion), and the expression
of tRFdb-3012a/b and ts-26 was significantly correlated with /DH mutant status in glioma samples (both P<0.05).
Moreover, high tRFdb-3012a/b and ts-26 expression was also correlated with MGMT promoter methylation status in
glioma samples (both P<0.05). According to the transcriptome classification of TCGA, tRFdb-3012a, tRFdb-3012b, and
ts-26 may be highly expressed in the pro-neural subtype of diffuse gliomas. However, no significant relationship was
found between the expression of the given tsRNAs and other pathological characteristics, including gender, grade, BRAF
status, 1p19q-codeletion, TERT, and ATRX status(all P>0.05). According to the 2016 WHO CNS classification, /IDH
mutant and MGMT promoter methylation have been used as specific molecular features for the diagnosis, prognosis, and
therapy of diffuse gliomas.'” These findings imply that tRNA-Leu-CAA-derived tsRNAs may act as a key player in
tumor progression of diffuse gliomas.

Moreover, enrichment analyses were performed to provide biological insights into the role of tRNA-Leu-CAA-
derived tsRNAs (including tRFdb-3012a, tRFdb-3012b, and ts-26). TCGA-LGG mRNA expression profiling data
were used to find some correlated genes of the given tsRNA by the Spearman correlation method. As shown in
Figure 5A and B, for gene ontology analysis, some tRFdb-3012a-related genes were enriched in the specific GO
terms, such as RNA splicing and processing (LUC7L, OSGEP, and SNRNP70), nuclear speck (OSGEP and
SNRNP70), and catalytic activity (HDAC10). The dot plots showed that tRFdb-3012a-related genes were enriched
in several KEGG pathways, such as spliceosome and RNA transport (SNRNP70 and HOOK?2). In the GSEA, two
molecular signatures (astrocyte and STIM treatment response signature) were found to be associated with tRFdb-
3012a, such as LUC7L and INGS5 were both the tRFdb-3012a correlated genes. Enrichment analyses of tRFdb-3012b
and ts-26 were also conducted and results are presented in Supplemental Material Figure S1 and S2.

tRNA-Leu-CAA-Derived tsRNAs Regulate Expression of Its Targets in Gliomas

Using the bioinformatics database and tools, many potential target genes of tRNA-Leu-CAA-derived tsRNAs (including
tRFdb-3012a, tRFdb-3012b, and ts-26) were predicted and screened out. The interactional relationships of tRFdb-3012a/
b and their targets are presented in Figure 6A. Among these targets, we picked out a molecule with a strong binding
score, RBM43, an RNA binding motif protein.”® The 3’ untranslated region of RBM43 mRNA contained the putative
binding site of tRFdb-3012a and tRFdb-3012b (Figure 6B). Moreover, the analysis of glioma samples within TCGA and
GSE4290 datasets showed that RBM43 was highly expressed in gliomas compared to non-tumor controls (Figure 7A),
and tRFdb-3003a and tRFdb-3003b were decreased in diffuse gliomas (Figure 1B and C). Kaplan—Meier survival curve
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analysis showed that the overall survival of patients with gliomas with high RBM43 expression (P<0.0001 and
P=0.00013) was significantly worse than that of those with low expression (Figure 7B).

The interactional relationships of ts-26 and its target genes are presented in Figure 8A. Among them, an
oncogenic transcription factor of the homeobox family, HOXA13, was picked out for further analysis.”’ The 3’
untranslated region of HOXA13 mRNA contained a putative binding site of ts-26 (Figure 8B). The analysis of
glioma samples within TCGA and GSE4290 datasets showed that HOXA13 was highly expressed in gliomas
compared to non-tumor controls (Figure 7C); however, ts-26 was decreased in diffuse gliomas. In addition, the
clinical overall survival of glioma patients with high HOXA13 expression (P=0.001 and P=0.017) was significantly
worse than that of those with low expression (Figure 7D). These results suggest that tRFdb-3012a and tRFdb-3012b
may directly target and regulate RBM43 expression, while ts-26 may directly target HOXA13 and regulate HOXA13

expression in gliomas.

Discussion

tsRNA is a type of small non-coding RNA derived from tRNA.' The identification and characterization of tsSRNAs
have been greatly accelerated over the past few years, owing to the emergence of next-generation sequencing (NGS)
systems-level approaches to molecular genetics.” In this study, we first identified some tRNA fragments within the
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sncRNA-seq data of glioma samples; most of fragments were derived from the 3’ end (3’-tRFs) or 5’ end (5'-tRFs)
of mature tRNA. Among them, we picked out four tRNA fragments derived from tRNA-Leu-CAA, which is
a leucine-transfer RNA. There are two 3'-tRF fragments (tRFdb-3012a and tRFdb-3012b) that can remap to the
cleavage of the 3’ end of mature tRNA-Leu-CAA, and a tRF-1 fragment (ts-26) that remaps to the downstream
regions of primary tRNA-Leu-CAA genes. Further analyses showed that the expression of three tsRNAs (ts-26,
tRFdb-3012a, and tRFdb-3012b) was significantly down-regulated in gliomas compared to non-tumor controls.
Kaplan—Meier curve analyses demonstrated that overall survival of glioma patients with low ts-26 expression was
significantly worse than that of those with high expression, and clinical survival of patients with gliomas with low
tRFdb-3012a/b expression was also worse than that of those with high expression; this suggests that down-regulated
tsRNAs (ts-26, tRFdb-3012a and tRFdb-3012b) were associated with poor survival outcome in glioma
patients. Moreover, tRFdb-3012a/b expression was related to /DH mutation status and MGMT promoter mutation
in gliomas, and tRFdb-3012a and tRFdb-3012b may tend to be up-regulated in patients with /DH mutation. As
might be expected, heterozygous mutations in the catalytic arginine residues of isocitrate dehydrogenase gene
(IDH1/2) are common in diffuse gliomas and acute myeloid leukemia, and contribute to the pathogenesis of several
tumors.>® According to the 2016 WHO CNS classification, /DH mutant and MGMT promoter methylation have been
used as specific molecular features for the diagnosis, prognosis, and therapy of diffuse gliomas.'® In addition, our
enrichment analysis showed that tRFdb-3012a was associated with specific GO terms, such as RNA splicing and
processing (LUC7L, OSGEP, and SNRNP70), nuclear speck (OSGEP and SNRNP70), and catalytic activity
(HDACI10); tRFdb-3012a-related genes may refer to RNA transport and spliceosome pathway (SNRNP70 and
HOOK?2), as well as two GSEA molecular signatures (astrocyte and STIM treatment response signature). These
results indicate that tRNA-Leu-CAA-derived tsRNAs (ts-26, tRFdb-3012a, and tRFdb-3012b) could be explored as
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potential biomarkers for the diagnosis and prognosis of gliomas, and down-regulated tRFdb-3012a/b may play
a tumor-suppressor role in glioma progression through a specific signaling pathway.

A growing number of studies have linked the tRNA fragments to some cancers, such as lung, colorectal,” and breast
cancer.® They demonstrated that some tsRNAs were differentially expressed in the tissues of neoplasm patients. These
dysregulated tsRNAs may serve as novel candidates for diagnosis and prognosis biomarkers.’ For instance, Tao et al
determined the expression profile of tsSRNAs in colorectal cancers by a sequencing approach, and found an internal
tsRNA derived from mature histidine tRNA, 5'tiRNA-His-GTG, which is up-regulated in cancer tissues.” Their
experiments showed that 5'tiRNA-His-GTG promoted cancer cell pro-proliferation and tumor growth in nude mice,
and it may be a carcinogenic factor in the development and progression of colorectal cancers.” Although the biological
functions of tsRNAs are complex and need further elaboration, current knowledge of their function has been a key
focus in cancer research. Several studies have described that tRNA fragments can bind to argonaute proteins in
a manner similar to miRNAs, and play an important role in expression silencing by targeting the 3’ untranslated region
of specific genes.” For instance, Goodarzi et al identified some novel tsRNAs derived from tRNA (Glu), tRNA (Asp),
tRNA (Gly), and tRNA (Tyr) through hypoxic stress induction. These tRNA fragments could bind and displace the 3’
untranslated region of the YBXI gene, which encoded a RNA-binding protein, and then suppressed the stability of
multiple oncogenic transcripts such as EIF4EBP1 and AKTI, leading to tumor-suppressive and metastasis-suppressive
activity in breast cancer cells.® Our bioinformatics analysis showed the interactional relationship of tRNA-Leu-CAA-
derived tsRNAs (such as tRFdb-3012a, tRFdb-3012b, and ts-26) and their predicted target genes. Among them, tRFdb-
3012a/b may directly bind to the 3’ untranslated region of RBM43, and ts-26 may directly target the 3’ untranslated
region of HOXA13 mRNA, and the two genes were both highly expressed in diffuse gliomas. Survival curve analyses
showed that up-regulated RBM43 and HOXA13 were significantly associated with poor survival outcome of glioma
patients. Previous research demonstrated that RBM43 is an RNA binding motif protein and has been found to be critical
to cancer risk.”® HOXA13 is an oncogenic transcription factor of the homeobox families, and functions as a key role in
cancer development and progression.*’

In summary, our investigation identified four tRNA fragments derived from tRNA-Leu-CAA within the sncRNA-seq
datasets of glioma samples. In particular, three tsSRNAs (ts-26, tRFdb-3012a, and tRFdb-3012b) were significantly down-
regulated in gliomas compared to non-tumor controls, and the expression of tRFdb-3012ab and ts-26 was associated with
clinical survival outcome and /DH mutant status of diffuse glioma patients. Down-regulated tRFdb-3012a/b may have
a tumor-suppressive role in glioma progression via a specific signaling pathway. In addition, tRFdb-3012a/b may directly
target the 3' untranslated region of RBM43, while ts-26 may directly target the 3’ untranslated region of HOXA13 and
regulate its expression in gliomas. These results imply that tRNA-Leu-CAA-derived tsSRNAs (ts-26, tRFdb-3012a, and
tRFdb-3012b) may regulate tumor progression of diffuse glioma, and could be explored as novel diagnostic and
prognostic biomarkers for diffuse gliomas.
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