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tRNA-derived small RNAs (tsRNAs) constitute a subgroup of
small noncoding RNAs (ncRNAs) originating from tRNAmol-
ecules. Their rich content, evolutionary conservatism, high
stability, and widespread existence makes them significant in
disease research. These characteristics have positioned tsRNAs
as key players in various physiological and pathological pro-
cesses. tsRNA actively participates in regulating many cellular
processes, such as cell death, proliferation, and metabolism.
tsRNAs could be promising diagnostic markers for cardiovas-
cular diseases (CVDs). tsRNAs have been identified in serums,
suggesting their utility as early indicators for the diagnosis of
CVDs. Moreover, the regulatory roles of tsRNAs in CVDs
make them promising targets for therapeutic intervention.
This review provides a succinct overview of the characteristics,
classification, and regulatory functions of tsRNAs in the
context of CVDs. By shedding light on the intricate roles of
tsRNAs, this knowledge could pave the way for the develop-
ment of innovative diagnostic tools and therapeutic strategies
for CVDs.
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INTRODUCTION
tRNA-derived small RNAs (tsRNAs) hold significant relevance in the
field of cardiovascular molecular biology due to their potential impli-
cations in cardiovascular diseases (CVDs). tsRNAs are derived from
the cleavage of mature tRNA or precursor tRNA by Dicer and ribo-
nuclease 5, and exhibit evolutionary conservation, stability, and wide-
spread presence. Recent studies have unveiled the diverse biological
functions of tsRNAs, including their involvement in gene expression
regulation, cell proliferation, apoptosis, metabolism, and epigenetic
modifications.

tsRNAs can be categorized into two types: tRNA halves (tiRNAs)
and tRNA-derived fragments (tRFs). tiRNAs are approximately
29–50 nt in length and usually are generated by the cleavage of
tRNA anticodon loops by angiogenin (ANG).1 ANG is a secreted
ribonuclease, which functions in angiogenesis. ANG can hydrolyze
RNA.2 tiRNAs can be further divided into 50 tiRNAs, which contain
the 50 end of tRNA and the anticodon loop, and 30 tiRNAs, which
encompass the 30 end of tRNA.3 tRFs are approximately 14–29 nt
long and are derived from mature or precursor tRNAs through
Dicer-dependent processes.
This is an open access article under the CC BY-N
According to corresponding positions on tRNAs, tRFs can be further
divided into tRF-5, tRF-3, tRF-1, tRF-2, and i-tRF. The production of
tRFs may depend on the Dicer enzyme.4 tRF-5 and tRF-3 are derived
from the 50 and 30 ends of mature tRNA, respectively. tRF-1 is pro-
duced from the 30 end of precursor tRNA and is also called 30

U-tRF.5 tRF-3 is divided into tRF-3a (T ring front cut, 18 nt) and
tRF-3b (T ring inside cut, 22 nt). The “CCA” trinucleotide sequence
in the tail of tRF-3 can be cleaved by the RNaseZ enzyme to form the
30CCA tRF. tRF-5 can be divided into 3 categories according to
different cleavage sites: tRF-5a (14–16 nt), tRF-5b (22–24 nt), and
tRF-5c (28–30 nt). tRF-2 is derived from the anticodon loop of
tRNA, such as tRNAGlu, tRNAAsp, tRNAGly, and tRNATyr, during
hypoxia.6 i-tRF mainly originates from the tRNA internal region,
such as the D loop to the T-loop of mature tRNA.7 30i-tRF is enriched
in extracellular vesicles and is derived from tRNA Leu-TAA and
tRNA Ser-GCT (Figure 1; Table 1).8

tsRNA and microRNA (miRNA) are similar not only in size but also
in function. Some miRNAs even originate from tRNAs. tsRNAs also
behave like Piwi-interacting RNAs and may participate in epigenetic
inheritance together with PIWI protein.15 tsRNA and miRNA both
could bind to Argonaute (AGO) proteins and regulate translation.
They were both implicated in diseases.
MECHANISMS OF tsRNA FUNCTION
The function of tsRNA is extensive and complex. tsRNAs play a role
in protein translation initiation, gene silencing, ribosome, and the cell
cycle. tsRNAs regulate gene expression by binding to RNA-binding
proteins or by directly interacting with mRNAs. Evidence suggests
that tsRNA targets and regulates RNA function in a miRNA-like
manner. Similar to miRNA, some tsRNAs bind to AGO proteins
and targets to mRNA using seed sequences.16 tRF-5s and tRF-3s
Molecular Therapy: Nucleic Acids Vol. 35 March 2024 ª 2024 1
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.omtn.2024.102114
mailto:lyzhoucas@163.com
mailto:wangk696@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.omtn.2024.102114&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 1. Structure and classification of tsRNAs

tsRNA was cleaved from tRNA and regulates gene expression at the transcriptional and translational levels. tsRNAs are mainly divided into tRNA-derived fragments (tRFs)

and tRNA halves (tiRNAs). tRFs are approximately 16–28 nt in length, derived frommature tRNA or precursor tRNA, and can be further classified into tRF-5, tRF-3, tRF-1, and

i-tRF.4 tiRNAs are 50 and 30 tRNA half-molecules, approximately 29–50 nt in length, produced by ANG-specific cleavage at the anticodon loops of mature tRNAs under

various stress conditions.
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contain abundant seed sequences that match the central region of
RNA cross-linking.16 In adipose tissues, the seed sequence of tsRNA,
the base at positions 2–7 of tsRNAs, had sequence priority.17

The functions and mechanisms of tsRNAs can be summarized as
follows:

Regulating mRNA translation

tiRNAs can competitively bind to mRNA, inhibiting the function of
the eukaryotic initiation factor 4G(eIF4G) and eukaryotic initiation
factor 4A(eIF4A), and finally inhibit protein translation. Terminal
oligo guanine (TOG) sequences can enhance the ability of 50 tiRNA
to inhibit translation initiation.18 50-tiRNAs modulate the expression
of its target genes and influence the development of CVDs by binding
to Y-box binding protein 1 (YBX1) and block eukaryotic initiation
factor 4F(eIF4F) complex initiated translation (Figure 2A).18,19

tsRNAs mediate gene silencing through the RNA silencing complex.
tsRNAs induce the AGO2-containing silencing complex targets to
mRNA or long noncoding RNAs in the nucleus in a sequence-specific
manner.20 Many studies have shown that tRFs are associated with
AGO complexes and inhibit gene expression as miRNAs.4,10,21 Over-
expression of tRFs, such as tRF-3001A, tRF-3003a, and tRF-3009A,
downregulates the target mRNA level (Figure 2B). Under stress con-
ditions, interleukin (IL)-1b-stimulated osteoarthritis chondrocytes
increase the abundance of tRFs. tRNA overexpression increased the
expression of the tRF-t003a fragment. In response to IL-1b stimula-
tion, tRF-t003a interacts with the AGO-GW182 complex to silence
gene expression.22 50 tiRNAs impair 40s ribosome scanning on the
mRNA and ultimately inhibit translation initiation in angiogenesis
and inflammation.19 50 tRF interacts with multiple synthase com-
plexes to inhibit the translation process.23 The 30 end of the 50 tRF
2 Molecular Therapy: Nucleic Acids Vol. 35 March 2024
found in HeLa cells has a conserved “GG” nucleic acid sequence
that gives it translational inhibitory activity.24

Regulating RNA-binding proteins

LeuCAG30 tsRNA is a small noncoding RNA derived from 30

LeuCAG tRNA. The 22-nt LeuCAG30 tsRNA enhances cell viability.25

LeuCAG30 tsRNA binds to two sites in the ribosomal S28 (RPS28)
mRNA (Figure 2C).25 It is also important for maintaining RPS28
mRNA translation and the stabilization of ribosomal number.26

The decreased expression level of LeuCAG30 tsRNA inhibits the
translation level of RPS28mRNA, reduces the biosynthesis of the first
18S rRNA, and reduces the generation of the 40S ribosomal subunit.27

50 tRFCys has two G-rich motifs and may act as a nucleator for oligo-
merization from monomeric mRNA-nucleolin complexes. 50 tRFCys

promotes the oligomerization of an RNA-binding protein, thereby
stabilizing its target transcripts.28

Inducing epigenetic modification

tsRNAs also induce epigenetic modifications. tsRNAs carry epige-
netic information and transmit metabolic disorder phenotypes to
offspring.29 50 tiRNAs induce histone modifications that regulate
the expression of genes involved in angiogenesis and inflammation.19

Complexes of PIWI-tsRNA play important roles in intracellular RNA
processing and histone modification.30

Regulating miRNA activity

tsRNAs regulate the activity of other small noncoding RNAs, such as
miRNAs. By modulating the activity of miRNAs, tsRNAs influence
gene expression and contribute to the development of CVDs.19 30

tRF-IleAAT and 30 tRF-LysTTT may participate in the regulation
of the miRNA profile.31 Some studies have also suggested that tsRNAs
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Table 1. Classification and characterization of tsRNAs

Name Classification Source Characteristic Cell line Tissue sample Animal model

tsRNA tRF tRF-19

Derived from the
30 UTR of tRNA
before RNase Z
dissection

Contains poly-U sequence
Prostate cancer
cell lines, HCT116 cells

– –

tRF-26
Produced in anoxic
conditions by
anticodon ring

Typical 50 ended and 30 ended
sequences are not included

HEK293T, MDA-MB-231,
and CN34 cells

– Mouse

tRF-310
TcC ring can be
digested by ANG,
Dicer, or exonuclease

Generally contains 18-nt CCA
tail sequence; has tRF-3a and
tRF-3b subtypes

B lymphoma BCP1
cell line

– –

tRF-511,12
Dicer cuts D rings
in tRNAs

The 30 terminal is usually adenine,
which can be further divided into
tRF-5a, tRF-5b, and tRF-5c

H9 human embryonic
stem cells, HEK293T cells

Healthy donor
cord blood

NOD/SCID/ᵧ mice

i-tRF7,8
Originates from
internal region
of mature tRNA

Includes parts of D-loop to the
T-loop of mature tRNA

–

Colorectal cancer
and adjacent normal
colon tissues

–

tiRNA 50 tiRNA11,13

Produced by angiogenesis-
specific cleavage of tRNA
in or near the region of
the anticodon ring

Starts at the tRNA 50 end and
ends at the anticodon ring

Mouse embryo fibroblasts – –

30 tiRNA11,14 Includes anticodon rings
and 30 ends

U2OS cells, mouse
embryo fibroblasts

– –
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do not change miRNAs abundance greatly, but affect the silencing
function of miRNAs.32 tsRNA-23678 targets to miR-29b-1-5p and
negatively regulates scar formation.33 Although tsRNAs and miRNAs
are both important regulators, tsRNAs are considered to be more
complex than miRNAs.

tsRNAs FUNCTION IN PHYSIOLOGICAL AND
PATHOLOGICAL PROCESSES
tsRNA, beyond being a mere degradation fragment of tRNA, has been
acknowledged to possess regulatory functions in various pathological
processes. tsRNAs play a crucial role in regulating essential biological
processes, including cell proliferation, necrosis, and apoptosis.
tsRNAs are involved in the biological process of embryonic skeletal
muscle development.34

Cell death

tiRNAs can interact with cytochrome c and block the apoptotic
response induced by the binding of cytochrome c to APAF-1.
ANG mutations reduce the generation of ANG-derived tiRNAs
and inhibited cytochrome c-mediated apoptosis.35 Oxidative stress
reactive oxygen species (ROS) are also inducers of tiRNAs.36

LeuCAG30 tsRNA can induce apoptosis in rapidly dividing cells
in vitro and in vivo.25 tsRNA-26576 inhibits cell apoptosis
in vitro.37 Depletion of tRNA methyltransferase causes accumula-
tion of tsRNAs and alleviates necrosis.38 tsRNAs also exist in extra-
cellular vesicle and exosomes. tsRNA-5006c exists in the extracel-
lular vesicle and could regulate the differentiation of aortic valve
interstitial cells through mitophagy, based on the study of the mouse
mononuclear macrophage leukemia cell line and human aortic valve
interstitial cells.39
Proliferation

Numerous tRNA-derived fragments actively participate in the regula-
tion of cell proliferation. Abnormal expression of TRF-1001 has been
observed in many cancer cell lines, and its knockdown has been
shown to reduce cell viability and impede cell proliferation.9 High
levels of tRFs ts-46 and ts-47 have inhibited cell proliferation.15

tRF-26-P4R8YP9lond and tRF-25-P940KK5Y93 inhibit the prolifer-
ation of colon cancer cells.4 tRF-Leu-CAG promotes the proliferation
of non-small cell lung cancer (NSCLC) cells and causes progression of
the G0/G1 cell cycle.40 Inhibition of ts-112 expression reduces the
proliferation of MCF10CA1a breast cancer cells, and inhibition of
ts-112 prevents excessive proliferation of breast epithelial cells.41

Cardiomyocyte hypertrophy

Expression of tsRNA is associated with myocardial hypertrophy.42

ANG, which is the main inducer of tsRNA, is closely related to
myocardial hypertrophy and has been shown to be a biomarker of
heart failure.43 The content of tRFs in the hypertrophy group was
significantly higher than that in the control group. tRFs1 targets to
the 30 terminal noncoding region of the downstream molecule tissue
inhibitors of metalloproteinase 3 (TIMP3).44 This evidence suggests
that tRFs may play a role in myocardial hypertrophy.

Metabolism

tsRNAs play an important role in metabolism and are involved in
many metabolic diseases. tRF-3009 regulates mitochondrial oxidative
phosphorylation in systemic lupus erythematosus (SLE) CD4+

T cells.45 tRF-3009 participated in respiratory metabolism and
increased mitochondrial membrane potential, ATP, and ROS in
CD4+ T cells. Knockdown of DNA methyltransferase 2 in human
Molecular Therapy: Nucleic Acids Vol. 35 March 2024 3
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Figure 2. Mechanisms of tsRNA

(A) The 50 tiRNA contains the TOG sequence, displaces the

eIF4F complex from the mRNA, and binds to YBX1, leading

to the formation of stress granules (SGs) and inhibition of

translation.18,19 (B) Dicer-dependent tsRNA induces gene

silencing by interacting with AGO2, resulting in gene

silencing.4,10,20,21 (C) The LeuCAG 30 tsRNA interacts with

RPS28 mRNA, breaks its inner hairpin structure, and

enhances the translation of RPS28 mRNA.25 (D)

eIF4F(purple), PABP(blue), and the translation termination

factor eRF1/eRF3(orange) participate in the active

translation of mRNA. Stress induced ANG mediated tRNA

cleavage produces tiRNA that induces the eIF4F complex

removing and promotes translation inhibition. The

stagnant translation complex is then condensed into

stress granules (SGs) by combining 5 ’tiRNAs with the

cold-shock domain (CSD) of YBX1.
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mature sperm can increase the 50 tiRNA level, which plays an impor-
tant role in the establishment of an intergenerational metabolic
response in zygotes. After a period of high-sugar diet in healthy
men, the levels of tsRNA from nuclear DNA organisms were upregu-
lated.46 In obese men, tsRNA levels were reduced.47 This suggests that
tsRNA may be closely related to human metabolism. tsRNAs from
spermatozoa also affect human metabolism.29,48 Sperm tsRNAs func-
tion in the intergenerational inheritance of diet-induced metabolic
disorders.29 Mouse protein restriction increased the number of frag-
ments of glycine 50-terminal tRNA.48

tsRNAs FUNCTIONS IN CVDs
Numerous studies have indicated the participation of tsRNAs in
CVDs (Figure 3; Table 2). The role of tsRNA has been investigated
in several cardiovascular conditions, including atherosclerosis (AS),
aortic dissection, and myocarditis.
4 Molecular Therapy: Nucleic Acids Vol. 35 March 2024
Role of tsRNA in AS

AS is a chronic inflammatory disease with a com-
plex mechanism and is also the main cause of
CVDs.60 Its typical pathological features involve
lipid deposition on vascular walls, which leads
to proliferative cascade reactions and inflamma-
tion. The formation of atherosclerotic plaque is
associated with vascular endothelial cells, white
blood cells, and vascular smooth muscle cells
(VSMCs).61

The expression levels of specific tsRNAs were
altered in AS. The expression level of tRF-5a
was increased in AS, whereas tRF-3b and tRF-2
levels were significantly decreased. Notably,
tRF-Gly-GCC showed significantly higher
expression in the AS group compared to the
control group, suggesting its potential as a
biomarker in AS.51 tRF-Gly-GCC negatively reg-
ulates major histocompatibility complex (MHC)
protein levels, promoting the proliferation and migration of endo-
thelial cells and VSMCs.51 These findings indicate that tRF-Gly-
GCC may be a potential therapeutic target in AS. In addition, other
tsRNAs, such as tRF-Gly-GCC-009 and tRF-Pro-AGG-006, were
found to be significantly different between the AS and control
groups, indicating their potential roles in the disease.51 These
tsRNAs suggest that they have important roles, and their functions
need to be studied further.

Role of tsRNA in aortic dissection (AD)

AD is a very serious CVD with low morbidity but high mortality. The
aortic wall consists of three layers: intima, media, and peripheral
adventitia. AD refers to the rupture of the intima of the aorta, from
which the blood in the aortic cavity passes into the media of the aorta,
forming the true lumen and the false lumen.62 The onset is usually
accompanied by tearing pain. The pathogenesis of AD is mainly
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Figure 3. Functions of tsRNAs

The role of tsRNAs in heart failure, FM, AD, and AS.
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related to inflammatory cells such as lymphocytes and macrophages.
The expression of protease and calmodulin increased, and ROS are
released, which ultimately leads to apoptosis of VSMCs and the
rupture of AD.62,63

Recent studies have shown that tsRNA is associated with multiple
pathogeneses of AD and may also be a new target for AD therapy.
Differentially expressed tRFs and tiRNAs were detected in AD
and control groups. RNA sequencing and qRT-PCR showed that
tRF-1:30-chrM.Met-CAT was upregulated in VSMCs during AD.55

In addition, it could enhance the migration and proliferation of
VSMCs.55 Under pathological conditions, 50 tiRNA-Cys-GCA
expression was significantly reduced in AD compared with the
normal aorta.56 It directly binds to its downstream target signal
transducer and activator of transcription 4 (STAT4), resulting in
the downregulation of STAT4 expression and increased expression
of a-smooth muscle actin (a-SMA). These effects ultimately
regulate the proliferation, phenotypic transformation, and migration
of VSMCs.55 These findings suggest that tsRNAs play important roles
in the regulation of signal transduction pathways associated with AD.

Role of tsRNA in myocarditis

Myocarditis is an inflammatory disease of the myocardium64 that can
cause edema and dysfunction of the myocardium tissue, resulting in
arrhythmia and shock. It has high mortality and sudden death in chil-
dren and adolescents. Myocarditis usually involves cardiomyocyte
damage directly caused by viruses and tissue damage mediated by im-
mune reactions.64 At present, there is no marker or better treatment
for myocarditis.

In myocarditis, tsRNAs also show promise as potential targets for
therapeutic intervention.45 The overexpression of tiRNA-Gln-
TTG-001 has been detected in juvenile myocarditis, indicating its
potential as an early-stage marker for myocarditis. The expression
level of tiRNA-Gln-TTG-001 could be used as a criterion for as-
sessing the stage of fulminant myocarditis (FM) disease.45 Further-
more, tiRNA-Gln-TTG-001 has been implicated in the modulation
of Ras, mitogen-activated protein kinase MAPK, and other
signaling pathways, suggesting its involvement in the pathogenesis
of myocarditis.

Role of tsRNA in heart failure

Heart failure is a rapidly growing public health problem worldwide.
Heart failure has a high incidence and mortality in CVDs, and the
quality of life of patients with heart failure will be seriously affected,
such as fatigue, poor breathing, and other life problems.65 The
main population of heart failure is older than 60 years of age, and
the prevalence increases with age. Heart failure is characterized by
the inability of the heart to pump enough blood to meet the body’s
metabolic needs, resulting in a variety of severe syndromes.66

The role of tsRNA in heart failure has been investigated, particularly
in the context of cardiac preconditioning. Liu conducted a study to
explore the association between tsRNA and cardiac preconditioning
induced by caloric restriction (CR).58 Through high-throughput anal-
ysis, five tsRNA targets (tiRNA-His-GTG-004, tRF-Gly-TCC-018,
tRF-Cys-GCA-022, tRF-Lys-CTT-026, and tRF-Met-CAT-008) asso-
ciated with CR preconditioning were predicted using anmiRNA algo-
rithm. Subsequent studies confirmed that the functions of these
tsRNA targets, except for tRF-Gly-TCC-018, were related to the
improvement of metabolic disorders and the signaling pathways
involved in free radical accumulation.58 These findings suggest that
tsRNAs may play a therapeutic role in myocardial ischemia–related
pathways and have potential implications in heart failure.

CONCLUSION AND PROSPECTS
tsRNA has emerged as a novel class of noncoding RNA with impor-
tant biological functions. Initially considered to be by-products of
Molecular Therapy: Nucleic Acids Vol. 35 March 2024 5
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Table 2. The mechanism of tsRNA in disease

Disease Cell line Tissue sample Animal model Mechanism

Ischemic injury
Human umbilical vein
endothelial cell

Adult male Sprague-
Dawley rat brain

Middle cerebral artery occlusion
model, the murine model of
hindlimb ischemia

The upregulation of tRNAVal and tRNAGly

expression hinders the proliferation,
migration, and angiogenesis of
endothelial cells49

Myocardial
hypertrophy

Rat H9c2 cells
Myocardial hypertrophy
rat model (male Sprague-
Dawley rats)

tRFs1 and tRFs2 both enlarged the surface
area of cardiac cells and increased the
expression of hypertrophic markers
(Atrial natriuretic peptide (ANP), Brain
natriuretic peptide (BNP) and b-MHC)44

tRF-5 inhibits the expression
of Timp3 mRNA’s 30 UTR,
a regulator of hypertrophy50

AS
Humanumbilical veinendothelial
cells and VSMCs

Atherosclerotic arterial
tissues and arteries
from healthy subjects

tRF-Gly-GCC regulates cell migration,
adhesion, and proliferation of humanumbilical
veinendothelial cells and VSMCs, contributing
to the pathogenesis of AS51

Carotid arteries of AS patients
and three organ donors

tRF-Gly-GCC-009 plays a role in AS by
regulating Apelin signaling, Notch
signaling, and calcium signaling52

Aortic segment digestion
isolated cells

Aortas, the serum of
healthy donors

ApoE�/� mice on a C57BL/6
background

Interferon-g upregulates mini-tryptophanyl-
tRNA synthetase (mini-TrpRS),
affecting phenotypic conversion of VSMCs53

Varicose veins Vascular tissue

Differentially expressed tRFs in
varicose veins regulate Wnt and
MAPK signaling pathways,
influencing varicose veins54

Myocarditis Human cardiomyocyte
Peripheral blood
samples

Elevated expression of tiRNA-Gln-TTG-001
is observed in myocarditis45

Aortic dissection
VSMC, a human aortic
smooth muscle cell line

AD tissues
tRFs and tiRNA can promote phenotypic
transformation, proliferation, and
migration of VSMCs55

Human aortic VSMCs
The mouse thoracic aortas,
human aortic dissection tissue
and normal human aorta.

AD model (3-week-old
male FVB mice)

50 tiRNA-Cys-GCA downregulates STAT4
and increases a-SMA expression, regulating
the proliferation, phenotypic transformation,
and migration of VSMCs56

Moyamoya disease Peripheral blood
Differentially expressed tRFs in moyamoya
disease are involved in regulating pathways
related to the disease57

Myocardial ischemia
Blood samples from
the inferior vena cava
of rats, heart tissues

Myocardial ischemic injury
(adult male Sprague-
Dawley rats)

Prediction of tsRNA associated with CR
preconditioning showed their function
is related to the improvement of metabolic
disorders and signaling pathways related
to free radical accumulation58

SLE
CD4+ T cells from SLE patients
and healthy control people (HCs)

Peripheral blood
mononuclear cells

tRF-3009 participates in metabolic
modulation in interferon-a-induced
CD4+ T cell oxidative phosphorylation
in SLE patients59

Obesity
Semen samples,
venous blood

tsRNAs from spermatozoa also affect
human metabolism47

Lung cancer

The human bronchial epithelial cell
line 16HBE, the human NSCLC
cell lines A549, H1650, PC-9, 95-D,
SPCA-1, H1299, and H23 cell

Tissue and serum
samples

tRF-Leu-CAG promotes proliferation
of NSCLC cells and causes progression
of the G0/G1 cell cycle40

(Continued on next page)
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Table 2. Continued

Disease Cell line Tissue sample Animal model Mechanism

Breast cancer MCF10A cells
Inhibition of ts-112 expression reduces
the proliferation of MCF10CA1a
breast cancer cells41

Neuroinflammation
The thalamus and
the top 10 from
the cortex of rats

Traumatic brain injury rat

30 tRF-IleAAT and 30 tRF-LysTTT were
associated with increased expression
of miR-146a profile and a worse
behavioral outcome31
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tRNA degradation, tsRNAs have been shown to interact with proteins
and mRNA, regulate gene expression, and participate in the regulato-
ry mechanisms of signaling pathways involved in various diseases,
including CVDs. The abundance of tsRNAs in different diseases is
cell specific and tissue specific, and their functions span a wide range
of biological processes.

Currently, many tsRNA databases are also reported and will facilitate
the study. tsRBase is a comprehensive and systematic tsRNA library
that contains information on tsRNAs from different data sources
from multiple species.67 tsRFun evaluated the expression profile
and prognostic value of tsRNAs in 32 types of cancer, identified
tsRNA target molecules using high-throughput sequencing, and con-
structed an interaction network between tsRNA, miRNA, and
mRNA. At the same time, tsRFun also provides various real-time on-
line tools for tsRNA recognition, target prediction, and functional
enrichment analysis.68

tsRNA exists in the patient plasma are promising biomarker for many
diseases.69,70 Although the clinical value of tsRNAs requires further
investigation, more and more studies have suggested that tsRNAs
could be used as potential biomarkers for disease diagnosis and prog-
nosis. Due to specific changes in the expression level of tsRNA in
many CVDs, it is possible that tsRNAs can be biomarkers of CVDs.

The therapeutic value of tsRNAs is an area of active research. tsRNAs
have been associated with many diseases, as summarized earlier in this
article. There are several potential therapeutic applications and impli-
cations associated with tsRNA. Modulating tsRNA expression or
activity could be explored as a therapeutic approach. tsRNAs arepoten-
tial functional targets. It is worth noting that the abundance of tsRNAs
in different types of diseases is cell specific and tissue specific, and they
function in a wide range of biological processes. Regulating tsRNAs
may become a key factor in controlling disease progression. Overall,
tsRNAs offer new insights into diseasemechanisms and potential ther-
apeutic targets. Further studies are needed to elucidate the precise
molecular mechanisms and therapeutic potential of tsRNAs in these
conditions. tsRNA is expected to be a promising treatment for CVDs.
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