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step involves diverse physiological and pathophysiologi-
cal phenomena, the underlying mechanism remains to be 
studied.

Following the development of high-throughput 
sequencing technology, multiple sncRNAs (such as miR-
NAs and siRNAs) have been shown to greatly contribute 
to the mechanisms associated with inflammation and the 
clinical diagnosis and treatment of inflammation-related 
diseases. Similarly, as an emerging type of sncRNA, tsR-
NAs are processed from mature tRNAs or precursor 
tRNAs. Many experiments have shown that tsRNAs ful-
fill their unique biological roles through different mech-
anisms; these findings have led to the discovery of their 
roles in many diseases, such as cancers, autoimmune dis-
eases, neurological disorders and others [3].

In this paper, we elaborate on the regulatory role of 
tsRNAs in the inflammatory response in four areas: 
inflammatory inducers, inflammatory cells, inflammatory 
mediators and inflammation-related signaling pathways. 
Moreover, most of the interactions between tsRNAs and 

Introduction
Inflammation is an effective defense response of a host 
against infection and tissue damage that can obstruct 
the spread of pathogens or promote tissue injury [1]. The 
typical inflammatory response has four clinical symp-
toms, redness and swelling with heat and pain, and is 
composed of four components: inflammatory inducers, 
the sensors that detect them, the inflammatory mediators 
induced by the sensors, and the target tissues that are 
affected by the inflammatory mediators [2]. Since each 
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Abstract
Transfer RNA-derived small RNAs (tsRNAs) are a newly discovered class of small noncoding RNAs (sncRNAs) that 
include tRNA-derived stress-induced RNAs (tiRNAs) and tRNA-derived fragments (tRFs). Following the development 
of high-throughput sequencing technology, an increasing number of tsRNAs have been discovered with vital 
functions in different physiological and pathophysiological processes. Extensive research has revealed that tsRNAs 
are involved in various diseases, such as cancers, autoimmune illnesses and other diseases. This review focuses on 
the role and significance of tsRNAs in inflammation, such as the regulation of substances including inflammatory 
inducers, inflammatory cells and inflammatory factors, which contribute to the pathogenesis of inflammation-
related diseases. Moreover, we discuss in-depth the molecular pathogenic mechanisms of tsRNAs in inflammation-
related diseases through different signaling pathways and assess their clinical value, providing new perspectives for 
the exploration of tsRNA functions and inflammation-related diseases.
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these four key elements are interrelated and not indepen-
dent of one another, implying that the actions of tsRNAs 
are likely to accompany the inflammatory response at all 
times. We also summarize the regulatory mechanisms of 
tsRNAs in the tumor microenvironment (TME) and find-
ings in recent years regarding inflammatory responses 
in other diseases, which will help us to study the func-
tions of tsRNAs in inflammation and provide new per-
spectives for exploring the pathogenesis, diagnosis, and 
even treatment of inflammation-related diseases in the 
future. Since there is no unified naming system for tsR-
NAs, to facilitate the understanding and standardiza-
tion of tsRNA names, in this report we have adopted the 
tDRnamer system (http:// trna.uc sc.edu/ tDRn amer/) for 
uniform naming of the referenced tsRNAs.

TsRNAs and inflammatory inducers
Biogenic factors are regarded as important inflamma-
tory inducers. Moreover, as ancient small RNAs found in 
all domains of life, tsRNAs have been identified in many 
species across all three domains of life: Archaea, Bacte-
ria, and some unicellular eukaryotes [4]. The results of 
many experiments have confirmed that microorganisms 
such as bacteria, viruses [5], parasites and fungi have 
specific tsRNAs that play crucial roles in host-microbe 
interactions [6]. In other words, tsRNAs can participate 
in host-microbe inflammatory responses. For example, 
a fragment of a Pseudomonas aeruginosa methionine 
tRNA, tDR-1:23-fMet-CAT-1 (sRNA52320), is abun-
dant in outer membrane vesicles (OMVs). It not only 
reduces lipopolysaccharide (LPS)-induced and OMV-
induced interleukin (IL)-8 secretion by cultured pri-
mary human airway epithelial cells but also attenuates 
OMV-stimulated secretion of the keratinocyte-derived 
chemokine(KC) IL-8 homolog and neutrophil infiltration 
in the mouse lung [7]. Similarly, tDR-1:30-fMet-CAT-1 
(sR-2509025) packaged in Helicobacter pylori OMVs 
can also decrease the secretion of IL-8 induced by LPS 
or OMVs in AGS cells [8]. Among viruses, after respira-
tory syncytial virus (RSV) infects the lower respiratory 
tract, RSV induces airway epithelial cells to produce tDR-
1:30-Gly-CCC-2 (tRF5-Gly(CCC)) and tDR-1:30-Lys-
CTT-2-M2 (tRF5- Lys(CTT)), which can promote RSV 
replication and the expression of RSV-induced airway 
epithelial cell-secreted IL-6, IL-8, macrophage inflamma-
tory factor (MIP)-1β and CCL5, thereby enhancing the 
inflammatory response [9]. Furthermore, a bioinformatic 
analysis of modified transcripts of the Trypanosoma 
cruzi-derived tsRNAThr gene in HeLa cells revealed that 
CXCL2 has the potential to be a direct target of tsR-
NAThr. CXCL2, a member of the CXC family of chemo-
kines, is recognized as a key mediator of inflammatory 
processes [10].

TsRNAs and inflammatory cells
As indispensable components of the inflammatory 
response, inflammatory cells play complex and diverse 
roles. For instance, there are neutrophils, major factors 
in acute inflammation; macrophages, which play various 
roles in inflammation [11]; and endothelial cells, which 
rely on angiogenesis to play a special role in inflamma-
tion. In summary, all of these cells can be regulated by 
tsRNAs in related illnesses or inflammatory responses 
(listed in Table 1).

Macrophages
Although macrophages can polarize to one of many 
specific phenotypes, most researchers still use the M1/
M2 classification to summarize their characteristics: 
classically activated macrophages (M1) and alterna-
tively activated macrophages (M2). In the early phase of 
inflammation, macrophages differentiate into M1 mac-
rophages, which release inflammatory cytokines to exert 
proinflammatory effects. In the later period of inflam-
mation, M2 macrophages produce anti-inflammatory 
cytokines to reduce the intensity of the inflammatory 
response by decreasing reactive oxygen species (ROS) 
production and neutrophil infiltration [12]. tsRNAs play 
unexpected roles in regulating macrophage polarization. 
Dou et al. reported that tsRNA-21109, delivered by mes-
enchymal stem cell-derived exosomes (MSC-exos), is an 
effective molecule for inhibiting macrophage M1 polar-
ization. A series of experiments showed that the target 
genes of tsRNA-21109 were primarily involved in inflam-
mation-related pathways and that tsRNA-21109-derived 
MSC-exos increased the levels of TNF-α and IL-1β in 
macrophages [13]. In addition, compared with those 
in normal muscle tissue, the expression profiles of the 
tsRNAs were altered in the early stage of cardiotoxin-
induced muscle injury, and the overexpressed tsRNAs 
were found to participate in the early stage of inflam-
mation. Interestingly, several tsRNAs were significantly 
enriched during the inflammatory response immedi-
ately after muscle injury; tDR-1:34-Gly-CCC-3-G9A(5’ 
tiRNA-Gly‐CCC)had a strong positive association with 
inflammation. In vitro experiments revealed that tDR-
1:34-Gly-CCC-3-G9A stimulated the mRNA expres-
sion of proinflammatory cytokines (IL‐1β and IL‐6) and 
macrophages expressing M1 markers (TNF‐α, CD80, 
and MCP‐1) and inhibited the mRNA expression of anti‐
inflammatory cytokines (IL‐4, IL‐10, and IL‐13) and M2 
markers (TGF‐β1 and ARG1) [14]. Furthermore, analy-
sis of the tsRNAs of keloid macrophages revealed that 
the expression profiles of the tsRNAs differed between 
M1 and M2 macrophages. Moreover, a cluster heat-
map showed that the expression profiles of tRFs could 
differentiate between M1 and M2 macrophages. More 
importantly, the expression of tsRNA-14,783, which was 
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upregulated in M2 macrophages, stimulated M2 macro-
phage polarization [15].

Endothelial cells
Endothelial cells (ECs) play important roles in the inflam-
matory process. In the adaptive immune response, if spe-
cialized effector cells are unable to clear antigens, ECs are 
involved in an additional event associated with chronic 
inflammation: angiogenesis. The generation of new blood 
vessels can ensure the continued survival of inflamma-
tory cells within the tissue. Consequently, antiangiogenic 
factors may reduce novel inflammatory tissue growth 
and prevent disease progression [16]. Qin et al. reported 
that tDR-T1:T20-Ser-TGA-1-1 (tRF-1001), which shows 
downregulated expression in age-related macular degen-
eration patients, regulates endothelial angiogenic effects 
via tDR-T1:T20-Ser-TGA-1-1/METTL3/RBPJ-MAML1 
signaling and acts as an antiangiogenic factor during 
ocular angiogenesis [17]. Similarly, tDR-55:76-Gln-
CTG-1-M2 (tRF-22-8BWS72092/tRF-22), which shows 
downregulated expression in the choroids of myopic 
patients, has antiangiogenic effects by inhibiting cho-
roidal EC proliferation, migration, and tube formation 
in vitro [18]. Similarly, tsRNAs derived from tRNA-
Val-CAC and tRNA-Gly-GCC produced in response to 
ischemic injury also inhibit the proliferation, migration, 
and tube formation of ECs, thereby playing a negative 
role in angiogenesis [19]. Furthermore, in experiments 
concerning atherosclerosis, one of the high-cholesterol 
diet-induced intimal tsRNAs, tDR-38:71-Arg-CCG-2 

(tsRNA-Arg-CCG), modulated the expression of proath-
erogenic genes, including IL-6, IL-1α, ICAM-1, VCAM-
1, and MCP-1, in ECs in vitro [20].

T-cells
T-cells have a major impact on regulating immune 
responses in health and disease. As a key event, T-cell 
differentiation is essential for eliminating intra- and 
extracellular pathogens and can also lead to inflammation 
upon dysregulation [21]. It has been demonstrated that 
the 3′-end of tRNA-AlaUGC (CCACCA sequences) can 
activate Th1- and toxic T lymphocyte-related immune 
responses by directly interacting with Toll-like receptors 
[22]. Additionally, effector CD8 + T-cell activation and its 
cytotoxic function are known to be positively correlated 
with improved survival in patients with breast cancer 
(BC). Previous studies have shown that tDR-T1:T18-Val-
TAC-3-1 (ts-34) and tDR-T1:T34-Thr-CGT-2-1-A15G 
(ts-49) are associated with T-cell activation. Moreover, 
the effects of tDR-T1:T18-Val-TAC-3-1 and tDR-T1:T34-
Thr-CGT-2-1-A15G on the survival of BC patients varied 
according to T-cell activation status [23]. Furthermore, 
tsRNAs enriched in extracellular vesicles (EVs) generated 
by T-cells can inhibit T-cell activation and cytokine pro-
duction. Conversely, T-cells can utilize the EV-generating 
pathway to selectively secrete tRFs [24].

B-cells
During chronic inflammation, B-cells contribute to 
the pathogenesis of inflammatory diseases by acting as 

Table 1 Studies of correlations between tsRNAs and inflammatory cells
Inflammatory cell Uniform name in this paper Function Refer-

ence
Neutrophils tDR-1: 23-fMet-CAT-1 attenuates OMV-stimulated KC IL-8 homolog secretion and neutrophil infiltration 

in mouse lungs
[7]

Macrophages tsRNA-21,109 alleviate systemic lupus erythematosus by inhibiting macrophage M1 polarization [13]
tDR-1:34-Gly-CCC-3-G9A promote the expression of proinflammatory factors and M1 polarization and 

inhibit the expression of anti-inflammatory factors and M2 polarization
[14]

tDR-55:76-Ile-AAT-1-M4 modulates M2 macrophage polarization through binding to MIF in colorectal 
cancer

[31]

tsRNA-14,783 promotes M2 macrophage polarization in keloid [15]
Endothelial cells tDR-T1:T20-Ser-TGA-1-1 acts as an antiangiogenic factor during ocular angiogenesis via tDR-T1:T20-Ser-

TGA-1-1/METTL3/RBPJ-MAML1 signaling
[17]

tDR-55:76-Gln-CTG-1-M2 plays an anti-angiogenic role in choroidal neovascularization. [18]
tDR-38:71-Arg-CCG-2 modulates expression of proatherogenic genes in ECs in vitro, including IL-6, IL-1α, 

ICAM-1, VCAM-1, and MCP-1
[20]

T cells tDR-59:76-Leu-TAA-1 participate in metabolic modulation of IFN-α-induced CD4 + T cell OXPHOS in 
lupus.

[32]
tDR-55:76-Leu-TAA-1
tDR-T1:T18-Val-TAC-3-1 associated with the T-cell activation status in Breast Cancer [23]
tDR-T1:T34-Thr-CGT-2-1-A15G

B cells tDR-55:76-Gly-GCC-2 differentially expressed in three stages of mature B-cell differentiation and one GC-
derived lymphoma cell line, and cloned most frequently in normal GC B cells

[26]

tDR-1:33-His-GUG-1-M9 contributes to cell proliferation in B cells under LA stress. [28]
Dendritic cells tDR-1:32-Val-CAC-2 controls the formation of effector T-cells, activation of regulatory T-cells, and DC 

maturation
[29]
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specialized antigen-presenting cells, producing cyto-
kines, and through other mechanisms [25]. tRF-3s are the 
most abundant variety of tsRNAs expressed in mature 
B-cells. A previous study showed that tDR-55:76-Gly-
GCC-2 (CU1276, a representative sequence of the tRF-3 
class) is a DICER1-dependent tsRNA expressed in mature 
B-cells. It is differentially expressed across three stages of 
mature B-cell differentiation and in a germinal center-
derived lymphoma cell line. Conversely, it has the highest 
cloning frequency in normal germinal center B-cells [26]. 
Chronic lymphocytic leukemia (CLL) is a heterogeneous 
disease characterized by CD19+/CD5 + B-cell expansion, 
and studies of the signatures of tsRNAs in aggressive 
and indolent CLL have revealed that mature tRFs can be 
severely dysregulated in CLL [27]. Furthermore, lactate 
(LA)-induced expression of tDR-1:33-His-GUG-1-M9 
(5′-HisGUG half ) can impair the cell cycle and prolifera-
tion of B-cells, especially EBV-infected B-cell lymphoma 
cells in microenvironments under LA stress and aid in 
the growth of B-cell lymphoma [28].

Dendritic cells
Dendritic cells (DCs) are a special type of antigen-pre-
senting cell whose activation can lead to the secretion of 
proinflammatory mediators and the recruitment of more 
inflammatory cells to the site of infection. tDR-1:32-Val-
CAC-2 (5′-tiRNAVal) has been shown to bind to human 
Frizzled homolog 3 and mediate the downregulation 
of a crucial factor of the Wnt signaling pathway, which 
controls the formation of effector T-cells, activation of 
regulatory T-cells, and DC maturation [29]. It has also 
been shown that tsRNAs regulate histone methylation 
in human monocytes, which can differentiate into DCs 

when stimulated by a variety of cytokines, including IL-4 
[30].

TsRNAs and inflammatory mediators
Inflammatory mediators, including cytokines, growth 
factors, chemokines, inflammasomes and inflamma-
tory metabolites, have been identified as vital regulators 
of the initiation and resolution of inflammation [1]. Not 
only are tsRNAs involved in the regulation of a variety 
of inflammatory mediators, but inflammatory media-
tors may also counteract the actions of tsRNAs (listed in 
Table 2).

Pan et al. performed small RNA sequencing of nucleus 
pulposus (NP) tissues from traumatic lumbar fracture 
patients, young (IDDY) patients, and old intervertebral 
disk degeneration (IDDO) patients. The results showed 
that tDR-56:71-Ala-CGC-1-M4 (tsRNA-04002) was 
expressed at lower levels in both the IDDY and IDDO 
groups than in the control group. The overexpression of 
tDR-56:71-Ala-CGC-1-M4 suppressed the expression 
of the inflammatory cytokines IL-1β and TNF-α and 
inhibited the apoptosis of NP cells [33]. As an important 
player in osteoarthritis pathogenesis, IL-1β can increase 
the expression level of tDR-60:76-Cys-GCA-2-M7 (tRF-
3003a), which is produced from the 3’ end of tRNA-Cys-
GCA, in addition to maintaining its high expression for 
at least 6 h. This study confirmed that the induction and 
cleavage of tRNA-CysGCA is an early response to inflam-
matory cytokine-induced stress [34]. Similarly, tDR-1:19-
Arg-ACG-1-M2 (tRF-5014a), which shows significantly 
upregulated expression in high glucose-stimulated pri-
mary cardiomyocytes, increases the production of the 
proinflammatory cytokines IL-1β and IL-18 and plays a 
key role in cardiomyocyte injury associated with diabetic 

Table 2 Studies of correlations between tsRNAs and inflammatory mediators
Uniform name in this paper Function Reference
tDR-1: 23-fMet-CAT-1 reduces LPS-induced and OMV-induced IL-8 secretion by cultured primary human 

airway epithelial cells
[7]

tDR-1:30-fMet-CAT-1 decreases LPS- or OMV-induced IL-8 secretion in AGS cells [8]
tDR-1:30-Gly-CCC-2 promotes RSV replication and the expression of RSV-induced IL-6, IL-8, MIP-1β and 

CCL5 in airway epithelial cells, enhancing the inflammatory response
[9]

tDR-1:30-Lys-CTT-2-M2
tDR-56:71-Ala-CGC-1-M4 suppresses the expression of inflammatory cytokines IL-1β and TNF-α and inhibits 

apoptosis of NP cells
[33]

tDR-60:76-Cys-GCA-2-M7 inhibits JAK3 expression via AGO/RISC formation in chondrocytes, thereby suppress-
ing downstream target cytokine IL-6 expression and preventing pro-inflammatory 
signaling, to restore cellular homeostasis

[34]

tDR-1:34-Ala-CGC-1-M3-D22GC-A25G-U26C activates p65 and enhances IL-8 secretion in response to arsenite administration [37]
tDR-1:19-Arg-ACG-1-M2 increases production of pro-inflammatory cytokines IL-1β and IL-18 [35]
tDR-1:32-Gly-GCC-1 upregulated in triple-negative breast cancer, mainly involved in the maintenance of 

stem cell population and cellular response to IL-6 secretion
[38]

tDR-1:32-Gly-GCC-1-C31A
tRF-36 promotes inflammatory factors TNF-α, IL-6, and IL-1β levels in an AP cell model gener-

ated from MCP-83 cells
[39]

tRF-47/tRF-47-58ZZJQJYSWRYVMMV5BO reduces the release of IL-6, TNF-α, IL-10, IL-17 and IL-4 in a model of nonalcoholic 
steatohepatitis and improves the inflammatory response

[36]
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cardiomyopathy [35]. Moreover, tectorigenin (TEC), 
which is abundant in blueberries, induces the secretion 
of tRF-47 from hepatocytes. tRF-47 reduced the release 
of IL-6, TNF-α, IL-10, IL-17 and IL-4 in a model of non-
alcoholic steatohepatitis and improved the inflammatory 
response [36].

TsRNAs and inflammation-related signaling 
pathways
Dysregulation of inflammatory mediators, which act as 
a bridge between inflammation and chronic disease, is 
usually caused by dysregulation of signaling pathways, 
including the nuclear factor κB (NF-κB), Janus kinase/
signal transducers and activators of transcription (JAK/
STAT), NOD-like receptor (NLR), and Toll-like receptor 
(TLR) pathways [1].

Numerous experiments have demonstrated that tsR-
NAs play regulatory roles in inflammation-related sig-
naling pathways or that their production is influenced by 
inflammation-related signaling pathways. For instance, 
the expression of 5′-tRNA halves was upregulated by cell 
surface TLRs in human monocyte-derived macrophages 
(HMDMs). Additionally, HMDMs selectively package 
5′-tRNA halves with extracellular vesicles (EVs) as car-
riers. More importantly, when tDR-1:34-His-GTG-1 
(5′-tRNAHisGUG half ) was transfected into HMDMs, 
the secretion of TNF-α and IL-1β increased, whereas 
transfection of tDR-1:34-Glu-CTC-1-M2 (5′-tRNAGlu-
CUC half ) did not cause an increase. Experiments con-
ducted by Kamlesh et al. demonstrated that the transfer 
of tDR-1:34-His-GTG-1 to recipient cells can promote 
cytokine production by stimulating endosomal TLR7 
[40]. In addition, the aforementioned tDR-60:76-Cys-
GCA-2-M7, which is highly expressed in OA patients, 
inhibits JAK3 expression via AGO/RISC formation in 
chondrocytes, thereby suppressing downstream expres-
sion of IL-6 and preventing proinflammatory signaling, to 
restore cellular homeostasis [34]. Liu et al. reported that 
arsenite-treated airway epithelial cells produce tDR-1:34-
Ala-CGC-1-M3-D22GC-A25G-U26C (tRF5-AlaCGC). 
tDR-1:34-Ala-CGC-1-M3-D22GC-A25G-U26C can not 
only activate p65 but also enhance the secretion of IL-8 
in the arsenite response. p65 is an important transcrip-
tion factor that belongs to the NF-κB family and is a key 
factor modulating inflammatory gene expression [37]. 
Furthermore, Sun et al. identified a novel tsRNA, tDR-
59:75-Thr-AGT-1-M2 (tRF3-Thr‐AGT), which showed 
downregulated expression in the sodium taurocholate 
(STC)-treated acinar cell line AR42J and in the pancreatic 
tissues of STC‐induced AP model rats. They also demon-
strated that tDR-59:75-Thr-AGT-1-M2 suppressed ZBP1 
expression to restrain NLRP3‐mediated pyroptotic cell 
death and inflammation [41].

In summary, tsRNAs play essential roles in a variety 
of inflammation-related signaling pathways. However, 
inflammation-related signaling pathways are complex 
and diverse, so whether tsRNAs can regulate other pro-
teins involved in inflammation-related signaling path-
ways remains to be investigated.

TsRNAs and inflammation in diseases
tsRNAs and inflammation in cancers
In some cancers, the inflammatory environment is 
affected before malignant changes occur. In other cases, 
an oncogenic change drives an inflammatory micro-
environment. Regardless of its origin, “smoldering” 
inflammation in the TME is not only conducive to the 
proliferation and survival of malignant cells but also pro-
motes tumor progression. Furthermore, the mediators 
and cells involved in inflammation are vital constituents 
of the epithelial TME [42]. Numerous studies have shown 
the effects of sncRNAs on the TME [43], and it has also 
been demonstrated that tsRNAs can modulate inflamma-
tory mediators in the TME, thus playing a protumor or 
tumor suppressing role [44].

Gastric cancer(GC): A study of GC biomarkers 
revealed 613 differentially expressed (DE)-tRFs in the 
TCGA dataset, 19 of which showed upregulated expres-
sion and 20 showed downregulated expression. Notably, 
the downstream targets of the 9 tRFs affected neutrophil 
activation and degranulation [45]. Moreover, tDR-1:23-
Gln-TTG-1 (tRF-24-V29K9UV3IU), which shows signifi-
cantly downregulated expression in GC tissues compared 
with adjacent tissues, can target chemokine (CXCR5, 
CXCR3, CX3CL1, CX3CR1, CXCL9, etc.) signaling path-
ways [46]. Moreover, a systematic review and meta-anal-
ysis of the diagnostic and prognostic values of tsRNAs in 
GC showed that GC-associated tsRNAs play a role in dis-
tinguishing healthy controls from patients [47].

Colorectal cancer (CRC): Compared to healthy adja-
cent tissues, Lu et al. identified three tsRNAs overex-
pressed in CRC tissues and plasma exosomes. One of 
these tsRNAs, tDR-55:76-Ile-AAT-1-M4 (tRF-3022b), 
regulates the expression of target genes that closely inter-
act with the cytokine-associated tumor microenviron-
ment. In addition, tDR-55:76-Ile-AAT-1-M4 suppressed 
M2 macrophage polarization by binding to macrophage 
migration inhibitory factor (MIF) [31]. MIF is a major 
cytokine produced by both malignant cells and infiltrat-
ing leukocytes in some cancers [42].

Pancreatic ductal adenocarcinoma (PDAC): In a study 
regarding the tumorigenic mechanism of PDAC, Pan 
et al. identified an inflammatory cytokine–regulated 
tsRNA, tDR-19:39-Gly-GCC-2-M10 (tRF-21-VBY-
9PYKHD/tRF-21). As a tumor suppressor in PDAC pro-
gression, the production of tDR-19:39-Gly-GCC-2-M10 
can be inhibited by IL-6 and leukemia inhibitory factor 
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(LIF). The former is secreted by macrophages and T-cells 
in the TME, and the latter is derived from tumor cells 
and other microenvironmental cells, such as pancreatic 
stellate cells [48].

tsRNAs and inflammation-related diseases
Systemic lupus erythematosus (SLE): Through small 
RNA sequencing, Geng et al. identified 482 differentially 
expressed tsRNAs in CD4 + T-cells from patients with 
SLE and healthy controls. Furthermore, tDR-59:76-Leu-
TAA-1 (tRF-3009a) and tDR-55:76-Leu-TAA-1 (tRF-
3009b), derived from tRNA-Lue-TAA, were found to be 
significantly highly expressed in SLE CD4 + T-cells. The 
expression of tRF-3009 is correlated with disease activ-
ity index, lupus nephritis and serum IFN-α levels. Con-
versely, upon knockdown of tRF-3009, IFN-α-induced 
ROS production and ATP biogenesis were inhibited in 
vitro. This indicates that tRF-3009 may act as a metabolic 
modulator downstream of the type I interferon pathway, 
which in turn could enhance oxidative phosphorylation 
in CD4 + T-cells in patients with SLE [32]. Moreover, 
Zhang et al. reported that tDR-59:76-Ala-AGC-2-M4 
(tRF-Ala-AGC-2-M4) was not only more highly 
expressed in lupus nephritis patients than in healthy con-
trols but was also significantly positively correlated with 
C-reactive protein and the systemic lupus erythematosus 
disease activity index 2000. However, tDR-59:76-Ala-
AGC-2-M4 expression has little correlation with other 
indicators (anti-dsDNA, proteinuria, IgG, anti-β2-GP, 
C3, C4 and eGFR) [49].

Rheumatoid arthritis (RA): A previous study showed 
that three microbial sRNAs derived from the same 
tRNA encoding arginine were tsRNAs and had increased 
expression in RA patients. Two of these sequences were 
tRFs (tDR-1 and tDR-2), and the third sequence was a 
5’ tRNA half (tDR-3). Compared with those in control 
plasma, the plasma concentrations of tDR-1 and tDR-3 
were enriched in RA patients, but not those of inflamma-
tory markers such as ESR, IL-6 and TNF-α. Further, they 
were inversely associated with the DAS28 score, tender 
joint count, and swollen joint count [50]. Compared to 
the correlation between tsRNAs and inflammatory mark-
ers in patients with SLE, this finding implies that tsRNAs 
may have positive or negative correlations with inflam-
matory markers, but not all tsRNAs are correlated with 
inflammatory markers.

Acute pancreatitis (AP): In addition to tDR-59:75-Thr-
AGT-1-M2 mentioned above, Fan et al. reported that 
tRF36 was downregulated in the serum of AP patients. 
Notably, after tRF36 knockdown, the levels of the inflam-
matory factors TNF-α, IL-6, and IL-1β were reduced 
in the AP cell model generated from MCP-83 cells. 
Additionally, cell viability increased while cell death 

decreased. These results demonstrate that tRF36 can pro-
mote cell death to drive AP progression [39].

Spotted fever: Human angiogenin (ANG) is the only 
angiogenic protein that specifically cleaves tRNA both in 
vivo and in vitro. In addition to its nuclear role in ECs, 
ANG is thought to play a novel role in the cytoplasm. In 
both mouse and human cells infected with spotted fever 
group Rickettsiae, ANG-induced host cells produced 
tDR-1:33-Val-AAC-1-M2-D9GU (tRF5-ValGTG) and 
tDR-1:31-Gly-GCC-2-M3 (tRF5-GlyGCC), which can 
interact with transcripts associated with endothelial bar-
rier function, the host cell inflammatory response, and 
autophagy [51].

Other inflammation-related diseases: The pathologi-
cal changes in chronic kidney disease (CKD) are caused 
by inflammatory events such as inflammatory cell infil-
tration, fibroblast activation and proliferation. Khurana 
et al. observed the differential abundance of exosomal 
nuclear-encoded tsRNAs in CKD patients compared 
to healthy controls (HCs). Compared to those in HCs, 
the abundances of tsRNAs (tRFVal and tRFLeu) in exo-
somes decreased in CKD patients [52]. In addition, tsR-
NAs have been found to be closely associated with a 
wide range of liver diseases [53–55]. 5′ tRNA-halves (5′ 
tRHs) are particularly abundant in nonmalignant livers. 
Their abundance is increased in humans and chimpan-
zees with chronic viral hepatitis and is altered in patients 
with viral hepatitis-associated cancer [53]. A previous 
study showed that tsRNAs were the sRNAs with the most 
significantly altered expression after SARS-CoV-2 infec-
tion, and their maximum change in expression exceeded 
200-fold. In addition, the expression of these tsRNAs was 
upregulated in patients infected with SARS-CoV-2 and 
even more significantly increased in the severe disease 
group [56].

Potential value of tsRNAs in the diagnosis of inflammation-
related diseases
Continuous stress responses result in inflammation and 
disease pathogenesis. Many studies have suggested that 
the expression levels of tsRNAs are correlated with the 
degree of tissue injury (such as ischemia‒reperfusion, 
radiation, and toxic damage). Oxidative stress can medi-
ate a direct conformational change in tRNA structure, 
subsequently promoting the cleavage of tRNA into tsR-
NAs. In particular, this process occurs much earlier than 
DNA damage [57], which means that tsRNAs can poten-
tially be biomarkers for early cell, tissue or organ damage. 
Furthermore, tsRNAs are present in multiple environ-
ments and have multiple associations with tissue states, 
disease types and personal attributes [58]. Moreover, 
compared with miRNAs, tsRNAs are stable in circula-
tion and are present in much greater percentages [59]. 
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Therefore, their potential value as noninvasive biomark-
ers is being actively explored [60].

Conclusion
TsRNAs play regulatory roles in inflammation-related 
physiological and pathophysiological phenomena. Mean-
time, discovering the relationships between tsRNAs and 
inflammatory inducers, inflammatory cells, inflammatory 
mediators, and inflammation-related signaling pathways 
will provide evidence for the role of tsRNAs in inflam-
mation-related diseases (illustrated in Fig. 1). Therefore, 
tsRNAs have potential in the diagnosis, prognosis, and 
treatment of inflammation-related diseases.
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