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Abstract

Introduction TRNA-derived small RNAs(tsRNAs) play an important role in many biological processes, and their dysregula-
tion is closely related to the progression of cancer, but the research trend and future direction are not clear. This study
aims to identify the leading contributors, collaboration networks, and emerging research trends in tsRNAs and their role
in oncology, providing a more comprehensive and intuitive reference for researchers in this field.

Materials and methods Related publications related to tsRNA in the field of oncology from 1990 to 2022 were collected
from the Science Citation Index Expanded through the Web of Science Core Collection (WOSCC) database on 6 Decem-
ber 2022.

Results There were 2,108 publications related to tsRNAs in oncology. The articles came from 69 countries/regions, 2,218
institutions, 11,340 authors, and 200 journals, and included 9,530 keywords. The annual total number of papers and total
global citation score increased steadily every year over the study period. Among the articles related to tsRNAs in oncology,
the United States had the highest number of publications with 732 articles, and the United States, China, Japan, Canada,
and South Korea had the highest number of collaborations. Seoul National University Sun and the journal Nucleic Acids
Research had the most publications at 81 and 63 articles, respectively, and the keyword “tRF” was a hotspot.

Conclusion This study provides an in-depth analysis of the research status and development trends of tsRNAs in the field
of cancer from a bibliometric perspective. Offering possible guidance for researchers to explore hot topics and frontiers,
select suitable journals, and partners in this field.
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Abbreviations

tRNA Transfer RNA

tsRNAs  TRNA-derived small RNAs

WOSCC Web of Science Core Collection
WHO World Health Organization

mRNAs  Messenger RNAs

tRFs TRNA fragments

tiRNAs  TRNA-derived stress-inducible RNAs
IF Impact factor
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GCN2 General control nonderepressible 2

IDO Indoleamine 2,3-dioxygenase

mtDNA  Mitochondrial DNA

HBD Hormone-binding domain

GRIP1 Glucocorticoid receptor interacting protein 1

UK The United Kingdom of Great Britain and Northern Ireland

ANG Angiogenin
1 Introduction

Cancer is one of the leading causes of human health [1].There are an estimated 19.3 million new cancer cases and nearly 10
million cancer deaths worldwide, and a projected global cancer burden of 28.4 million cases in 2040, a 47% increase from
2020, according to Global Cancer Statistics 2020 [2].

Transfer RNAs (tRNAs) are traditionally considered bridging molecules that help the ribosome decode messenger RNAs
(mRNAs) and synthesise proteins. Recent studies have shown that tRNA-derived small RNAs (tsRNAs) are a new class of non-
coding sRNAs derived from mature or precursor tRNA, which divided into two categories: tRNA-derived stress-induced RNAs
(tiRNAs) and tRNA fragments (tRFs). The relative abundance of tsRNAs is depending on the expression of tRNA fragments in
tissue, and disease [3]. The expression of tsRNAs varies widely among different biological fluids [4] and is more stable and
not easily degraded [5]. They have miRNA-like functions in regulating gene expression at the post-translation and immune
response, cell activity, and other biological functions.

As functional regulatory molecules, tsRNAs are aberrantly expressed in a variety of tumours, such as gastric, lung, breast,
colorectal, liver, and prostate cancers, and can be used as potential biomarkers and therapeutic targets [4].

At present, there are some studies on tsRNAs in the field of cancer, but there is a lack of research on predicting the future
technological innovation and direction of development in this field. Therefore, with the help of CiteSpace and VOSviewer
visualisation tools, This study aims to identify the leading contributors, collaboration networks, and emerging research trends
in tsRNAs in oncology.

2 Materials and methods
2.1 Data source and search strategy

Related publications from 1 January 1990 to 6 December 2022 were collected from the Science Citation Index Expanded
through the Web of Science Core Collection (WOSCC) database on 6 December 2022. With the search topics “cancer” OR
“tumour” OR “neoplasm” AND “tRNA” OR “tsRNA” OR “tiRNA” OR “tRF” and the literature types “article” and “review’, a total of
2,108 articles satisfying these search criteria were identified for further analysis.

2.2 Analytical methods

Data analysis and data visualisation were performed using CiteSpace and VOSviewer version 1.6.14. CiteSpace is a software
developed by Prof. Chaomei Chen and applied to the visual analysis of scientific literature, which can analyse changes in lit-
erature and the frontier of discipline hotspots [6, 7]. VOSviewer software, developed by the Science and Technology Research
Center of Leiden University, focuses on bibliometric networks, such as co-citation, co-authorship, and keyword co-occurrence.
Overall, these analytical tools provided an objective and diverse perspective on tsRNAs research in the field of oncology.

3 Results

3.1 General statistics

From 1 January 1990 to 6 December 2022, 2,108 tumour-related publications that discussed tsRNAs were available in
the WOSCC database. We found articles from 69 countries/regions, 2,218 institutions, 11,340 authors, 200 journals, and

9,530 keywords. There were two types of publications: 1,828 research articles (86.72%) and 280 review articles (13.28%).
As shown in Fig. 1, from 1990 to 2022, the cumulative number of published papers surged from 3 to 237, while total
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global citation score from 0 to 8,459 over the same period. A pivotal turning point occurred in 2015, when both metrics
entered a phase of exponential growth, with annual publication output and citation accumulation increasing at unprec-
edented rates thereafter.

3.2 Country/Region characteristics

A total of 69 national/regional research groups have published articles related to tsRNAs in tumours during the period
of 1990 to 2022.0verall, the countries/regions with the largest number of global publications are mainly concentrated in
North America, East Asia and some parts of Europe (Fig. 2A). During the research period, the United States published the
most articles on tsRNAs in tumors, with 732 articles. The People’s Republic of China, Japan, South Korea and the United
Kingdom (UK) followed (Fig. 2B). From the perspective of the growth trend, the number of publications in the United
States has gradually and steadily increased; the number of publications in China has grown rapidly since 2012, while the
number of publications in Japan has remained stable (Fig. 2C).

3.3 Academic collaboration

Academic collaborations between different countries/regions, institutions, and authors often facilitate the exchange of
knowledge, thus broadening the horizons of the field. As expected, in the field of tsRNAs in oncology, important partner-
ships occur at multiple levels (Fig. 3). Our study performed visualisation of the cooperative network using VOSviewer.
Cluster analysis is a data mining technology that determines the topic distribution and organisation structure in the
knowledge domain by obtaining multiple structured clusters [8]. 69 countries/regions collaborated. The two largest
nodes are the Unites States and China, and the United States, China, Japan, Canada, and South Korea had the largest
number of collaborations. Additionally, there is a high level of cooperation among other countries (Fig. 3A).

Another useful method of assessing the status of collaboration is to examine partnerships between organisations.
Out of the 2,218 organisations, 168 met the threshold of at least six documented collaborations.The organizational
collaboration network revealed four dominant clusters: a purple cluster centered at Seoul National University Sun, a
blue cluster led by Harvard University, a green cluster anchored by the U.S. National Cancer Institute, and a red cluster
spearheaded by Sun Yat-sen University. While intra-cluster interactions were frequent and dense (evident within each
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Fig. 1 Timeline of publications and total global citation score on tsRNAs in the oncology
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Fig.2 Major countries/regions where tsRNAs are distributed in oncology publications A Geographic distribution of tsRNAs in oncology. B »
The top 10 countries in tsRNA publication are distributed among oncology publications and their corresponding global total citation scores.
C Annual trends for the top 3 most productive countries in the publication

color-coded group), cross-cluster exchanges were sparse, suggesting a fragmented yet coordinated multi-institutional
collaboration pattern with room for enhanced inter-cluster integration (Fig. 3B). In terms of organizational collaboration,
Seoul National University Sun, National Institutes of Health, and the University of California system occupy the top three
positions (Table 1).

To identify the most influential experts in oncology research involving tsRNAs over the past 32 years, authors were
ranked based on their publication count and total link strength. Among the 11,340 researchers analyzed, 43 individuals
exhibited frequent collaborative activity (>9 collaborations), with Kim Sunghoon being the most prominent contributor
and central hub in the collaboration network. Notably, Kwon Yoon Soo, Han Jung Min, and Yoon Ina also made substantial
contributions and played pivotal roles in the collaborative among researchers (Fig. 3C).

3.4 Journal performance

In total, 2,108 papers were published in 200 journals. The top 10 journals with the highest number of publications had
332 papers (Table 2), accounting for 15.7% of all articles. Five journals are based in the United States, two in the UK, one
in Greece, one in the Netherlands, and one in China. The impact factor (IF) is a presumed marker of journal impact, based
on the frequency with which journal articles are cited by other scientific publications. The top three journals with the
highest IF in 2021 were Nucleic Acids Research, Cancer Research, and Proceedings of the National Academy of Sciences of
the United States of America.

3.5 Keyword detection and burst analysis

Keywords can reflect the frontiers and hotspots of a certain field. Among the 9,530 keywords, 110 were selected for
cluster analysis with a minimum of 25 co-occurrence times, and a total of five clusters emerged. VOSviewer was used to
cluster keywords for visualisation. In Fig. 4, the five clusters are indicated by different colours: (1) red for represents the

"

effect of tsRNA gene expression on disease studies (“gene expression’, “growth’, “apoptosis”); (2) green for tsRNA source

"

studies (“tRNA", “reveals’, “stress” and “identification”); (3) blue for mechanism studies (“cancer”’,“mechanisms”and “gene”);

" "

(4) yellow represents experimental studies of tsSRNA phenotype (“proliferation’, “migration’, “progression” and “invasion”);
(5) purple represents tsRNA-mediated protein expression studies (“protein’’mutation” and “transfer-RNA").

In order to analyse the research hotspots and future development trends of tsRNAs in the field of oncology, Cit-
eSpace was used to detect the burst of keywords based on the frequency of keywords and citations, and analyse the
changes in keywords over time. The results showed that since 1991, the keywords “carcinoma’, “nucleotide sequence’,
and “DNA” have gradually evolved. As of 2020, the keywords with consistently high interest are “tRNA-derived frag-
ment” (2018-2022), “small non-coding RNA” (2019-2022), “promoting cell proliferation” (2020-2022), and “gastric cancer”
(2020-2022) (Table 3).

3.6 Co-citation analysis

Paper citation frequency is an important index for measuring the social influence in bibliometrics. Table 4 lists the top
five most-cited papers in the WOS database. As evident from the large number of cited studies, the regulation of tsRNAs
in tumour gene expression is currently of great interest to researchers. In addition, it is still an important research topic
to explore tRF as a potential novel and stable biomarker for tumour diagnosis and its influencing factors.

The clustering of co-cited papers was divided into six time periods, and this clustering can indirectly reveal research
hotspots in the field at different time periods (Fig. 5). The circles in the figure are termed tree ring histories, and the size
of a ring reflects the number of times the paper has been cited. The colour of each circle represents the corresponding
year; the closer it is red, the closer the year is to the present. In recent years, tsRNAs have been studied more frequently
(red circles) in “#0 tRNA-derived fragments”.
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Table 1 The tqp 1,0 most Rank Organization Document Citations H-index
collaborative institution
1 Seoul National University Sun 81 2369 28
2 National Institutes of Health Nih USA 75 3060 32
3 University of California System 66 3419 31
4 Udice French Research Universities 57 2279 24
5 Harvard University 56 3062 28
6 Nih National Cancer Institute NCI 48 2026 26
7 Centre National De La Recherche 46 1514 20
Scientifique CNRS
8 Harvard Medical School 43 2307 38
9 University of Texas system 42 1832 23
10 Sun Yat Sen University 42 1075 19
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Table2 The tqp 10j9urpa|s Rank Journal Country Number of Impact
ranked by their pu.bllcatlon papers factor
volume of tsRNAs in the (2021)
oncology field
1 Nucleic Acids Research UK 63 19.16
2 Journal of Biological Chemistry Netherlands 48 5.486
3 Plos One USA 44 3.752
4 Proceedinngs of The National Academy of USA 35 12.779
Sciences of The United States of America
5 RNA Biology USA 31 4.766
6 Cancer Research USA 25 13.312
7 International Journal of Molecular Sciences Greece 23 6.208
8 Biochemical And Biophysical Research USA 21 3322
9 Scientific Reports UK 21 4,996
10 Oncotarget China 21 0

g&b VOSviewer

Fig.4 Clustering co-occurrence analysis of tsRNAs keywords in the field of oncology
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Table 3 Top 16 keywords with the strongest citation bursts

Keywords Year Strength Begin  End 1990 - 2022

carcinoma 1991 10.87 1991 2006

nucleotide sequence 1992 7.69 1992 2007

DNA 1991 11.69 1994 2004 T ——

human fibroblast 1995 1297 1995 2004 R ——

sequence 1996  13.09 1996 2006 R ——

immortal cell 1996 9.8 1996 2003 e e e e e e

length 1999 9 1999 2008 R ——

cancer susceptibility gene 2004 20.44 2004 2013 N —

trnase z 2005 8.01 2005 2013 T —

saccharomyces cerevisiae 1998 7.86 2012 2017 e e
pathway 2013 7.88 2016 2019 —
biogenesis 2015 10.33 2018 2020 ———
tRNA-derived fragment 2018 9.32 2018 2022 —
small noncodingRNA 2019  7.59 2019 2022 o e
promotes cell proliferation 2020 9.38 2020 2022 —
gastric cancer 2001 8.6 2020 2022 ———

4 Discussion
4.1 Main research hotspots

We performed a bibliometric analysis of 2,108 studies on tsRNAs in oncology. Papers published from 1990 to 2022 were
retrieved from the WOSCC database using multiple literature analysis software and computational algorithms. This paper
summarises tsRNA research leading contributors, collaboration networks, and emerging research trends in tsRNAs and
their role in oncology.

In 2019, the WHO reported that cancer incidence and mortality are increasing rapidly worldwide [1, 2], therefore,
in-depth research on cancer screening, early diagnosis, molecular mechanisms, targeted therapy, and other related
fields is urgently needed to improve the cancer diagnosis rate, improve quality of life, and delay mortality. Additionally,
tRNA is generally regarded as a steward molecule, which is involved in protein translation mainly by transporting amino
acids to ribosomes and plays an important role in the occurrence. With the development of high-throughput sequencing
technology, increasing evidence has shown that tRNA and its derived fragments are involved in a variety of molecular
processes in tumours, including stress particle formation,proliferation, apoptosis, mRNA stabilisation,and translation
regulation [9].

In terms of the countries where we have tsRNA published in cancer research,the United States, China, and Japan
ranked among the top three. Regarding the United States, tRNA has been studied previously. In 1965, Holley Robert
William isolated tRNA for the first time and clarified its sequence and general structure [10]. In 1982, Professor Yuet
Wai Kan proposed the treatment of 3-thalassaemia by blocking tRNA [11]. Recent studies have shown that changes in
tRNA abundance or function alter tRNA activity and reprogram mRNA translation, leading to the occurrence of human
tumours. The United States has rigorous and sensitive scientific research teams, with good experimental conditions
and equipment. As the leader of tsRNA research in the field of cancer, this has led to considerable development of this
research. Compared to the United States, China has a relatively low incidence of cancer, but the overall population base
is large, the overall incidence is high, and the cancer mortality and disability adjusted life year annual rates are higher
than those of the United States [12]. In recent years, with the development of China’s economy and society, the Chinese
government has increased its economic investment in medical research and has promoted a group of research teams
dedicated to the field of cancer. As a result, tsRNA-related publications in the field of cancer and the corresponding total
global citation score have increased significantly in the past decade. Japan has conducted earlier research in the field
of cancer, particularly gastric cancer. Since 1960, early cancer screening, standardised surgical lymph node dissection,

@ Discover



| https://doi.org/10.1007/512672-025-02628-7

(2025) 16:767

Discover Oncology

Research

65 eDLISWY ‘SUIAJ| 1B BlUIOjI|eD JO ANISISAIUN auaboduQ ‘uopueig I\ 900Z J92UED U] SUOIIRINW |_LIPUOYIONUN S
si01dadai
p10433s JO sulewop Buipuig UowIoYy dY3 104 }SeaX Ul J03eAI}d>R0D

165 eDLIBWY ‘BIUIOJI|ED UISYINOS JO ANSISAIUN  BIDY BdIWIYD edlulD BUOHH 9661 Jeuondidsues) e se saAIDS ey} U1d3oid 9snow [9A0U B ‘| d1YD ¥

€69 edlRWY ‘elulblip Jo AYISISAIUN  JusWdOolPASQR SOUSD uns BUoA ‘937 600C (S443) syuswbely YNY PaALIDP-YNYI :SYNY |[BWS JO SSe|d [9A0U €

6/, wopbury payun ‘weybuiwiig ‘A}SISAIUN UOISY  SMIIAY |ed160]01sAUd [ [9BYDIWN ‘9[epSiL 600T BIXaYDED) J9dUED) JO SWISIUBYIIN 4
9seuabAxolp-¢£‘g sujwesjopul 03 dsuodsal uj uoldNpuUl

6¥8  eduawy ‘eisnbny ‘e161099 Jo 969)|0D |edIpaN Ajunwiwi) H piae@ ‘uun|y 5002 ABJ1sue pue 1s31Je dA11RIDH[04d SD1RIPDW S|[9D | Ul dSeUly ZNDD L

sawiy payd uonnlAsu| [eusnor loyiny  Jesp SML uey

K60]0dUO JO p|ay 3Y} Ul SYNYS} Uo saipnis g do] ¢ 3jqel

@ Discover



Research
Discover Oncology (2025) 16:767 | https://doi.org/10.1007/512672-025-02628-7

ENGTAE AR, BARAN— & | Web_of_SclenceXL EXE T R 7 4 6iome spaceniats

=8, LBY=8, c=20

_; : % d@‘d‘wgg 5w H#Otrna-derived fra..

. #1 beta-lactamase f...
#2 trna-derived fra...
#3 aminoacyl-trna s...
#5 saccharomyces ce...

#7 non-coding rna

CheSpace
wlliee _

Fig.5 Clustering of tsRNAs in the oncology publications from 1990 to 2022

and preoperative neoadjuvant and postoperative chemotherapy have improved the 5-year survival rate of patients with
gastric cancer to 52%, higher than the 25% rate in Western countries, such as the United States [13, 14].

In terms of scientific collaboration, the top three countries with the highest number of published papers (the United
States, China, and Japan) had the highest number of close collaborations, as seen in the VOSviewer visual collaboration
network graph. Among them, the distances between the Unites States and China, Japan, South Korea, and Israel are
approximately the same, and the lines between the United States and China, South Korea, Japan, and the UK are thicker,
indicating that the United States has good academic cooperation and close relationships with these countries. The
distances between China and South Korea, Japan and Iran, and the UK and Germany indicate close cooperation.

The number of citations and the H-index reflect the influence of an organisation. Among the top 10 publications, six
were from the United States, two from France, one from South Korea, and one from China; the top three institutions
were Seoul National University Sun, National Institutes of Health, and the University of California system. As a result of
the increase in the total number of articles published in the United States, the number of articles published by American
institutions also increased. Additionally, four clusters led by Seoul National University Sun, Sun Yat Sen University, Harvard
University, and the U.S. National Cancer Institute were formed, having close communication and cooperation with
each other. A total of 43 high-producing authors with more than eight publications were divided into three groups,
and the closely intertwined intersections between these groups indicated a tight network of collaboration among
scientists worldwide. Kim Sunghoon (Total link strengtr =103) of Yonsei University in South Korea has made outstanding
contributions to tsRNA research and author collaboration.

Literature co-citation means that two articles appear in a third’s cited bibliography simultaneously and reflects the close
relationship between published articles. Based on this, further co-citation clustering analysis can be performed. American
scholar David H. Munn reported that uncharged tRNA elevated the activation of the general control nonderepressible 2
(GCN2) pathway inT cells and that T cells targeting the disruption of GCN2 were insensitive to indoleamine 2,3-dioxygenase
(IDO) on plasmacytoid-like dendritic cells. In contrast, immunoregulatory dendritic cells expressing IDO are associated with
tumour, autoimmune, and transplantation tolerance [15]. Tisdale MJ reported that the activation of dsRNA-dependent
protein kinase was involved in decreased protein synthesis cancer cachexia. This activation reduces methionyl-tRNA
binding to the 40S ribosomal subunit by increasing phosphorylation of elF2a.Consequently, it enhances expression of the
ubiquitin—proteasome pathway through activation NF-kB [16]. Yong Sun Lee identified a group of tRNAs-derived small RNAs
using ultra-high-throughput sequencing, which ranked second in abundance. Among these tRFs, a particular variant known

@ Discover



Discover Oncology (2025) 16:767 | https://doi.org/10.1007/512672-025-02628-7
Research

as tRF-1001 exhibited high expression levels in prostate cancer cell lines. It derived from the precursor transcript of Ser-TGA
tRNA and its expression was association with cellular proliferation [17]. Hong and colleagues found that glucocorticoid
receptor interacting protein 1 (GRIP1) interacts with the hormone-binding domain (HBD) of the glucocorticoid receptorand
overexpression of GRIP1fragment in mammalian cells did not disrupts the expression of the tRNA gene promoter [18]. From
the co-cited literature, it is clear that tsRNAs have become a hotspot in oncology research in recent years, and enhancing
tRNA knowledge has broad development and application in oncology. Furthermore, the purpose of citation analysis is to
determine the impact of a study by counting the number of times it is cited. The current findings show that the topic of
tsRNAs has the highest citation frequency in basic oncology research, and that Nucleic Acids Research has the frequently
cited journal within oncology.

4.2 Futureresearch trends

The clustering of co-cited literature indirectly shows research hotspots in this field at different time periods. Keywords are the
core summary of an article, and high-frequency keywords can reflect research hotspots and trends [19]. Keyword analysis

"

can better reflect the research hotspots of tsRNAs in tumours. From 1991 to 2022, keywords like “carcinoma’, “nucleotide
sequence”, and “DNA’, gradually evolved into "tRNA-derived fragments’, “small non-coding RNA", and “promoting cell
proliferation”. The evolution process from the keywords is tsSRNA understanding development process, early only considered
tsRNA as a tumor participant, while recently it is believed that its tsRNA cleavage products regulate tumorigenesis and
development, indicating that the studies of its mechanism is the future of tsRNA development.

“Aminoacyl tRNA synthetase” has appeared as a clustering keyword over several years, indicating that aminoacyl tRNA
synthetase has been a key research focus for scholars from various countries, while in recent years, more attention has been
paid to the research of tRF in tumours. Most tRFs are generated by the cleavage of angiogenin (ANG). The expression of ANG
is increased in almost all cancers, which further promotes the increase of tRF expression [20]. tRF mainly inhibits protein
translation by preventing peptide bond formation [5] or acting as a signal transducer [21] or binds to RNA-binding proteins
[22] to regulate mRNA stability, modulate reverse transcription and regulate apoptosis, thereby controlling the cell processes
and the occurrence and development of cancer [23].

4.3 Limitations

This study provides valuable insights into the hotspots and developmental trends of tumor-related tsRNA research through
bibliometric analysis. However, several limitations warrant acknowledgment. First, the study relies primarily on data from the
WOSCC database. While WOSCC is a well-established source, its exclusion of other databases and non-English publications
may compromise the global representativeness of the findings. For instance, emerging studies from Asia—Pacific regions
or specialized journals focused on RNA biology might remain underrepresented, Literature of real value may be missed.
Second, bibliometric analyses inherently depend on quantitative metrics such as publication counts and citation numbers.
This limitation is particularly salient in rapidly evolving fields like tsRNA research, where recently published high-impact
studies may not yet have accumulated sufficient citations to reflect their true significance. Consequently, the conclusions
drawn from this study should be viewed with caution, taking these limitations into account. Further empirical studies and
validation eforts will be essential to strengthen the fndings and to extend the insights provided by this analysis into practical
clinical frameworks.

Moreover, bibliometric analysis mainly relies on specific keywords, which may affect the accuracy and completeness of
the results. Additionally, although tsRNA shows considerable promise in tumors, it is still in the early stage of theoretical
research. Its potential for clinical application and transformation needs further validation, and the path of conventional
clinical application may be challenged by the complexity of the real world.

5 Conclusion
This study provides an in-depth analysis of the research status and development trends of tsRNAs in the field of

cancer from a bibliometric perspective. Offering possible guidance for researchers to explore hot topics and frontiers
tsRNAs in cancer, select suitable journals, and partners in this field.
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