Am J Transl Res 2022;14(7):4918-4930
www.ajtr.org /ISSN:1943-8141/AJTR0143157

Original Article

Global research hotspots and

trends of the Notch sighaling pathway

in the field of cancer: a bibliometric study

Kunyang Leit", Xu Wang?*, Yifu Liut, Ting Sun?, Wenjie Xie!

1Department of Urology, The First Affiliated Hospital of Nanchang University, Nanchang 330006, Jiangxi, China;
2Department of Pathology, The First Affiliated Hospital of Nanchang University, Nanchang 330006, Jiangxi, China.
*Equal contributors.

Received March 27, 2022; Accepted June 22, 2022; Epub July 15, 2022; Published July 30, 2022

Abstract: Objectives: To analyze the development status, research hotspots, research frontiers and future develop-
ment trends of the Notch signaling pathway in cancer through bibliometric analysis. Methods: Publications related
to the Notch signaling pathway in cancer were obtained from the Web of Science Core Collection (WoSCC), and
information was extracted from the articles using Microsoft Excel 2020, CiteSpace V and VOSviewer software for
visual analysis. Results: The country and institution with the most publications are the USA and Harvard University,
respectively. PLoS One is the most published journal, and Cancer Research is the most cocited journal. The author
with the most published articles was L Miele, and the most cocited author was ZW Wang. The top 3 keywords were
activation, differentiation and growth. Metastasis, epithelial-mesenchymal transition (EMT), invasion, target and
resistance are the current research hotspots and frontiers in this field. Conclusions: Research related to the Notch
signaling pathway in cancer is currently booming, and the USA has made the greatest contribution to this field. At
present, the research hotspots and research frontiers in this field mainly focus on the regulatory role of the Notch
signaling pathway in tumor invasion and metastasis, the regulation of the Notch signaling pathway in tumor pro-
gression through EMT, and the participation of the Notch signaling pathway in the regulation of chemotherapy or
immunotherapy resistance to tumors.
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Introduction of cell proliferation, cycle, differentiation, and
apoptosis, thus causing the malignant transfor-
mation of cells and ultimately causing tumori-
genesis [5-8]. In general, in-depth studies of
the Notch signaling pathway will help us to mas-

ter its mechanism and provide insights for the

The Notch signaling pathway is a highly con-
served signaling pathway in vertebrates and
invertebrates [1]. The Notch gene was first
identified in Drosophila and named because its

mutations can cause notches in Drosophila
wings [2]. Notch is one of the most important
pathways that determines cell fate. The Notch
signaling pathway is mainly composed of four
parts: Notch receptor, Notch ligand, CSLDNA
binding protein and downstream target genes
[3]. Changes in any of the above four factors will
affect the transmission of the Notch signaling.
The pathogenesis of tumors is very complex
and remains to be elucidated. The Notch signal-
ing pathway has been extensively involved in
tumorigenesis and development [4]. It may play
an oncogenic role, leading to the dysregulation

treatment of cancer.

Bibliometrics is an interdisciplinary field that
can enable quantitative analyses of the litera-
ture using mathematical and statistical meth-
ods [9]. Bibliometrics was first proposed by
American bibliographers in 1969, and after
several decades of development, it gradually
became a mature discipline [10]. With advanc-
es in scientific research, an increasing number
of papers have been published, under such a
large amount of information, researchers often
find it difficult to identify truly useful information
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8755 studies identified
from Web of Science

“full record and cited refer-
ences” and saved it as text
files for subsequent analyses.

Core Collection

Excluded 2261 studies,
including non-article
(2242), non-English (19)

The process of the literature
search is shown in Figure 1.

Data analysis

6494 studies identified

L

Analysis and visualization
(Microsoft Excel 2020,

and may be misled. Bibliometric analysis is
essential for preventing the above situation
because it can not only help understand the
research output of specific fields but also help
scholars grasp the current research hotspots
and research frontiers in the field as quickly as
possible, thus guiding future research direc-
tions. Currently, bibliometrics has been applied
in various fields, such as the Wnt signaling
pathway, cataracts, exosomes, and macro-
phage polarization [11-14].

Although many studies have focused on the
Notch signaling pathway in cancer, bibliometric
studies have not been performed on this path-
way. This study aims to visualize the research
outputs, research hotspots and research fron-
tiers in this field through bibliometric analysis,
so as to help understand future directions in
the development of basic and clinical research
in this field.

Materials and methods
Data collection

We retrieved data from the literature from the
Web of Science Core Collection (WoSCC) and
downloaded all the required data on Decem-
ber 31, 2021. Our retrieval strategy was as fol-
lows: TS = (“Notch”) AND TS = (“Tumor*” OR
“Neoplasm*” OR “Neoplasia*” OR “Cancer*”).
The date was set from 1 January 2001 to 31
December 2021, the language was limited to
English, and the literature type was limited to
articles. We exported the retrieved literature as
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. . Figure 1. Flowchart of literature
Citespace V, VOSviewer) selection.

The software used in this
study included Microsoft Ex-
cel 2020, CiteSpace V, and
VOSviewer. We used Micro-
soft Excel 2020 to analyze
the number of articles per
year and their growth trends.
CiteSpace V is a Java-based
software developed by Pro-
fessor Chen Chaomei of Dre-
xel University for bibliometric
analysis and data visualization [15]. This study
mainly used CiteSpace V to analyze the key-
word and reference bursts. VOSviewer software
was developed by the Center for Science and
Technology Research at Leiden University, and
it can be used for visualization analyses of data
and construction of a wide variety of network
relationships [16]. The distribution of publica-
tions among countries, institutions, journals,
authors, and their partnerships was analyzed
and visualized using VOSviewer. Keyword clus-
tering in this study was also performed using
VOSviewer to generate visual network maps. In
addition, discipline and journal analyses were
conducted using the dual-map overlay of
CiteSpace V.

The downloaded data were imported into
CiteSpace V and VOSviewer for further analy-
sis. The time span was from 2001 to 2021,
and the time slice was 1 year. For the coopera-
tive network analysis, we selected four node
types: country, institution, author and journal.
Keywords were selected for the cooccurrence
and burst analyses. References were selected
for the cocitation and burst analyses. We set
the links parameters to “Strength: Cosine” and
“Scope: Within Slices”. The remaining parame-
ters were set to the default values.

Results
Trend of publication outputs

The number of papers published per year can
reflect trends in a given area of research. We
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Figure 2. Annual number and growth trends of publications from 2001 to

2021.

used Microsoft Excel 2020 to analyze the num-
ber of articles per year and their growth trends.
The results showed that 6494 papers about
the Notch signaling pathway in cancer were
published from 2001 to 2021. Before 2005,
fewer than 100 papers were published each
year. Since 2007, an explosive and sustained
increase in the number of papers has been
observed in this field, and it peaked in 2021
(Figure 2). These results indicate that the Not-
ch signaling pathway in cancer has attracted
increasing attention over the past 20 years and
will continue to be the focus of attention for a
long time in the future.

Distribution of countries/regions and institu-
tions

A total of 91 different countries/regions and
5310 different institutions have published
papers about the Notch signaling pathway in
cancer. The top 10 countries/regions and insti-
tutions are listed in Table 1. The largest num-
ber of publications were from the USA (2596,
39.97%), followed by China (1961, 30.19%).
The number of papers from China and the USA
accounts for more than 70% of the total num-
ber, indicating that these two countries have
made great contributions to this field. Centrality
is a reflection of influence. Although China has
published many papers, its centrality was much
lower than that of the USA (0.06 vs. 0.90), indi-
cating that the USA has far greater influence in
this field than China. Although research related
to the Notch signaling pathway in cancer start-
ed late in China, the rate of development is
amazing. Since 2011, China’s research output
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2013 _

2014
2015
2016
2017

in this field has been increas-
ing at an alarming rate, and it
surpassed the USA in 2017
to become the country with
the most annual publications
in this field (Figure 3A). Har-
vard University had the larg-
est number of publications
(166, 2.55%) and the highest
centrality (0.31). Figure 3B
shows the cooperation be-
tween countries/regions. Ea-
ch node represents a country,
and larger nodes indicate a
larger number of publications.
Lines between nodes repre-
sent cooperation between co-
untries, and thicker lines rep-
resent closer cooperation. As seen from the
figure, the USA, China, and Japan have formed
stable cooperative relations. In addition, Ger-
many, Italy, the Netherlands and Switzerland
have also formed good cooperation networks.
Figure 3C shows the cooperation between vari-
ous institutions. The red cluster is composed
of local Chinese institutions, and full coopera-
tion is observed between them. The purple
cluster forms a cooperative network centered
on Harvard University, and the blue cluster
forms a cooperative network centered on the
University of Pennsylvania.

2019 _
2020
2021

2018

Authors and cocited authors

The top 10 authors in terms of the number of
publications are shown in Table 2. L Miele is
the author with the most published papers (47,
0.72%). The network diagram shows that there
is a lack of deep cooperation between authors
(Figure 4A). Cocited authors refer to two or
more authors who are simultaneously cited by
another paper or more papers, and these two
or more authors form a cocited relationship.
Among the top 10 cocited authors, 4 authors
had a centrality above 0.1, indicating that the-
se authors had a great influence on other
authors (Table 2). The network of cocited
authors shows that a good cocited relationship
has been formed among authors (Figure 4B).

Journals and cocited journals

Atotal of 1163 journals published papers relat-
ed to the Notch signaling pathway in cancer,
and the top 10 journals in the number of pub-
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Table 1. Top 10 countries/regions and institutions with the largest number of publications

Rank Country/region Count (%) Centrality Year

Institution Count (%) Centrality Year

1 USA 2596 (39.97) 0.90 2001 Harvard Univ 166 (2.55) 0.31 2001
2 China 1961 (30.19) 0.06 2008 Univ Texas MD Anderson Canc Ctr 121 (1.86) 0.06 2008
3 Japan 413 (6.35) 0.08 2007 Shanghai Jiao Tong Univ 105 (1.61) 0.04 2012
4 Germany 388 (5.97) 0.11 2008 Johns Hopkins Univ 96 (1.47) 0.12 2001
5 England 319 (4.91) 0.07 2008 Sun Yat Sen Univ 95 (1.46) 0.06 2013
6 Italy 309 (4.75) 0.12 2007 Univ Michigan 93 (1.43) 0.03 2009
7 South Korea 236 (3.63) 0.04 2007 Fudan Univ 90 (1.38) 0.02 2013
8 Canada 218 (3.35) 0.04 2008 National Cancer Institute 83 (1.27) 0.04 2001
9 France 210 (3.23) 0.12 2008 Univ Penn 77 (1.18) 0.06 2003
10 Spain 178 (2.74) 0.05 2008 Harvard Med Sch 71 (1.09) 0.02 2003
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Figure 3. (A) Number of publications per country per year; (B) Cooperation between countries/regions; and (C) co-

operation between various institutions.

lished papers are shown in Table 3. PLoS One
is the most highly published (233, 3.58%), fol-
lowed by Cancer Research (203, 3.12%) and
Oncotarget (174, 2.67%). An analysis of the top
10 journals with the most cocitations shows
that Cancer Research has the most cocitations
(Table 3). In addition, the centrality of 5 of the
top 10 journals exceeded 0.1, indicating that
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the 5 journals had a large influence. Figure 5A
shows the network of cocited journals, and it is
clear that cocitation relationships were formed
between most journals. The referential relation-
ship of academic journals represents the situa-
tion of knowledge exchange in the research
field in question, where the citing papers form
the frontier of knowledge, and the cited papers

Am J Transl Res 2022;14(7):4918-4930
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Table 2. Top 10 authors and cocited authors

Rank Author Count (%) Centrality Cocited author Count Centrality
1 L Miele 47 (0.72) 0.02 ZW Wang 912 0.09
2 JC Aster 32(0.49) 0.01 AP Weng 830 0.16
3 H Han 29 (0.44) 0.01 S Artavanis-Tsakonas 806 0.52
4 FH Sarkar 28 (0.43) 0.00 M Katoh 706 0.01
5 ZW Wang 27 (0.41) 0.01 R Kopan 705 0.15
6 H Chen 27 (0.41) 0.00 F Radtke 610 0.12
7 CG Eberhart 27 (0.41) 0.01 M Reedijk 459 0.02
8 AL Harris 26 (0.40) 0.00 L Miele 424 0.04
9 X Chen 21 (0.32) 0.02 SJ Bray 420 0.08
10 W Wang 21 (0.32) 0.01 KG Leong 409 0.03
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Figure 4. (A) Network map of active authors; and (B) network map of cocited authors.
Table 3. Top 10 journals and cocited journals
Rank Journal Count (%) IF  Cocited journal Count Centrality IF
1 PLoS One 233(3.58) 3.24 Cancer Research 12612 0.18 12.70
2 Cancer Research 203 (3.12) 12.70 Nature 12197 0.11 49.96
3 Oncotarget 174 (2.67) 4.14 Proceedings of the National 9956 0.17 12.20
Academy of Sciences of the USA
4 Oncogene 129(1.98) 9.86 Cell 8735 0.29 41.58
5 Scientific Reports 95 (1.46) 4.37 Journal of Biological Chemistry 7396 0.05 5.15
6 Journal of Biological Chemistry 92(1.41) 5.15 Oncogene 6385 0.06 9.86
7 Oncology Reports 90(1.38) 3.90 Development 6365 0.08 6.86
8 Clinical Cancer Research 82 (1.26) 12.53 Science 5908 0.05 47.72
9 Proceedings of the National 82(1.26) 11.20 Blood 5394 0.04 2211
Academy of Sciences of the USA
10 Oncology Letters 80(1.23) 2.96 Genes & Development 5110 0.13 11.36

form the knowledge basis. Figure 5B shows a
dual-map overlay of journals. The left side of
the figure shows the citing journal, the right

4922

side shows the cited journal, and the lines
between them represent the cited relation-
ships. As we can see from the figure, the yellow

Am J Transl Res 2022;14(7):4918-4930
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Figure 5. (A) Network of cocited journals; and (B) dual-map overlay of journals.

Table 4. Top 10 cocited references

Rank Cocited reference Count Centrality Year
1 Artavanis-Tsakonas S, 1999, Science, V284, P770 803 0.11 1999
2 Kopan R, 2009, Cell, V137, P216 492 0.21 2009
3 Weng AP, 2004, Science, V306, P269 480 0.30 2004
4 Bray SJ, 2006, Nat Rev Mol Cell Bio, V7, P678 324 0.05 2006
5 Ellisen LW, 1991, Cell, V66, P649 311 0.17 1991
6 Van Es JH, 2005, Nature, V435, P959 297 0.04 2005
7 Noguera-Troise |, 2006, Nature, V444, P1032 296 0.08 2006
8 Reedijk M, 2005, Cancer Res, V65, P8530 292 0.03 2005
9 Radtke F, 2003, Nat Rev Cancer, V3, P756 289 0.06 2003
10 Ridgway J, 2006, Nature, V444, P1083 283 0.07 2006

path indicates that papers published in mole-
cular/biology/immunology journals are often
cited by molecular/biology/genetics journals.

Cocited references and reference bursts

The top 10 cocited references are shown in
Table 4. We can see that the reference “Arta-
vanis-Tsakonas S, 1999, Science, V284, P770”
was the most cocited at 803 times. “Weng AP,
2004, Science, V306, P269” was cocited only
480 times, although its centrality was as high
as 0.30, which shows that this reference has
great influence. Figure 6A shows the network
of cocited references. A citation burst is an indi-
cator of the most active research area and rep-
resents a sudden burst that is likely to last a
year or more. In other words, such a paper
brings attention to the field. Figure 6B lists
the top 20 references with the strongest cita-
tion bursts. The highest citation burst value
(strength = 60.97) among the publications
related to the Notch signaling pathway in can-
cer was observed for Bray F (2018), and it was
effective between 2019 and 2021.

Keywords and keyword bursts

Keywords are the labels for an article, and the
analysis of keywords can allow us to quickly
understand the theme of the article and grasp
the research hotspots and research frontiers in
this field. The top 20 keywords that appeared
frequently in articles related to the Notch sig-
naling pathway in cancer are shown in Table 5.
After excluding the unimportant keywords, the
top 3 keywords were activation, differentiation

4924

and growth, indicating that these areas are
research hotspots in this field. Figure 7A sh-
ows the clustering analysis of the keywords.
As shown in the figure, the 4 different colors
red, blue, yellow and green represent different
areas of research. The keywords in the red clus-
ters include apoptosis, proliferation, and resis-
tance; those in the blue clusters include can-
cer stem cells, progenitor cells, and identifica-
tion; those in the green clusters include c-myc,
p53, and pathways; and those in the yellow
clusters include vascular endothelial growth
factor (VEGF), growth factor, and tumor growth.
Figure 7B shows the change in keywords over
time, which can provide a more intuitive under-
standing of the latest research hotspots.

Keyword bursts can be used to analyze the
research frontiers in a certain field. Figure 8
lists the top 20 keywords with the strongest
citation bursts. As seen from the figure, the
keywords that are still in the burst stage as of
2021 are metastasis, mechanism, epithelial-
mesenchymal transition (EMT), invasion, target
and resistance, indicating that these keywords
are the research frontiers in this field.

Discussion

In this study, we performed a bibliometric anal-
ysis of 6494 studies related to the Notch sig-
naling pathway in cancer in the WoSCC. We
used Microsoft Excel 2020, CiteSpace V and
VOSviewer to cluster and visualize the collec-
ted data to learn about the research output,
research hotspots, and research frontiers in
this field, thus providing guidance for basic and

Am J Transl Res 2022;14(7):4918-4930
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Figure 6. (A) Network of cocited references; and (B) top 20 references with the strongest citation bursts.

clinical researchers. Our results indicate that
no more than 100 papers were published per
year prior to 2005, indicating that research
related to the Notch signaling pathway in can-
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cer was in its infancy during this period. Since
2007, the number of papers in this field has
increased at an alarming rate, indicating that
this field is receiving increasing attention and

Am J Transl Res 2022;14(7):4918-4930
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Table 5. Top 20 keywords related to the
Notch signaling pathway in cancer

Rank Keyword Count Centrality Year
1 expression 2140 0.24 2001
2 notch 1893 0.05 2001
3 cancer 1205 0.05 2003
4 activation 1130 0.10 2001
5 differentiation 884 0.16 2001
6 growth 828 0.04 2001
7 proliferation 788 0.04 2004
8 pathway 779 0.15 2001
9 apoptosis 689 0.03 2001
10 stem-cells 558 0.03 2005
11 cells 540 0.08 2001
12 gene 482 0.15 2001
13 inhibition 481 0.01 2002
14 metastasis 460 0.00 2016
15 angiogenesis 426 0.04 2002
16 gene-expression 418 0.16 2001
17 breast-cancer 382 0.00 2012
18 survival 376 0.00 2014
19 signaling pathway 367 0.07 2004
20 identification 356 0.06 2002

that the related research is gradually maturing.
Currently, the Notch signaling pathway has
been confirmed to play a key regulatory role in
multiple human cancers [17-19]. As a result,
a large number of papers are produced each
year, and this number will continue to grow in
the coming years.

We analyzed and visualized the distribution of
publications across countries and institutions,
which enables us better understand which co-
untries and institutions are the main contribu-
tors to this field. Until 2017, the USA had long
been the world leader in this field, both in terms
of the number and impacts of the papers pub-
lished. Although China has made a late start in
this field, its pace is staggering. Since 2017,
China has published more papers than the USA
every year, and its lead has gradually expand-
ed. There is no doubt that China is gradually
becoming one of the leaders and making out-
standing contributions in this field. However,
although the USA produces fewer papers per
year than China, its influence in the field re-
mains significant. Studies have shown that the
development of the economy contributes to
more advanced scientific research, which leads
to more research output [20]. Obviously, devel-

4926

oped countries have more money to invest in
scientific research; therefore, they tend to be
the major contributors to scientific research
[21]. Although China is a developing country,
as the world’s second largest economy, it is
increasingly aware of the importance of scien-
tific research; therefore, it can make such
great achievements in this field. In addition to
economic level, the prevalence of English and
internet penetration were also significantly cor-
related with a country’s scientific output [22].
Mutual cooperation between countries and in-
stitutions can facilitate the progress of scien-
tific research. The USA has exhibited extensive
cooperation with other countries and has had a
far-reaching impact; therefore, it has a high
centrality, which can benefit China.

The author with the most published articles in
this field was L Miele, whose research focused
on cell differentiation, EMT and Notch signaling
pathway mechanisms in different cancers [23-
25]. Cocited authors are two or more authors
who are cited by one or more papers at the
same time, and these two or more authors con-
stitute a cocited relationship. The most fre-
quently cocited author was ZW Wang at 912
times. His studies mainly focused on chemo-
therapy resistance and cell apoptosis [26, 27].
The cocited author with the highest centrality
was S Artavanis-Tsakonas. In general, a cen-
trality of more than 0.1 means that the author
is influential and representative of a particular
field. Among the top 10 cocited authors, 4
authors have a centrality exceeding 0.1, indi-
cating that these authors have a great influ-
ence on other authors. Analyzing the distribu-
tion of publications in journals can help us
understand the distribution of disciplines in
this field and help scholars choose more appro-
priate journals at submission. Papers relat ed
to the Notch signaling pathway in cancer are
most commonly published in journals such as
PLoS One, Cancer Research and Oncotarget,
which focus on oncology and biology. Among
the top 10 journals in the list of cocitations, all
journals have more than 5000 cocitations and
5 journals have a centrality of over 0.1, which
suggest that these journals have a great influ-
ence in this field. Studies have shown that the
accessibility of a journal, that is, whether the
journal is open to access, is also one of the fac-
tors affecting the citation times of a journal.
Therefore, it should be made clear that less
cited journals are not unimportant.
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Figure 7. (A) Clustering analysis of the keywords; and (B) trends of key word changes over time.

Top 20 Keywords with the Strongest Citation Bursts

Keywords
receptor 2001
transformation 2001
c myc 2001
beta catenin 2001
angiogenesis 2001
in vivo 2001
growth factor 2001
acute lymphoblastic leukemia 2001
inhibits tumor growth 2001
progenitor cell 2001
breast cancer 2001

epithelial mesenchymal transition 2001

metastasis 2001
carcinoma 2001
therapy 2001
mechanism 2001
emt 2001
invasion 2001
target 2001
resistance 2001

30.83 2001
23.1 2003
40.39 2005
13.79 2005
20.48 2007
28.29 2008
16.36 2009
16.24 2010
17.93 2011
16.38 2012
15.73 2014
24.39 2015
33.89 2016
16.78 2017
16.37 2017
16.83 2018
25.39 2019
24.51 2019
18.44 2019
14.58 2019

Year Strength Begin End

2011
2008
2011
2007
2016
2015
2010
2011
2012
2013
2017
2018
2021
2018
2018
2021
2021
2021
2021
2021

Figure 8. Top 20 keywords with the strongest citation bursts.
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Among the most frequently cocited references
related to the Notch signaling pathway in can-
cer was a paper published in Science in 1999,
which reviewed the elements and functions of
the Notch signaling pathway [28]. The cocited
reference with the highest centrality was pub-
lished in Science in 2004, and it provides a
strong rationale for targeted therapies that
interfere with the Notch signaling pathway and
has thus been widely cited by other scholars
[29]. From the top 20 references with the stron-
gest citation bursts, the paper that received
the most attention in the last 3 years was pub-
lished in Ca-A Cancer Journal For Clinicians by F
Bray et al., who counted the incidence and mor-
tality worldwide for 36 cancers in 185 coun-
tries [30]. There is no doubt that the above
three references provide an important founda-
tion for the development of this field and are of
great significance.

To understand the research hotspots and fron-
tiers in this field, we visualized the keywords.
After excluding the unimportant keywords, the
top 3 keywords were activation, differentiation
and growth, indicating that these topics are
research hotspots in this field. As reported in
the literature, the activation of the Notch signal-
ing pathway can regulate the occurrence and
progression of various cancers, such as esoph-
ageal cancer, rectal cancer and lung cancer
[31-33]. This topic has long been a research
hotspot in this field. Furthermore, multiple stud-
ies have shown that Notch signaling is also
closely related to tumor cell differentiation and
tumor growth [34, 35]. Due to the different
research hotspots in different periods, we
analyzed the trend of keywords changing over
time. During 2013 and 2014, the research
hotspots were mainly focused on Drosophila,
genes and transcription. During 2015 and
2016, the research hotspots shifted to apopto-
sis, activation, growth and other aspects. With
the passage of time, research hotspots now
mainly focus on therapy, resistance, metasta-
sis, and progression. In terms of keyword
bursts, scholars have focused on metastasis,
mechanism, EMT, invasion, target and resis-
tance, indicating that these keywords are the
research frontiers in this field. The role of the
Notch signaling pathway in tumor metastasis
and invasion is already well established and
has been demonstrated by multiple studies
[36, 37]. The Notch signaling pathway can
reverse and prevent EMT, which provides new
ideas for the treatment of various cancers [38,
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39]. Chemotherapy and immunotherapy resis-
tance have long been considered a challenging
problem. Therefore, finding more effective tar-
gets to solve this problem is urgent. Dysre-
gulation of the Notch signaling pathway is one
of the key factors for drug resistance in various
tumors, and it is also a topic with the closest
clinical relevance. Studies have shown that
activation of the Notch signaling pathway can
lead to drug resistance while inhibition of the
Notch signaling pathway can reverse drug
resistance [40-42]. Given the important role of
the Notch signaling pathway in tumor resis-
tance and its close relationship to clinical prac-
tice, this topic is the current research hotspot
and frontier and will also be the main research
direction of scholars around the world in the
future.

Our study has the following limitations. First, we
only used data from the WoSCC and did not
collect data from other databases, which may
have affected the research results. Second,
although we have developed a rigorous retriev-
al strategy, we may have missed some data.
Finally, the literature in the WoSCC is constant-
ly updated over time; therefore, the retrieval
results in this study may not represent the actu-
al included literature.

Conclusions

This study presents a bibliometric analysis of
articles focused on the Notch signaling path-
way in cancer from 2001 to 2021. Over the
past 20 years, research in this field has been
increasing continuously and explosively. As the
top two major economies in the world, the USA
and China have made outstanding contribu-
tions to the development of this field. At pres-
ent, the research hotspots and research fron-
tiers in this field mainly focus on the mecha-
nism of the Notch signaling pathway in cancer
and how to reverse drug resistance of cancer
through the Notch signaling pathway, which will
also be the research trend in this field in the
future. This analysis could help researchers
around the world understand the future direc-
tions of basic and clinical research in this field.

Acknowledgements
This research was funded by the Science and

Technology Plan of Jiangxi Provincial Health
Commission (202210397).

Am J Transl Res 2022;14(7):4918-4930



Bibliometric study of Notch in cancer

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Wenjie Xie, De-
partment of Urology, The First Affiliated Hospital of
Nanchang University, No. 17 Yongwai Main Street,
Nanchang 330006, Jiangxi, China. Tel: +86-0791-
88698267; E-mail: doctorxiewenjie@163.com

References

[1] Hounjet J and Vooijs M. The role of intracellular
trafficking of notch receptors in ligand-inde-
pendent notch activation. Biomolecules 2021;
11: 1369.

[2] Shen W, Huang J and Wang Y. Biological sig-
nificance of NOTCH signaling strength. Front
Cell Dev Bio 2021; 9: 652273.

[3] Mcintyre B, Asahara T and Alev C. Overview of
basic mechanisms of notch signaling in devel-
opment and disease. Adv Exp Med Biol 2020;
1227: 9-27.

[4] Misiorek J, Przybyszewska-Podstawka A, Kata-
fut J, Paziewska B, Rolle K, Rivero-Muller A and
Nees M. Context matters: NOTCH signatures
and pathway in cancer progression and metas-
tasis. Cells 2021; 10: 94.

[5] Gragnani L, Lorini S, Marri S and Zignego A.
Role of notch receptors in hematologic malig-
nancies. Cells 2020; 10: 16.

[6] Fasoulakis Z, Daskalakis G, Theodora M, An-
tsaklis P, Sindos M, Diakosavvas M, Angelou K,
Loutradis D and Kontomanolis E. The rele-
vance of notch signaling in cancer progres-
sion. Adv Exp Med Biol 2021; 1287: 169-181.

[71 Guenter R, Patel Zand Chen H. Notch signaling
in thyroid cancer. Adv Exp Med Biol 2021
2021; 1287: 155-168.

[8] Meurette 0. Shaping of the tumor microenvi-
ronment by notch signaling. Adv Exp Med Biol
2020; 1223: 1-16.

[91 Ma D, Yang B, Guan B, Song L, Liu Q, Fan Y,
Zhao L, Wang T, Zhang Z, Gao Z, Li S and Xu H.
A bibliometric analysis of pyroptosis from 2001
to 2021. Front Immunol 2021; 12: 731933.

[10] Smith D. Bibliometrics, dermatology and con-
tact dermatitis. Contact Dermatitis 2008; 59:
133-136.

[11] Xu J, Tang N, Zhang L, Tan C, Su Y, George D,
He G and Huang T. A bibliometric analysis of
Wnt signaling pathway: from the top-100 cited
articles to emerging trends. Ann Transl Med
2021; 9: 1065.

[12] Zhu H and Zhang Z. Emerging trends and re-
search foci in cataract genes: a bibliometric
and visualized study. Front Genet 2021; 12:
610728.

4929

(13]

[14]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

Shi S, Gao Y, Liu M, Bu Y, Wu J, Tian J and
Zhang J. Top 100 most-cited articles on exo-
somes in the field of cancer: a bibliometric
analysis and evidence mapping. Clin Exp Med
2021; 21: 181-194.

Gao H, Huang F and Wang Z. Research trends
of macrophage polarization: a bibliometric
analysis. Chin Med J (Engl) 2018; 131: 2968-
2975.

Synnestvedt M, Chen C and Holmes J.
CiteSpace lI: visualization and knowledge dis-
covery in bibliographic databases. AMIA Annu
Symp Proc 2005; 2005: 724-728.

van Eck N and Waltman L. Software survey:
VOSviewer, a computer program for bibliomet-
ric mapping. Scientometrics 2010; 84: 523-
538.

Aggarwal V, Tuli H, Varol M, Tuorkey M, Sak K,
Parashar N, Barwal T, Sharma U, Iqubal A,
Parashar G and Jain A. NOTCH signaling: jour-
ney of an evolutionarily conserved pathway in
driving tumor progression and its modulation
as a therapeutic target. Crit Rev Oncol Hematol
2021; 164: 103403.

Colombo M, Mirandola L, Chiriva-Internati M,
Basile A, Locati M, Lesma E, Chiaramonte R
and Platonova N. Cancer cells exploit notch
signaling to redefine a supportive cytokine mi-
lieu. Front Immunol 2018; 9: 1823.

Yuan X, Wu H, Xu H, Xiong H, Chu Q, Yu S, Wu G
and Wu K. Notch signaling: an emerging thera-
peutic target for cancer treatment. Cancer Lett
2015; 369: 20-27.

He L, Fang H, Chen C, Wu Y, Wang Y, Ge H,
Wang L, Wan Y and He H. Metastatic castra-
tion-resistant prostate cancer: academic in-
sights and perspectives through bibliometric
analysis. Medicine 2020; 99: €19760.

Peng M, Chen C, Wang J, Zheng Y, Guo J, Song
G and Wang X. The top 100 most-cited papers
in long non-coding RNAs: a bibliometric study.
Cancer Biol Ther 2021; 22: 40-54.

Man J, Weinkauf J, Tsang M and Sin D. Why do
some countries publish more than others? An
international comparison of research funding,
english proficiency and publication output in
highly ranked general medical journals. Eur J
Epidemiol 2004; 19: 811-817.

Bao B, Wang Z, Ali S, Kong D, Li Y, Ahmad A,
Banerjee S, Azmi A, Miele L and Sarkar F.
Notch-1 induces epithelial-mesenchymal tran-
sition consistent with cancer stem cell pheno-
type in pancreatic cancer cells. Cancer Lett
2011; 307: 26-36.

Keerthivasan S, Suleiman R, Lawlor R, Roder-
ick J, Bates T, Minter L, Anguita J, Juncadella I,
Nickoloff B, Le Poole I, Miele L and Osborne B.
Notch signaling regulates mouse and human

Am J Transl Res 2022;14(7):4918-4930


mailto:doctorxiewenjie@163.com

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

Bibliometric study of Notch in cancer

Tha7 differentiation. J Immunol 2011; 187:
692-701.

Kanamori M, Kawaguchi T, Nigro J, Feuerstein
B, Berger M, Miele L and Pieper R. Contribu-
tion of Notch signaling activation to human
glioblastoma multiforme. J Neurosurg 2007;
106: 417-427.

Wang Z, Li Y, Kong D, Banerjee S, Ahmad A,
Azmi A, Ali S, Abbruzzese J, Gallick G and
Sarkar F. Acquisition of epithelial-mesenchy-
mal transition phenotype of gemcitabine-resis-
tant pancreatic cancer cells is linked with acti-
vation of the notch signaling pathway. Cancer
Res 2009; 69: 2400-2407.

Wang Z, Zhang Y, Banerjee S, Li Y and Sarkar F.
Notch-1 down-regulation by curcumin is asso-
ciated with the inhibition of cell growth and the
induction of apoptosis in pancreatic cancer
cells. Cancer 2006; 106: 2503-2513.
Artavanis-Tsakonas S, Rand M and Lake R.
Notch signaling: cell fate control and signal in-
tegration in development. Science 1999; 284:
770-776.

Weng A, Ferrando A, Lee W, Morris J, Silverman
L, Sanchez-Irizarry C, Blacklow S, Look A and
Aster J. Activating mutations of NOTCH1 in hu-
man T cell acute lymphoblastic leukemia. Sci-
ence 2004; 306: 269-271.

Bray F, Ferlay J, Soerjomataram |, Siegel R,
Torre L and Jemal A. Global cancer statistics
2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018; 68: 394-
424,

Han H, Yang C, Zhang S, Cheng M, Guo S, Zhu
Y, Ma J, Liang Y, Wang L, Zheng S, Wang Z,
Chen D, Jiang Y and Lin S. METTL3-mediated
mA mRNA modification promotes esophageal
cancer initiation and progression via Notch sig-
naling pathway. Mol Ther Nucleic Acids 2021;
26: 333-346.

Qiu L, Yang X, Wu J, Huang C, Miao Y and Fu Z.
viaHIST2H2BF potentiates the propagation of
cancer stem cells notch signaling to promote
malignancy and liver metastasis in colorectal
carcinoma. Front Oncol 2021; 11: 677646.
Xue B, Chuang C, Prosser H, Fuziwara C, Chan
C, Sahasrabudhe N, Kihn M, Wu 'Y, Chen J, Bi-
ton A, Chen C, Wilkinson J, McManus M, Brad-
ley A, Winslow M, Su B and He L. miR-200 defi-
ciency promotes lung cancer metastasis by
activating Notch signaling in cancer-associat-
ed fibroblasts. Genes Dev 2021; 35: 1109-
1122.

4930

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Xu'Y, Ren H, Jiang J, Wang Q, Wudu M, Zhang
Q, Su H, Wang C, Jiang L and Qiu X. KIAA0O247
inhibits growth, migration, invasion of non-
small-cell lung cancer through regulating the
Notch pathway. Cancer Sci 2018; 109: 1055-
1065.

Lim J, Ibaseta A, Fischer M, Cancilla B, O’Young
G, Cristea S, Luca V, Yang D, Jahchan N,
Hamard C, Antoine M, Wislez M, Kong C, Cain
J, Liu Y, Kapoun A, Garcia K, Hoey T, Murriel C
and Sage J. Intratumoural heterogeneity gen-
erated by Notch signalling promotes small-cell
lung cancer. Nature 2017; 545: 360-364.
Zheng C, Wang J, Zhang J, Hou S, Zheng Y and
Wang Q. Myelin and lymphocyte protein 2 regu-
lates cell proliferation and metastasis through
the Notch pathway in prostate adenocarcino-
ma. Transl Androl Urol 2021; 10: 2067-2077.
Hu G, Ma J, Zhang J, Chen Y, Liu H, Huang Y,
Zheng J, Xu Y, Xue W and Zhai W. Hypoxia-in-
duced IncHILAR promotes renal cancer cell in-
vasion and metastasis via ceRNA for the miR-
613/206/1-1-3p/Jagged-1/Notch/CXCR4 sig-
naling pathway. Mol Ther 2021; 29: 2979-
2994,

LiY, Ma J, Qian X, Wu Q, Xia J, Miele L, Sarkar F
and Wang Z. Regulation of EMT by notch sig-
naling pathway in tumor progression. Curr Can-
cer Drug Targets 2013; 13: 957-962.
Espinoza | and Miele L. Deadly crosstalk: notch
signaling at the intersection of EMT and cancer
stem cells. Cancer Lett 2013; 341: 41-45.

Li K, Peng Z, Gao S, Wang Q, Wang R, Li X, Xiao
G, Zhang J, Ren H, Tang S and Sun X. M6A as-
sociated TSUC7 inhibition contributed to Erlo-
tinib resistance in lung adenocarcinoma th-
rough a notch signaling activation dependent
way. J Exp Clin Cancer Res 2021; 40: 325.
Sun T, Zhang D, Wang Z, Zhao B, Li Y, Sun X, Liu
J, Wang X and Sheng J. Inhibition of the notch
signaling pathway overcomes resistance of
cervical cancer cells to paclitaxel through re-
tardation of the epithelial-mesenchymal transi-
tion process. Environ Toxicol 2021; 36: 1758-
1764.

Nandi A and Chakrabarti R. The many facets of
Notch signaling in breast cancer: toward over-
coming therapeutic resistance. Genes Dev
2020; 34: 1422-1438.

Am J Transl Res 2022;14(7):4918-4930



