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Background: Up to now, the physiology, pathology, and recovery of beta-cells
have been intensively studied and made great progress, and these are of major
significance for the treatment of related diseases. Nevertheless, a comprehensive
and objective report on the status of beta-cell research is lacking. Therefore, this
study aims to conduct a bibliometric analysis to quantify and identify the current
status and trending issues in beta-cell research.

Methods: The articles and reviews related to beta-cell were obtained from the
Web of Science Core Collection on August 31, 2022. Two scientometric software
(CiteSpace 6.1.R3 and VOSviewer 1.6.18) were used to perform bibliometric and
knowledge-map analysis.

Results: A total of 4098 papers were published in 810 academic journals in 2938
institutions from 83 countries/regions. The number of beta-cell-related
publications was increasing steadily. The United States was the most productive
country, while Universite libre de Bruxelles, University of Toronto and University of
Geneva were the most active institutions. Diabetes published the most beta-cell
studies and received the largest number of co-citations. Decio | Eizirik published
the most papers and had the most co-citations. Twelve references on reviews and
mechanisms were regarded as the knowledge base. Four major aspects of beta-
cell research included the pathological mechanism of beta-cell failure, the
recovery of beta cells, the risk factor related to beta cells, and the physiology of
beta cells. Endoplasmic reticulum stress and oxidative stress have been core
elements throughout the research in this field. In addition, beta-cell
dedifferentiation, inflammation, autophagy, miRNA, and IncRNA are hot topics
nowadays. Additionally, stem cell replacement therapies might be the alternative
way to reverse beta-cell failure. Restoring beta-cell mass and function will remain a
research goal in the future.

Conclusion: This study provided a comprehensive overview of beta-cell research
through bibliometric and visual methods. The information would provide helpful
references for scholars focusing on beta cells.
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1 Introduction

Insulin-secreting cells, also known as pancreatic beta cells, are the
main component of pancreatic islets. Insulin is stored in crystalline form
as a Zn,-insuling complex in secretory vesicles, and accounts for 5-10% of
the total protein content of beta cells (1). It is released by regulated
cytosolic emesis. Insulin secretion is regulated by several factors,
including glucose concentration, most amino acids, fatty acids (2),
hormones, neurotransmitters, etc. Alterations in insulin secretion are
associated with various disorders, such as diabetes, hypoglycemic states,
and cardiometabolic diseases (3). Up to now, the physiology, pathology,
and recovery of beta-cells have been intensively studied, and made great
progress, and these are of major significance for the treatment of related
diseases. However, there is no comprehensive and objective report on
publishing trends, influential authors or institutions and their
collaborations, the knowledge base, the evolution of hotspots, or the
emerging topics in beta-cell research to our knowledge.

This study was designed to objectively describe the knowledge
base and emerging trends of beta-cell research using two commonly
used bibliometric tools, CiteSpace and VOSviewer. Firstly, we aimed
to quantify and identify the general information in beta-cell research,
such as the individual impact and the cooperation information, by
analyzing annual publications, countries/regions, institutions, authors
and co-cited authors, journals and co-cited journals. Secondly, we
evaluated the knowledge base on beta-cell research using an analysis
of co-cited references. Finally, keyword analysis and co-cited
reference burst analysis were used to find the knowledge structure
and hotspots evolution and detect the emerging topics of beta-
cell research.

2 Materials and methods
2.1 Data collection

The Web of Science Core Collection (WoSCC) database is
commonly used for bibliometric analysis. It can provide
comprehensive information and is regarded as the most influential
database (4, 5). Therefore, we chose it as the data source for our study.

Literature was extracted from the WoSCC database and
downloaded on August 31, 2022. In order to ensure the highest
accuracy and minimum acceptable error, we chose the title search (6).
The search terms were as follows: [TI= (“Insulin Secreting Cells” or
“Insulin-Secreting Cells” or “Insulin-Secreting Cell” or “Pancreatic B
Cells” or “Pancreatic B Cell” or “Pancreatic beta Cells” or “Pancreatic
beta Cell”)] AND [Publication type = (Article or review)] AND
[Language = (English)]; Publication data: “1985-01-01" to “2022-
08-31”. Search results were downloaded as “Full Record and Cited
References” and “Plain Text”. For further analysis, we subsequently

renamed the files as “download_*.txt”, which CiteSpace software
could read (5).
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2.2 Data analysis

We used CiteSpace 6.1.R3, VOSviewer 1.6.18, and Microsoft Excel
2021 to perform bibliometric analysis and visualization. We cleaned
the data before analyzing, for instance, “pancreatic beta-cells”,
“pancreatic beta-cell”, “pancreatic beta cells”, “beta cell”, “beta-cell”,
“pancreatic beta cell”, “beta cells”, and “beta-cells” were merged as
“insulin-secreting cells”; “endoplasmic reticulum stress” and “ER
stress” were unified as “ER stress”.

CiteSpace is a bibliometric and visual analysis tool that specializes
in detecting collaborations, internal structures, key points, potential
trends, and dynamics in a scientific field (7). Therefore, we used
CiteSpace to analyze the co-cited references, reference bursts, and
keyword bursts. The settings were as follows: timespan (2012-2022),
years per slice (1), pruning (none), selection criteria (Top N=100),
minimum duration of burstness (2 years), and others followed the
default (5).

VOSviewer is another bibliometric software adept at creating and
visualizing knowledge maps, showing the types of clusters, overlays,
or density colors (8). It was used to perform the co-occurrence of
Countries/Regions and Institutions, authors and co-cited authors,
journals and co-cited journals, and keywords. We set the counting
method as fractional counting (4), other thresholds were shown in the
corresponding chapter.

We used Microsoft Office Excel 2021 to analyze the trend of the
annual publications. Moreover, the impact factor (IF) and Journal
citation reports (JCR) division of journals and the H-index of scholars
were obtained from the Web of Science on September 7, 2022.

3 Results
3.1 The trend of publication outputs

A total of 6349 papers were retrieved. Among them, 2227
unqualified articles including meeting abstracts, editorial materials,
corrections, letters, retractions, proceedings paper, and 24 non-
English papers were excluded. Finally, a total of 4098 eligible papers
were included (Figure 1). As shown in Figure 2, the number of papers
was low from 2002 to 2003 and has been increasing steadily from
2004 to now.

3.2 Distribution of countries/regions
and institutions

A total of 4098 papers were published from 83 countries and 2938
institutions. As shown in Table 1, the largest number of publications
originated from the United States (1197, 29,21%), followed by China
(740, 19.33%), and Japan (472, 11.52%). Figure 3 shows that the three
countries had positive cooperation. The top 10 institutions published
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FIGURE 1

Flow chart of the data collection for research on beta-cell research.

721 articles in total. Universite libre de Bruxelles ranked first with 89
articles, followed by University of Toronto and University of Geneva. As
shown in Figure 4, the top 3 universities had very little cooperation.

3.3 Authors and co-cited authors

A total of 19185 authors were involved in the publication of literature
on beta-cell research. Among them, 106 authors published at least ten
papers (Figure 5A). Decio I Eizirik published the most papers (n = 62),
followed by Piero Marchetti (n = 53), and Guy A Rutter (n = 48) (Table 2).
There were eleven colors in Figure 5A, representing 11 clusters among
authors. Active collaborations usually exist in the same cluster, such as
Piero Marchetti, Marco Bugliani, Susan Bonner-Weir, and Lorella
Marselli. There were collaborations among linked nodes in different
clusters, such as Decio L Eizirik, Piero Marchetti, and Guy A Rutter.

Co-cited authors are authors who have been co-cited together in a
series of publications. Among 62007 co-cited authors, 119 were co-
cited over 100 (Figure 5B). Figure 5B presents them as a density map,
which could clearly show the high-frequency co-cited authors. The
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FIGURE 2
Trends of beta-cell publications over the past 20 years.
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more citations, the brighter the color. As shown in Table 2 and
Figure 5B, Decio L Eizirik, Alexandra E. Butler, and Miriam Cnop had
the most co-citations.

3.4 Journals and co-cited journals

A total of 4098 papers were published in 810 academic journals.
The top 10 journals (Table 3) published 1191 papers, accounting for
29.06% of all publications. Diabetes published the highest number of
studies (240, 5.86%), followed by Journal of Biological Chemistry (162,
3.95%), Plos One (147, 3.59%), and Diabetologia (142, 3.47%).
Diabetologia had the highest IF of 10.460.

Among 7023 co-cited journals, 31 journals had citations over
1,000. As shown in Table 4, Diabetes was the most co-cited journal
(20019), followed by Journal of Biological Chemistry (13079), and
Diabetologia (8470). Nature had the highest IF (69.504) among the
top 10 co-cited journals, followed by cell (66.805), Science (63.798),
and Cell Metabolism (31.373). Eight of ten co-cited journals were in
the Q1 district of JCR, and the remainder were in Q2.
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TABLE 1 Top 10 countries/regions and institutions related to beta-cell research.

country/region

3.5 Co-cited references and
references burst

CiteSpace was used to detect the co-cited references. Finally, 2047
co-cited references were retrieved, Table 5 shows that the top 10 co-
cited references were co-cited at least 45 times, of which “Beta-cell
deficit and increased beta-cell apoptosis in humans with type 2
diabetes (9)” was the most frequently cited. Figure 6 shows the top
25 references with the most robust citation bursts. And the earliest
reference with citation bursts was in 2004. Notably, five references
were still in burstness.
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institution
1 USA 1197 (29.21%) univ libre bruxelles (Belgium) 89 (2.17%)
2 China 792 (19.33%) univ Toronto (Canada) 82 (2.00%)
3 Japan 472 (11.52%) univ Geneva (Switzerland) 77 (1.88%)
4 England 366 (8.93%) Harvard univ (USA) 76 (1.85%)
5 South Korea 286 (6.98%) Nanjing med univ (China) 74 (1.81%)
6 Canada 242 (5.91%) Lund univ (Sweden) 72 (1.76%)
7 Germany 228 (5.56%) univ Pisa (Italy) 67 (1.63%)
8 Sweden 197 (4.81%) Vanderbilt univ (USA) 64 (1.56%)
9 Switzerland 182 (4.44%) karolinska inst (Sweden) 62 (1.51%)
10 Italy 174 (4.25%) univ Oxford (England) 58 (1.42%)

3.6 The analysis of hotspots and frontiers

A total of 11,774 keywords were extracted, of which 634 appeared
more than ten times and 51 appeared more than 100 times. Table 6
shows the top 20 keyword co-occurrence terms. “diabetes” (861),
“apoptosis” (740), “oxidative stress” (494), “ER stress” (432), “insulin-
resistance” (313), “proliferation” (293), and “transcription factor”
(263) were core contents of beta-cell research. Cluster analysis can
show the knowledge structure of the research field (10). As shown in
Figure 7A, we can see the clusters of red, yellow, green, and blue,
which respectively represent four different research directions. The
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The co-occurrence map of countries/regions in beta-cell research. The total link strength was 1307; the layout parameters: Attraction: 2, Repulsion: -1.
The circle size means the number of publications; the thickness of the line means the strength of the connection.
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FIGURE 4
The co-occurrence map of institutions in beta-cell research. The total link strength was 633.50; the layout parameters: Attraction: 3, Repulsion: 1. Advanced
parameters: Step size reduction: 1. The circle size means the number of publications; the thickness of the line means the strength of the connection.

main keywords of the red cluster are apoptosis, oxidative stress, ER
stress, autophagy, and death, which are related to the pathological
mechanism of beta-cell failure. The keywords of the yellow cluster
focus on the risk factor related to beta cells, which include insulin-
resistance, obesity, hyperglycemia, and adipose tissues. While the
keywords of the green cluster are related to the recovery of beta cells,
including proliferation, growth, regeneration, replication, mass, stem
cells, transplantation, and pdxl. The blue cluster mainly includes
insulin-secreting cells, glucose-metabolism, exocytosis, and electrical-
activity, which are related to the physiology of beta cells. Figure 8
shows the top 25 keywords with the most robust citation bursts.
Notably, inflammation, autophagy, type 1 diabetes, risk, microRNA,
type 2 diabetes, maturation, and dedifferentiation were in burstness
until 2022. The overlay map (Figure 7B) shows that ER stress,
inflammation, autophagy, proliferation, obesity, homeostasis, risk,
and glycemic control are emerging fields that were colored yellow.

4 Discussion
4.1 General information

The number of papers published in each period reflects the
development trend of research in this field. From 2002 to 2003, only 3
articles were published, which meant that the study of beta cells had not
received much attention. Notably, Alexandra E. Butler et al. published the
most co-cited article with the strongest citation bursts, where they found
that beta-cell apoptosis was the underlying mechanism of beta-cell failure

Frontiers in Endocrinology

in 2003 (9). This was a breakthrough in the field of beta cell failure. Since
then, a number of researchers had begun focusing on beta cells and
published related articles with a steady upward trend.

According to Table 1 and Figure 3, the United States made the
largest contribution to beta-cell research, accounting for nearly 30%
of the published papers, and cooperated closely with many countries
around the world, such as China, Japan, South Korea, Canada,
England, Germany, etc. As shown in Figure 4, most of the
cooperative institutions have closer domestic cooperation, but
relatively less international cooperation.

Among the top 10 authors and co-cited authors, Decio L Eizirik
not only published the most papers but also had the most co-citations,
indicating his outstanding contribution to beta-cell research. Eizirik is
a professor at Univ Libre Bruxelles, focusing on mechanisms related
to diabetes and pancreatic islet cells, such as ER stress, inflammation,
apoptosis, etc. In 2008, his group published a review that described
the mechanisms of ER stress in diabetes and outlined some of the
areas for future beta-cell research, which may contribute to clarifying
the role of ER stress in diabetes. It was co-cited up to 70 times and had
a strong citation burst. Meanwhile, we found two other scholars,
namely Patrik Rorsman and Hideaki Kaneto, who were not only the
top 10 productive authors but also the top 10 co-cited authors, also
had an outstanding contribution to beta-cell field. Rorsman is an
electrophysiologist from The Oxford Centre for Diabetes,
Endocrinology, and Metabolism, focusing on the electrophysiology
of beta-cell (1). He published a review in Physiological reviews in
2018, detailing the electrophysiology of beta cells and insulin
secretion and offering new ideas for intervening in ion channels to

frontiersin.org
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FIGURE 5
Authors and co-cited authors in beta-cell research. (A) The co-authorship network analysis of authors. The layout parameters: Attraction: 2, Repulsion: -2.
The circle size means the number of publications; the thickness of the line means the strength of the connection; the circle colors mean different clusters;
(B) The density map of co-cited authors. The layout parameters: Attraction: 2, Repulsion: 1. The color brightness means the frequency of occurrence.

treat diabetes. Hideaki Kaneto is a professor at Kawasaki Medical
School, who focuses on the effects of relevant transcription factors
(PDX1, MafA) and anti-diabetic drugs on beta-cell function (11-14).

Journals and co-cited journals analysis (Tables 3, 4) showed that
Diabetes published the most insulin-secreting cells studies, and
received the largest number of co-citations. Journal of Biological
Chemistry, Diabetologia, and Endocrinology were the top 10
publication journals and top 10 co-cited journals, indicating their
essential role in disseminating beta-cell research. The highest IF
journals such as Cell, Science, Cell Metabolism, and Nature were the
top ten co-cited journals. The papers published in them may provide a
theoretical basis for future research.

Frontiers in Endocrinology

4.2 Knowledge base

Co-cited references are two or more references that have been
cited together by other publications (4). And the knowledge base is
the collection of co-cited references cited by the corresponding
research community, which is not entirely equivalent to highly
cited references. In this study, we used CiteSpace to analyze co-
cited references, of which the top 12 were listed below.

In 2003, Diabetes published the most co-cited study co-authored
by Alexandra E. Butler and other five scholars (9). This study
examined pancreatic tissue from 124 autopsies and measured
relative beta-cell volume, frequency of beta-cell apoptosis and

frontiersin.org


https://doi.org/10.3389/fendo.2022.1086667
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Luo et al.

TABLE 2 Top 10 authors and co-cited authors related to beta-cell research.

10.3389/fendo.2022.1086667

Co-cited author Co-citation
1 Decio L Eizirik 62 Decio L Eizirik 676
2 Piero Marchetti 53 Alexandra E. Butler 561
3 Guy A Rutter 48 Miriam Cnop 536
4 Lorella Marselli 29 J C Henquin 530
5 Xiao Han 27 R Paul Robertson 520
6 Anjaneyulu Kowluru 27 Marc Prentki 500
7 Peter R Flatt 25 Patrik Rorsman 489
8 Patrik Rorsman 25 Frances M Ashcroft 457
9 Per-Olof Berggren 24 Hideaki Kaneto 385
10 Hideaki Kaneto 22 Vincent Poitout 377

replication, and new islet formation from exocrine ducts. And it
finally demonstrated that beta-cell mass was decreased in type 2
diabetes and the underlying mechanism was increased beta-cell
apoptosis rather than decreased beta-cell replication. Alexandra E
Butler et al. suggested that therapeutic approaches designed to arrest
apoptosis could be a significant development in the management of
type 2 diabetes, and a new approach may reverse the disease to some
extent, rather than just palliate glycemia.

Yuval Dor et al. (15) published the second co-cited study in
Nature in 2004. A method for genetic lineage tracing was used to
determine the contribution of stem cells to pancreatic beta cells. The
authors found that pre-existing beta cells, rather than pluripotent
stem cells, are the major source of new beta cells during adult life and
after pancreatectomy in mice. They demonstrated that terminally
differentiated beta cells retain significant proliferative capacity in vivo
and questioned the notion that adult stem cells had a significant role
in beta cell recruitment.

The third co-cited paper was published by Decio L Eizirik et al. in
Endocrine Reviews in 2008 (16). This review summarized the role of
ER stress in diabetes and illustrated the transition between “normal”
and “pathological” ER stress. Meanwhile, they discussed the

TABLE 3 Top 10 journals related to beta-cell research.

molecular mechanism of ER stress in beta-cell apoptosis and beta-
cell death, and the recovery of beta cells from ER stress. Additionally,
the link between ER stress and insulin resistance, and obesity
was presented.

Diabetologia published the fourth co-cited experiment research
by D. R. Laybutt et al. in 2007 (17). This study used insulin-secreting
MING cells exposed to elevated lipids, islets isolated from db/db mice
and pancreas sections of humans with type 2 diabetes to evaluate the
expression of genes involved in ER stress and demonstrated ER stress
occurred in type 2 diabetes and was required for aspects of the
underlying beta-cell failure.

In 2008, Vincent Poitout et al. (18) published the fifth co-cited
review article in Endocrine Review. They presented evidence
supporting the concept of glucotoxicity, and described the
underlying mechanisms with an emphasis on the role of oxidative
stress. In addition, they discussed the functional manifestations of
glucolipotoxicity on insulin secretion, insulin gene expression, and
beta-cell death.

Christopher J. R hodes (19) published the sixth co-cited article in
science in 2005. He thought the failure that beta-cell mass failed to
compensate for insulin resistance was caused by a significant increase

Rank Journal Count (%) IF* (2021) JCR (2021) Country
1 Diabetes 240 (5.86%) 9.337 Q1 USA

2 Journal of Biological Chemistry 162 (3.95%) 5.486 Q2 USA

3 Plos One 147 (3.59%) 3.752 Q2 USA

4 Diabetologia 142 (3.47%) 10.460 Q1 Germany
5 Biochemical and Biophysical Research Communications 127 (3.10%) 3.322 Q3 USA

6 Endocrinology 101 (2.46%) 5.051 Q2 USA

7 American Journal of Physiology-Endocrinology and Metabolism 87 (2.12%) 5.960 Q1 USA

8 Scientific Reports 68 (1.66%) 4.996 Q2 England

9 Molecular and Cellular Endocrinology 63 (1.54%) 4.369 Q2/Q3 Netherlands
10 Journal of Endocrinology 54 (1.32%) 4.669 Q2 England
“IF, Impact Factor.
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TABLE 4 Top 10 co-cited journals related to beta-cell research.

10.3389/fendo.2022.1086667

Co-cited Journal Citation IF* (2021) JCR (2021) Country
1 Diabetes 20019 9.337 Q1 USA
2 Journal of Biological Chemistry 13079 5.486 Q2 USA
3 Diabetologia 8470 10.460 Q1 Germany
4 Proceedings of the National Academy of Sciences of the United States of America 6649 12.779 Q1 USA
5 Endocrinology 5219 5.051 Q2 USA
6 Journal of Clinical Investigation 5094 19.486 Q1 USA
7 Nature 4704 69.504 Q1 England
8 Cell 3271 66.850 Q1 USA
9 Science 2987 63.798 Q1 USA
10 Cell Metabolism 2893 31.373 Q1 USA
“1F, Impact Factor.

in beta-cell apoptosis, and highlighted the role of IRS-2 signaling in
beta-cell survival.

In 2016, Cell metabolism published the seventh co-cited paper by
Asa Segerstolpe and 13 other scholars (20). In this study, they used
single-cell transcriptomics to generate transcriptional profiles of
individual pancreatic endocrine and exocrine cells of healthy and
type 2 diabetic donors and revealed cell-type-specific gene expression
and novel subpopulations, as well as gene correlations to BMI and
gene expression alterations in diabetes.

The eighth co-cited paper was published by Francesca Cinti, et al.
in Journal of Clinical Endocrinology and Metabolism in 2016 (21).
This study surveyed pancreatic islets from 15 diabetic and 15
nondiabetic organ donors and proved that beta cells become
dedifferentiated and transdifferentiated to - and o- “like” cells in
human type 2 diabetes.

In 2017, Diabetes published the ninth co-cited study authored by
Miriam Cnop et al. (22). This review summarized the similarities and

TABLE 5 Top 12 co-cited references related to beta-cell research.

differences between the mechanisms of beta-cell death in type 1
diabetes and type 2 diabetes.

In 2014, the tenth co-cited paper was published by Felicia W.
Pagliuca et al. in Cell (23). They successfully generated hundreds of
millions of glucose-responsive beta cells from human pluripotent
stem cells in vitro. These cells can mimic the function of human islets
in vitro and in vivo and secrete human insulin into the serum of mice
shortly after transplantation in a glucose-regulated manner,
ameliorating hyperglycemia in diabetic mice.

Chutima Talchai et al. (24) published the eleventh co-cited article in
Cell in 2012. This study used mice lacking foxol in beta-cells to elucidate
the contribution of beta-cell number or function to beta-cell dysfunction
and found that dedifferentiation trumps endocrine cell death in the
natural history of beta-cell failure. Furthermore, this study emphasized a
foxol-dependent mechanism that prevents dedifferentiation and
suggested that the treatment of beta-cell dysfunction should recover
differentiation, rather than promote beta-cell replication.

Rank ID Title Co-citation =~ Centrality
1 A. E. Butler (2003) Beta-cell deficit and increased beta-cell apoptosis in humans with type 2 diabetes 91 0.01
2 Y Dor, (2004) Adult pancreatic beta-cells are formed by self-duplication rather than stem-cell differentiation 73 0.08
3 D. L. Eizirik (2008) The role for endoplasmic reticulum stress in diabetes mellitus 70 0.05
4 D. R. Laybutt (2007) Endoplasmic reticulum stress contributes to beta cell apoptosis in type 2 diabetes 66 0.06
5 C. J. Rhodes (2005) Type 2 diabetes-a matter of beta-cell life and death? 53 0.03
6 V. Poitout (2008) Glucolipotoxicity: fuel excess and beta-cell dysfunction 53 0.02
7 A. Segerstolpe (2016) | Single-Cell Transcriptome Profiling of Human Pancreatic Islets in Health and Type 2 Diabetes 50 0.04
8 F. Cinti (2016) Evidence of beta-Cell Dedifferentiation in Human Type 2 Diabetes 46 0.06
9 M. Cnop (2005) Mechanisms of pancreatic beta-cell death in type 1 and type 2 diabetes: many differences, few similarities 45 0.21
9 M. Prentki (2006) Islet beta-cell failure in type 2 diabetes 45 0.05
9 C. Talchai (2012) Pancreatic beta cell dedifferentiation as a mechanism of diabetic beta-cell failure 45 0.03
9 F. W. Pagliuca (2014) | Generation of functional human pancreatic beta cells in vitro 45 0.02
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Top 25 References with the Strongest Citation Bursts
References Year Strength Begin End 2002 - 2022
Butler AE, 2003, DIABETES, V52, P102, DOI 10.2337/diabetes.52.1.102, DOI 2003 37.612004 2008 . emm—
Dor Y, 2004, NATURE, V429, P41, DOI 10.1038/nature02520, DOI 2004 26952005 2009 . omm—
Rhodes CJ, 2005, SCIENCE, V307, P380, DOI 10.1126/science. 1104345, DOI 2005 2112006 2010 . ommm—
Cnop M, 2005, DIABETES, V54, PO, DOI 10.2337/diabetes.54.suppl_2.597, DOI 2005 18332007 2010 . mmme
Karaskov E, 2006, ENDOCRINOLOGY, V147, P3398, DOI 10.1210/en.2005-1494, DOI 2006 16.69 2007 2011 S e—
Eizirik DL, 2008, ENDOCR REV, V29, P42, DOI 10.1210/er.2007-0015, DOl 2008 25.6 2008 2013 S ee—
Laybutt DR, 2007, DIABETOLOGIA, V50, P752, DOI 10.1007/500125-006-0590-z, DOI 2007 24.09 2008 2012 S ee—
Prentki M, 2006, J CLIN INVEST, V116, P1802, DOI 10.1172/JCI29103, DOI 2006 20.78 2008 2011 — —
Poitout V, 2008, ENDOCR REV, V29, P351, DOI 10.1210/er.2007-0023, DOI 2008 22.322009 2013 S —
Eizirik DL, 2009, NAT REV ENDOCRINOL, V5, P219, DOI 10.1038/nrendo.2009.21, DOl 2009 17.67 2010 2014 R —
Cunha DA, 2008, J CELL SCI, V121, P2308, DOI 10.1242/jcs.026062, DOIL 2008 16.87 2010 2013 —
Henquin JC, 2009, DIABETOLOGIA, V52, P739, DOI 10.1007/500125-009-1314-y, DOl 2009 14132011 2014 S —
Talchai C, 2012, CELL, V150, P1223, DOI 10.1016/j.cell.2012.07.029, DOI 2012 20.392013 2017 JP—
Ashcroft FM, 2012, CELL, V148, P1160, DOI 10.1016/j.cell.2012.02.010, DOL 2012 17.66 2013 2017 P —
Prentki M, 2013, CELL METAB, V18, P162, DOI 10.1016/j.cmet.2013.05.018, DOL 2013 17212014 2018 e
Rorsman P, 2013, ANNU REV PHYSIOL, V75, P155, DOI 10.1146/annurev-physiol-030212-183754, D01 2013 15352014 2018 e
Pagliuca FW, 2014, CELL, V159, P428, DOI 10.1016/j.cell 2014.09.040, DOI 2014 21252015 2019 S
Rezania A, 2014, NAT BIOTECHNOL, V32, P1121, DOI 10.1038/nbt.3033, DOL 2014 19.822015 2019 e
Rutter GA, 2015, BIOCHEM J, V466, P203, DOI 10.1042/8J20141384, DOI 2015 16652015 2020 —
Vetere A, 2014, NAT REV DRUG DISCOV, V13, P278, DOI 10.1038/nrd4231, DOL 2014 14142015 2019 R———
Cinti F, 2016, J CLIN ENDOCR METAB, V101, P1044, DOI 10.1210/jc.2015-2860, DOL 2016 18592016 2022 —
Segerstolpe A, 2016, CELL METAB, V24, P593, DOI 10.1016/j.cmet.2016.08.020, DOI 2016 22.832017 2022 —
Rorsman P, 2018, PHYSIOL REV, V98, P117, DOI 10.1152/physrev.00008.2017, DOL 2018 17482018 2022 i
Gerber PA, 2017, ANTIOXID REDOX SIGN, V26, P501, DOI 10.1089/ars.2016.6755, DOI 2017 14622019 2022 JiPe—,
Eizirik DL, 2020, NAT REV ENDOCRINOL, V16, P349, DOI 10.1038/541574-020-0355-7, DOI 2020 14.852020 2022 i
FIGURE 6
Top 25 references with the strongest citation bursts involved in beta-cell research.

Journal of Clinical Investigation published the twelfth review by
Marc Prentki et al. in 2006 (25). This review summarized the
mechanisms of beta-cell failure in the pathogenesis of obesity-
related type 2 diabetes and the mechanisms involved in the
compensation process for insulin resistance.

Generally, the top 12 co-cited references focused on reviews (three
reviews were published in 2006 and 2008), and mechanisms
(including apoptosis, dedifferentiation, trans-differentiation, ER
stress, regeneration, etc.), all of these were the research foundations
of beta cells.

4.3 Hotspots evolution and emerging topics

In bibliometrics, keyword co-occurrence can reflect the hotspot of
an academic field (26), the overlay map can present the evolution of
new hotspots, and keyword burst and reference citation bursts can
characterize the emerging topics in a discipline (27). In this study, we
attempted objectively to evaluate the hotspots and frontiers of

TABLE 6 Top 20 keywords of beta-cell research.

research on insulin-secreting cells by analyzing keyword co-
occurrence (Figure 7A), keyword overlap (Figure 7B), keyword
burst (Figure 8), and reference burst (Figure 6).

Keyword analysis showed that diabetes was closely related to beta
cells and that how to protect and restore beta cells was the focus of
research. Apoptosis, oxidative stress, and ER stress were the most
studied mechanisms of beta-cell failure in the past 20 years. As
research goes on, emerging topics occurred continuously. In the last
decade, miRNA, autophagy, dedifferentiation, and inflammation have
emerged as novel mechanisms for the study of beta-cell failure, while
the risk factors associated with beta cells, such as obesity and insulin
resistance are also the hotspots and emerging research trends.

References with strong citation bursts could also feature the
emerging topics of a field (4). Among the top 25 references with
the strongest citation bursts, five studies are still in the bursting phase
today. These articles represent the latest emerging topics of beta-cell
research, and indicate future potential research directions, such as
beta-cell dedifferentiation, single-cell transcriptome, oxidative stress,
hypoxia, beta-cell electrical activity, and gene expression (1, 20, 21, 28,

Rank Keywords Counts Rank Keywords Counts
1 insulin-secreting cells 1463 11 insulin 447
2 insulin secretion 1054 12 ER stress 432
3 expression 870 13 mechanism 354
4 diabetes 861 14 type 2 diabetes 323
5 pancreatic islets 808 15 secretion 317
6 apoptosis 740 16 insulin-resistance 313
7 glucose 635 17 proliferation 293
8 gene 526 18 mice 292
9 activation 518 19 transcription factor 263
10 oxidative stress 494 20 islet 262
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FIGURE 7

29). Among the other 20 references, five studies mainly elaborated on
the physiology of beta cells regulating of insulin secretion in human
pancreatic islets (3, 15, 30-32); eight studies focused on the
pathological mechanisms of beta-cell failure, mainly including
apoptosis, dedifferentiation, ER stress, inflammation (9, 16, 17, 19,
22,24, 33, 34); three studies were related to the treatment and reversal
of diabetes targeting the beta cells (23, 35, 36); four studies were
primarily associated with risk factors of beta-cell failure (18, 25, 37,
38), such as obesity, glucolipotoxicity, and free fatty acid. As we can
see, the results of reference burst analysis are basically consistent with
the keyword analysis.
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According to the above analysis, we summarized three aspects
as follows.

4.3.1 Beta-cell electrical activity and
insulin secretion

Beta-cell electrical activity and insulin secretion are important
parts of beta-cell physiology. Insulin secretion is closely associated
with beta-cell electrical activity. Beta-cell has electrical excitability like
nerve cells, which is hyperpolarized (=70 mV) and electrically silent at
low glucose (1). Notably, glucose induces a concentration-dependent
depolarization. As the glucose concentration increases, beta-cell
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Keywords Year Strength Begin End 2002 - 2022

release 2002 8.622002 2008

b cell 2002 16.47 2004 2006

islet cell 2002 8962004 2006 . —m-—
langerhan 2002 8542004 2008 . —S——
messenger rna 2002 8.112004 2008 .. s
uncoupling protein 2~ 2002 7.732004 2010 . s

transgenic mice 2002 13.07 2005 2010 ... .

signal transduction 2002 7.96 2005 2014 cm—
islet transplantation 2002 8.722008 2013 . o——
glucagon-like peptide-1 2002 7.682008 2013 . o
replication 2002 8222011 2017 p— e
inflammation 2002 8552014 2022 o ——
autophagy 2002 11592016 2022 o —
high fat diet 2002 9.952016 2020 o m—
exposure 2002 8912016 2019 o —
type 1 diabete 2002 8912016 2022 o —
antioxidant 2002 8022016 2019
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FIGURE 8
Top 25 keywords with the strongest citation bursts involved in beta-cell research.

becomes gradually more depolarized, and once the membrane
potential exceeds —60 mV, electrical activity and insulin secretion
are initiated (39, 40). It is currently known that insulin is released via
exocytosis regulated with the related ion channels. Among them, the
ATP-sensitive K™ channel (Karp channel) is the major ion channel
open at rest in beta-cells, which is of critical significance for insulin
secretion. When the Karp channel is closed with glucose or
sulfonylureas (41), this depolarizes the beta-cell and initiates beta-
cell electrical activity, Ca**influx, and insulin secretion. It was found
that most patients with neonatal diabetes caused by Kurp channel
gene mutations retain sufficient beta-cells to control glycemia when
the open K,rp channels are closed with sulfonylureas (42). Perhaps,
this provides a novel idea that we just need to wake up the resting
beta-cells in the treatment of type 2 diabetes.

4.3.2 Pathogenesis of beta-cell failure

Over the past two decades, the pathogenesis of beta-cell failure
can be broadly divided into two stages. Before 2012, apoptosis is an
important mechanism of beta-cell failure. Alexandra E. Butler et al.
(9) laid the foundation for the study of apoptosis in beta-cell failure by
demonstrating that apoptosis is the main cause of beta-cell mass
reduction through examining pancreatic tissue from 124 autopsies in
2003. ER stress, mitochondrial dysfunction, and oxidative stress play a
central role in promoting beta cell dysfunction and they are closely
interrelated and aggravate each other (43).

After 2012, however, dedifferentiation became another important
mechanism of beta-cell failure. In 2012, Chutima Talchai et al.
identified beta-cell dedifferentiation as the mechanism of beta-cell
failure and suggested that beta-cell dedifferentiation is more
important than apoptosis (24). Since then, increasing evidence has
demonstrated that beta-cell dedifferentiation is the major cause of the
loss of beta-cell mass and function (21, 44, 45). Further, oxidative
stress, inflammation, ER stress, miRNAs, and IncRNAs are related to
the mechanisms of beta-cell dedifferentiation (46-49). Interestingly,
although Alexandra E. Butler (9) and Chutima Talchai (24) did not
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share the same understanding of beta-cell failure, they both suggested
that treatment of beta-cell failure should not promote cellular
proliferation or replication and hoped to reverse diabetes, rather
than just control glycemia.

Both apoptosis and dedifferentiation are associated with oxidative
stress and ER stress. Oxidative stress is the result of an imbalance
between the cellular antioxidant defense system and the production of
reactive oxygen species (47). The oversupply of nutrients, including
glucose and fatty acids, can lead to the production of reactive oxygen
species (28, 50). Unfortunately, beta cells have poor endogenous
antioxidant capacity (51), making beta cells highly susceptible to
oxidative stress. Antioxidant therapy is a hotspot for beta-cell failure.
Many studies have shown that several antioxidant supplements
increased the proliferation rate of beta cells, suggesting antioxidants
as a new treatment for diabetes (52). ER stress results from the
accumulation of unfolded or misfolded proteins in the ER space (53).
The endoplasmic reticulum is a major site of proinsulin folding and
the main intracellular Ca®>* reservoir (54), therefore, its homeostasis is
critical for insulin secretion as well as beta-cell function and survival
(55). It was demonstrated that ER stress occurs in type 2 diabetes and
is required for various aspects of underlying beta-cell failure (17).
Notably, the accumulation of unfolded proteins in the ER leads to
oxidative stress and subsequent damage associated with beta-cell
dedifferentiation or apoptosis (56, 57).

4.3.3 Stem cells for beta-cell replacement

Current drug treatments cannot completely prevent or reverse the
progression of beta-cell failure. Fortunately, islet transplantation is a
promising alternative to beta-cells in the future (58). Over the past 20
years, researchers have made great progress in beta-cell replacement.
In the early 2000s, there was insufficient evidence that stem cell-
derived cells could respond to glucose. Until 2014, glucose-responsive
pancreatic beta-cells can be cultured in vitro from human pluripotent
stem cells (PSCs) and alleviate hyperglycemia in diabetic mice (23,
35). Remarkably, there was substantial evidence about Phase I and
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Phase II clinical trials that provided a possibility of translating the
theory of PSCs-derived pancreatic islets into clinical application (59,
60). However, Stem cell replacement therapies still face some
problems, including the assessment of beta cell function, the
protection of beta cells after transplantation, immune rejection, and
so on (61, 62), and overcoming these problems might become the
focus of future research.

From the above analysis, we can summarize the evolution of key
mechanisms and therapeutic approaches to beta-cell failure. In earlier
studies, apoptosis was a hotspot for research on beta-cell failure, while
in the last decade, beta-cell dedifferentiation has become a new trend
in research. Oxidative stress and ER stress have been hot spots in the
study of beta-cell failure. In addition, inflammation, autophagy,
miRNA, and IncRNA are also hot topics nowadays. Additionally,
stem cell replacement therapies might be the alternative way to
reverse diabetes. Restoring beta-cell mass and function will remain
a research goal in the future.

5 Limitations

Data were obtained from the WoSCC database; therefore, studies
not collected in the WoSCC were omitted. However, WoSCC is the
most widely used database for scientometric analysis and includes
most information in relevant articles (5). In addition, WoSCC has
more accurate document-type assignments than Scopus (63).The
uneven quality of data might undermine the credibility of the
knowledge mapping, as reported by other bibliometric studies (64).
Nevertheless, the visualization-based literature analysis lays the
foundation for researchers to understand hotspots and potential
problems in beta-cell research.

6 Conclusion

In conclusion, beta-cell research is in a steadily developing phase
with active cooperation around the world, of which the United States
is the major collaborating center. Decio L Eizirik contributed to most
of the publications, and had the most co-citationsin beta-cell research.
Current beta-cell studies are focused on beta-cell electrophysiology,
pathogenesis and risk factors of beta-cell failure, and beta-cell
replacement therapy. Notably, apoptosis and dedifferentiation have
still been vital mechanisms of beta-cell failure until now. Further, ER
stress and oxidative stress are core mechanisms of beta-cell apoptosis
and dedifferentiation. Among them, inflammation, autophagy,
miRNA, and IncRNA might be the rising and promising research
areas about the mechanisms of beta-cell failure.

Overall, this is the first study to systematically analyze beta-cell-
related publications by bibliometric and knowledge-map. Compared

References

1. Rorsman P, Ashcroft FM. Pancreatic beta-cell electrical activity and insulin
secretion: Of mice and men. Physiol Rev (2018) 98(1):117-214. doi: 10.1152/
physrev.00008.2017

Frontiers in Endocrinology

12

10.3389/fendo.2022.1086667

to traditional reviews, this study provided an objective and
comprehensive overview of beta-cell research through bibliometric
and visual methods. The information would provide helpful
references for scholars focusing on beta cells.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

GZ and ZC designed this study, YL collected the data and
performed the analysis, YL and TW normalized the pictures, YL
and TW wrote the original draft. All authors contributed to the article
and approved the submitted version.

Funding

The work was supported by CACMS Innovation Fund
(CI2021A01604) and CACMS Innovation Fund (CI2021A01618).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo0.2022.1086667/
full#supplementary-material

2. Henquin JC, Meissner HP. Effects of amino acids on membrane potential and 86rb+
fluxes in pancreatic beta-cells. Am ] Physiol (1981) 240(3):E245-52. doi: 10.1152/
ajpendo.1981.240.3.E245

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2022.1086667/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1086667/full#supplementary-material
https://doi.org/10.1152/physrev.00008.2017
https://doi.org/10.1152/physrev.00008.2017
https://doi.org/10.1152/ajpendo.1981.240.3.E245
https://doi.org/10.1152/ajpendo.1981.240.3.E245
https://doi.org/10.3389/fendo.2022.1086667
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Luo et al.

3. Prentki M, Matschinsky FM, Madiraju SR. Metabolic signaling in fuel-induced
insulin secretion. Cell Metab (2013) 18(2):162-85. doi: 10.1016/j.cmet.2013.05.018

4. Zhang ], Song L, Xu L, Fan Y, Wang T, Tian W, et al. Knowledge domain and
emerging trends in ferroptosis research: A bibliometric and knowledge-map analysis.
Front Oncol (2021) 11:686726. doi: 10.3389/fonc.2021.686726

5. Zhang J, Song L, Jia J, Tian W, Lai R, Zhang Z, et al. Knowledge mapping of
necroptosis from 2012 to 2021: A bibliometric analysis. Front Immunol (2022) 13:917155.
doi: 10.3389/fimmu.2022.917155

6. Tian W, Zhang T, Wang X, Zhang J, Ju J, Xu H. Global research trends in
atherosclerosis: A bibliometric and visualized study. Front Cardiovasc Med (2022)
9:956482. doi: 10.3389/fcvm.2022.956482

7. Chen C. Searching for intellectual turning points: Progressive knowledge domain
visualization. Proc Natl Acad Sci U.S.A. (2004) 101 Suppl 1(Suppl 1):5303-10.
doi: 10.1073/pnas.0307513100

8. van Eck NJ, Waltman L. Software survey: Vosviewer, a computer program for
bibliometric mapping. Scientometrics (2010) 84(2):523-38. doi: 10.1007/s11192-009-
0146-3

9. Butler AE, Janson ], Bonner-Weir S, Ritzel R, Rizza RA, Butler PC. Beta-cell deficit
and increased beta-cell apoptosis in humans with type 2 diabetes. Diabetes (2003) 52
(1):102-10. doi: 10.2337/diabetes.52.1.102

10. Qin Y, Zhang Q, Liu Y. Analysis of knowledge bases and research focuses of
cerebral ischemia-reperfusion from the perspective of mapping knowledge domain. Brain
Res Bull (2020) 156:15-24. doi: 10.1016/j.brainresbull.2019.12.004

11. Kaneto H, Matsuoka T. Role of pancreatic transcription factors in maintenance of
mature beta-cell function. Int ] OF Mol Sci (2015) 16(3):6281-97. doi: 10.3390/
ijms16036281

12. Kaneto H, Miyatsuka T, Kawamori D, Yamamoto K, Kato K, Shiraiwa T, et al. Pdx-
1 and mafa play a crucial role in pancreatic beta-cell differentiation and maintenance of
mature beta-cell function. ENDOCRINE ] (2008) 55(2):235-52. doi: 10.1507/
endocrj.KO7E-041

13. Kawashima S, Matsuoka T, Kaneto H, Tochino Y, Kato K, Yamamoto K, et al.
Effect of alogliptin, pioglitazone and glargine on pancreatic beta-cells in diabetic Db/Db
mice. Biochem AND Biophys Res Commun (2011) 404(1):534-40. doi: 10.1016/
j.bbre.2010.12.021

14. Kimura T, Obata A, Shimoda M, Okauchi S, Kanda-Kimura Y, Nogami Y, et al.
Protective effects of the Sglt2 inhibitor luseogliflozin on pancreatic beta-cells in Db/Db
mice: The earlier and longer, the better. Diabetes Obes Metab (2018) 20(10):2442-57.
doi: 10.1111/dom.13400

15. Dor Y, Brown J, Martinez OI, Melton DA. Adult pancreatic beta-cells are formed
by self-duplication rather than stem-cell differentiation. Nature (2004) 429(6987):41-6.
doi: 10.1038/nature02520

16. Eizirik DL, Cardozo AK, Cnop M. The role for endoplasmic reticulum stress in
diabetes mellitus. Endocr Rev (2008) 29(1):42-61. doi: 10.1210/er.2007-0015

17. Laybutt DR, Preston AM, Akerfeldt MC, Kench JG, Busch AK, Biankin AV, et al.
Endoplasmic reticulum stress contributes to beta cell apoptosis in type 2 diabetes.
Diabetologia (2007) 50(4):752-63. doi: 10.1007/s00125-006-0590-z

18. Poitout V, Robertson RP. Glucolipotoxicity: Fuel excess and beta-cell dysfunction.
Endocr Rev (2008) 29(3):351-66. doi: 10.1210/er.2007-0023

19. Rhodes CJ. Type 2 diabetes-a matter of beta-cell life and death? Science (2005) 307
(5708):380-4. doi: 10.1126/science.1104345

20. Segerstolpe A, Palasantza A, Eliasson P, Andersson EM, Andreasson AC, Sun X,
et al. Single-cell transcriptome profiling of human pancreatic islets in health and type 2
diabetes. Cell Metab (2016) 24(4):593-607. doi: 10.1016/j.cmet.2016.08.020

21. Cinti F, Bouchi R, Kim-Muller JY, Ohmura Y, Sandoval PR, Masini M, et al.
Evidence of beta-cell dedifferentiation in human type 2 diabetes. J Clin Endocrinol Metab
(2016) 101(3):1044-54. doi: 10.1210/jc.2015-2860

22. Cnop M, Welsh N, Jonas JC, Jorns A, Lenzen S, Eizirik DL. Mechanisms of
pancreatic beta-cell death in type 1 and type 2 diabetes: Many differences, few similarities.
Diabetes (2005) 54 Suppl 2:597-107. doi: 10.2337/diabetes.54.suppl_2.s97

23. Pagliuca FW, Millman JR, Gurtler M, Segel M, Van Dervort A, Ryu JH, et al.
Generation of functional human pancreatic beta cells in vitro. Cell (2014) 159(2):428-39.
doi: 10.1016/j.cell.2014.09.040

24. Talchai C, Xuan S, Lin HV, Sussel L, Accili D. Pancreatic beta cell dedifferentiation
as a mechanism of diabetic beta cell failure. Cell (2012) 150(6):1223-34. doi: 10.1016/
j.cell.2012.07.029

25. Prentki M, Nolan CJ. Islet beta cell failure in type 2 diabetes. J Clin Invest (2006)
116(7):1802-12. doi: 10.1172/JCI29103

26. Xiao F, Li C, Sun J, Zhang L. Knowledge domain and emerging trends in organic
photovoltaic technology: A scientometric review based on citespace analysis. Front Chem
(2017) 5:67. doi: 10.3389/fchem.2017.00067

27. Chen C, Song M. Visualizing a field of research: A methodology of systematic
scientometric reviews. PloS One (2019) 14(10):e0223994. doi: 10.1371/
journal.pone.0223994

28. Gerber PA, Rutter GA. The role of oxidative stress and hypoxia in pancreatic beta-
cell dysfunction in diabetes mellitus. Antioxid Redox Signal (2017) 26(10):501-18.
doi: 10.1089/ars.2016.6755

29. Eizirik DL, Pasquali L, Cnop M. Pancreatic beta-cells in type 1 and type 2 diabetes
mellitus: Different pathways to failure. Nat Rev Endocrinol (2020) 16(7):349-62.
doi: 10.1038/s41574-020-0355-7

Frontiers in Endocrinology

13

10.3389/fendo.2022.1086667

30. Rorsman P, Braun M. Regulation of insulin secretion in human pancreatic islets.
Annu Rev Physiol (2013) 75:155-79. doi: 10.1146/annurev-physiol-030212-183754

31. Henquin JC. Regulation of insulin secretion: A matter of phase control and
amplitude modulation. Diabetologia (2009) 52(5):739-51. doi: 10.1007/s00125-009-
1314-y

32. Rutter GA, Pullen TJ, Hodson DJ, Martinez-Sanchez A. Pancreatic beta-cell
identity, glucose sensing and the control of insulin secretion. Biochem ] (2015) 466
(2):203-18. doi: 10.1042/BJ20141384

33. Eizirik DL, Colli ML, Ortis F. The role of inflammation in insulitis and beta-cell
loss in type 1 diabetes. Nat Rev Endocrinol (2009) 5(4):219-26. doi: 10.1038/
nrendo.2009.21

34. Ashcroft FM, Rorsman P. Diabetes mellitus and the beta cell: The last ten years.
Cell (2012) 148(6):1160-71. doi: 10.1016/j.cell.2012.02.010

35. Rezania A, Bruin JE, Arora P, Rubin A, Batushansky I, Asadi A, et al. Reversal of
diabetes with insulin-producing cells derived in vitro from human pluripotent stem cells.
Nat Biotechnol (2014) 32(11):1121-33. doi: 10.1038/nbt.3033

36. Vetere A, Choudhary A, Burns SM, Wagner BK. Targeting the pancreatic beta-cell
to treat diabetes. Nat Rev Drug Discovery (2014) 13(4):278-89. doi: 10.1038/nrd4231

37. Karaskov E, Scott C, Zhang L, Teodoro T, Ravazzola M, Volchuk A. Chronic
palmitate but not oleate exposure induces endoplasmic reticulum stress, which may
contribute to ins-1 pancreatic beta-cell apoptosis. Endocrinology (2006) 147(7):3398-407.
doi: 10.1210/en.2005-1494

38. Cunha DA, Hekerman P, Ladriere L, Bazarra-Castro A, Ortis F, Wakeham MC,
et al. Initiation and execution of lipotoxic er stress in pancreatic beta-cells. J Cell Sci (2008)
121(Pt 14):2308-18. doi: 10.1242/jcs.026062

39. Ashcroft FM, Harrison DE, Ashcroft SJ. Glucose induces closure of single
potassium channels in isolated rat pancreatic beta-cells. Nature (1984) 312(5993):446-
8. doi: 10.1038/312446a0

40. Rorsman P, Trube G. Glucose dependent k+-channels in pancreatic beta-cells are
regulated by intracellular atp. Pflugers Arch (1985) 405(4):305-9. doi: 10.1007/bf00595682

41. Henquin JC. The fiftieth anniversary of hypoglycaemic sulphonamides. how did
the mother compound work? Diabetologia (1992) 35(10):907-12. doi: 10.1007/
bf00401417

42. Hattersley AT, Ashcroft FM. Activating mutations in Kir6.2 and neonatal diabetes:
New clinical syndromes, new scientific insights, and new therapy. Diabetes (2005) 54
(9):2503-13. doi: 10.2337/diabetes.54.9.2503

43. Eguchi N, Vaziri ND, Dafoe DC, Ichii H. The role of oxidative stress in pancreatic
beta cell dysfunction in diabetes. Int ] OF Mol Sci (2021) 22(4). doi: 10.3390/ijms22041509

44. Wang ZY, York NW, Nichols CG, Remedi MS. Pancreatic beta cell
dedifferentiation in diabetes and redifferentiation following insulin therapy. Cell Metab
(2014) 19(5):872-82. doi: 10.1016/j.cmet.2014.03.010

45. Diedisheim M, Oshima M, Albagli O, Huldt CW, Ahlstedt I, Clausen M, et al.
Modeling human pancreatic beta cell dedifferentiation. Mol Metab (2018) 10:74-86.
doi: 10.1016/j.molmet.2018.02.002

46. Leenders F, Groen N, de Graaf N, Engelse MA, Rabelink TJ, de Koning EJP, et al.
Oxidative stress leads to B-cell dysfunction through loss of B-cell identity. Front Immunol
(2021) 12:690379. doi: 10.3389/fimmu.2021.690379

47. Khin PP, Lee JH , Jun HS. A brief review of the mechanisms of beta-cell
dedifferentiation in type 2 diabetes. Nutrients (2021) 13(5). doi: 10.3390/nu13051593

48. Zhu YX, Sun Y, Zhou YC, Zhang Y, Zhang T, Li YT, et al. Microrna-24 promotes
pancreatic beta cells toward dedifferentiation to avoid endoplasmic reticulum stress-
induced apoptosis. ] OF Mol Cell Biol (2019) 11(9):747-60. doi: 10.1093/jmcb/mjzz004

49. Xu YH, Tang ZX, Dai H, Hou J, Li FQ, Tang ZQ, et al. Mir-195 promotes
pancreatic beta-cell dedifferentiation by targeting Mfn2 and impairing Pi3k/Akt signaling
in type 2 diabetes. OBESITY (2022) 30(2):447-59. doi: 10.1002/0by.23360

50. Newsholme P, Keane KN, Carlessi R, Cruzat V. Oxidative stress pathways in
pancreatic beta-cells and insulin-sensitive cells and tissues: Importance to cell
metabolism, function, and dysfunction. Am | OF PHYSIOLOGY-CELL Physiol (2019)
317(3):C420-C33. doi: 10.1152/ajpcell.00141.2019

51. Anastasiou IA, Eleftheriadou I, Tentolouris A, Koliaki C, Kosta OA, Tentolouris N.
The effect of oxidative stress and antioxidant therapies on pancreatic beta-cell
dysfunction: Results from in vitro and in vivo studies. Curr MEDICINAL Chem (2021)
28(7):1328-46. doi: 10.2174/0929867327666200526135642

52. Wang JJ, Wang HJ. Oxidative stress in pancreatic beta cell regeneration. Oxid Med
AND Cell Longevity (2017) 2017. doi: 10.1155/2017/1930261

53. Lai E, Teodoro T, Volchuk A. Endoplasmic reticulum stress: Signaling the unfolded
protein response. Physiol (Bethesda) (2007) 22:193-201. doi: 10.1152/physiol.00050.2006

54. Schwarz DS, Blower MD. The endoplasmic reticulum: Structure, function and
response to cellular signaling. Cell Mol Life Sci (2016) 73(1):79-94. doi: 10.1007/s00018-
015-2052-6

55. Yong J, Johnson JD, Arvan P, Han J, Kaufman RJ. Therapeutic opportunities for
pancreatic beta-cell er stress in diabetes mellitus. Nat Rev Endocrinol (2021) 17(8):455-67.
doi: 10.1038/s41574-021-00510-4

56. Kupsco A, Schlenk D. Oxidative stress, unfolded protein response, and apoptosis in
developmental toxicity. Int Rev Cell Mol Biol (2015) 317:1-66. doi: 10.1016/bs.ircmb.2015.02.002

57. Scheuner D, Kaufman RJ. The unfolded protein response: A pathway that links
insulin demand with beta-cell failure and diabetes. Endocr Rev (2008) 29(3):317-33.
doi: 10.1210/er.2007-0039

frontiersin.org


https://doi.org/10.1016/j.cmet.2013.05.018
https://doi.org/10.3389/fonc.2021.686726
https://doi.org/10.3389/fimmu.2022.917155
https://doi.org/10.3389/fcvm.2022.956482
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.2337/diabetes.52.1.102
https://doi.org/10.1016/j.brainresbull.2019.12.004
https://doi.org/10.3390/ijms16036281
https://doi.org/10.3390/ijms16036281
https://doi.org/10.1507/endocrj.K07E-041
https://doi.org/10.1507/endocrj.K07E-041
https://doi.org/10.1016/j.bbrc.2010.12.021
https://doi.org/10.1016/j.bbrc.2010.12.021
https://doi.org/10.1111/dom.13400
https://doi.org/10.1038/nature02520
https://doi.org/10.1210/er.2007-0015
https://doi.org/10.1007/s00125-006-0590-z
https://doi.org/10.1210/er.2007-0023
https://doi.org/10.1126/science.1104345
https://doi.org/10.1016/j.cmet.2016.08.020
https://doi.org/10.1210/jc.2015-2860
https://doi.org/10.2337/diabetes.54.suppl_2.s97
https://doi.org/10.1016/j.cell.2014.09.040
https://doi.org/10.1016/j.cell.2012.07.029
https://doi.org/10.1016/j.cell.2012.07.029
https://doi.org/10.1172/JCI29103
https://doi.org/10.3389/fchem.2017.00067
https://doi.org/10.1371/journal.pone.0223994
https://doi.org/10.1371/journal.pone.0223994
https://doi.org/10.1089/ars.2016.6755
https://doi.org/10.1038/s41574-020-0355-7
https://doi.org/10.1146/annurev-physiol-030212-183754
https://doi.org/10.1007/s00125-009-1314-y
https://doi.org/10.1007/s00125-009-1314-y
https://doi.org/10.1042/BJ20141384
https://doi.org/10.1038/nrendo.2009.21
https://doi.org/10.1038/nrendo.2009.21
https://doi.org/10.1016/j.cell.2012.02.010
https://doi.org/10.1038/nbt.3033
https://doi.org/10.1038/nrd4231
https://doi.org/10.1210/en.2005-1494
https://doi.org/10.1242/jcs.026062
https://doi.org/10.1038/312446a0
https://doi.org/10.1007/bf00595682
https://doi.org/10.1007/bf00401417
https://doi.org/10.1007/bf00401417
https://doi.org/10.2337/diabetes.54.9.2503
https://doi.org/10.3390/ijms22041509
https://doi.org/10.1016/j.cmet.2014.03.010
https://doi.org/10.1016/j.molmet.2018.02.002
https://doi.org/10.3389/fimmu.2021.690379
https://doi.org/10.3390/nu13051593
https://doi.org/10.1093/jmcb/mjzz004
https://doi.org/10.1002/oby.23360
https://doi.org/10.1152/ajpcell.00141.2019
https://doi.org/10.2174/0929867327666200526135642
https://doi.org/10.1155/2017/1930261
https://doi.org/10.1152/physiol.00050.2006
https://doi.org/10.1007/s00018-015-2052-6
https://doi.org/10.1007/s00018-015-2052-6
https://doi.org/10.1038/s41574-021-00510-4
https://doi.org/10.1016/bs.ircmb.2015.02.002
https://doi.org/10.1210/er.2007-0039
https://doi.org/10.3389/fendo.2022.1086667
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Luo et al.

58. Wang X, Gao MX, Wang YL, Zhang YC. The progress of pluripotent stem cell-
derived pancreatic beta-cells regeneration for diabetic therapy. Front IN Endocrinol
(2022) 13:927324. doi: 10.3389/fendo.2022.927324

59. Ramzy A, Thompson DM, Ward-Hartstonge KA, Ivison S, Cook L, Garcia RV,
et al. Implanted pluripotent stem-Cell-Derived pancreatic endoderm cells secrete glucose-
responsive c-peptide in patients with type 1 diabetes. Cell Stern Cell (2021) 28(12):2047-
61.e5. doi: 10.1016/j.stem.2021.10.003

60. Shapiro AMJ, Thompson D, Donner TW, Bellin MD, Hsueh W, Pettus J, et al.
Insulin expression and c-peptide in type 1 diabetes subjects implanted with stem cell-
derived pancreatic endoderm cells in an encapsulation device. Cell Rep Med (2021) 2
(12):100466. doi: 10.1016/j.xcrm.2021.100466

Frontiers in Endocrinology

14

10.3389/fendo.2022.1086667

61. de Klerk E, Hebrok M. Stem cell-based clinical trials for diabetes mellitus. Front
Endocrinol (Lausanne) (2021) 12:631463. doi: 10.3389/fend0.2021.631463

62. Johnson JD. The quest to make fully functional human pancreatic beta cells from
embryonic stem cells: Climbing a mountain in the clouds. Diabetologia (2016) 59
(10):2047-57. doi: 10.1007/s00125-016-4059-4

63. Yeung AWK. Comparison between scopus, web of science, pubmed and publishers
for mislabelled review papers. Curr Sci India (2019) 116(11):1909-+. doi: 10.18520/cs/
v116/i11/1909-1914

64. Song L, Zhang J, Ma D, Fan Y, Lai R, Tian W, et al. A bibliometric and knowledge-
map analysis of macrophage polarization in atherosclerosis from 2001 to 2021. Front
Immunol (2022) 13:910444. doi: 10.3389/fimmu.2022.910444

frontiersin.org


https://doi.org/10.3389/fendo.2022.927324
https://doi.org/10.1016/j.stem.2021.10.003
https://doi.org/10.1016/j.xcrm.2021.100466
https://doi.org/10.3389/fendo.2021.631463
https://doi.org/10.1007/s00125-016-4059-4
https://doi.org/10.18520/cs/v116/i11/1909-1914
https://doi.org/10.18520/cs/v116/i11/1909-1914
https://doi.org/10.3389/fimmu.2022.910444
https://doi.org/10.3389/fendo.2022.1086667
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Knowledge domain and emerging&#146;trends in beta&dash;cell research: A bibliometric and knowledge&dash;map analysis
	1 Introduction
	2 Materials and methods
	2.1 Data collection
	2.2 Data analysis

	3 Results
	3.1 The trend of publication outputs
	3.2 Distribution of countries/regions and institutions
	3.3 Authors and co-cited authors
	3.4 Journals and co-cited journals
	3.5 Co-cited references and references&#146;burst
	3.6 The analysis of hotspots and frontiers

	4 Discussion
	4.1 General information
	4.2 Knowledge base
	4.3 Hotspots evolution and emerging topics
	4.3.1 Beta-cell electrical activity and insulin secretion
	4.3.2 Pathogenesis of beta-cell failure
	4.3.3 Stem cells for beta-cell replacement


	5 Limitations
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


