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Objective: This review aims to provide a quantitative and qualitative bibliometric
analysis of literature from 2013 to 2023 on the role of exosomes in PC, with the
goal of identifying current trends and predicting future hotspots.

Methods: We retrieved relevant publications concerning exosomes in PC,
published between 2013 and 2023, from the Web of Science Core Collection.
Bibliometric analyses were conducted using VOSviewer(1.6.19), CiteSpace
(6.2.R4), and Microsoft Excel (2019).

Results: A total of 624 papers were analyzed, authored by 4017 researchers from 55
countries/regions and 855 institutions, published in 258 academic journals. China
(n=285, 34.42%) and the United States (n=183, 24.87%) were the most frequent
contributors and collaborated closely. However, publications from China had a
relatively low average number of citations (41.45 times per paper). The output of
Shanghai Jiao Tong University ranked first, with 28 papers (accounting for 4.5% of
the total publications). Cancers (n=31, 4.9%); published the most papers in this field.
Researcher Margot Zoeller published the most papers (n=12) on this topic. Research
hotspots mainly focused on the mechanisms of exosomes in PC onset and
progression, the role of exosomes in PC early diagnosis and prognosis, exosomes
promote the development of PC chemoresistance, and potential applications of
exosomes as drug carriers for PC therapies. We observed a shift in research trends,
from mechanistic studies toward clinical trials, suggesting that clinical applications
will be the focus of future attention. Emerging topics were pancreatic stellate cells,
diagnostic biomarkers, mesenchymal stem cells, extracellular vesicles.

Conclusion: Our scientometric and visual analysis provides a comprehensive
overview of the literature on the role of exosomes in PC published during 2013—-
2023. This review identifies the frontiers and future directions in this area over the
past decade, and is expected to provide a useful reference for researchers in
this field.
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1 Introduction

Pancreatic cancer (PC) is still one of the most aggressive and
fatal digestive system tumors, which has become the fourth leading
cause of cancer-related death in the world with an overall 5-year
survival rate of 8%-9% (1). The insidious onset of PC often makes
early diagnosis challenging; over 80% of cases are discovered at an
advanced stage when surgical resection has become unfeasible due
to local infiltration or distant metastasis (2). In the past 10 years,
even the most advanced diagnostic techniques, perioperative
management and systemic anti-tumor therapy for advanced
diseases have been applied, but the prognosis of patients has not
improved significantly (3). Consequently, understanding the
pathogenesis of PC and developing strategies for its early
diagnosis and effective treatment have gained increasing attention.

Exosomes are 30-150 nm small vesicles secreted by most cells
into the extracellular space. Under both physiological and
pathological conditions, virtually all human body cells release
exosomes into various bodily fluids including plasma, urine,
saliva, bile and ascites (4, 5). Exosomes carry a variety of
biologically active substances, such as nucleic acids, proteins,
lipids and enzymes. These material act on adjacent target cells
through autocrine or paracrine, or on specific distant target cells
through fluid transport (4, 5). Moreover, exosomes directly and
specifically bind to target cells through membrane fusion or
endocytosis, showing complex functions in intercellular
communication and compound exchange, and playing an
important role in the occurrence of diseases (6). In recent years,
exosomes have become a hot research field of PC. An increasing
body of evidence suggests that exosomes can promote the
proliferation, metastasis and angiogenesis of pancreatic cancer
cells(PCCs), and also show great potential value in the early
diagnosis, treatment and other clinical applications of PC (7). For
example, engineered exosomes for targeted delivery of drugs and
various miRs lead to better tumor regression than intact exosome
applications (8, 9). Therefore, it is particularly important to reveal
the role of exosomes in PC, which can lead to a better orientation of
researchers toward early diagnosis and new treatment of PC based
on exosomes. Over the past decade, hundreds of research articles on
exosomes in PC have been published. Therefore, there is an urgent
need to collect and analyze a large amount of literature on this topic
as a reference for future research.

Bibliometrics is a crucial instrument for fully understanding the
research status of specific scientific topics, employing mathematical
and statistical techniques to quantify datasets obtained from
citation indexes (10-12). It evaluates the characteristics,
development trends, and research focal points of publications in a
specific field from both quantitative and qualitative perspectives
(13, 14). The purpose is to deeply understand the research status of
specific fields, research hotspots and predict future research trends
(15-17). In recent years, bibliometric has also been applied to
immunotherapy, autophagy therapy, neoadjuvant therapy, and
tumor microenvironment of PC (18-21), but no bibliometric
research or visual analysis of exosomes in PC has been reported.
By searching the Web of Science Core Collection (WOSCC), a
comprehensive bibliometric analysis was conducted on the
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literature related to exosome in PC from 2013 to 2023. We used
CiteSpace, VOSviewer and the scientometric online platform to
conduct measure and visualize analysis the number of publications,
countries/regions, institutions, authors, journal and keywords in the
literature related to exosomes in PC, and summarized the research
hotspots and development trends in this field.

2 Materials and methods
2.1 Data source and search strategy

We conducted a comprehensive literature search of the WoSCC
database on August 31, 2023. Primary search terms were “pancreatic

» o«

cancer”, “pancreatic carcinoma”, “PDAC”, and “exosome”. The
detailed search strategy is provided in Supplementary File S1. The
inclusion criteria were as follows: (1) Articles published from January
1, 2013 to August 31, 2023; (2) publications that focused on the theme
of exosomes in PC; (3) original research or review articles; and (4)
studies that were written in English. The exclusion criteria were as
follows: (1) articles published before January 1, 2013; (2) publications
that were not related to exosomes in PC; (3) early access, meeting
abstracts, book chapters, editorials, letters, news articles, and (4)
duplicate papers. Two authors (ZYJ and FJ]) read the titles and
abstracts of the articles to determine whether to include or exclude
them; in case of uncertainty, the full text was downloaded to perform
a more detailed evaluation, and papers unrelated to exosomes in PC
were excluded. Differences in judgment were resolved through
discussion or by consulting experienced correspondents (DRW).
7Y] and FJJ extracted titles; information on countries, institutions,
journals, and authors; keywords; and references from all eligible
literature. All information was exported with the record content of
“Full Record and Cited References,” and downloaded in plain
text format.

2.2 Data analysis and visualization

For bibliometric analysis, several software tools are commonly
used, including VOSviewer, CiteSpace, and Microsoft Office Excel
(22). This study utilized the aforementioned three software tools
and one online website (https://bibliometric.com/) for the
following analyses.

CiteSpace is a bibliometric and visualization analysis tool
developed by Professor Chaomei Chen, is proficient at exploring
research hotspots, evolutionary paths, knowledge structures, and
emerging trends in a given field (23). Therefore, we used CiteSpace
(6.2.R4) to analyze the included literature, including for performing
co-citation analysis of references, dual-map overlay of citations, and
analysis of keywords with the strongest citation bursts. CiteSpace is
capable of generating visual graphs with nodes and lines, each graph
holding different implications in various analytical methods. Nodes
represent entries, with their size indicating frequency. The strength
of collaboration is also depicted by the thickness of the connections
between nodes—the thicker the connection, the greater the
collaboration. Centrality is a measure of a node’s importance.
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Nodes with a centrality greater than 0.1 occupy key positions in
connecting other nodes, with purple rings indicating central nodes.
Burst detection can reveal emerging academic trends and new
subjects as well as forecast leading-edge research directions and
potential hotspots. Blue lines serve as timelines, with citation burst
detection displayed as red segments on the blue timeline, indicating
the start year, end year, and duration of the burst. Z-scores and F-
scores were used to adjust or normalize citation data and identify
major citation pathways in dual-map overlays. The basic parameter
settings for CiteSpace were as follows: 1) Time slices: January 2013
to August 2023, with each slice spanning one year; 2) pruning
(minimum spanning tree and pruning sliced networks); 3) the
selection criteria were set to the top 50 levels for each slice, with
other settings at default values.

In this study, VOSviewer software (version 1.6.19) was
primarily used to analyze the collaboration networks among
countries, institutions, authors, and keywords. In the map, a node
represents an item (such as an author, journal, or keyword), with
the node size indicating the number of publications, and the color
representing different years. The thickness of the lines between
nodes indicates the strength of co-citation and collaboration (24).
For keyword analysis, both author keywords and keywords plus
were analyzed. A minimum occurrence of 15 times was set for
selected keywords to construct the keyword co-occurrence network.

In addition, an international cooperation network has been
established between countries using the scientific measurement
online platform (https://bibliometric.com/). We also used Microsoft
Office Excel 2019 (Microsoft, Redmond, Washington, USA) to build
a polynomial regression model to predict the annual growth trend of
publications. The data analysis flowchart is shown in Figure 1.

3 Results
3.1 Publication results and trends

Based on our search strategy, a total of 624 publications on
exosomes in PC were included in the bibliometric analysis,
comprising 416 (66.7%) articles and 208 (33.3%) reviews. The annual
number of publications on exosomes in PC from 2013 to 2023 is shown
in Figure 2. Overall, the number of publications increased year by year,
from 2 in 2013 to 115 in 2022. In addition, a total of 65 articles had
been published as of August 31, 2023. A polynomial regression model
was constructed to predict the number of annual publications
(R* = 0.7396). According to the fitting curve prediction, the number
of publications on exosomes in PC will increase dramatically in the
next few years. The above analysis indicates that the research interest in
exosomes in PC has developed rapidly in the past decade, and will
likely to continue to grow in the future.

3.2 Countries and organizations
A total of 55 countries/regions and 855 institutions worldwide

published publications related to exosomes in PC. China leads with
the highest number of publications (292 publications, accounting for
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FIGURE 1
Flow diagram of the search strategy and analysis for research on
exosomes in pancreatic cancer.

34.97% of all publications worldwide; a total of 13,594 citations, with
an average of 46.55 citations per paper and an H-index of 63).
Following closely are the United States (US) (183 publications,
accounting for 21.92%; a total of 17,875 citations, with an average
of 97.68 citations per paper and an H-index of 66) and Japan (51
publications, accounting for 6.11%; a total of 2,060 citations, with an
average of 40.39 citations per paper and an H-index of 22) (Table 1).
Among the top 10 countries, China has the low average citations
(46.55 times per paper). Although Spain published only 18 papers, it
was cited an average of 213.17 times per paper, ranking first among
the top 10 countries with the most published papers, followed by
Germany (153.93 times), US (97.68 times), and France (65.33 times).
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FIGURE 2

The number of annual research publications and growth trends on
exosomes in pancreatic cancer from 2013 to 2023.

frontiersin.org


https://bibliometric.com/
https://doi.org/10.3389/fonc.2024.1362436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

10.3389/fonc.2024.1362436

TABLE 1 The top 10 productive countries published literature related to exosomes in pancreatic cancer.

Country Documents Percentage Total citations Average citation H-index
1 China 292 34.97% 13594 46.55 63
2 United States 183 21.92% 17875 97.68 66
3 Japan 51 6.11% 2060 40.39 22
4 Germany 42 5.03% 6465 153.93 25
5 Italy 30 3.59% 1157 38.57 22
6 Australia 23 2.75% 556 24.17 14
7 United Kingdom 22 2.63% 958 43.55 17
8 Spain 18 2.16% 3837 213.17 13
9 France 15 1.80% 980 65.33 11
10 South Korea 15 1.80% 484 3227 11

In our research, we established collaborative network relationships
between countries using a scientific measurement online platform at
https://bibliometric.com/, revealing close cooperation between US
and China with other countries/regions. (Figures 3A, B).

The collaborative network of research institutions was
constructed using VOSviewer (Figure 3C). Only the institutions
with a minimum of five publications were included and 60
institutions were subsequently analyzed. The collaboration
between institutions was a little closer than that between
countries based on the total link strength. The top 12 institutions
for the number of papers were listed in Table 2. Among them, 10
most productive institutions were located in China, followed by US

A vosviewer

FIGURE 3

(two institutions). Notably, the University of Texas M.D. Anderson
Cancer Center leads both in terms of total citations and average

citations per paper.

3.3 Analysis of authors

A total of 35 0f 4017 authors had published at least 5 papers in the
field of exosomes in PC. The top 10 authors with the most
publications, four were from the US, and the other six were from
China(n=3), Germany(n=2), and Portugal(n=1), respectively
(Table 3). By the number of papers, Margot Zeoller published the

Articles related to the exosomes in pancreatic cancer published by country/region and institutions. (A) Collaboration between countries/regions
based on https://bibliometric.com. (B) The publications density map of country/region. (C) Collaboration networks between institutions drawn

by VOSviewer.
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TABLE 2 The top 12 productive organizations in the field of exosomes in pancreatic cancer.

Rank Organization Country Publications Total citations Average citations
1 Shanghai Jiao Tong Univ China 28 1328 47.43
2 Fudan Univ China 23 1156 50.26
3 Zhejiang Univ China 22 1373 62.41
4 Univ Texas Md Anderson Cancer Center United States 21 6235 296.90
5 Huazhong Univ Sci & Technol China 13 287 22.08
5 China Med Univ China 12 279 23.25
6 Nanjing Med Univ China 12 496 41.33
7 Nantong Univ China 12 401 33.42
8 Capital Med Univ China 10 484 48.40

most papers (n=12), followed by Wang Lei and Ralph Weissleder
(n=8, respectively). Papers published by Raghu Kalluri who comes
from Texas A & M Health Science Center had the highest total
number of citations (4601 times). The cooperation networks analysis
of authors who had published with a minimum of three publications
were presented by the VOSviewer software (Figure 4). Authors within
the same cluster/color, such as Melo, Sonia A and Kahlert Christoph,
demonstrated strong collaborations. However, there was a noticeable
lack of interaction between different cluster/color, indicating limited
cooperation among distinct research groups.

3.4 Analysis of journals

A total of 258 journals have published the 624 publications
concerning exosomes in PC. The top 10 journals published 146
papers, accounting for 23.03% of all publications (Table 4). Cancers
published the most papers with 31 papers, followed by International
Journal of Molecular Sciences (24), Frontiers in Oncology (18),
Cancer Letters (14), Scientific Reports (12), Analytical Chemistry
(11). Although ACS Nano has only published 9 articles, it has the
highest total citations (1363) and average citations (151.44). Cancer

Letters (825, 58.93), Scientific Report (560, 46.67), Oncotarget (662,
73.56) also have a higher number of total citations and average
citations. In addition, the VOSviewer software was used to perform
a visual overlap analysis for journals (n=33) that published at least 5
papers (Figure 5A). Cancers, Frontiers in Oncolgy, International
Journal of Molecular are emerging journals related to exosome in
PC in recent years.

3.5 Dual-map overlays of the exosomes
in PC

The dual-mapping overlay reveals the overall scientific
contributions. As is shown in Figure 5B, the left side represents
the citing journal, and the right side represents the cited journal.
The curve between the two sides represents the reference
relationship, indicating the flow of knowledge and the
relationship between different research areas. And we found that
the orange paths were the main citation paths, which indicating that
publications from molecular, biology, genetics were frequently cited
by publications from molecular, biology, immunology
(z=5.64, {=26348).

TABLE 3 The top 10 authors who have contributed the most publications on exosomes in pancreatic cancer.

Author Publications Total citations Country Affiliation
1 Zoeller Margot 12 681 Germany Heidelberg Univ
2 Wang Lei 8 239 China Shandong Univ
3 Weissleder Ralph 8 1448 United States Harvard Med Sch
4 Chen Kai 7 828 China Peking Univ
5 Lubman David M 7 291 United States Univ Michigan
6 Melo, Sonia A 7 4204 Portugal Univ Porto Ipatimup
7 Kalluri Raghu 6 4601 United States Texas A&M Hlth Sci Ctr
8 Wang Zhe 6 183 China Shanghai Jiao Tong Univ
9 Zhao Kun 6 158 Germany Heidelberg Univ
10 Lebleu Yalerie S 5 3895 United States Texas A&M Hith Sci Ctr
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FIGURE 4

The co-authorship network analysis of authors. The size of the circle represents the number of publications; the thickness of the line represent
collaborations between authors; the circle colors represents different clusters.

which was published in Nature in 2015. This was closely followed by
Costa-Silva B et al.’s work (26) published in Nature Cell Biology also
in 2015, and then by Peniado H et al.’s paper (27) featured in Nature
Medicine in 2012.

3.6 Analysis of references

The top 10 highly co-cited references for studies on exosomes in
PC are shown in Table 5. Co-citation was first proposed by the
American information scientist Small in 1973 for measuring

the relationship between publications, as an indicator of the
3.7 Keyword co-occurrence

significance of a publication’s impact on a specific field. Here, -
cluster analysis

CiteSpace was used for visualization network analysis of co-cited
references, and the top N was set as 50 to perform a co-cited analysis

of the publications (Figure 6A). Further cluster analysis was VOSviewer software’s keyword co-occurrence analysis visually

shows that a total of 2291 keywords were extracted. Table 6 illustrates
the high-occurrence keywords from articles on exosomes in PC from

performed on the publications with the greatest impact

(Figure 6B). In addition, we identified the top 25 references with

the strongest citation bursts, which indicate that they have been 2013 to 2023. Keywords that appeared more than 15 times were used

widely cited by other studies and received particular attention in a  to build a visual network of keyword clusters; 78 keywords met the

certain period. Figure 6C illustrates that since 2012, the publication  threshold analysis. The network was divided into four clusters with

with the strongest citation bursts was authored by Melo SA et al. (25),  different colors; we summarized these four clusters as Cluster 1 (red),

TABLE 4 The top 10 productive journals associated with exosomes in pancreatic cancer.

Rank Source Documents Citations Average Citations Country
1 Cancers 31 641 20.68 Switzerland
2 International Journal of Molecular Sciences 24 574 23.92 Switzerland
3 Frontiers in Oncology 18 127 7.06 Switzerland
4 Cancer Letters 14 825 58.93 Ireland
5 Scientific Reports 12 560 46.67 United Kingdom
6 Analytical Chemistry 11 393 35.73 United States
7 Acs Nano 9 1363 151.44 USA
8 Cells 9 171 19.00 Switzerland
9 Oncotarget 9 662 73.56 USA
10 Pancreas 9 192 21.33 USA
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FIGURE 5

Journals related to exosomes in pancreatic cancer. (A) The overlay visualization map of journals associated with research on exosomes in pancreatic
cancer. The circle size means the number of publications; the circle colors mean the average published year. (B) The dual-map overlay of journals

related to the exosomes in pancreatic cancer

TABLE 5 The top 10 highly co-cited references of exosomes in pancreatic cancer.

Rank Title

1 Glypican-1 identifies cancer exosomes and detects early pancreatic cancer

2 Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver

3 Exosomes facilitate therapeutic targeting of oncogenic KRAS in pancreatic cancer

4 A microRNA signature in circulating exosomes is superior to exosomal glypican-1 levels

for diagnosing pancreatic cancer

5 Tumour exosome integrins determine organotropic metastasis

6 Combined evaluation of a panel of protein and miRNA serum-exosome biomarkers for
pancreatic cancer diagnosis increases sensitivity and specificity

7 The biology, function, and biomedical applications of exosomes

Minimal information for studies of extracellular vesicles 2018 (MISEV2018): a position
8 statement of the International Society for Extracellular Vesicles and update of the
MISEV2014 guidelines
9 Cancer-associated fibroblast exosomes regulate survival and proliferation of pancreatic
cancer cells

10 Hypoxic Tumor-Derived Exosomal miR-301a Mediates M2 Macrophage Polarization via

PTEN/PI3K gamma to Promote Pancreatic Cancer Metastasis
Frontiers in Oncology 07
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FIGURE 6

References related to the exosomes in pancreatic cancer. (A) Clustering analysis of the exosomes in pancreatic cancer cocitation network drawn by
CiteSpace. (B) Cluster view of co-citation references related to exosomes in pancreatic cancer visualized by CiteSpace. (C) The top 25 with the
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mainly focused on mechanistic research on exosomes in PC

occurrence and progression; Cluster 2 (blue), which includes the

role of exosomes in early diagnosis and prognostic evaluation of PC;
Cluster 3 (yellow), focused on exosome-mediated PC resistance; and
Cluster 4 (green), centered on the application of exosomes as drug

delivery carriers in PC (Figures 7A, B). We also used CiteSpace to

identify the top 25 keywords with the strongest citation burst.

Keyword burst analysis was used to reflect the stage hotspots and

trends in research on exosomes in PC (Figure 7C). Microvesicles, cell,

and proteins were the three strongest keywords. The keywords that

TABLE 6 Top 20 keywords of documents on exosomes in pancreatic cancer.

Rank keyword occurrences Rank keyword occurrences
1 pancreatic cancer 451 11 liquid biopsy 64
2 exosome 430 12 microvesicles 59
3 extracellular vesicles 213 13 proteins 58
4 biomarkers 169 14 gemcitabine 57
5 expression 137 15 dendritic cells 54
6 cancer 107 16 breast cancer 47
7 cells 100 17 identification 44
8 microrna 94 18 biogenesis 42
9 diagnosis 83 19 progression 41
10 metastasis 74 20 growth 41
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Top 25 Keywords with the Strongest Citation Bursts

Keywords
cells 2013
microvesicles 2014
membrane vesicles 2014
tumor derived exosm 2014
invivo 2014
vesicles 2015
microparticles 2015
proteomic analysis 2015
separation 2015
lung cancer 2016
plasma 2016
chemotherapy 2016
management 2016
tansferrin receptor 2017
K ras mutations 2017
therapy 2017
blood 2018
proteins 2016
up regulation 2019
stellate cells 2016
diagnostic biomarker 2021
mesenchymal stem cels 2021
extracellular vesicle 2018
tumor 2014
biology 2021

FIGURE 7
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Keywords related to exosomes in pancreatic cancer. (A) Network visualization of keywords drawn by VOSviewer. The circle size means the keywords
frequency of occurrence; the circle colors mean different clusters; (B) Overlay visualization of keywords drawn by VOSviewer. The circle size means

the keywords frequency of occurrence; the circle colors mean the average published year. (C) The top 25 keywords with the strongest citation

bursts drawn by CiteSpace. A red bar indicates high citations in that year

identify the research frontiers and continue to 2023 are: pancreatic
stellate cells, diagnostic biomarkers, mesenchymal stem cells,
extracellular vesicles.

4 Discussion
4.1 General information

In this study, we used VOSviewer and CiteSpace software to
perform a bibliometric and visualization analysis of 624 papers based
one the literature related to exosomes in PC published between January
1, 2013 and August 31, 2023. This study examines the current status of
global research on exosomes in PC, summarize research hotspots, and
predict future research trends. Our results suggest that this research
field will continue to grow, with the potential for enhancing our
understanding of exosomes in PC research in the future.

The change in the number of scholarly publications serves as a
crucial indicator for gauging the trajectory of progress within a
particular field. Over the past 10 years, publications related to
exosomes in PC have shown a significant increasing tendency. In
2013, only two articles were published; however, the number of
publications has increased year by year since, and the annual
number of publications has exceeded 50 since 2017. As of 2022,
115 articles were published. These results suggest that field of
research examining the role of exosomes in PC has begun to
develop rapidly in the past 10 years, and, in the future, more
articles in this field will be published.

Frontiers in Oncology

The number of publications on a field of research from a given
country is an important indicator of the country’s interest in that
field. Table 1 shows the number of publications from the top 10
countries. US had the highest number of total citations (n =17875)
and H-index (H=66), which indicated that the US has made great
contributions in this field and is in a leading position. Although
Spain has only 18 publications, it has the highest average citations
(n=213.17), indicating the overall high quality of its papers. In
addition, China has the most publications (n=292), but its average
citations are low (n=46.55), suggesting that Chinese scholars need
to publish high-quality papers to improve their academic standing.
The US and China, which published the most papers, have made
significant contributions to the study of exosomes in PC. However,
the number of references and the H-index of studies cited by
American scholars are noticeably higher than those of Chinese
scholars, indicating that the US maintains a higher level of research
output, while China is an emerging major power. Academic
capability is primarily contingent upon a nation’s economic
conditions and its government’s research expenditure (28). The
high economic status and substantial healthcare spending of the US
may partially account for its vast scientific output and strong
academic influence (24, 28). Despite China’s rapid development
and dominant position in this field, the relatively lower quality of
many papers indicates a need for strengthened regional cooperation
and academic influence. To enhance China’s quality of research and
academic influence, certain measures need to be taken. First, it is
necessary to increase economic investment to ensure sufficient
resources for conducting high-quality research, in terms of both
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depth and breadth; second, healthcare investment should also be
intensified to better support scientific exploration and practice
within relevant fields. Figure 3A shows the partnerships between
the top 30 countries with the most publications—the US had the
closest cooperation with other countries/regions. The US, along
with Asian countries such as China and Japan, as well as European
countries like Germany, Italy, and the United Kingdom, continued
to play a crucial role in national cooperation. However, cooperation
from other developing countries remained relatively limited. It is
imperative for these nations to enhance their collaboration efforts in
order to foster global advancements in the field of research on
exosomes in PC.

In terms of institutions, Shanghai Jiao Tong University
published 28 papers, covering the roles of exosomes in PC
proliferation and metastasis (29-31), drug resistance and immune
escape (32, 33), early diagnosis and prognosis (34-36), and
treatment among other aspects (32, 37), making it the institution
with the highest number of publications in this area. The most
popular of these publications was a randomized controlled trial
conducted by Zhengjun Qiu, which reported the purification of
exosomal miR-301a-3p from hypoxic PC cell supernatants and
explored the role of exosomes, and the potential mechanisms
involved, in PC progression. The results of this study suggest that
exosomal miR-301a-3p derived from hypoxic PC cells induces
macrophage M2 polarization through the activation of the PTEN/
PI3Ky pathway, promoting PCCs migration, metastasis, and
epithelial-mesenchymal transition (EMT) (33). Furthermore,
another article by these authors reporting that M2 macrophage-
derived exosomes promote PC angiogenesis by targeting E2F2 has
also garnered significant attention (38), potentially offering
diagnostic and therapeutic strategies against angiogenesis in PC.
Their contributions have not only significantly advanced the
development of research on the role of exosomes in PC, but also
played a crucial role in shaping current understanding of the
therapeutic potential of exosomes in cancer treatment. Figure 3C
shows institutional partnerships with more than five publications;
although some institutions had cooperated with other national
institutions, such as Shanghai Jiao Tong University and UT MD
Anderson Cancer Center, they were found to mainly cooperate with
domestic institutions such as Fudan University, Zhejiang
University, and China Medicine University. It was found that in
the field of research on the role of exosomes in PC, there is limited
collaboration and sharing of findings among institutions across
different countries. Moreover, most collaborative efforts were
restricted to domestic institutions. Given the increasing utilization
of exosomes in oncology and other medical domains, as well as the
deepening of research in this area, this limited cooperation has
significantly impeded the progress of related research fields.
Consequently, it is crucial to enhance international institutional
cooperation and collectively drive the advancement of research in
this field.

Margot Zoeller from Germany published the most publications
(12,1.89%), followed by Wang Lei et al. (8, 1.26%) from China and
Ralph Weissleder et al. (8, 1.26%) from the US. These three authors
have made great contributions to the field. As pioneers in this field,
the Nobel Prize laureates Professor James E. Rothman and Randy W.
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Schkann from the US, and Professor Thomas C. Sudhof from
Germany, have made outstanding contributions to our
understanding of the vesicle transport regulation mechanism of
exosomes (39), maintaining a high level of research in this field.
Therefore, their contributions have played a crucial role in promoting
our understanding and therapeutic application of exosomes.

As an emerging method for the early detection and treatment of
PC, the study of exosomes has always been a hot topic in journals.
Cancers published the most papers—with 31 papers published, this
journal has made great contributions to the field. Although ACS Nano
has only published nine articles, this journal has the highest total (1363)
and average citations (151.44), which indicates that the papers
published in the journal were of high quality. The dual-map overlay
shows that current research on the role of exosomes in PC is mainly
concentrated in the fields of molecular biology and medicine. In recent
years, with the deepening of research, various disciplines have gradually
infiltrated this field. For example, Jina et al. explored the diagnostic
value of exosomes in PC by using machine learning algorithms and
nanofluidic techniques (40), while Daniel et al. proposed a method for
PC diagnosis and treatment based on surface acoustic wave exosome
lysis and ion-exchange nanomembrane detection of exosomal RNA
(41). A multidisciplinary approach can better integrate resources and
ideas to achieve novel scientific breakthroughs and develop
comprehensive solutions to global problems. Most of the top ten
highly cited papers were published before 2017, as more citations
can be found over time. However, the paper “The biology, function,
and biomedical applications of exosomes”, published by Kalluri and his
team in Science in 2020, represented a milestone in the study of
exosomes (6). This article systematically reviews the role of exosomes in
the diagnosis, treatment, and prognosis of diseases.

4.2 Clinical research

In order to investigate global research trends and hotspots in the
field of exosomes in PC, we utilized VOSviewer to conduct a co-
occurrence analysis of all related keywords. This study incorporated
2291 high-frequency keywords associated with exosomes in PC
from 2013 to 2023. The resultant keyword co-occurrence network
was divided into four distinct clusters, each represented by different
colors corresponding to separate research topics. In the following
sections, these four clusters will be analyzed further in detail.

4.2.1 Effect of exosomes on proliferation,
metastasis and angiogenesis in PC

A review and summary of relevant research shows that Cluster 1
(red) primarily focuses on investigating the mechanisms underlying
the involvement of exosomes in PC occurrence and progression.
Notably, recent research in this area has been particularly focused
on understanding the roles of proliferation, metastasis, and
angiogenesis. In 2013, Soo et al. published a groundbreaking
article titled “Unexpected gain of function for the scaffolding
protein plectin due to mislocalization in pancreatic cancer” (42),
which is considered one of the most significant and influential
contributions in this field. In their study, they utilized PDAC
orthotopic mouse models to explore the role of exosome
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transport in the mislocalization of plectin to the surface of PDAC
cells. Their findings revealed that this abnormal expression and
mislocalization of plectins can drive the proliferation, metastasis,
and angiogenesis of PDAC cells (42).

Exosomes play a key role in the proliferation of PCCs.
Exosomes released by PCCs contain various signaling molecules
—including miRNAs, mRNAs, IncRNAs and proteins—that
promote cell proliferation and infiltration, contributing to the
growth and spread of PC (43). Among these, miRNA is
recognized as a pivotal molecular actor that orchestrates gene
regulation post-transcriptionally (44). For instance, a recent study
demonstrated that exosome-mediated delivery of miR-3960 inhibits
TFAP2A, leading to increased proliferation and invasion of PCCs
(45). Another study utilized exosomes from hucMSCs to deliver
exogenous miR-145-5p, revealing that upregulation of miR-145-5p
suppresses the proliferation and invasion of PDAC cells (via
suppression of Smad-3/TGF-B-mediated EMT), promotes
apoptosis, and induces cell cycle arrest. In vivo experiments
further confirmed that miR-145-5p overexpression reduces tumor
proliferation in a mouse model (46). These results demonstrate that
exosome components, which include miRNAs, are a promising
therapeutic tool for inhibiting the proliferation and invasion of PC.

Metastasis is a complex and multistep process involved in
cancer progression. Various studies have reported that PC-
derived exosomes play a role in promoting premetastatic niche
formation and preparing sites for tumor cell invasion, colonization,
and survival (47). Costa-Silva et al. discovered that PDAC-derived
exosomes can promote liver premetastatic niches, potentially
increasing liver metastasis (26). They also identified high
expression of macrophage migration inhibitory factor in PDAC-
derived exosomes, which, when blocked, prevents the formation of
these niches and metastasis (26). Under hypoxic conditions, highly
expressed exosomal miR-301a3p induces polarization of M2
macrophages by activating the PTEN/PI3Kg signaling pathway.
This leads to accelerated invasion, migration, and metastasis of PC
(33). Further studies found that M2 macrophage-derived exosome
miR-501-3p promotes liver and lung metastasis by inhibiting
TGFBR3 expression through activation of the TGF-B signaling
pathway (48). Additionally, numerous studies have highlighted
the role of IncRNAs carried by exosomes in tumor invasion and
metastasis. These IncRNAs can interact with miRNAs to form an
invasion-metastasis cascade (49). For example, Li et al. discovered
that highly expressed PDAC-derived exosomal IncRNA Sox2ot
promotes EMT, thereby facilitating invasion and metastasis in
PDAC (50). In summary, these findings demonstrate the
involvement of exosomes in various processes related to PC
invasion and metastasis.

Angiogenesis, a key process in the progression of advanced PC,
leads to tumor vascularization and promotes distant metastasis
(51). However, the underlying mechanisms are yet to be fully
understood. Guo et al. indicated that hypoxic exosome UCALI
derived from PCCs is highly expressed and can stimulate cell
migration and angiogenesis in HUVECs (52). In another study
focusing on HMVEC:s targeted by PANC-1-derived exosomes (a PC
cell line), it was found that miR-27a contained within these
exosomes affected proliferation, invasion, and angiogenesis of
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HMVEGCs (53). Specifically, PC cell-derived exosomal miRNA-27a
stimulated angiogenesis of HMVECs in PC by suppressing BTG2.
These findings shed light on how specific components carried by
exosomes contribute to the complex processes involved in
PC progression.

Exosomes have been shown to act as a “double-edged sword” in
cancer progression, promoting tumor proliferation, metastasis, and
angiogenesis on the one hand, while also inhibiting cancer
progression on the other. Therefore, exploring the functions and
mechanisms of exosomes in PC development is an important
research goal. In recent years, new potential regulatory factors,
such as m(6)A modification regulators PDL-1, cfDNA, and ctDNA,
have emerged as areas of interest. Investigation of whether these
factors contribute to the proliferation and metastasis of PC through
exosome-mediated signaling cascades has become a significant area
of focus within this field.

4.2.2 Exosomes can be used as biomarkers for
early diagnosis and prognosis of PC

In Cluster 2 (blue), research primarily revolves around
exploring the role of exosomes in the early diagnosis and
prognostic evaluation of PC. Notably, several key keywords have
emerged as recent research hot topics within this cluster, including
miRNA, glypican-1, biomarkers, liquid biopsy, and prognosis.
Overall, studies focusing on these areas aim to advance the
understanding of how exosomes can serve as promising tools for
early detection and prognostic evaluation in PC.

PC is difficult to diagnose early because of its vague clinical
symptoms and signs. Imaging techniques such as computed
tomography and endoscopic ultrasonography currently have
limited effectiveness in detecting early-stage PC (54). Although
the serum biomarker CA 19-9 is commonly used for PC
diagnosis, it has moderate sensitivity (79%-81%) and specificity
(82%-90%) (55). Therefore, relying solely on CA 19-9 can be
challenging for confirming a PC diagnosis, especially in patients
with non-specific symptoms. Exosome markers based on serum or
body fluids show promise as non-invasive diagnostic methods,
particularly in the early stages of PC. Exosomal miRNAs are
stable and enriched in serum exosomes, offering a simple,
accurate, and reliable method for early detection of certain
malignant tumors (56). In an experiment, Xu et al. performed
qRT-PCR analysis and found that plasma exosomes miR-196a and
miR-1246 were highly enriched in PC exosomes. Furthermore,
plasma exosomal miR-196a and miR-1246 levels in patients with
localized PC were significantly higher than those in healthy subjects
(57). It was also found that the levels of serum exosomes miR-17-5p
and miR-21 were higher in PC patients than in non-PC patients and
healthy participants (58). The sensitivity and specificity of miR-17-
5p and miR-21 in the diagnosis of PC were 72.7% and 92.6%, and
95.5% and 81.5%, respectively. Further studies have found that high
levels of miR-17-5p are significantly associated with the metastasis
and advanced stages of PC, and may be useful as a serum biomarker
for PC diagnosis (58). However, a large number of studies have
shown that miR-21 is also highly expressed in other malignant
tumors, including gastric cancer, ovarian cancer, breast cancer,

colon cancer, and liver cancer (59-62). Lai and colleagues
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reported that high levels of exosomal miR-10b, miR-21, miR-30c,
and miR-181a and low levels of exosomal miR-let7a easily
distinguish PDAC from CP patients, compared with exosomal
GPC1; furthermore, elevated exosomal miR levels were found to
reduce to normal within 24 hours after PDAC resection. In
addition, in their study, all 29 PDAC cases showed significantly
elevated exosomal miR-10b and miR-30c levels, while CA 19-9
levels were normal or slightly elevated in eight cases (63). Therefore,
evaluation of the levels of these miRNAs in serum is more useful
than detection of serum exosomal GPC-1 or plasma CA 19-9 for
distinguishing PaCa from CP. In addition to miRNAs, the future
focus will be on other nucleic acids—such as mRNA (64, 65),
IncRNA (50, 66), circular RNA (67, 68)—as exosomal components,
to further explore minimally invasive biomarkers for predicting,
diagnosing, and monitoring PC as well as identify new specific drug
targets for the treatment of this form of cancer.

Glypicans, a group of cell-surface glycoproteins attached by GPI
anchors, have shown potential in PC diagnosis (69). Glypican-1
(GPC1) is highly expressed in PCCs and adjacent fibroblasts, but
less expressed in the normal pancreas and in chronic pancreatitis
(25). Mass spectrometry analyses have identified the specific
enrichment of GPC1 on cancer cell-derived exosomes. Detection
of GPCl+crExos in the serum of PC patients has demonstrated high
specificity and sensitivity for distinguishing non-neoplastic
pancreatic diseases from early and advanced PC (25).
Additionally, lower levels of serum GPCI1-Exo are associated with
poor patient survival. However, recent studies indicate that plasma
levels of GPCl+crExos are also elevated in stage II colorectal cancer,
suggesting that GPC 1 + crExos may not be a specific marker for PC
diagnosis (70). Furthermore, high expression of GPC-1-Exo has
been observed in breast cancer tissues and cells relative to normal
breast tissues (71). Further research is necessary to explore the
potential application of GPC1 in diagnostic or therapeutic strategies
for PC.

In summary, while exosome-mediated non-invasive diagnostic
strategies show promise over traditional tumor markers such as
CA19-9 for early detection of PC, there remains an urgent need to
combine exosomal miRNA, DNA, and protein analysis with
traditional serum tumor markers to improve the specificity and
sensitivity of PDAC diagnosis.

Exosomes not only serve as potential markers for early
diagnosis but also demonstrate prognostic evaluation capabilities
in PC. High expression of miR-196b, identified through miRNA
array analysis, has been found to be associated with poor prognosis
in PC patients (72). Additionally, a study investigating the changes
in GPC1 levels on serum exosomes before and after surgical
resection observed a significant decrease post-surgery, suggesting
that exosomes containing GPC1 could be used as a non-invasive
prognostic marker (73). Furthermore, Kawamura et al. discovered
that specific miRNAs, such as miR-4525, miR-451A, and miR-21,
found in portal vein-derived exosomes may serve as biomarkers to
identify patients at high risk of recurrence with poor postoperative
outcomes (74). Although numerous studies have demonstrated the
importance of exosomes in predicting prognosis, further research
and clinical trials are necessary to establish their routine use as
prognostic markers for PC.
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4.2.3 Exosomes promote the development
of chemoresistance

Cluster 3 (yellow) focused on exosome-mediated PC resistance. A
significant challenge in PC treatment arises from the development of
drug resistance by cancer cells. Increasing evidence indicates that
exosomes play a crucial role in chemoresistance (75). Currently, first-
line chemotherapeutic options for advanced PC are primarily limited
to FOLFIRINOX, modified FOLFIRINOX, and gemcitabine-based
multi-drug combinations (76). However, chemoresistance, especially
GEM resistance, severely reduces the benefits derived from these
treatments (77). Notably, interactions between PCCs and other cells
within the tumor microenvironment (TME) occur via exosomal
RNA, proteins, and associated signaling pathways. These complex
interactions contribute to multifactorial chemotherapeutic resistance
that ultimately leads to poor clinical prognosis (78).

In the TME of PC, certain cells, such as macrophages, play a
significant role in the development of drug resistance. Recent studies
have shed light on how exosomes derived from M2-macrophages
contribute to this process. For example, researchers discovered that
miR-365 carried by M2-macrophage-derived exosomes enhances
chemoresistance by activating deoxycytidine kinase. This enzyme
metabolizes gemcitabine (GEM) into an inactive form (79). In
addition, it has been shown that genetically modified Rab27 a/b-
knockout mice are unable to secrete exosomes. These mice
metabolize GEM more effectively than wild-type mice, and the
treatment of PDAC-carrying mice with an miR-365 antagonist was
found to restore sensitivity to GEM (79). Another study reported that
IncRNA SBF2-AS1 carried by M2 macrophage-derived exosomes
inhibits the expression of miR-122-5p. This inhibition leads to
upregulation of X-linked inhibitor of apoptosis protein and
subsequently reduces the efficacy of GEM (80). These insights
suggest that targeting M2 macrophage-derived exosomes could
provide a new direction for overcoming PC resistance. However,
further research is needed to fully elucidate these mechanisms and
develop effective therapeutic strategies based on them.

Numerous studies have indicated that cancer-associated
fibroblasts (CAFs) in the TEM can induce chemotherapeutic
resistance to GEM by secreting exosomal miRNAs (81). Fang et al.
investigated the role of CAFs in regulating drug resistance through
the transfer of exosomal miR-106b to cancer cells (82). Their findings
revealed that CAF-derived exosomes possess inherent resistance to
GEM when exposed to conditioned medium. Moreover, they found
that treating these cancer cells with GEM further amplified the
impact of either CAFs or their exosomes on PCCs proliferation as
well as increased the levels of miR-106b. Interestingly, pretreatment
of CAFs with a miR-106b inhibitor resulted in reduced expression of
miR-106b within the released exosomes and subsequently decreased
the resistance of cancer cells to GEM (82). In another study,
researchers discovered an increase in exosome release from CAFs
after exposure to GEM. These additional exosomes led to enhanced
expression of chemoresistance-inducing factor Snail (SNAI1) within
receptor epithelial cells (83). SNAIl promotes PDAC cell
proliferation and drug resistance by targeting miR-146a. Finally,
blocking the secretion of CAF-derived exosomes using GW4869
significantly improved the efficacy of GEM against PCCs, while
simultaneously reducing tumor volume. These results highlight the

frontiersin.org


https://doi.org/10.3389/fonc.2024.1362436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

crucial role played by CAF-secreted exosomes in mediating GEM
resistance (83).

Although numerous studies have investigated exosome-
mediated resistance in PC, our understanding of how exosomes
mediate and transfer chemotherapeutic resistance remains limited.
Further research is required to identify strategies to overcome
chemoresistance and develop improved treatment options for
PC patients.

4.2.4 Exosomes as drug carriers for PC therapy

Cluster 4 (green) centered on the application of drug carriers in
PC. Exosomes, with their favorable biodistribution, biocompatibility,
low immunogenicity, and ability to penetrate biofilms, have recently
garnered extensive attention as potential vehicles for drug delivery in
PC treatment (84). PC is often diagnosed at an advanced stage, with a
low median survival rate. In addition to active chemotherapy and
surgical resection, gene therapy provides doctors and patients with
new treatment options, even in patients with locally advanced disease.
Current research on exosome-based drug delivery in PC primarily
focuses on loading genetic materials such as small interfering RNA
(siRNA) and miRNA into exosomes to inhibit PC proliferation and
metastasis (85). For example, KRAS mutations are prevalent within
PC cases. Detailed mechanism analysis has revealed that this
mutation often results in the replacement of the glycine residue at
codon 12 with aspartic acid (G12D), which plays a crucial role in
promoting tumor growth and spread (86).

A recent study demonstrated that engineered exosomes
(iExosomes) could deliver specific siRNA or shRNA targeting the
oncogenic KRASG12D. The delivery of these iExosomes
significantly reduced levels of phosphorylated ERK protein and
KRASGI2D mRNA in human PANC-1 cells (87). During this
process, CD47 present on exosomes protected them from
phagocytosis by monocytes and macrophages, thus enhancing
their efficacy (87). Although there have been relatively few clinical
trials using exosomes as drug carriers, one such strategy is
currently being employed in a phase I trial for PDAC patients
with KRASG12D mutations (NCT 03608631). In this trial,
mesenchymal stem cell-derived exosomes were used to carry
siRNA targeting KRASG12D mutations in PC patients. In
another study, CRISPR/Cas9 plasmid DNA was loaded into non-
autologous exosomes which were then delivered to recipient cancer
cells to induce targeted gene deletion (88). These CRISPR/Cas9-
loaded exosomes specifically targeted the mutant KRASG12D
oncogene allele in PCCs. By doing so, they inhibited the
expression of the KRASGI2D oncogene, thereby suppressing
tumor growth both subcutaneously and in orthotopically modeled
PC (62). Additionally, exosomes derived from hucMSCs were
loaded with miR-145-5p and then administered to mice (46).
These specific exosomes demonstrated anti-tumor properties by
influencing the TGF-B/Smad3 pathway, inhibiting the proliferation
and invasion of PCCs, and increasing apoptosis and cell cycle arrest
(46). This research suggests that exosomes hold promise as eftective
drug delivery vehicles for gene therapy in PC.

Exosomes, with their unique capabilities and characteristics,
have emerged as a highly promising system for the delivery of
chemotherapeutic drugs. For instance, researchers have used
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sonication to load GEM into autologous exosomes, creating
ExoGEM for targeted chemotherapy in PC (89). This study
demonstrated that ExoGEM improved the release, delivery, cell
absorption rate, and overall effectiveness of GEM treatment.
Notably, ExoGEM significantly suppressed tumor growth and
prolonged the survival of mice in a dose-dependent manner (89).
Similarly, paclitaxel-loaded exosomes were found to be effective in
inhibiting the proliferation of human pancreatic cell line CFPAC-1
owing to their potent anti-tumor activity (90). Furthermore,
curcumin delivered through exosomes exerted cytotoxic effects
within recipient PCCs in vitro (91).

Taken together, these findings suggest that exosome-based drug
delivery systems can be used as promising vehicles for siRNA or
inhibitors along with chemotherapeutic agents. This discovery
opens up avenues toward developing safe and innovative
therapeutic strategies for treating PC.

5 Limitation

However, there are still several limiting factors to consider in
this article. Firstly, We only searched the WOSCC database. In
order to ensure the integrity of the collected data, Scopus or Google
Scholar and other databases can be used for comprehensive analysis
in further studies. Secondly, this study only evaluates English
articles or reviews, ignoring important studies in other languages
or article types. Finally, we only selected articles published from
January 1, 2013 to August 31, 2023, and it is possible to miss some
important and landmark studies before 2013. In addition, due to the
incomplete literature in 2023, some unpublished studies may be
ignored, resulting in some new hotspots not being included.
Nevertheless, literature analysis based on visualization can still
effective help researchers understand the hotspots and emerging
trends of exosomes for pancreatic cancer research. At present, the
research on exosomes in PC mainly focuses on basic research.
Therefore, attention should also be paid to translating fundamental
research findings into clinical applications for the diagnosis and
treatment of PC using exosomes.

6 Conclusion and future perspectives

This study shows that the role of exosomes in PC has drawn
extensive scholarly attention, and this trend will continue in the
future. The overall trend of publications shows annual increases,
indicating that the interest of researchers in this field is growing.
China has published the most papers in this field, while the US has
the greatest influence, and China and the US work closely with
other countries. The study also identified four different thematic
clusters related to the role of exosomes in PC, including
fundamental research on the basic mechanism of how exosomes
act in PC as well as their potential as early diagnostic and prognostic
markers for PC, clinical application in overcoming PC drug
resistance, and potential utility as drug carriers. In summary, our
study represents the first systematic bibliometric analysis of
publications related to the role of exosomes in PC, providing an
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objective and comprehensive overview and valuable reference for
researchers in this field.

PC, a complex and dangerous clinical condition, remains an
ongoing challenge for clinicians and researchers. Although the
serum biomarker CA 19-9 is commonly used in PC diagnosis, its
sensitivity and specificity are significantly limited (55). The
development of exosome-based drug carriers, therapeutic targets,
and drugs for PC have shown encouraging results in preliminary
experiments. Over the past decade, although substantial preclinical
data related to the importance of exosomes have been reported, only
a fraction of these findings have been directly translated into clinical
trials. In a previous specific clinical trial (NCT 03608631, https://
clinicaltrials.gov) KrasG12D siRNA delivery by exosomes has been
performed as the first KRAS-targeted therapy. If successful, it could
revolutionize the treatment for PC, marking a significant step
toward the clinical application of exosomes in PC treatment (92).
Exosomes could serve as ideal carriers for chemotherapeutic drugs
such as paclitaxel (90), doxorubicin (93), and GEM (89). Another
ongoing trial (NCT03821909) has assessed the diagnostic value of
tumor cell-sourced exosomes circulating through the portal veins of
patients with PC. Scientific advancements have provided methods
for engineering exosomes; if technologies capable of carrying
anticancer drugs can be successfully developed, utilizing exosomes
for drug delivery could transform them into a preferred delivery
system for cancer treatment (87, 94). Despite the potential for broad
clinical application of exosomes, several challenges must be
addressed before this can be achieved, including: (1) optimization
of the techniques for separating and extracting large amounts of
endogenous exosomes; (2) enhancement of delivery efficiency and
targeting; and (3) assessment of the safety of exosomes as drug
carriers. Resolving these problems requires further investigation,
involving both preclinical studies alongside multicenter validation
research, which necessitates extensive collaboration among
researchers from various multidisciplinary fields.

Author contributions

YjZ: Formal analysis, Investigation, Methodology, Software,
Writing - original draft, Writing - review & editing. JF: Data
curation, Writing - review & editing. QW: Formal analysis,

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

2. Xie C, Xu X, Wang X, Wei S, Shao L, Chen J, et al. Cyclooxygenase-2 induces
angiogenesis in pancreatic cancer mediated by prostaglandin E2. Oncol Lett. (2018) 16
(1):940-948. doi: 10.3892/01.2018.8786

3. Mizrahi JD, Surana R, Valle JW, Shroff RT. Pancreatic cancer. Lancet. (2020)
395:2008-20. doi: 10.1016/S0140-6736(20)30974-0

4. Wunsch BH, Smith JT, Gifford SM, Wang C, Brink M, Bruce RL, et al. Nanoscale
lateral displacement arrays for the separation of exosomes and colloids down to 20 nm.
Nat Nanotechnol. (2016) 11:936-40. doi: 10.1038/nnano.2016.134

Frontiers in Oncology

10.3389/fonc.2024.1362436

Validation, Writing - review & editing. YZ: Data curation,
Writing — review & editing. HD: Software, Visualization, Writing
- review & editing. KJ: Software, Visualization, Writing — review &
editing. HJ: Data curation, Supervision, Writing - review & editing.
ZT: Data curation, Supervision, Writing - review & editing. RD:
Conceptualization, Funding acquisition, Project administration,
Resources, Supervision, Writing — review & editing, Writing -
original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The study
was supported by Hospital Management of the General Hospital of
Western Theater Command (2021-XZYG-B16, 2024-YGLC-A01),
the key research and development program of Sichuan Provincial
Science and Technology Department (2022YFS0195).

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/fonc.2024.1362436/
full#supplementary-material

5. Tkach M, Thery C. Communication by extracellular vesicles: where we are and
where we need to go. Cell. (2016) 164:1226-32. doi: 10.1016/j.cell.2016.01.043

6. Kalluri R, LeBleu VS. The biology, function, and biomedical applications of
exosomes. Science. (2020) 367(6478):eaau6977. doi: 10.1126/science.aau6977

7. Mendt M, Kamerkar S, Sugimoto H, McAndrews KM, Wu C-C, Gagea M, et al.
Generation and testing of clinical-grade exosomes for pancreatic cancer. JCI Insight.
(2018) 3(8):€99263. doi: 10.1172/jci.insight.99263

8. Hazrati A, Mirsanei Z, Heidari N, Malekpour K, Rahmani-Kukia N, Abbasi A,
et al. The potential application of encapsulated exosomes: A new approach to increase
exosomes therapeutic efficacy. BioMed Pharmacother. (2023) 162:114615. doi: 10.1016/
jbiopha.2023.114615

frontiersin.org


https://clinicaltrials.gov
https://clinicaltrials.gov
https://www.frontiersin.org/articles/10.3389/fonc.2024.1362436/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1362436/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.3892/ol.2018.8786
https://doi.org/10.1016/S0140-6736(20)30974-0
https://doi.org/10.1038/nnano.2016.134
https://doi.org/10.1016/j.cell.2016.01.043
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1172/jci.insight.99263
https://doi.org/10.1016/j.biopha.2023.114615
https://doi.org/10.1016/j.biopha.2023.114615
https://doi.org/10.3389/fonc.2024.1362436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

9. Wang J, Chen D, Ho EA. Challenges in the development and establishment of
exosome-based drug delivery systems. J Control Release. (2021) 329:894-906.
doi: 10.1016/j,jconrel 2020.10.020

10. van Eck NJ, Waltman L. Software survey: vosviewer, a computer program for
bibliometric mapping. Scientometrics. (2009) 84:523-38. doi: 10.1007/s11192-009-
0146-3

11. Chen CM, Hu ZG, Liu SB, Tseng H. Emerging trends in regenerative medicine:
A scientometric analysis in <I>Citespace</I>. Expert Opin Biol Ther. (2012) 12:593-
608. doi: 10.1517/14712598.2012.674507

12. Yu DJ, Xu ZS, Wang WR. Bibliometric analysis of fuzzy theory research in
China: A 30-year perspective. Knowledge-Based Syst. (2018) 141:188-99. doi: 10.1016/
j-knosys.2017.11.018

13. Zhang L, Ling J, Lin M. Carbon neutrality: A comprehensive bibliometric analysis.
Environ Sci pollut Res. (2023) 30:45498-514. doi: 10.1007/s11356-023-25797-w

14. Ninkov A, Frank JR, Maggio LA. Bibliometrics: methods for studying academic
publishing. Perspect Med Educ. (2022) 11:173-6. doi: 10.1007/s40037-021-00695-4

15. Yu D, Kou G, Xu Z, Shi S. Analysis of collaboration evolution in ahp research: 1982
2018. Int ] Inf Technol Decision Making. (2021) 20:7-36. doi: 10.1142/50219622020500406

16. Yu DJ, Wang WR, Zhang WY, Zhang S. A bibliometric analysis of research on
multiple criteria decision making. Curr Sci. (2018) 114:747-58. doi: 10.18520/cs/v114/
104/747-758

17. Yu D, Hong X. A theme evolution and knowledge trajectory study in ahp using
science mapping and main path analysis. Expert Syst Appl. (2022) 205:117675.
doi: 10.1016/j.eswa.2022.117675

18. Niu J, Jiang W, Fan D, Li X, Zhou W, Zhang H. Research trends on
immunotherapy for pancreatic cancer: A bibliometric analysis. Hum Vaccin
Immunother. (2023) 19:2269794. doi: 10.1080/21645515.2023.2269794

19. Song M, Lu Q, Xu M, Li Y, Zhao Y, Gong C, et al. The global research and
emerging trends in autophagy of pancreatic cancer: A bibliometric and visualized
study. Front Oncol. (2022) 12:987026. doi: 10.3389/fonc.2022.987026

20. Zhao JF, Zou FL, Zhu JF, Huang C, Bu FQ, Zhu ZM, et al. Nano-drug delivery
system for pancreatic cancer: A visualization and bibliometric analysis. Front
Pharmacol. (2022) 13:1025618. doi: 10.3389/fphar.2022.1025618

21. WuK, Liu Y, Liu L, Peng Y, Pang H, Sun X, et al. Emerging trends and research
foci in tumor microenvironment of pancreatic cancer: A bibliometric and visualized
study. Front Oncol. (2022) 12:810774. doi: 10.3389/fonc.2022.810774

22. Qin Y, Zhang Q, Liu YR. 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

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

24. Wu HY, Cheng KM, Guo Q, Yang WG, Tong LJ, Wang YL, et al. Mapping
knowledge structure and themes trends of osteoporosis in rheumatoid arthritis: A
bibliometric analysis. Front Med. (2021) 8:787228. doi: 10.3389/fmed.2021.787228

25. Melo SA, Luecke LB, Kahlert C, Fernandez AF, Gammon ST, Kaye J, et al.
Glypican-1 identifies cancer exosomes and detects early pancreatic cancer. Nature.
(2015) 523:177-82. doi: 10.1038/nature14581

26. Costa-Silva B, Aiello NM, Ocean AJ, Singh S, Zhang HY, Thakur BK, et al.
Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver. Nat
Cell Biol. (2015) 17:816. doi: 10.1038/ncb3169

27. Peinado H, Aleckovic M, Lavotshkin S, Matei I, Costa-Silva B, Moreno-Bueno G,
et al. Melanoma Exosomes Educate Bone Marrow Progenitor Cells toward a Pro-
Metastatic Phenotype through Met. Nat Med. (2012) 18:883-91. doi: 10.1038/nm.2753

28. Sun HL, Bai W, Li XH, Huang HH, Cui XL, Cheung T, et al. Schizophrenia and
inflammation research: A bibliometric analysis. Front Immunol. (2022) 13:907851.
doi: 10.3389/fimmu.2022.907851

29. Wang X]J, Li HZ, Lu XX, Wen CL, Huo Z, Shi MM, et al. Melittin-induced long
non-coding rna nonhsat105177 inhibits proliferation and migration of pancreatic ductal
adenocarcinoma. Cell Death Dis. (2018) 9(10):940. doi: 10.1038/s41419-018-0965-3

30. Jiang MJ, Chen YY, Dai JJ, Gu DN, Mei Z, Liu FR, et al. Dying tumor cell-derived
exosomal mir-194-5p potentiates survival and repopulation of tumor repopulating cells
upon radiotherapy in pancreatic cancer. Mol Cancer. (2020) 19(1):68. doi: 10.1186/
512943-020-01178-6

31. Xie ZB, Gao Y, Ho CK, Li LQ, Jin C, Wang XY, et al. Exosome-delivered cd44v6/
Clgbp complex drives pancreatic cancer liver metastasis by promoting fibrotic liver
microenvironment. Gut. (2022) 71:568-79. doi: 10.1136/gutjnl-2020-323014

32. Zhou'Y, Zhou W, Chen X, Wang Q, Li C, Chen Q, et al. Bone marrow mesenchymal
stem cells-derived exosomes for penetrating and targeted chemotherapy of pancreatic cancer.
Acta Pharm Sin B. (2020) 10:1563-75. doi: 10.1016/j.apsb.2019.11.013

33. Wang X, Luo G, Zhang K, Cao J, Huang C, Jiang T, et al. Hypoxic tumor-derived
exosomal mir-301a mediates M2 macrophage polarization via pten/pi3ky to promote
pancreatic cancer metastasis. Cancer Res. (2018) 78:4586-98. doi: 10.1158/0008-
5472.Can-17-3841

34. Wang ZY, Wang RX, Ding XQ, Zhang X, Pan XR, Tong JH. A protocol for
cancer-related mutation detection on exosomal DNA in clinical application. Front
Oncol. (2020) 10:558106. doi: 10.3389/fonc.2020.558106

Frontiers in Oncology

15

10.3389/fonc.2024.1362436

35. Li HX, Warden AR, Su WQ, He J, Zhi X, Wang K, et al. Highly sensitive and
portable mrna detection platform for early cancer detection. J Nanobiotechnology.
(2021) 19(1):287. doi: 10.1186/s12951-021-01039-4

36. Yu ZG, Yang Y, Fang WM, Hu P, Liu YB, Shi JL. Dual tumor exosome biomarker
co-recognitions based nanoliquid biopsy for the accurate early diagnosis of pancreatic
cancer. ACS Nano. (2023) 17:11384-95. doi: 10.1021/acsnano.3c00674

37. Zhou WX, Zhou Y, Chen XL, Ning TT, Chen HY, Guo Q, et al. Pancreatic cancer-
targeting exosomes for enhancing immunotherapy and reprogramming tumor
microenvironment. Biomaterials. (2021) 268:120546. doi: 10.1016/j.biomaterials.2020.120546

38. Yang YH, Guo ZY, Chen WW, Wang XF, Cao M, Han X, et al. M2 macrophage-
derived exosomes promote angiogenesis and growth of pancreatic ductal
adenocarcinoma by targeting E2f2. Mol Ther. (2021) 29:1226-38. doi: 10.1016/
j.ymthe.2020.11.024

39. Supic G. The nobel prize in physiology or medicine 2013. Vojnosanit Pregl.
(2013) 70:991-2.

40. Ko J, Bhagwat N, Yee SS, Ortiz N, Sahmoud A, Black T, et al. Combining
machine learning and nanofluidic technology to diagnose pancreatic cancer using
exosomes. ACS Nano. (2017) 11:11182-93. doi: 10.1021/acsnano.7b05503

41. Taller D, Richards K, Slouka Z, Senapati S, Hill R, Go DB, et al. On-chip surface
acoustic wave lysis and ion-exchange nanomembrane detection of exosomal rna for
pancreatic cancer study and diagnosis. Lab Chip. (2015) 15:1656-66. doi: 10.1039/
C5LC00036]

42. Shin SJ, Smith JA, Rezniczek GA, Pan S, Chen R, Brentnall TA, et al. Unexpected
gain of function for the scaffolding protein plectin due to mislocalization in pancreatic
cancer. Proc Natl Acad Sci United States America. (2013) 110:19414-9. doi: 10.1073/
pnas.1309720110

43. Mees ST, Mardin WA, Wendel C, Baeumer N, Willscher E, Senninger N, et al.
Ep300-a mirna-regulated metastasis suppressor gene in ductal adenocarcinomas of the
pancreas. Int ] Cancer. (2010) 126:114-24. doi: 10.1002/ijc.24695

44. Hannafon BN, Carpenter KJ, Berry WL, Janknecht R, Dooley WC, Ding WQ.
Exosome-mediated microrna signaling from breast cancer cells is altered by the anti-
angiogenesis agent docosahexaenoic acid (Dha). Mol Cancer. (2015) 14:133.
doi: 10.1186/512943-015-0400-7

45. Wu JH. Pancreatic cancer-derived exosomes promote the proliferation, invasion,
and metastasis of pancreatic cancer by the mir-3960/tfap2a axis. J Oncol. (2022)
2022:3590326. doi: 10.1155/2022/3590326

46. Ding YX, Cao F, Sun HC, Wang YC, Liu S, Wu YC, et al. Exosomes derived from
human umbilical cord mesenchymal stromal cells deliver exogenous mir-145-5p to
inhibit pancreatic ductal adenocarcinoma progression. Cancer Lett. (2019) 442:351-61.
doi: 10.1016/j.canlet.2018.10.039

47. Sceneay ], Smyth MJ, Moller A. The pre-metastatic niche: finding common
ground. Cancer Metastasis Rev. (2013) 32:449-64. doi: 10.1007/s10555-013-9420-1

48. Yin Z, Ma T, Huang B, Lin L, Zhou Y, Yan J, et al. Macrophage-derived exosomal
microrna-501-3p promotes progression of pancreatic ductal adenocarcinoma through
the tgfbr3-mediated tgf-B Signaling pathway. J Exp Clin Cancer Res. (2019) 38:310.
doi: 10.1186/513046-019-1313-x

49. Yuan J-h, Yang F, Wang F, Ma J-z, Guo Y-j, Tao Q-f, et al. A long noncoding rna
activated by tgf-B Promotes the invasion-metastasis cascade in hepatocellular
carcinoma. Cancer Cell. (2014) 25:666-81. doi: 10.1016/j.ccr.2014.03.010

50. LiZ, Jiang P, Li J, Peng M, Zhao X, Zhang X, et al. Tumor-derived exosomal Inc-
sox2ot promotes emt and stemness by acting as a cerna in pancreatic ductal
adenocarcinoma. Oncogene. (2018) 37:3822-38. doi: 10.1038/s41388-018-0237-9

51. Wang LH, Yang L, Zhuang TT, Shi XQ. Tumor-derived exosomal mir-29b
reduces angiogenesis in pancreatic cancer by silencing robol and srgap2. ] Immunol
Res. (2022) 2022. doi: 10.1155/2022/4769385

52. Guo ZY, Wang XF, Yang YH, Chen WW, Zhang KD, Teng BW, et al. Hypoxic
tumor-derived exosomal long noncoding rna ucal promotes angiogenesis via mir-96-
5p/amotl2 in pancreatic cancer. Mol Therapy-Nucleic Acids. (2020) 22:179-95.
doi: 10.1016/j.omtn.2020.08.021

53. Shang D, Xie C, Hu J, Tan JR, Yuan YF, Liu ZS, et al. Pancreatic cancer cell-
derived exosomal microrna-27a promotes angiogenesis of human microvascular
endothelial cells in pancreatic cancer via btg2. J Cell Mol Med. (2020) 24:588-604.
doi: 10.1111/jemm. 14766

54. Seufferlein T, Bachet JB, Van Cutsem E, Rougier P, Group EGW. Pancreatic
adenocarcinoma: esmo-esdo clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol. (2012) 23:vii33-40. doi: 10.1093/annonc/mds224

55. Ballehaninna UK, Chamberlain RS. The clinical utility of serum ca 19-9 in the
diagnosis, prognosis and management of pancreatic adenocarcinoma: an evidence based
appraisal. J Gastrointest Oncol. (2012) 3:105-19. doi: 10.3978/j.issn.2078-6891.2011.021

56. Fan Z, Yu J, Lin J, Liu Y, Liao Y. Exosome-specific tumor diagnosis via
biomedical analysis of exosome-containing microrna biomarkers. Analyst. (2019)
144:5856-65. doi: 10.1039/C9AN00777F

57. Xu YF, Hannafon BN, Zhao YD, Postier RG, Ding WQ. Plasma exosome mir-
196a and mir-1246 are potential indicators of localized pancreatic cancer. Oncotarget.
(2017) 8:77028-40. doi: 10.18632/oncotarget.20332

58. Que RS, Ding GP, Chen JH, Cao LP. Analysis of serum exosomal micrornas and
clinicopathologic features of patients with pancreatic adenocarcinoma. World J Surg
Oncol. (2013) 11:219. doi: 10.1186/1477-7819-11-219

frontiersin.org


https://doi.org/10.1016/j.jconrel.2020.10.020
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1517/14712598.2012.674507
https://doi.org/10.1016/j.knosys.2017.11.018
https://doi.org/10.1016/j.knosys.2017.11.018
https://doi.org/10.1007/s11356-023-25797-w
https://doi.org/10.1007/s40037-021-00695-4
https://doi.org/10.1142/s0219622020500406
https://doi.org/10.18520/cs/v114/i04/747-758
https://doi.org/10.18520/cs/v114/i04/747-758
https://doi.org/10.1016/j.eswa.2022.117675
https://doi.org/10.1080/21645515.2023.2269794
https://doi.org/10.3389/fonc.2022.987026
https://doi.org/10.3389/fphar.2022.1025618
https://doi.org/10.3389/fonc.2022.810774
https://doi.org/10.1016/j.brainresbull.2019.12.004
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.3389/fmed.2021.787228
https://doi.org/10.1038/nature14581
https://doi.org/10.1038/ncb3169
https://doi.org/10.1038/nm.2753
https://doi.org/10.3389/fimmu.2022.907851
https://doi.org/10.1038/s41419-018-0965-3
https://doi.org/10.1186/s12943-020-01178-6
https://doi.org/10.1186/s12943-020-01178-6
https://doi.org/10.1136/gutjnl-2020-323014
https://doi.org/10.1016/j.apsb.2019.11.013
https://doi.org/10.1158/0008-5472.Can-17-3841
https://doi.org/10.1158/0008-5472.Can-17-3841
https://doi.org/10.3389/fonc.2020.558106
https://doi.org/10.1186/s12951-021-01039-4
https://doi.org/10.1021/acsnano.3c00674
https://doi.org/10.1016/j.biomaterials.2020.120546
https://doi.org/10.1016/j.ymthe.2020.11.024
https://doi.org/10.1016/j.ymthe.2020.11.024
https://doi.org/10.1021/acsnano.7b05503
https://doi.org/10.1039/C5LC00036J
https://doi.org/10.1039/C5LC00036J
https://doi.org/10.1073/pnas.1309720110
https://doi.org/10.1073/pnas.1309720110
https://doi.org/10.1002/ijc.24695
https://doi.org/10.1186/s12943-015-0400-7
https://doi.org/10.1155/2022/3590326
https://doi.org/10.1016/j.canlet.2018.10.039
https://doi.org/10.1007/s10555-013-9420-1
https://doi.org/10.1186/s13046-019-1313-x
https://doi.org/10.1016/j.ccr.2014.03.010
https://doi.org/10.1038/s41388-018-0237-9
https://doi.org/10.1155/2022/4769385
https://doi.org/10.1016/j.omtn.2020.08.021
https://doi.org/10.1111/jcmm.14766
https://doi.org/10.1093/annonc/mds224
https://doi.org/10.3978/j.issn.2078-6891.2011.021
https://doi.org/10.1039/C9AN00777F
https://doi.org/10.18632/oncotarget.20332
https://doi.org/10.1186/1477-7819-11-219
https://doi.org/10.3389/fonc.2024.1362436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhou et al.

59. Tsujiura M, Ichikawa D, Komatsu S, Shiozaki A, Takeshita H, Kosuga T, et al.
Circulating micrornas in plasma of patients with gastric cancers. Br J Cancer. (2010)
102:1174-9. doi: 10.1038/sj.bjc.6605608

60. Resnick KE, Alder H, Hagan JP, Richardson DL, Croce CM, Cohn DE. The
detection of differentially expressed micrornas from the serum of ovarian cancer
patients using a novel real-time pcr platform. Gynecologic Oncol. (2009) 112:55-9.
doi: 10.1016/j.ygyno.2008.08.036

61. Asaga S, Kuo C, Nguyen T, Terpenning M, Giuliano AE, Hoon DSB. Direct
serum assay for microrna-21 concentrations in early and advanced breast cancer. Clin
Chem. (2011) 57:84-91. doi: 10.1373/clinchem.2010.151845

62. Schetter AJ, Leung SY, Sohn JJ, Zanetti KA, Bowman ED, Yanaihara N, et al.
Microrna expression profiles associated with prognosis and therapeutic outcome in
colon adenocarcinoma. Jama. (2008) 299:425-36. doi: 10.1001/jama.299.4.425

63. Lai XY, Wang M, McElyea SD, Sherman S, House M, Korc M. A microrna signature
in circulating exosomes is superior to exosomal glypican-1 levels for diagnosing pancreatic
cancer. Cancer Lett. (2017) 393:86-93. doi: 10.1016/j.canlet.2017.02.019

64. Kitagawa T, Taniuchi K, Tsuboi M, Sakaguchi M, Kohsaki T, Okabayashi T, et al.
Circulating pancreatic cancer exosomal rnas for detection of pancreatic cancer. Mol
Oncol. (2019) 13:212-27. doi: 10.1002/1878-0261.12398

65. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Létvall JO. Exosome-
mediated transfer of mrnas and micrornas is a novel mechanism of genetic exchange
between cells. Nat Cell Biol. (2007) 9:654-9. doi: 10.1038/ncb1596

66. Kumar SR, Kimchi ET, Manjunath Y, Gajagowni S, Stuckel AJ. Rna cargos in
extracellular vesicles derived from blood serum in pancreas associated conditions. Sci
Rep. (2020) 10(1):2800. doi: 10.1038/s41598-020-59523-0

67. LiJ, Li ZH, Jiang P, Peng MJ, Zhang X, Chen K, et al. Circular rna iars (Circ-iars)
secreted by pancreatic cancer cells and located within exosomes regulates endothelial
monolayer permeability to promote tumor metastasis. /] Exp Clin Cancer Res. (2018) 37
(1):177. doi: 10.1186/s13046-018-0822-3

68. Li Y, Zheng Q, Bao C, Li S, Guo W, Zhao J, et al. Circular rna is enriched and
stable in exosomes: A promising biomarker for cancer diagnosis. Cell Res. (2015)
25:981-4. doi: 10.1038/cr.2015.82

69. Li N, Gao W, Zhang YF, Ho M. Glypicans as cancer therapeutic targets. Trends
Cancer. (2018) 4:741-54. doi: 10.1016/j.trecan.2018.09.004

70. LiJ, Li B, Ren CP, Chen YX, Guo X, Zhou L, et al. The clinical significance of
circulating gpcl positive exosomes and its regulative mirnas in colon cancer patients.
Oncotarget. (2017) 8:101189-202. doi: 10.18632/oncotarget.20516

71. Matsuda K, Maruyama H, Guo F, Kleeff J, Itakura J, Matsumoto Y, et al.
Glypican-1 is overexpressed in human breast cancer and modulates the mitogenic
effects of multiple heparin-binding growth factors in breast cancer cells. Cancer Res.
(2001) 61:5562-9.

72. Kanno S, Nosho K, Ishigami K, Yamamoto I, Koide H, Kurihara H, et al.
Microrna-196b is an independent prognostic biomarker in patients with pancreatic
cancer. Carcinogenesis. (2017) 38:425-31. doi: 10.1093/carcin/bgx013

73. Zhou CY, Dong YP, Sun X, Sui X, Zhu H, Zhao YQ, et al. High levels of serum
glypican-1 indicate poor prognosis in pancreatic ductal adenocarcinoma. Cancer Med.
(2018) 7:5525-33. doi: 10.1002/cam4.1833

74. Kawamura S, linuma H, Wada K, Takahashi K, Minezaki S, Kainuma M, et al.
Exosome-encapsulated microrna-4525, microrna-451a and microrna-21 in portal vein
blood is a high-sensitive liquid biomarker for the selection of high-risk pancreatic
ductal adenocarcinoma patients. J Hepato-Biliary-Pancreatic Sci. (2019) 26:63-72.
doi: 10.1002/jhbp.601

75. Holohan C, Van Schaeybroeck S, Longley DB, Johnston PG. Cancer drug resistance:
an evolving paradigm. Nat Rev Cancer. (2013) 13:714-26. doi: 10.1038/nrc3599

76. Tempero MA, Malafa MP, Al-Hawary M, Behrman SW, Benson AB, Cardin DB,
et al. Pancreatic adenocarcinoma, version 2.2021, nccn clinical practice guidelines in
oncology. J Natl Compr Canc Netw. (2021) 19:439-57. doi: 10.6004/jnccn.2021.0017

Frontiers in Oncology

16

10.3389/fonc.2024.1362436

77. Namee NM, ODriscoll L. Extracellular vesicles and anti-cancer drug resistance.
Biochim Biophys Acta Rev Cancer. (2018) 1870:123-36. doi: 10.1016/j.bbcan.2018.07.003

78. Zeng S, Pottler M, Lan B, Grutzmann R, Pilarsky C, Yang H. Chemoresistance in
pancreatic cancer. Int ] Mol Sci. (2019) 20:4504. doi: 10.3390/ijms20184504

79. Binenbaum Y, Fridman E, Yaari Z, Milman N, Schroeder A, Ben David G, et al.
Transfer of mirna in macrophage-derived exosomes induces drug resistance in
pancreatic adenocarcinoma. Cancer Res. (2018) 78:5287-99. doi: 10.1158/0008-
5472.Can-18-0124

80. Yin Z, Zhou Y, Ma TT, Chen S, Shi N, Zou YP, et al. Down-regulated Incrna
sbf2-asl in M2 macrophage-derived exosomes elevates mir-122-5p to restrict xiap,
thereby limiting pancreatic cancer development. J Cell Mol Med. (2020) 24:5028-38.
doi: 10.1111/jcmm.15125

81. Richards KE, Xiao WK, Hill RTeam USCPR. Cancer-associated fibroblasts
confer gemcitabine resistance to pancreatic cancer cells through pten-targeting
mirnas in exosomes. Cancers. (2022) 14(11):2812. doi: 10.3390/
cancers14112812

82. FangY, Zhou WT, Rong YF, Kuang TT, Xu XF, Wu WG, et al. Exosomal mirna-
106b from cancer-associated fibroblast promotes gemcitabine resistance in pancreatic
cancer. Exp Cell Res. (2019) 383(1):111543. doi: 10.1016/j.yexcr.2019.111543

83. Richards KE, Zeleniak AE, Fishel ML, Wu J, Littlepage LE, Hill R. Cancer-
associated fibroblast exosomes regulate survival and proliferation of pancreatic cancer
cells. Oncogene. (2017) 36:1770-8. doi: 10.1038/0nc.2016.353

84. Song H, Liu B, Dong B, Xu J, Zhou H, Na §, et al. Exosome-based delivery of
natural products in cancer therapy. Front Cell Dev Biol. (2021) 9:650426. doi: 10.3389/
fcell.2021.650426

85. Sato-Dahlman M, Wirth K, Yamamoto M. Role of gene therapy in pancreatic
cancer-a review. Cancers (Basel). (2018) 10(4):103. doi: 10.3390/cancers10040103

86. Eser S, Schnieke A, Schneider G, Saur D. Oncogenic kras signalling in pancreatic
cancer. Br ] Cancer. (2014) 111:817-22. doi: 10.1038/bjc.2014.215

87. Kamerkar S, LeBleu VS, Sugimoto H, Yang SJ, Ruivo CF, Melo SA, et al.
Exosomes facilitate therapeutic targeting of oncogenic kras in pancreatic cancer.
Nature. (2017) 546:498. doi: 10.1038/nature22341

88. McAndrews KM, Xiao F, Chronopoulos A, LeBleu VS, Kugeratski FG, Kalluri R.
Exosome-mediated delivery of crispr/cas9 for targeting of oncogenic kras(G12d) in
pancreatic cancer. Life Sci Alliance. (2021) 4(9):e202000875. doi: 10.26508/
1sa.202000875

89. Li YJ, Wu JY, Wang JM, Hu XB, Cai JX, Xiang DX. Gemcitabine loaded
autologous exosomes for effective and safe chemotherapy of pancreatic cancer. Acta
Biomaterialia. (2020) 101:519-30. doi: 10.1016/j.actbio.2019.10.022

90. Pascucci L, Cocce V, Bonomi A, Ami D, Ceccarelli P, Ciusani E, et al. Paclitaxel is
incorporated by mesenchymal stromal cells and released in exosomes that inhibit in
vitro tumor growth: A new approach for drug delivery. J Control Release. (2014)
192:262-70. doi: 10.1016/j.jconrel.2014.07.042

91. Osterman CJ, Lynch JC, Leaf P, Gonda A, Ferguson Bennit HR, Griffiths D, et al.
Curcumin modulates pancreatic adenocarcinoma cell-derived exosomal function. PloS
One. (2015) 10:¢0132845. doi: 10.1371/journal.pone.0132845

92. Johnsen KB, Gudbergsson JM, Skov MN, Pilgaard L, Moos T, Duroux M. A
comprehensive overview of exosomes as drug delivery vehicles - endogenous
nanocarriers for targeted cancer therapy. Biochim Biophys Acta. (2014) 1846:75-87.
doi: 10.1016/j.bbcan.2014.04.005

93. Kanchanapally R, Deshmukh SK, Chavva SR, Tyagi N, Srivastava SK, Patel GK,
et al. Drug-loaded exosomal preparations from different cell types exhibit distinctive
loading capability, yield, and antitumor efficacies: A comparative analysis. Int |
Nanomedicine. (2019) 14:531-41. doi: 10.2147/ijn.S191313

94. Gao X, Ran N, Dong X, Zuo B, Yang R, Zhou Q, et al. Anchor peptide captures,
targets, and loads exosomes of diverse origins for diagnostics and therapy. Sci Transl
Med. (2018) 10(444):eaat0195. doi: 10.1126/scitranslmed.aat0195

frontiersin.org


https://doi.org/10.1038/sj.bjc.6605608
https://doi.org/10.1016/j.ygyno.2008.08.036
https://doi.org/10.1373/clinchem.2010.151845
https://doi.org/10.1001/jama.299.4.425
https://doi.org/10.1016/j.canlet.2017.02.019
https://doi.org/10.1002/1878-0261.12398
https://doi.org/10.1038/ncb1596
https://doi.org/10.1038/s41598-020-59523-0
https://doi.org/10.1186/s13046-018-0822-3
https://doi.org/10.1038/cr.2015.82
https://doi.org/10.1016/j.trecan.2018.09.004
https://doi.org/10.18632/oncotarget.20516
https://doi.org/10.1093/carcin/bgx013
https://doi.org/10.1002/cam4.1833
https://doi.org/10.1002/jhbp.601
https://doi.org/10.1038/nrc3599
https://doi.org/10.6004/jnccn.2021.0017
https://doi.org/10.1016/j.bbcan.2018.07.003
https://doi.org/10.3390/ijms20184504
https://doi.org/10.1158/0008-5472.Can-18-0124
https://doi.org/10.1158/0008-5472.Can-18-0124
https://doi.org/10.1111/jcmm.15125
https://doi.org/10.3390/cancers14112812
https://doi.org/10.3390/cancers14112812
https://doi.org/10.1016/j.yexcr.2019.111543
https://doi.org/10.1038/onc.2016.353
https://doi.org/10.3389/fcell.2021.650426
https://doi.org/10.3389/fcell.2021.650426
https://doi.org/10.3390/cancers10040103
https://doi.org/10.1038/bjc.2014.215
https://doi.org/10.1038/nature22341
https://doi.org/10.26508/lsa.202000875
https://doi.org/10.26508/lsa.202000875
https://doi.org/10.1016/j.actbio.2019.10.022
https://doi.org/10.1016/j.jconrel.2014.07.042
https://doi.org/10.1371/journal.pone.0132845
https://doi.org/10.1016/j.bbcan.2014.04.005
https://doi.org/10.2147/ijn.S191313
https://doi.org/10.1126/scitranslmed.aat0195
https://doi.org/10.3389/fonc.2024.1362436
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Knowledge mapping and research trends of exosomes in pancreatic cancer: a bibliometric analysis and review (2013-2023)
	1 Introduction
	2 Materials and methods
	2.1 Data source and search strategy
	2.2 Data analysis and visualization

	3 Results
	3.1 Publication results and trends
	3.2 Countries and organizations
	3.3 Analysis of authors
	3.4 Analysis of journals
	3.5 Dual-map overlays of the exosomes in PC
	3.6 Analysis of references
	3.7 Keyword co-occurrence cluster analysis

	4 Discussion
	4.1 General information
	4.2 Clinical research
	4.2.1 Effect of exosomes on proliferation, metastasis and angiogenesis in PC
	4.2.2 Exosomes can be used as biomarkers for early diagnosis and prognosis of PC
	4.2.3 Exosomes promote the development of chemoresistance
	4.2.4 Exosomes as drug carriers for PC therapy


	5 Limitation
	6 Conclusion and future perspectives
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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


